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These two volumes are about the ascent, vicissitudes, and lacunae in
the science and art of modern economics, and about Kenneth Arrow,
his architectonic contributions to, and impact on, the theoretical and
applied economics and moral and political philosophy of our age. They
are about ‘music in economics’, about one of its truly creative
composers, inspiring conductors, virtuoso instrumentalists and con-
structive critics. They are about Kenneth Arrow and some other
makers of modern economic theory, both when they are right and
when they are wrong, about their finished and unfinished symphonies;
and about their glorious harmonies, strident dissonances, and false
notes. (It is self-evident that it is easier to criticize than to create.
Maughan reminds us that when one looks at a Mondrian painting one
is tempted to comment how easy it seems; one could do it oneself, all
one needs is a tube of red paint, a tube of black, and a ruler; he then
challenges, ‘try’!)

These volumes are about the new era of accretion of economic
knowledge and about the axiomatization of economic theory in many
fields. They are in large measure about the flowering of general
equilibrium theory (g.e.t.), its rich accomplishments, unresolved cen-
tral issues, and major ‘scandals’; and about the quest, perils, feats,
and failures in overcoming them. They are about the recent strides
forward, and they offer a glimpse of the future.

‘Prediction is always difficult, especially of the future’, to borrow a
statement attributed by Arrow to John von Neumann. When many
years from now scholars come to reckon and reassess Arrow’s
contributions and influence, they may approach the subject from a
different perspective and shift their focus of emphasis. Nonetheless
the picture that emerges from these pages firmly places Arrow among
the master economists of all time. He contributed to changing the
course of modern economics (and to some extent of political and
moral philosophy) by a number of distinct intellectual innovations.
However, the sum total of his impact far exceeds his specific contribu-
tions, extending as it does to the mode of analysis, way of thinking,
formulation of problems, and to continually opening up new direc-
tions of research. Arrow shares in the extension, transformation,
reformulation, refining, and generalization of received theory. But
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more importantly he is largely instrumental in influencing, reorient-
ing, reshaping, and conceptually enriching the economics of our age.
Not only is the economics of the second half of the twentieth century
to such a large measure associated with Arrow’s name (either directly
or indirectly, through a chain of derived work), but he is the
fountainhead of the new discipline of social choice.

INTRODUCTION TO THE TWO VOLUMES

Within the (un)usual constraints under which any such study labours,
we have tried to provide a comprehensive composite analysis of
Arrow’s approach and contributions to, and his impact on, modern
economics seen from various vantage points, angles and perspectives
and communicated in various forms. But no matter how hard one
tries, how blessed one is with high-quality collaborators, and how
advantageous the division of labour, an effort of such ambitious scope
is perforce incomplete and imperfect.

The scope of Arrow’s work is so wide and his influence so far-
reaching, that even without presuming to cover the vast territory in all
its multifaceted richness, it soon became evident, in planning this
project, that we would have to resort to two volumes in order to
convey the dimensions of the Arrovian phenomenon. Various
chapters in these volumes attempt to provide the essence of Arrow’s
contributions and his approach and way of thinking. Others are
mirrors of the prodigious impact he has on the moving boundaries of
economics and other social sciences. Still others offer alternative
approaches to issues that form an integral part of Arrow’s concerns.

An important feature of these two volumes is the historical record
and insights provided in the interview chapters —the commentaries
and reflections of our protagonist and basically three groups of
individuals: the makers of modern g.e.t., the younger generation of
leading g.e. theorists and outstanding economists from other fields,
and Arrow’s colleagues who contribute to a composite picture of the
man and scholar.

A note of warning and ‘bounded’ apology: one of the drawbacks of
the interview format is that the scope, direction, and emphasis of the
coverage in part reflect the interests of the interviewer. One of the
advantages of this format is its informality. It affords a privileged
insight into the make-up of the interviewee, one that is rarely
available in his written word, particularly if he is a strong ‘devotee of
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the axiomatic method’. It affords a glimpse (and in some cases much
more) of how his mind works. Remarkably it removes or reduces
many inhibitions or conventions that bind scholars in more formal
discourse. Since there is much more to a scholar than the production
of ‘robust results’, it is hoped that these interview chapters will
provide the reader with insights into economic philosophy and into
the sociology of the making of economics and will provide the young
scholar with some inspiration.

A special effort has been made to preserve the informality of the
interviews. We have refrained from editing (subject to the required
minor corrections) to preserve the flavour, style, and spontaneity of
the dialogues. Still the reader is alas short-changed, for we cannot
convey here the ‘irreproducibles’, such as the enthusiasm and dedi-
cation to the subject, the tone of voice, the intense concentration, the
mode of reaction, the warmth, smile and sometime disquietude of our
interviewees.

The reader will appreciate that in a study of an economist whose
vision of the world is the general dependence of everything on
everything else, the division of the material into two volumes is not
without its perils. In a very essential sense there is a profound
congruence in Arrow’s work in g.e.t., statistical decision theory, and
the theory of social choice. All three may be thought of as key
component parts of system design. Grosso modo the developments in
g.e.t. and beyond constitute the vast territory of Arrow and the Ascent
of Modern Economic Theory — an inseparable basis for Arrow and the
Foundations of the Theory of Economic Policy which takes us into the
realms of social choice theory, welfare and distribution, resource
utilization, and organization. It also takes us on an exploration of the
man and scholar, his values, motivations, and perceptions —all so
inextricably intertwined with policy prescriptions and instruments.

Arrow and the Ascent of Modern Economic Theory

The introductory chapter (1) to this volume sets the stage by placing
Arrow’s contributions in the prism of the potentials and limits of
economic analysis. We attempt to guide the reader through and to
analyze the vast territory of Arrow’s contributions from his first
significant accomplishment in the social sciences (thus, not counting
his ‘On the Use of Winds in Flight Planning’)—the pathbreaking
creation of social choice theory — through the making of modern g.e.t., to
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his contributions in applied g.e.t. More specifically, the prologue to this
chapter provides a brief characterization of Arrow’s scholarly achie-
vements and his impact on the development of economics since the
early 1950s. We then proceed to review ‘new’ welfare economics, and
Arrow’s extension of the fundamental theorems of welfare economics,
and we draw the relationship between the social welfare function and
social choice theory. In the next section we examine why it is only with
the standard Arrow-Debreu model that g.e.t. came of age, and we
examine the Arrow—Hurwicz contributions to stability of general
competitive equilibrium models. The discussion then proceeds to the
interrelationship between existence and efficiency and some of the
more recent extensions of g.e.t. The ensuing two sections concentrate
on Arrow’s fundamental contributions to uncertainty and infor-
mation. The first highlights his contribution to the theory of indivi-
dual choice under uncertainty, measures of risk aversion, and his
ingenious construction of contingent securities as a theoretical device
for risk sharing. The second focuses on his perception of the role of
information as a key to many unresolved problems in economics, on
information as a commodity, on uneven distribution of information
(derived from his study of the economics of medical care), on the
economics of discrimination, and on Arrow’s contribution to the
centralization—decentralization debate. We then take the reader
through Arrow’s various contributions to production, capital, and
demand theories, more specifically focusing on issues such as the
optimal accumulation of capital and inventories, the process of
learning, and innovations. Aside from information and uncertainty,
an important common theme of these somewhat diffuse contributions
is the recursiveness of optimization, captured in general mathematical
form as dynamic programming or control theory. After a summing up
that involves some methodological discourse, we digress in an appen-
dix that attempts to place Arrow and modern economics within the
context of the dynamics of economic thought, discusses some criteria
of evaluation of progress in economics, contrasts the Walrasian and
Marshallian approaches, and provides some glimpses of Arrow as a
historian of economic thought.

Part I is an important historical record: an oral history by the
makers of modern g.e.t. A word about its cast. In the preface to the
second volume (on g.e.) of his collected papers, Arrow calls attention
to Debreu, Hurwicz, and McKenzie as the ‘major contributors’ to
modern g.e.t. The reader will have no difficulty in detecting the major
‘flaw’ in Arrow’s listing — namely, the omission of his own name from
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this distinguished group of scholars who have been invited to share
with us their recollections of and reflections on the creative genesis of
their ideas and their perspectives on the development of the science
and art of economics. We are grateful to the participants and share
with Professor McKenzie his regrets at being unable to take part.

Although the specific questions were tailored to fit the interests and
expertise of particular interviewees, the basic line pursued here was
aimed at eliciting the master-economists’ perceptions of how develop-
ments in modern economic theory have enriched our understanding
of economic processes, the real meaning of progress in analytical
techniques, the policy implications, some of the challenges to the
mainstream and their specific contributions, and the direction in
which economics is going. Whatever else needs to be said about the
contents of this oral history, what emerges clearly is that the develop-
ments were not merely exercises in technical virtuosity (pyrotechnics),
but provided fundamentally new economic insights; that the motiva-
tion, accomplishments, and concerns of the ‘makers’ were widely at
variance with some common misperceptions; and that modern eco-
nomic theorists are not smug, they are vigilantly aware of the
remaining gaps, and in a world of exaggerated claims, they conti-
nually point to the limits of analysis and try to extend the boundaries
of the potentials.

In Chapter 2 Arrow answers a very broad spectrum of questions
ranging from the creative genesis of his major contributions, through
observations on developments in g.e.t. and on the evolution of
economics in general, to the topics on which he is now concentrating,
revealing in the process fascinating glimpses of his personality —a
topic that in stricto sensu we pursue with Arrow in Chapter 23 of the
companion volume. At the outset Arrow recalls how he came across
the ideas of social choice and existence, how the joint paper with
Debreu evolved, and characteristically he provides arguments on both
sides of the question of centrality of the existence theorem. He
discusses his contributions with Hurwicz on stability and then pro-
ceeds to more general and more specific questions of g.e.t., ranging
from the advantages of g.e. thinking, through disequilibrium eco-
nomics; dynamics and historical time; and relationship with game
theory, the need to extend g.e.t. to new contexts, in particular to
imperfect competition, incomplete markets, and asymmetric infor-
mation. Arrow also recalls the creative genesis of his contributions to
uncertainty, production, and growth, and some of his applied work
(particularly the economics of medical care). In fact he does not view
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theory as feeding on itself, but rather as generated by applied
problems. He speaks of his growing caution and modesty with regard
to the possibilities of synthesizing g.e.t., statistical methods, and
social choice criteria into a form of economic planning. He offers us
an insight into his own ordering of his contributions and some of his
disappointments. He then proceeds to some general questions, includ-
ing the essence of the difference between economics and the natural
sciences, realism of assumptions, a classification of the most import-
ant contributions in the last 50 years, partial equilibrium thinking,
new classical macroeconomics, bounded rationality, and the large and
small questions in economics. Arrow deplores modern economists’
lack of interest in the important question of income distribution and
in studying comparative economic systems. He believes that the most
important economic contribution of the nineteenth century was the
vision of the general economic interdependence, and that our twen-
tieth-century vision has been altered significantly by the concept of
scarcity of information — an idea whose consequences are not yet fully
understood. Essentially imperfect competition and imperfect infor-
mation, which are closely related, are grounds for rather serious
departures from neoclassical economics. His current interests centre
on communication and information gathering in private and collec-
tive spheres which he intuitively believes have deep implications for
macroeconomics.

Gerard Debreu’s work has been an inspiration and model of ascetic
elegance and rigorous thinking for the younger generation of theor-
ists. As the irrepressible Frank Hahn noted in a review of Theory of
Value: An Axiomatic Approach, Debreu deals only with definitive
results; he does not speculate or share with the reader the wider
implications of his work nor does he reveal his thought processes. We
are fortunate, indeed, that in Chapter 3, Debreu allows us fascinating
glimpses into hitherto hidden realms. It is an externality of this study
and ‘bounded’ pleasure to show that Frank is ‘strong’ on analysis, but
‘short’ on prediction.

Chapter 3 opens with Debreu’s discussion of the centrality of the
existence theorem and its essential meaning, not as a statement about
the real world, but about the validity of the g.e. model; of the
progressive weakening of the assumptions needed to prove existence;
and of the intereaction between g.e.t. applied problems, and policy.
He recalls the creative genesis of his work on the proof of existence
and how, after their initial independent, essentially similar, discover-
ies, he and Arrow joined forces in what has come to be known as the
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canonical Arrow-Debreu model. Debreu muses on the advantages
and disadvantages of being in a minority position such as that of
mathematical economics in the early 1950s. He speaks of the exten-
sions of the g.e. model and of the progress in the last 35 years which
has been far beyond his expectations. He stresses that he tends to see
theorizing in economics as being essentially mathematical in nature,
but this does not mean that higher mathematics is essential to do good
economic theory. In fact, there is a lurking danger of doing bad
economic theory by using tools that are more sophisticated than
needed. Debreu also reminds us that economists must always remain
aware of the limits of what they can achieve. He does not believe that
a general theory that will encompass the whole of economics will ever
be available. He emphasizes that the most important things in
economics are not specific topics or theorems but methods; that is, he
believes that 50 years from now economic theory will have changed
considerably, but the use of mathematical models, rigour, generality,
and simplicity are here to stay. Debreu is currently interested in two
broad avenues of research:

1. Further progress on the idea that one must make assumptions
about the distribution of the characteristics of economic agents in
order to explain the properties of aggregate demand, and

2. complexity theory which, he believes, may influence the economic
theory of information.

In the postwar period Leonid Hurwicz is identified as a leading
system designer in the great tradition of Aristotle, More, J. S. Mill,
and Lange. He is not only an erudite, technically sophisticated, and
proverbially precise scholar whose first-hand insights illuminate the
topics of Chapter 4, but he is also a warm and humourous raconteur
who adds the human touch to otherwise perhaps dry subjects.

The major theme of Chapter 4 is the stability of equilibrium, a
crucial subject on which Arrow and Hurwicz so fruitfully collabor-
ated in many papers that later constituted a substantial part of their
Studies in Resource Allocation Processes. Hurwicz recalls that their
joint work brought them into contact with two strands of thought:

1. The work on stability primarily by Samuelson and Hicks, and
2. system design by Lange and Lerner.

He reflects on their formulation of the notion of global stability rather
than the stability of a particular equilibrium point, on the complemen-
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tarity of the work of Gale and Scarf on instability, and on the
relationship of stability theory to business cycle theory. He also offers
some fascinating insights into the creative genesis and development of
the significant work on decentralized systems and incentives that he has
done subsequently. He points out that the concept of g.e. that he uses in
system design may or may not refer to a perfectly competitive mechan-
ism, and in his sense there is no conflict between game theory and g.e.t.
Hurwicz both defends neoclassical theory from its critics and speaks of
the need to go beyond.

Part II focuses on the Arrovian vision and impact on the mathema-
tical method in economics and on applications of g.e.t. It opens with
Chapter 5 where Bliss discusses the Schumpeterian concept of vision
and distinguishes two aspects, namely, vision of facts and vision of
meaning. After pointing to the difficulties of employing these concepts
in analyzing the work of a living scholar, Bliss applies them to
Arrow’s work. He argues that Arrow views the economic problem as
essentially a question of democratic economic planning. However, in
its application this view is circumscribed by Arrow’s understanding of
the inescapable difficulties that stand in the way of formulating a clear
and valid objective (the social welfare function) for economic plan-
ning and by his strong conviction that real-life markets are very
imperfect transmitters of information when compared with those that
the planning problem requires.

In Chapter 6, ‘Mr. Game Theory’, Robert Aumann, discusses
economics and the mathematical method. He speaks of the methodo-
logical differences between game theory and g.e.t., of the influence of
game theory on Arrow and on modern economics in general, and of
mathematical economics and game theory as art forms. He also
touches on rationality, co-operation, and the selfish motive and
vividly illustrates the dualism within Arrow in this connection.
Aumann compares economics to other sciences where falsifiability
should not be used as a touchstone. Finally, he discusses some new
developments in mathematics that may prove useful in economics.

Mas-Colell offers in Chapter 7 a perspective on development of
g.e.t. from the vantage point of a leading mathematical economist one
generation removed from Arrow—Debreu. Among the many issues he
raises are the extensions of g.e.t. into new areas, the dramatic change
in techniques of analysis, namely, the renaissance of differentiability
and its implications for recent and future developments. Here emerges
a fascinating and perplexing picture of the dynamics and dialectics of
the development of economic science and the sociology of knowledge.
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Mas-Colell also offers telling glimpses of the possible future path of
development and the extent to which avant-garde mathematics shapes
or conditions the development of economic theory.

Another leading second-generation mathematical economist, Son-
nenschein, speaks of the ‘Arrow era’. In Chapter 8 he stresses Arrow’s
conceptual contributions, but also reflects on the appeal of the
Arrow—-Debreu methods to scholars of a rigorous or formal bent of
mind, and on the appropriateness of these methods to the investi-
gations to which they have been applied. He singles out the Arrow—
Hurwicz view that an allocation mechanism is very much an object of
choice. He points to the diversity and pervasiveness of Arrow’s
influence on modern economics, from Lucasian business cycle theory
to medical economics. Sonnenschein also reflects on the creative
genesis of his initial argument suggesting that aggregate demand
functions are not restricted by the conditions that the individual
demand function arise from utility maximization. The characteriza-
tion theorems have in some ways blown away myths and changed
theorizing. He also speaks on more general questions, namely, the
importance of the existence theorem, the subsequent extensions of
g.e.t., and the stronger rationality and computability attributed to
economic agents in game theory. And finally he addresses himself to
much broader issues such as the differences between economics and
the natural sciences, the realism of assumptions, criticism of mathe-
matical economics, and large versus small questions.

Arrow’s contemporary and colleague at the Cowles Commission,
the distinguished master builder of macroeconometric models, Law-
rence R. Klein (a phenomenon in his own right) vividly recalls in
Chapter 9 the intensive work at Cowles in the late 1940s on macroeco-
nometric model-building, and the insistence that everything done in
that connection be firmly based on economic theory. Macroecono-
mics at Cowles was an integrated branch, closely tied into the whole
programme. Marschak insisted that a bridge be built between micro
and macroeconomics. The star-studded team soon fell apart as the
early model did not perform satisfactorily. However, the later stages
in the development of the macroeconometric models that Klein
describes for us were fundamentally set on the basis of that early
experience. He points to the usefulness of the existence proof for
macroeconometric model building, to the great accomplishments of
Arrow and Debreu in clarifying the meaning of the price system, and
to the applicability of the Arrow—Hurwicz contributions on stability
to problems that preoccupied macroeconomic model builders. Klein



Preface XXXl

contrasts his approach to the aggregation problem (from micro to
macro) derived from his experience at Cowles, with Samuelson who
says that one should take the macroeconomy as it is and not to try to
derive it as an analogue of optimizing. Klein emphasizes the strong
imprint left on him by the Walrasian ‘Cowles-way’ of thinking about
the economy in terms of an interrelated system.

Part III, on the theory of resource allocation, provides in the first
chapter a historical introspection from the pen of a participant in the
development of modern g.e.t. and in the ensuing chapters some
attempts at solving pressing open questions. It opens with Negishi’s
discussion of the non-existence of equilibrium (Chapter 10). He notes
Arrow’s remarkable contribution to the proof of existence of an
equilibrium for a competitive economy. The necessity of proving
existence becomes clearer in the face of the case where no equilibrium
exists even though indifference curves, production functions, and the
like, are fairly well behaved. Negishi points to W. T. Thornton’s On
Labour (1869) as containing the first examples of the non-existence of
equilibrium. He considers these examples quite remarkable in the
sense that they spring from the discontinuity of demand-curves, since
other unsuccessful attempts to show non-existence of equilibrium
failed because of their assumption of continuity. However, these
examples, as well as that of Wald, are unsuccessful attempts at
showing the non-existence of equilibrium, if we consider not the
Walrasian tdtonnement with recontract, but the non-tdtonnement
without recontract. From such a non-tdtonnement point of view, a
truly important example of the non-existence of equilibrium is the one
provided by Arrow; that is the case where a Pareto optimal allocation
cannot be viewed as a competitive equilibrium.

Building on the canonical Arrow—Debreu model, in chapter 11
Wilson takes a first step in the construction of a Nash equilibrium for
a simple model of a bid—ask market. The main result he establishes is
that a generalization of the sequential equilibrium constructed by
Peter Cramton for bilateral bargaining satisfies at least the necessary
conditions for an equilibrium of the multilateral trading model. Such
an equilibrium could be interpreted as an endogenous process of
matching buyers and sellers, in which their impatience for trade
derives from pressure from other traders who are competing for the
opportunity to transact; in turn, as in the work of Ariel Rubinstein
and in related work on auctions, their relative impatience determines
the terms of trade. A key feature is that delay in offering or accepting
a serious bid or ask is a trader’s main signal about his private
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information. The proposed equilibrium provides predictions about
the proportions of gains from trade that would be realized and about
the series of prices that would be observed.

The g.e. analysis of imperfect competition is an area in which
Arrow’s contributions have been central. It is also an area whose
development he considers crucial. However, despite the subject’s
fundamental importance, it has recently received little attention. In
Chapter 12 Roberts focuses on the example of an economy in which
firms set prices for all the goods in which they are interested (except
the numeraire), recognizing how consumers’ optimizing resource—
supply and product—demand decisions are influenced by these choices
and by the rationing that will occur if their choices do not balance. He
obtains an explicit solution for the imperfectly competitive general
Nash equilibrium. This equilibrium exhibits properties that are quite
different from what one would intuitively expect on the basis of
partial equilibrium analysis. Roberts suggests interesting extensions
in the future.

In the following chapter (13) Pratt and Zeckhauser pick a theme
illuminated both by Arrow’s social choice theory and his contribu-
tions to the proof of existence, and to major issues of welfare
economics. It is a theme also related to market performance in the
presence of such market imperfections as externalities and asymmet-
ric information. In broad terms Pratt and Zeckhauser are concerned
with problems involving externalities, uncertainty, private infor-
mation, and differing objectives among players, making team theory
inapplicable, dictatorship and other ‘pinning’ mechanisms inadequa-
tely informed, and laissez-faire also inefficient. Efficiency may still be
achievable if appropriate financial incentives can be created to induce
agents to take actions that are optimal for the group. The incentives
they consider are transfer payments that may take the form of
penalties, subsidies, compensation, taxes, and the like. Their central
question is: Under what circumstances can a group, using incentive-
based decentralization, achieve as high an expected value as a team?
They observe that in a surprisingly general class of circumstances, a
group of self-interested agents, observing private information and
sending signals that may not be verifiable, relying solely on incentive
payments to guide their actions, can do as well as a fully co-operating
team with identical communication possibilities. The payments,
which can be required to balance across agents, are designed to
provide each agent a monetary incentive equal to the expected
externality conveyed to the group by his actions, including the signals
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he sends. For such incentives to be implementable, it is sufficient that
each element of each agent’s information either become public, be
signalled by him, or be independent of the information of others; and
his non-public information cannot affect another agent’s value. The
result obtained by Pratt and Zeckhauser applies to multistage situa-
tions. They illustrate the mechanism with a pollution-control ex-
ample.

Discrimination entails the efficiency and equity of an entire eco-
nomic system. In Chapter 14 Wan studies job discrimination caused
by asymmetric information. His findings complement the Arrow—
Phelps theory of statistical discrimination. His approach can be
traced to the concept of moral hazard that Arrow propagated in
economics. According to the statistical discrimination theory, unin-
formed firms judge the worker’s human capital by race or sex, and
those who suffer such bias will cumulate less human capital, thus
completing the vicious circle. It is a model with an evil system, but
without any evil people. In contrast, Wan assumes that workers enjoy
private information regarding their effort in a random production
model. Effort makes more of a difference in some jobs than in others.
Profit-seeking firms offer incentive-compatible contracts including
‘no-shirking’ bribes. The size of the latter may differ from job to job.
Firms may thus allot better jobs to their favourite workers. Only legal
sanctions can assure equal treatment for equally qualified workers.

The starting point of Chapter 15 is Arrow’s persistent concern with
establishing the consistency of models that imply full utilization of
resources with those that permit underutilization (for example, Keyne-
sian models). Reder claims that underutilization of resources does not
always imply involuntary unemployment of labour. He argues that
the degree of resource utilization varies with transaction costs and
indicates the extent of failure to realize potential gains in productive
efficiency through further specialization in order to avoid transaction
costs. Under interesting though restrictive assumptions, Reder shows
that transaction costs can be raised or lowered by exogenous varia-
tions in the level of effective demand. Hence exogenous increases in
effective demand increase the degree of resource utilization. Chapter
15 is concerned with models in which all but one market clear in each
period with zero transaction (defined as equal to search) costs. The
‘other’ market also clears, but requires use of search time to do so. If
the other market is the labour market, there will be search unemploy-
ment in equilibrium with the level of employment varying with the
level of effective demand. But if the other market is the market for
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goods, there will be no unemployment although output and the degree
of resource utilization will nevertheless vary with the level of effective
demand. Thus, in principle, underutilization of resources reflects
deficiency of aggregate demand but does not imply failure of the
labour market to clear. In the real world, of course, unemployment is
intimately related to the level of effective demand, but Reder con-
siders Keynes’s attempt to identify less than full resource utilization
with the peculiarities of the labour market as misguided for it created
an unnecessary theoretical problem.

In the final chapter (16) of Part III Dasgupta and David take an
information—theoretic approach to the economics of science, extend-
ing Arrow’s pioneering analysis of the allocation of resources for
industrial research and invention. They address the question: Is there
a valid economic distinction between scientific and technological
research, and if there is, what implications may this have for public
policy? A brief review points to deficiencies in several of the criteria
proposed for distinguishing ‘scientific’ from ‘technological’ research,
such as the degree of generality, abstractness, or practicality of the
knowledge sought, or the source of the financial support. They
suggest that a primary differentiation arises between science and
technology conceived as social constructions, and is manifested in the
greater urgency shown by the ‘scientific’ community towards the
disclosure of newly acquired information. Scientists, qua scientists,
may be thought to be devoted to the growth of the stock of knowledge
as a public consumption good, whereas the technological community
is concerned with the flow of rents that private parties derive from
discoveries and inventions. From this perspective, Dasgupta and
David reconsider the role of priority as a basis for allocating rewards
among scientists, its compatibility with the norm of disclosure, and
the ambiguous status of patent systems. Certain ineluctable conflicts
between the goals of the two research communities point to the
persisting economic need for public subsidies to sustain the scientific
attitude.

Decision-making under uncertainty is the large theme of Part IV. In
the opening chapter (17) Harsanyi deals with the Arrovian question of
attitudes towards risk. He asks: In what sense do people’s von
Neumann-Morgenstern (VNM) utility functions express their atti-
tudes towards gambling? He distinguishes intrinsic attitudes towards
gambling as determined by taste or distaste for the process of
gambling itself; from instrumental attitudes towards gambling — that
is, willingness or unwillingness to gamble for the sake of the prizes -
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as determined by the relative importance assigned to these prizes and
to the stakes at risk. Harsanyi argues that axioms of the vNM utility
theory completely restrict the vNM utility functions to representing
instrumental attitudes towards risk taking and prevent them from
representing intrinsic attitudes towards gambling. It has often been
claimed that vNM utility functions are morally irrelevant and,
therefore, have no place in welfare economics and in ethics —a theme
also discussed by Hammond in Chapter 4 of the companion volume.
This would be true only if these utility functions measured intrinsic
attitudes towards gambling. But, in fact, they measure instrumental
attitudes towards gambling and, therefore, measure the relative
importance assigned to various goods and services, information that is
of obvious moral significance. Accordingly, Harsanyi argues, vNM
utility functions have a perfectly legitimate role in welfare economics
and in ethics.

In Chapter 18 Brock proposes a new theory of price forecasting. He
discusses the normative implications of Bayesian decision theory for
‘rational’ price forecasting and then the normative theory of price
forecasting. This theory is based on Arrow’s characterization of
general equilibrium under uncertainty via contingent commodities
and contingent prices. Central to the theory is the concept of a
forecasting model in ‘stochastic structural form’—a probabilistic
generalization of structural form microeconomic models. The model
determines endogenously a probability distribution on price. The
prices are called Arrow-Bayes prices. Brock then contrasts the
Arrow—Bayes model with familiar econometric forecasting models, in
particular Bayesian structural models that he criticizes for their
linearity as well as the epistemology of their underlying information
sets, in particular their inability to capture the true variance (‘riski-
ness’) of prices in a forecasting context. Brock studies the estimation
of Arrow—Bayes forecasting models by means of an ‘expert-system’ of
the kind postulated in the new field of artificial intelligence. In
conclusion, he discusses some insights gained from implementing the
Arrow-Bayes models which have been helpful in explaining the
observed volatility of the prices of copper and of the US dollar.

The following chapter (19) generalises some of the insights by
Arrow and Green and is part of a large literature on the economics of
uncertainty that owes much to Arrow’s work in the field. In particu-
lar, Bray and Kreps study models in which agents are unable to form
rational expectations as usually understood, because they are ignor-
ant of certain parameter values. The authors make the very demand-
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ing assumption that, this ignorance apart, agents fully understand the
workings of the model, including the usually non-stationary dynamics
induced by learning and forecast feedback, and learn about the model
in an optimal Bayesian fashion, using a correctly specified likelihood
function which amounts to assuming a more general rational expec-
tations equilibrium than usual. They show that this assumption and
the martingale convergence theorem imply that beliefs converge
with probability one and will not converge to an incorrect conclusion.
In a market model, where the underlying structure of the economy is
stationary, trades are continuous in beliefs and the rational expec-
tations equilibrium is unique, this result implies convergence to
rational expectations equilibrium in the usual sense.

Continuing along the theme of Arrow’s contributions to decision-
making under uncertainty which have provided a foundation that is
now standard in monetary and financial economics, Friedman and
Roley provide three conclusions related to the three sections of
Chapter 20: First, asset demands, with the familiar properties of
wealth homogeneity and linearity in expected returns follow as close
approximations from expected utility maximizing behaviour under
the assumptions of constant relative risk aversion and joint normally
distributed asset returns. Secondly, although such asset demands
exhibit a symmetric coefficient matrix with respect to the relevant
vector of expected asset returns, symmetry is not a general property
and the available empirical evidence warrants rejecting it for both
institutional and individual investors in the US. Finally, in a manner
analogous to the finite maximum exhibited by quadratic utility, a
broad class of mean—variance utility functions also exhibits a form of
wealth satiation that necessarily restricts its range of applicability.

In Chapter 21 Kuenne draws upon Arrow’s seminal work in the
theory of risk bearing to analyze the oligopolistic firm’s bidding
decision in a government tender. He abandons the comfortable
assumptions of competitive bidding and probes into the interfirm
expectations using subjective probability, one of Arrow’s early advo-
cacies. He uses a Weibull distribution to approximate the shapes of
firms’ density functions for winning, and investigates the existence of
an oligopoly bidding rent or surplus in firms’ bids. He examines the
expected behaviour of bid prices and oligopoly rents when shifts in
firms’ expectations of winning occur and government furnished
information is provided. He also obtains expressions for the expected
value of information to the firm when privately acquired.

It is fitting to conclude this part with a chapter (22) where
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Townsend argues that the Arrow—Debreu model, extended to include
Arrow’s celebrated construct of contingent securities, is rich in
empirical implications both directly on its own, and indirectly, by
having stimulated contributions that seek to explain otherwise ano-
malous observations.

The foregoing is much enhanced by Arrow’s reflections on those
chapters that do not specifically assess his work, presented in Part V
as a conclusion to this volume.

Arrow and the Foundations of the Theory of Economic Policy

The introduction to this volume consists effectively of two chapters:
the first (1A) focuses on Arrow’s development as an individual and
scholar, his values and overriding social and economic concerns, and
the second (1B) examines his unique creation of the theory of social
choice. It is hoped that Chapter 1A complements and sheds further
light on Arrow’s more technical contributions explored in Arrow and
the Ascent of Modern Economic Theory, at least for those readers who
believe that biography matters. More specifically, Chapter 1A traces
Arrow’s family background and early socio-political outlook. It takes
us through his undergraduate and graduate education and the forma-
tive influences of the environment at the Cowles Commission and
Rand Corporation. An attempt is then made at brushing in bold
strokes the vivid characteristics of the man and scholar, followed by
an exposition of his view of the human interaction as tension between
personal and social values and their confrontation with limited
opportunities. We then proceed to examine Arrow’s perception of
design and redesign of organization as a supplement to, or improve-
ment of, the existing system. The two final sections of this chapter
deal with the Arrovian concept of freedom, equality and democracy
and his abiding interest in and concern for distributive justice.

It is only appropriate to follow an exposition of Arrow’s writings
on the concept and desirability of distributive justice by a chapter on
the means that can be used to achieve this end. And it is only fitting
that Chapter 1B is written by Peter Hammond as an assessment of
Arrow’s work in social choice and of some recent developments.
Hammond perceives Arrow’s question to be: is there some acceptable
middle ground between the Condorcet paradoxes and the ethical
repugnance of an extreme dictatorship? He asks: What Arrow social
welfare functions satisfy the Pareto condition and independence of
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irrelevant alternatives and are also non-dictatorial? Arrow’s disquiet-
ing answer is: None. Numerous escape routes from Arrow’s theorem
have been devised and Hammond stresses relaxation of Arrow’s
independence condition to one that he calls the independence of
irrelevant utilities, appropriate for Sen’s powerful notion of the social
welfare functional. But this route is not entirely satisfactory either. It
leads to fundamental questions regarding the very nature of the
‘alternatives’ to be considered in the independence of irrelevant
alternatives condition — questions quite new to social choice theory.
In Hammond’s words: ‘Arrow has led us to an enormous mountain
and helped us to great heights. Every time we think we are reaching
the summit, however, yet higher and higher peaks appear in sight over
the ridge immediately before us’. It is our good fortune to have such a
knowledgeable guide as Hammond on such a remarkable adventure.

Part I deals with social choice and utilitarianism and with attempts
at breaking through the confines of the Impossibility Theorem. In the
opening chapter (2), Gibbard provides a fundamental discussion of
utility used in social choice theory. This chapter is related to Arrow’s
critique of utilitarianism which, according to Gibbard, has brought to
moral theory the full force of the ordinalist revolution in economics.
Gibbard interprets Arrow as holding out hopes for an ordinal
utilitarianism, without settling firmly in favour of a particular
version. As Arrow shows, under some specific conditions, even the
minimal content of the Pareto principle yields strong results. It is this
minimal content of ordinal utilitarianism that Gibbard explores in
this chapter. He argues that preference orderings are no substitute for
happiness in moral theory; happiness has a moral significance that
preference orderings lack if they are understood in a sense that
satisfies the austere canons of operationalism. However, if preference
orderings are understood epistemologically more liberally, quantita-
tive notions of an individual’s good should be admissible by the same
standards. Gibbard then contends that there is no good reason to
encumber utilitarian theory with ordinalistic restrictions.

Chapter 3 by ‘one of the greatest economic theorists of all time’ (to
use Arrow’s words), Paul Samuelson, was sparked by Arrow’s 1985
Tanner Lectures at Harvard. Samuelson points out that deduced
ethical rules of any plausibility are usually explicit or implicit sym-
metry arguments, for example, the Vickrey-Samuelson-Lerner
defense of egalitarianism when each of a group of egoists joins in a
unanimous vote for equality under the supposition that all are subject
to asymmetric probability distribution for high or low incomes—a
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demonstration that can be freed of the ‘expected-utility dogma’.
Further, he shows that (1) by contrast, the 1955 Harsanyi proof (that
an interpersonal social welfare function must be Bentham-like,
strongly separable and additive) rests squarely on the ‘expected-utility
dogma’; (2) Rawls’s minimax or ‘difference’ principle is gratuitous in
the sense of being able to command a unanimous vote against itself by
normal people with less than infinite risk aversion; and (3) Varian’s
definitions of fair allocation are capable of deviating from optimal
feasible configurations and involve implicit symmetry commitments.
Samuelson stresses that where asymmetries obtain in the real world (as
between sexes or species), notions of sympathy (where one may have
to envisage being either a man or a woman or a cockroach and a
human) are invoked as the straw out of which the bricks of definite
ethical mandates are to be deduced by contrived symmetry syllogisms.
He uses an example of rockbottom simplicity, involving a handful of
states of the world and a few atomic egoists, to exposit a rich and
restrictive calculus of revealed ethical preference. This provides him,
inter alia, a reason to doubt the attractiveness of the familiar axiom of
Independence of Irrelevant Alternatives.

In Chapter 4 Hammond takes up the challenge of Arrow’s social
choice paradox, suggesting that it may not be insoluble. His approach
involves using cardinalization of both individual and social welfare
measures based on behaviour in risk-taking situations. He argues that
this approach can be justified by analyzing sequential decisions in
decision trees. The major part of this chapter proceeds through
several logical steps to derive a form of utilitarianism closely akin to
Vickrey and, more especially Harsanyi, while the latter part considers
how the contradictory postulates of Arrow’s Impossibility Theorem
can be modified to accommodate this form of utilitarianism. Ham-
mond concludes that Arrow’s social choice theory can be reconciled
with an ‘ideal’ version of Harsanyi’s ‘fundamental’ utilitarianism, but
at three significant costs:

1. the independence of irrelevant alternatives must be weakened,
say, to independence of ethically irrelevant mixed consequences;

2. the fundamental individual norm must be dictated in the event of
unresolvable differences of opinion over what it should be; and

3. consumer sovereignty must be abandoned if attitudes to risk and
tastes for gambling are not to be the arbiters of trade-offs between
total and equality.

In the next chapter (5) Kemp and Ng interpret Arrow’s contro-
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versial independence-of-irrelevant-alternatives condition as equiva-
lent to three subconditions: individualism, independence, and ordina-
lism. Individualism requires that social ordering depend only on
individual preferences. Independence requires that the social ordering
of any subject of alternatives depend only on information pertaining
to these alternatives. This is compelling due to the mutually exclusive
nature of social alternatives. Ordinalism rules out information on the
intensities of preferences. They also interpret the Bergson-Samuelson
tradition of writing social welfare as a function of individual ordinal
utilities as implying all three subconditions. Since the other conditions
of Arrow’s Impossibility Theorem (weak Pareto principle, freedom of
individual orderings, and non-dictatorship) are also accepted by the
Bergson-Samuelson tradition, the latter, according to Kemp and Ng,
is subject to Arrow’s theorem and the Little-Samuelson rejection of
Arrow’s theorem as irrelevant to welfare economics becomes itself
irrelevant with the impossibility propositions of Kemp, Ng, and
Parks, within the framework of a fixed set of individual preferences.
Kemp and Ng consider the admission of interpersonal comparable
cardinal utilities (rejecting ordinalism) as the only reasonable way to
have a consistent social welfare function and show that the recent
attempts by Samuelson and Mayston to defend ordinalism are
unsuccessful.

There is a manifest relationship between the ideas presented by
Suppes in Chapter 6 and Arrow’s fundamental work on social choice.
More specifically, Suppes sets himself the task of presenting an
explicit axiomatic theory of freedom maximization. The judgements
of freedom required in the theory are concerned with comparisons of
different sets of decisions. One set is preferred in the sense of freedom
to another if it seems to offer greater freedom of choice. Suppes argues
that it is a mistake to always look for a utility function either of
individuals or societies. In many situations we want to retain freedom
of choice in a direct sense. The theory he develops here is for the
individual, but he also provides extensions to methods of aggregation.
Because the axioms lead to strong measurement of freedom prefer-
ences, namely, a ratio scale, multiplicative aggregation rules related to
the Nash social welfare function can be used.

This is followed by Chapter 7 where Suzumura and Suga show how
the abstract social choice theory may be construed as a useful and
practical framework for examining the role played by moral princi-
ples in resolving social conflicts. They shed further light on the
philosophical and distributive implications of the paradox of social
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choice. For brevity’s sake they confine their attention to a Pareto
libertarian paradox a la Sen and Gibbard, and concentrate on the role
played in this context by the so-called ‘Golden Rule’ of the Gospel:
‘Do unto others as ye would that others do unto you’. They formulate
two alternative interpretations of this rule in the social choice
framework each of which is successful in resolving the two-person
example of the paradox in question. These alternative interpretations
are, however, divergent: the first version fails to provide generally a
resolution for this class of paradoxes, whereas the second, when
generalized, leads to a general possibility theorem. The point of
this exercise lies not in the (in)appropriateness of the Suzumura-Suga
interpretations of the Golden Rule, but in the claim that the general
workability of a moral principle in resolving social conflicts may be
formally established by constructing choice with unlimited applicabi-
lity.

This part concludes with Chapter 8 where Myrdal — the grand old
critic of mainstream economics— perceives welfare theory, with its
foundations in utilitarian moral philosophy and steeped in hedonistic
association psychology, as developed by the first generation neoclassi-
cal economists at a time when both these foundations ceased to be
fully accepted by professional philosophers and psychologists. He
dates the apparent isolation of economics from other social sciences
from about that time and challenges modern economists for forget-
ting that welfare theory is founded on obsolete moral philosophy and
psychology, for remaining insular, out of touch with developments in
other social sciences, and for not conducting realistic psychological
and sociological research about economic behaviour. Myrdal also
argues for recognizing the value frame of research in order to clear the
scientific investigations as much as possible from distorting biases and
for the development of a psychology and sociology of social sciences
and scientists.

It is a distinct privilege to open Part II on welfare and distribution
with Chapter 9 where Tinbergen revisits the optimum order in an
attempt to clear up the ideological rhetoric that surrounds the far
from pure forms of capitalism and socialism in the world today. An
important feature of his approach is that for him the set of institutions
is the fundamental unknown of the optimal social order and that
more than one solution can exist —an approach that is so characteris-
tic of Arrow’s work as well. While the search for an optimal mix of
centralization and decentralization and growth rates continues, here
Tinbergen sets himself the task of providing a theoretical frame as a
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basis for quantitative empirical research. He is concerned with the
variables to be used for analyzing the operation of national and the
much less developed supranational institutions (such as production
units, schools, health care centres, markets, and public agencies) and
the roles they play in optimizing the population’s welfare. The
variables determining human welfare imply the quantities of (material
and non-material) goods and services consumed. Tinbergen dis-
tinguishes between private and collective goods and discusses pro-
ductive effort and abilities on which human welfare depends. He
derives the optimal social order from the maximization of the social
welfare function under a number of restrictions (for example, produc-
tion functions and budget constraints). Tinbergen favours measurabi-
lity of social welfare along Pigovian lines and advocates a specific way
of performing the measurement.

In Chapter 10 Salop and Stiglitz pick up two central themes of
Arrow’s work: information and welfare. The analysis of welfare
economics in the presence of imperfect information is a subtle and
difficult matter. It is clear that the standard proofs do not apply
directly; it is also clear that economies with imperfect information will
in general not perform as well as economies with perfect information.
The authors construct a simple model that allows them to address the
question of whether an improvement in information improves wel-
fare. They specifically take into account not only the direct effect of
the better information, but the indirect effect; since information
affects demand curves, market structure will change with a change in
information. They show that though increased information may
lower welfare, as a result of increased market power, ‘normally’ an
increase in information improves welfare for two reasons: the direct
effect plus the indirect effect from effective competition. Moreover, if
obtaining information is costly, increased product diversity may
lower welfare.

Chapter 11 deals with g.e. in the context of indivisible goods, hence
where several standard g.e. hypotheses are not satisfied. Maskin
shows, however, that the classic Arrow-Debreu techniques can be
suitably modified to overcome this difficulty. More specifically, he is
concerned with the existence of fair allocations with indivisible goods;
that is, an allocation of goods across consumers is fair if no consumer
prefers another’s consumption bundle to his own and it is Pareto
efficient. When preferences and goods are well-behaved, one can
establish the existence of a fair allocation in a pure exchange economy
by simply observing that a competitive allocation is fair when agents
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have the same initial endowments. Naturally the same method of
proof can be tried when goods are indivisible. To give agents equal
endowments, it may be necessary to assign them fractional shares of
some goods which in itself causes no conceptual difficulty but which,
unfortunately, may not generate a competitive equilibrium. Indeed, a
fair allocation itself may not exist unless a certain amount of a
perfectly divisible good is also available. In Theorems 2 and 3 Maskin
shows that, given enough of the divisible good, an equal-endowment
competitive equilibrium (possibly including a system of taxes and
subsidies) exists and hence so does a fair allocation. The proof relies
on the standard Arrow-Debreu technique of choosing prices that
maximize the value of aggregate excess demand and finding a fixed
point of the cross product of this correspondence and excess demand.

In Chapter 12 Atkinson and Bourguignon pursue the subject of
distributive justice —a subject that has been at the heart of many of
Arrow’s contributions, and one in which he maintains a constant
interest. The treatment of differences in needs in assessing economic
equity arouses very different reactions: Some people regard such
differences as grounds for rejecting any analysis of income inequality;
others simply apply equivalence scales to reduce the analysis to a
single variable (income per equivalent adult). Neither is fully satisfac-
tory and in this chapter the authors seek to follow an intermediate
path. They derive criteria that can be used to make comparisons of
distributions of income where there are differences in needs. They
explore how these criteria, and the extent of the ranking that they
permit, depend on social judgements about needs. The resulting
procedure is easily implemented and is analogous to the construction
of Lorenz curves.

Also on the subject of income distribution, Chapter 13 focuses on
the social welfare function. Chipman assumes individual preferences
to be homothetic, and represented by continuous, concave, and
strictly quasi-concave utility functions that are positively homo-
geneous of degree 1. He also assumes the social welfare function to be
an increasing, concave, and continuously differentiable function of
the individual utilities. Then a necessary and sufficient condition that
the optimal proportionate distribution of income among individuals
be fixed, independently of prices, aggregate income, and individual
preferences (subject to the above restrictions), is that the social
welfare function be an increasing, continuously differentiable func-
tion of a weighted geometric mean of the individual utilities, with
exponents equal to the distributive shares.
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Fairness is the theme of Chapter 14 which is so much in the spirit of
Arrow’s long-standing concern with issues relating to social justice
and with those relating to pure economic efficiency. Baumol and
Fischer examine the fairness properties of Pareto-optimal differentia-
tion between peak and off-peak period prices. They show that in the
classical model of this issue in which higher peak pricing is adopted
merely to induce demand to shift towards off-peak periods, thereby
saving on resources needed to construct capacity, the outcome is
likely to be incrementally unfair in the sense that while off-peak users
are likely to benefit, peak users must be harmed in a wide variety of
circumstances. However, they also point to and explore several
systematic exceptions. They then turn to the more interesting case
where high-peak period use creates disutility for the users, and show
that here efficiency may well require higher prices in periods of lower
use and that this can yield benefits to all affected parties.

In Chapter 15 Tinbergen deals with empirical specifications of
individual welfare functions—a task that is related to Arrow’s path-
breaking theoretical work on social choice. Aware of the ‘multivar-
iate’ structure of welfare, Tinbergen concentrates, however, on the
economic treatment and considers two groups of welfare determi-
nants: those related to consumption and those related to productive
effort. While he does not dwell on the details of consumption, he is
concerned with the characteristics of productive effort (ability and
schooling).

There is much to Keynes’s argument that economic theory does not
provide a body of settled conclusions immediately applicable to
policy; rather it is a mode of reasoning that helps the possessor to
draw the correct conclusions. Part III encompasses contributions. to
themes that have pervaded Arrow’s economic thought and writings,
but that have not been at the heart of his theoretical innovations.
They include his concern for unemployment, cyclical fluctuations,
resource utilization, and specific policy recommendations. In the
opening chapter (16) Nikaido models and works out the dynamics of
growth cycles of a capitalist economy. He does so on the basis of two
views:

1. The recognition that actual unemployment is to a considerable
extent involuntary, so that monetary magnitudes retain some of
their traditional importance for the analysis of short-term eco-
nomic fluctuations —a view that Arrow also holds —contrasted
with the view that only real magnitudes matter, a view that is
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defendable only if the labour market (and all other markets) are
assumed to clear at all times, and

2. the negation of the modern dichotomy of treating separately
fluctuations as short-term phenomena and growth as evolution of
supply capacity in the long run, free of fluctuations.

Actual growth occurs through fluctuations, while growth gives rise to
fluctuations. Growth and fluctuations are so interrelated that they are
mutually causes and effect. In Nikaido’s model output is determined
by effective demand originating in intended investment within the
supply capacity, depending on the existing capital and labour. The
intended investment is governed by the capital-labour ratio and the
excess of the profit rate over the interest rate equilibrating the money
market. The saving thus determined results in actual investment from
which ensues capital accumulation. The supplies of labour and money
grow steadily at given constant rates. These are modelled to a
dynamic process in which growth and fluctuations are interrelated
and their entanglement generates the evolution of the system. The
process generates an undamped cyclical growth.

Chapter 17 contributes to the discussion of the scientific viability of
the life-cycle hypothesis, contrasts it with the intergenerational equi-
librium theory of family behaviour, and offers a clarification of the
theoretical foundations of the social security controversy. Kurz
reports on the results of a statistical test in which both the life-cycle
theory and the effects of social security and private pensions on family
savings were evaluated. The analysis is based on a new and most
comprehensive data file compiled from a random sample of families in
the US taken in September 1979 by the President’s Commission on
Social Security. This chapter discusses two broad tests of the strict
life-cycle hypothesis: the prediction that a rise in social security wealth
depresses private savings and the predicted ‘hump’ savings and
implied age-asset profile. Kurz concludes that Feldstein’s original
analysis of the effect of social security on personal savings has not
been borne out by subsequent research. Also studies of the age-wealth
profile yield results that contradict the life-cycle hypothesis due to its
neglect of the questions of intergenerational transfers and of the
mystique of accumulation of wealth and power flowing therefrom.
Kurz believes that neither the life-cycle nor the intergenerational
hypotheses can provide a uniform view of behaviour of the entire
population. The diversity of behaviour has to be recognized in
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formulating an appropriate theory of savings.

In Chapter 18 Allais attempts to clarify the concept of the money
supply and to analyze the process by which the credit mechanism
creates money and purchasing power, considering time as well as
demand deposits and the link between the creation of money, growth,
and income distribution. He provides an analysis of the banking
system taking account of the maturity breakdown of assets and
liabilities. He then shows that, like the notion of desired cash
balances, the cash balances held (that is, the money supply) is a
psychological notion whose usually considered magnitudes are only
approximate indicators. This analysis is based on the notion of rates
of substitutability. He relates the creation of purchasing power by the
credit mechanism to the proposition that the purchasing power
created is represented by the discounted present value of the interest
corresponding to the currency created. Allais also analyses the
conditions implied by a reform that would remove the major flaws of
the existing credit system. The main text of this chapter is illustrated
in special notes by some comments on the world economy and the US
economy in 1984, in relation to the potential instability of the whole
national and international banking system.

Part IV provides alternative outlooks and commentaries on sub-
jects that are very closely interwoven with Arrow’s concept of the
organization. More specifically, the central arguments of Arrow’s
Limits of Organization are set out in Chapter 19. Whitaker considers
these and related aspects of Arrow’s work in the context of intellec-
tual developments in economics of the past 20 years. He suggests that
Arrow’s view of organizations as evolutionary and adaptive, due to
constraints on the receipt and processing of information, offers an
alternative paradigm that unfortunately has not been followed up by
economists.

In Chapter 20 Williamson emphasizes how influential Arrow’s
contributions to the study of complex economic organizations have
been on the development of the new institutional economics. He
shows that Arrow’s interests in the institutional attributes of market
and non-market modes of organization are of long standing, endur-
ing, and reflect an awareness of the limits of such mainstream
approaches as the conception of the firm as a production function, the
extension of g.e.t. to deal with uncertainty, and the applied price
theory orientation. More specifically, he traces Arrow’s stance that
institutions matter to his 1963 paper on medical care and his 1959
paper (with W. M. Capron) on the operation of shortages in the
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market for scientists and engineers. He stresses Arrow’s impact
through his contributions to information and incentive compatibility
and his writings on externalities, market failures, and transaction
costs. Williamson points to Arrow’s acceptance of bounded rationa-
lity and opportunism (or moral hazard) in his treatment of economic
organization. Obviously one of the loose ends in the study of complex
economic organization is the highly complicated task of design of a
control system for government. It is in the area of desirability of
government intervention where markets fail that Williamson takes
issue with Arrow. And another loose end that Williamson mentions is
Arrow’s observation about the importance of trust in economic
organization.

Precisely that topic is picked up by Leibenstein in Chapter 21. He
focuses on the economic consequences of the absence of trust,
particularly in employment relations. He uses a version of the
Prisoner’s Dilemma to show that self-interest based on mutual
distrust can lead two parties to choose a combination of actions that
makes both worse off than a set of alternative combinations. Costs
arising from distrust include loss of exchanges forgone (hiring of
people), post-exchange difficulties due to misplaced trust (refunds,
seeking payment for damages, litigation), and costs of substitutes for
trust (insurance, monitoring, sanctions, rewards, litigation). He
points to mutual /imited trust and intra-firm conventions as a partial
solution to the lack of complete trust. For a firm with some market
power and a group of employees with some effort discretion there is a
tendency for both to move towards minimum wages and minimum
effort, a Prisoner’s Dilemma problem. But limited trust based on
social conventions may impose a preferable solution that may still be
suboptimal. Peer-group sanctions may establish an effort convention
that reduces free riding. Wage and working condition conventions
may help account for wage stickiness and disturbances due to
inflation.

Robin Matthews wears many hats: he has contributed to and is
involved in many subjects, earthy and theoretical. A man of many
talents, his special background affords us yet another perspective.
Eclectic in the best Marshallian and Keynesian tradition and
‘branded’ for life as a student and colleague both of Hicks and
Robertson and of Kahn, Kaldor, and Joan Robinson, and as a
sometime ‘partner in crime’ of Hahn, Robin delivers his many insights
in an impeccable Queen’s English whose intonations and music we
cannot, alas, reproduce. In Chapter 22 he shares with us his reflec-
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tions on the functions of economic theory and the relationship
between our awareness of what are central theoretical issues and the
exigencies of specific historical periods. He speaks of the advantages
of interdisciplinary research and of the dangers of economic imperia-
lism. Switching to the more pragmatic, Matthews reflects on the
conservative upsurge in economic policy, with particular reference to
the UK, on the vicissitudes of the welfare state, and on the pros and
cons of egalitarian income distribution. He comments on the limits of
neoclassical growth theory, on Schumpeter’s perceptions of the
economic process, on business cycle theory, and on new classical
macroeconomics.

An attempt at a composite picture of Arrow is made in Part V. The
complex man and scholar is seen through his own eyes and those of
his various colleagues. In Chapter 23 Arrow shares with us some
recollections of his early years: his early interest in statistics, Hotell-
ing’s indelible impression on him and the congruence of their ideas,
his attraction to economics, and his impressions of Wald, Burns, J. M.
Clark, and Albert Hart. He speaks of his disquietude about his
apparent inability to find a challenging PhD thesis topic. He recalls
his initial contact with the Cowles Commission group, in particular
how impressed he was by Marschak’s personality and approach, the
atmosphere of verbal violence fostered at Cowles by Marschak, and
his own resistance to the research programme in econometric model
building and readier acceptance of the switch to activity analysis. He
recalls the excitement of the formative years at Rand, the big splash of
game theory, and the importance for g.e.t. of the mathematical
techniques discussed at Rand. He speaks of his research colleagues at
Cowles most of whom have contributed vastly to modern economics
and achieved due renown. Arrow recalls his early years at Stanford
and his stint at Harvard. He confides his propensity to get involved in
‘worthy’ causes and his need to feel useful. He discusses his perception
of altruism and trust in our society and concludes with a fascinating
analysis of the conservative trend and the inevitable cyclicity of
political moods.

This is followed by a succession of impressions. In the first chapter
(24), Aumann muses about the extraordinary depth and breadth of
Arrow; about his true modesty, his friendliness, and his involvement
in the world about him. In Chapter 25 Hurwicz paints a vivid and
generous portrait of Arrow, the collaborator, and reflects on the
missionary-type service Arrow performs in the applied work he does.
In the next vignette (Chapter 26) Anderson provides us with some
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fascination insights into the reception of Arrow’s thesis on social
choice at Columbia, and on the relationship between Arrow’s work
and the development of statistics in the last 30 years or so. Raiffa
reflects in Chapter 27 on the profound impact that Arrow’s work has
had on his own pursuits. In the following snapshot (Chapter 28)
Green offers a general appreciation of Arrow’s accomplishments and
points to the beneficial impact of his work in applied economics which
as a result has become far more open to the theoretical approach. And
another silhouette is provided by Fuchs (Chapter 29) who naturally
stresses Arrow’s unique contribution to the economics of medical
care. In the next chapter (30) Intriligator attempts a general assess-
ment of Arrow’s impact on the development of economics by means
of a tabulation of his works most frequently cited in 196683, though
admittedly that measure is not without its drawbacks. In Chapter 31
Lipset presents an intriguing and insightful portrait of the man and
scholar, his motivations and underlying tensions. The following two
chapters (32 and 33) illuminate Arrow’s life-long attachment to
Stanford University and his extraordinary services as a university
citizen —an important facet of his life. In Chapter 34 we attempt a
summary on a rather whimsical note.

Again, a fitting conclusion to this volume is Part VI where Arrow
reflects on those chapters that do not deal directly with his work or
personality.

ACKNOWLEDGEMENTS

The advantages of division of labour is a commonplace in economics,
generally traced to Adam Smith, but actually of much more ancient
vintage going back at least as far as Plato. Never have I been so fully
aware of how it enhances output and improves its quality as in the
process of design, gestation, and fruition of this study. Mere words
cannot convey how grateful I am to my ‘partners in crime’, not only
for their contributions in a tangible sense, but for their moral support;
the atmosphere of enthusiasm, creativity, and professionalism that
was created; and the psychic income derived from working with them.

So many of the contributors went beyond the product with which
their name is identified in the table of contents; they offered constant
encouragement, good advice, and comments on some papers includ-
ing the introductions that singling them out as I must is indeed an
ingrate task. Mel Reder’s involvement with this project is very special.



lii Preface

When I invited him to contribute I knew him only by repute and of his
role in the ‘formative’ stages of the Stanford economics department.
He knew even less about me. Unaware that I had refrained from
informing Arrow of this study, Mel consulted him and fortunately let
the cat out of the bag. When, with great delicacy, Mel told me what
transpired, I was emboldened to approach Kenneth and ask for his
co-operation. In this way Mel has contributed greatly to the over-all
quality and design of the project (not to speak of his counsel and
support throughout the process of gestation).

Peter Hammond is a truly extraordinary supporter among the
many who have sustained this project. He was involved in many
aspects throughout the process of design, gestation and fruition and
brought to it his special dedication, dispassionate advice, and good
nature. Moreover the project gained a true friend in Mrudula Ham-
mond. I am indebted to Gerard Debreu not only for his co-operation
in helping us to understand better the mathematical economics of our
age that he in such a large measure shaped, but for his impeccable
courtesy and friendliness that make working with him a pleasure.
Very special thanks are also due to Lawrie Klein for sitting down to
an interview late at night after a very long day at an exhausting
meeting and for his long-standing encouragement and good advice.
Leo Hurwicz is a fount of knowledge and wisdom on which I drew
once again. I am indebted to him for the intensive sessions at the
California Institute of Technology of which these interviews are only
a partial reflection. I also owe much gratitude for special encourage-
ment, wise counsel, intensive discussions and/or extensive comments
on the introductions to Tony Atkinson, Bob Aumann, Will Baumol,
Woody Brock, John Chipman, Paul David, John Harsanyi, Murray
Kemp, Donald Kennedy, David Kreps, Bob Kuenne, Andreu
Mas-Colell, Eric Maskin, Robin Matthews, Takashi Negishi, Kwang
Ng, Hugo Sonnenschein, Kotaro Suzumura, Jan Tinbergen, and
Richard Zeckhauser.

At various stages of this project the discussions I had with M.
Abramovitz, R. Dorfman, J. T. Dunlop, E. Glustoff, B. G. Hickman,
H. S. Houthakker, D. Jorgenson, L. J. Lau, J. Margolis, F. Modig-
liani, J. R. Moore, M. Morishima, J. Rawls, N. Rosenberg, T.
Scitovsky, E. Sheshinski, H. A. Simon, A. M. Spence, L. Summers
and M. Weitzman were very helpful and their good advice and
encouragement are deeply appreciated. I hope it will not be taken
amiss if I thank collectively the many participants of the IMSSS
summer economic seminars at Stanford for fruitful discussions over a



Preface liii

number of years. Such anonymity, however, cannot apply to the
dynamic M. Kurz or to the perennial enfant-terrible-in-residence, F.
H. Hahn.

It is with much gratitude that I acknowledge the very beneficial and
stimulating interchanges with G. Dantzig, S. Karlin, G. Kramer, and
D. Landes who have provided fascinating insights into the many
dimensions of Kenneth Arrow. I am also deeply grateful to Anita
Summers for her willingness to answer many questions about her
brother’s formative years. I am a bankrupt when it comes to acknow-
ledging earlier discussions and influences. But in this case I would be
seriously remiss not to mention my indebtedness to two extraordinary
and very different economists who alas are no longer with us —Jasha
Marschak and Joan Robinson.

Parts of this study were written in Kenneth Galbraith’s hospitable
homes in Cambridge and Newfane. While unfortunately my style was
not improved by transference, I greatly profited from his vision of the
world, wisdom, insights, and extraordinary kindness.

I appreciate the many services rendered by a number of individuals
in various institutions and the discussions with students in several
seminars. Alas, I have to thank them collectively. In view of the
special burden I imposed on the reference library of the University of
Tennessee, I am pleased to single out its Head, Robert Bassett.
Kenneth Arrow’s office and particularly his dedicated secretary
Rosemary Ciernick were very helpful, as was Lillian Zabahon, during
my many visits to Stanford. I am also grateful to John Pratt for
exceptional assistance (transcending the contributor’s intellectual
input) at the very last moments of completion of this study. I also wish
to thank Michael Aronson of Harvard University Press and Alvin
Klevonick, the Director of the Cowles Foundation for Research in
Economics for their co-operation. I appreciate Keith Povey’s editorial
help and am grateful to Tim Farmiloe of Macmillan for his keen
interest and sound advice.

It is customary to absolve all those acknowledged from all remain-
ing flaws; I do this with relish. One person, however, shares responsi-
bility for much that is right and wrong with this study; it is my wife
Ida who actively participated at every stage. Since she performs
unremunerated labour, I offer her the following concluding words of
John Stuart Mill’s 1867 inaugural address at St Andrews University:

I do not attempt to instigate you by the prospect of direct rewards,
either earthly or heavenly; the less we think about being rewarded



liv Preface

in either way, the better for us. But there is one reward which will
not fail you, and which may be called disinterested, because it is not
a consequence, but is inherent in the very fact of deserving it; the
deeper and more varied interest you will feel in life: which will give
it tenfold its value, and a value which will last to the end. All merely
personal objects grow less valuable as we advance in life: this not
only endures but increases.

It is in this spirit that these two volumes were written: what an
extraordinary intellectual and spiritual experience it has been; how
remarkable the process of learning by doing; and how rewarding to
share it with such a highly motivated, intellectually powerful, stimu-
lating, and appreciative group of scholars.

It goes without saying that our greatest debt of gratitude is to
Kenneth Arrow for providing the intellectual capital of this study.
But we are beholden to him for much, much more: I am at a loss for
words to express how grateful we are to you, Kenneth, for generously
granting us a privileged insight into one of the great minds in
economics of all time, sharing your thoughts and feelings, revealing
clues to your motivations, and above all for the way you have done
this: for your great warmth and elegance and for your high standards
of personal and professional behaviour. With great affection and
friendship, these two volumes are dedicated to you, Kenneth.

GEORGE R. FEITWEL



1 The Potentials and Limits

1

of Economic Analysis:
The Contributions of
Kenneth J. Arrow

George R. Feiwel

PROLOGUE

The study of economics does not seem to require any specialised
gifts of an unusually high order. Is it not, intellectually regarded, a
very easy subject compared with the higher branches of philosophy
and pure science? Yet good, or even competent economists are the
rarest of birds. An easy subject, at which, very few excel! The para-
dox finds its explanation, perhaps, in that the master-economist must
possess a rare combination of gifts. He must reach a high standard in
several different directions and must combine talents not often found
together. He must be mathematician, historian, statesman, philoso-
pher — in some degree. He must understand symbols and speak in
words. He must contemplate the particular in terms of the general,
and touch abstract and concrete in the same flight of thought. He
must study the present in the light of the past for the purposes of the
future. No part of man’s nature or his institutions must lie entirely
outside his regard. He must be purposeful and disinterested in a
simultaneous mood; as aloof and incorruptible as an artist, yet
sometimes as near the earth as a politician (Keynes, 1951, pp. 140-41).

It is not difficult to detect in these revealing lines a self-portrait of

their author. Keynes used them, however, as a spring board for his
analysis of Marshall’s ‘double nature’. Surely many economists
(including perhaps our protagonist) would balk at the incongruity of
a comparison between Arrow and Marshall. We are, of course,
referring to the ‘Vision’ or Weltanschauung of the economists and not

1
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to their methods or products.! Moreover, it is probably futile to
compare the intellectual make-up of economists primarily, but not
only, because of differences in historical setting as well as cultural,
educational, genetic, and psychological influences. However different
they are, neither Marshall nor Arrow (and for that matter, not even
Keynes) can be credited with all of Keynes’s ‘ideal many-sidedness’,
though each possesses the quality albeit in different configurations.

Keynes (1951, pp. 140-41) reminds us that Marshall’s double
nature was a clue to his strength and weakness; he was a sage and
preacher and a scientist too, but the scientist was at the service of the
sage. Marshall’s ‘mixed training and divided nature furnished him
with the most essential and fundamental of the economist’s necessary
gifts — he was conspicuously historian and mathematician, a dealer
in the particular and the general, the temporal and the eternal, at the
same time’.

And what about Arrow? Is there not a tinge of double nature in him
as well? He too is a sage whose concern for the improvement of
society’s welfare, whose social conscience, dictate much of what he
does. But in his case the sage is rather at the service of the scientist.
Like Tinbergen, Arrow (1958, p. 89) is suffused with ‘the warmth of a
passion for social justice’. One could also well apply to him these lines
that Arrow (1960, p. 186) wrote of Frisch:

One has above all the impression of liveliness, of a passionate and
deep concern with problems, both for their technical interest and
for their effect on the welfare of humanity. I would speak of
earnestness, did that word not seem to exclude the sparkling shafts
of humor which appear repeatedly. My ... personal contact with
Frisch gave the same impressions as the reading of his work; the
man and his work are inseparable.

There are also numerous personal differences between Arrow and
Marshall, aside from the overriding one of precision versus vague-
ness. The latter is not only a matter of approach to economic analysis,
but has considerable pedagogical implications. It is important to be
precise in order not to mislead students, but would not some fuzziness
teach them a healthier outlook on the complexities of the real world?
This is a difficult question, as Arrow points out in Chapter 2 of this
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volume. Whereas Marshall was somewhat pompous and fully con-
scious of the influence he wielded in his fieid, which he sometimes used
to the detriment of others, Arrow (though fully aware of his abilities,
his standing in the profession, and definitely not retiring) is relatively
modest, straightforward, non-dictatorial, and leans over backwards
to give credit to colleagues and predecessors alike.

How does the configuration of Arrow’s particular qualities stack up
against Keynes’s ‘ideal many-sidedness’? Certainly Arrow possesses a
rare and extraordinary combination of talents, interests, and motiva-
tion. He is endowed with a brilliant mind,?> combined with a warm
heart. He is deeply committed to the improvement of human welfare
in the best tradition of economics and philosophy. He brings to
economics a native intuition and a phenomenal analytical and mathe-
matical aptitude, honed with the skills of a modern mathematician
and mathematical statistician. But he is much, much more than a
master-technician; he has deep interests in moral philosophy, the
theory of democracy (political theory), system design, communication
theory, psychology, history, and, indeed, in many very diverse
fields — a holism that is not always detectable in his writings. Indeed,
in its modern setting the range of Arrow’s interests is remarkable; he
is a social scientist in the great polymath tradition of J. S. Mili.}

Although I have ventured to suggest that in some respects a
comparison could be drawn between Arrow and Marshall, a much
more obvious comparison, and I dare say much more palatable to many
modern economists, is the one between Arrow and Walras. Nearly 50
years ago Samuelson (probably influenced by his teacher, Schum-
peter) enjoined modern economics to exorcise the ‘Marshallian incu-
bus’ and to draw its inspiration from Walras. Following in the Hicks-
Samuelson path, Arrow has been in the avant-garde that has been
most instrumental in this shift in modern economic theory. Schum-
peter once quipped that Gustav Cassell was a Swedish Walras plus
much, much water. In a somewhat similar vein Arrow can be called a
modern Walras plus much, much sophistication. Aside from a close
link with Walras on the subject matter of, and general approach to,
their investigations, Arrow shares with him a certain Weltanschauung
as well as deeply complex and not always consistent pursuits. Yet in
many ways, especially in his propensity to look ahead to new
problems, to open up new questions, Arrow is more like Marshall
than like Walras.

An illuminating aspect of Arrow’s vision of the economic process is
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what he calls ‘g.e. thinking’. By this he means the notion of the
pervading interdependence among all economic phenomena; the
recognition that any specific economic change will have far ranging
repercussions that may have far greater significance than the initial
change. Basically, it is the simple, yet not always fully grasped, notion
of a complex economic system where everything affects everything
else.

The unwary may well be tempted to speak of the ‘impossibility of
Kenneth Arrow’. Although he is a phenomenon of our age, he has
also been shaped by it. One can easily apply to him what he (1967, p.
737) said of Samuelson:

A great leader of his field is not typical of his day; but neither is he
outside it. Rather he is like a magnifying glass; not only are the
accomplishments the best that the period can produce, but also the
underlying conflicts and contradictions are brought out more
sharply and separated from the mass of elementary error and
shortsightedness.

In the age of narrow specialists and technicians who know more
and more about less and less, Arrow is a versatile economist, social
scientist in the old mold, and moral and political philosopher. In the
age of axiomatization of economic theory and the flowering of
neoclassical (mathematical) general equilibrium theory (in such great
measure associated with his name); he remains interested in alterna-
tive approaches and is willing to learn from them no matter how much
he disagrees with or criticizes them. In the age of mathematical
economics, he appreciates institutionalist or literary economists. In
the age of ‘obsolescence’ of history of economic thought, he cultivates
an interest in this ‘antiquarian subject’, and periodically teaches a
course in that field. In the age of ‘self-sufficiency’ among economists
and of economic imperialists, he is strongly committed to promoting
inter-disciplinary research, particularly to learning from psychology.
In the age of economic science, he is also interested in political
economy. In the age when economists ask primarily smaller questions
and often tailor their visions to the tools at hand; he continues to
demand rigorous proof, but does not lose sight of the broader visions of
classical economists and moral philosophers. In the age of infatuation
with the purest of pure abstract theory, mathematical reasoning and
logic, and the aesthetics of the argument; he is also particularly



George R. Feiwel 5

sensitive to the usefulness of theory. In a world of exaggerated claims,
he frequently points to the limits of economic analysis.

Arrow moves with grace and felicity from the exalted plane of
abstract theory to the down-to-earth observations of reality. Though
he may deduce rarified, internally consistent, abstruse theorems, their
usefulness and relevance to reality is never far from his thinking.
Whenever possible he takes great pains to explain the relevance and
limitations of his abstract models. And once again what Arrow
(1983d, pp. 28-9) said of Samuelson equally applies to him:

His accomplishments both close chapters and open new vistas. I
have not conveyed some other aspects of his influence: his striking
sense of history, so that his works are to such a great extent the
clear perception of immanent tendencies struggling for release, his
fair-mindedness and respect for others even when they disagree, his
exemplification of the compleat economist — at home simulta-
neously in mathematical rigor and probing of foundations and in
practical policy formation with a full realization of their underlying
unity — and his warmth as a human being and friend.

The creative tensions that beset this non-dogmatic neoclassical
economist are attributes of a complexity developed under the
influence of various impulses; they frequently prove to be advantages
rather than apparent inconsistencies. While Arrow (1984b, p. 154)
expresses ‘unabashed admiration for the accomplishments of the
neoclassical viewpoint’, he recognizes the ‘major scandals’, openly
and eloquently voices complaints, and influences directions of change.
While much of his work is on the competitive model, he believes that
we live in an imperfectly competitive world and he has contributed to
our understanding of imperfect competition. While his forte lies in
normative economics, he demonstrates strong interests in descriptive
economics. While he has exhibited such high ability in the purest of
pure theory, he has not resisted the urge to contribute significantly to
reorienting applied economic theory (mainly motivated by a desire to
focus on market failures). While he excels in mathematical analysis,
he has a demonstrated intuitive flair. While he is primarily a con-
templative theorist, he feels an urge to influence policy (but is
unwilling to make the needed sacrifices). And, above all, Arrow feels
deeply the tension between the demands of individual self-fulfilment,
and the dictates of social conscience and action. In him the latter
claims appear to be very strong, indeed. He is fond of quoting Rabbi
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Hillel: ‘If I am not for myself, then who is for me? And if I am not for
others, then who am I? And if not now, when?’

Arrow is not only strongly committed to raising the standards of
scientific inquiry in economics, but he has a passionate social concern
for economics as the steward of humanity. Both of these facets of
Arrow, the economist, are brought to bear on his work. It is from this
perspective that we analyze the work of this modern Walras (with
touches of Mill and Marshall) who has contributed so much to our
understanding of the potentials and limits of organization, uncer-
tainty, imperfect information, and all that.

Although with different perceptions and from different time per-
spectives, other economists will assess differently Arrow’s achieve-
ments, it can be reasonably claimed that he belongs among the
master-economists of all time. A versatile, pure and applied economic
theorist in the mathematical mode and a social scientist par excel-
lence, he, to such a remarkable degree, influenced and participated in
the reorientation, reshaping and ascent of the economic science of our
age. He shared in enlarging the domain and in transforming, reformu-
lating, refining, and generalizing received theory.

Arrow contributed to changing the course of economics and, to
some extent, of political science by a number of distinct contributions,
but the sum total of his achievement far exceeds the individual
components, partly due to the synergetic effect and to a great measure
due to his influence on others (as exemplified by the various contribu-
tions to this and the companion volume). He has collaborated with
many other economists and social scientists, some of whom have
become leading figures in their own right. Also, Arrow’s contribu-
tions have been gross value added due to his painstaking surveys of
the literature that preceded him.

Arrow uses very effectively the axiomatic method. Whatever else
needs to be said about it, this method demands rigor in reasoning. It is
a fruitful way of verifying the logical consistency of theory and of
zeroing in on underlying assumptions. It enables the scholar to sift
through the received doctrine, to precisely spell out assumptions, to
dispose of the superfluous and only technical assumptions and to
retain only those that have precise economic meaning, and to rigor-
ously define concepts and results. The very process of the proof is
educational and focuses on important further problems requiring
solutions. In an apt analogy Robert Aumann (1985, p. 42) views
mathematical economics as an art form:
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The case for thinking of mathematics itself as an art form is clear.
Mathematics at its best possesses great beauty and harmony. The
great theorems of, for example, analytic number theory are reminis-
cent of Baroque architecture or Baroque music, both in their
intricacy and their underlying structure and drive. Other sides of
mathematics are reminiscent of modern art in their simplicity,
spareness and elegance; the most lasting and important mathemati-
cal ideas are often also the simplest. ’

He speaks of the resistiveness of the medium in which the artist works.

The resistiveness of the medium imposes a kind of discipline that
enables — or perhaps forces — the artist to think carefully about
what he wants to express, and then to make a clear, forthright
statement.

In game theory and mathematical economics, the resistive
medium is the mathematical model, with its definitions, axioms,
theorems and proofs. Because we must define our terms, state our
axioms and prove our theorems precisely, we are forced into a
discipline of thought that is absent from, say, verbal economics.

Not only is Arrow one of the landmark and prodigious founders of
the new (post-Samuelsonian) era of mathematical economic theory,
but his classic Social Choice and Individual Values created the new
discipline of social choice that far exceeds the boundaries of eco-
nomics.

In what follows we trace Arrow’s contributions from his first tour-
de-force accomplishment — the pathbreaking creation of the theory
of social choice — through the making of modern g.e.t., to his
contributions in applied g.e.t. In Section 2 we review ‘new’ welfare
economics, Arrow’s extension of the fundamental theorems of welfare
economics, and we draw the relationship between the social welfare
function and social choice theory. Section 3 discusses the coming of
age of modern g.e.t. with the canonical Arrow-Debreu model and
examines the Arrow-Hurwicz contributions to stability of general
competitive equilibrium. Section 4 deals with the interrelationship
between existence and efficiency and some of the more recent exten-
sions of g.e.t. Sections 5 and 6 are closely interrelated and call
attention to the fact that Arrow’s interest in the extension of g.e.t. to
transactions over time and under conditions of uncertainty is deeply
rooted in his scientific and even practical training. Specifically,
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Section 5 highlights Arrow’s contributions to the theory of individual
choice under uncertainty, measures of risk aversion, and his ingenious
construction of contingent securities as a theoretical device for risk
sharing. In Section 6 we examine Arrow’s perception of the role of
information as a key to many unresolved problems in economics, of
information as a commodity, of uneven distribution of information
(derived from his study of the economics of medical care), and of the
economics of discrimination and we also examine his contribution to
the centralization-decentralization debate. Section 7 follows Arrow’s
contributions to production, capital, and demand which are some-
what less cohesive. It focuses on Arrow’s study of allocation of
resources for invention; his specific formalization of the problem of
learning as a function of the total past gross investment, his subse-
quent restatement of the technical progress question in terms of
production, transmission, and growth of knowledge; his conceptuali-
zation (together with Chenery, Minhas, and Solow) of the now
famous and controversial CES production function; his collaborative
effort on optimal inventory policy and his closely related work on
optimal capital policy; his elaboration (in cooperation with Kurz and
also Lind) of the choice criteria for public investment as a problem of
second-best optimality; his application of optimal control theory to
economic growth; and finally his stand on demand as a limiting factor
of production. The final Section (8) discusses critiques and vindica-
tions of mathematical economics and neoclassical theory and Arrow’s
participation as both critic and defender. The appendix attempts to
place Arrow and modern economics within the context of the dyna-
mics of economic thought, discusses some criteria of evaluation of
progress in economics, contrasts the Walrasian and Marshallian
approaches, and provides some glimpses of Arrow as a historian of
economic thought.

2 WELFARE ECONOMICS AND SOCIAL CHOICE

Arrow’s first, and in some sense unique, accomplishement in the
social sciences was the creation of the modern theory of social
choice — a concept that possessed him and towards which he had
been groping for some time as he indicates in Chapter 2. Had he not
produced anything thereafter, his place would have been secure, not
only in the pantheon of economics, but in that of political theory and
philosophy as well.



George R. Feiwel 9

Unlike the subject of social choice which was fully his brainchild,
Arrow’s subsequent contributions were primarily centered on the
logic and the potentials and limits of the g.e. system, in both an
explanatory and a normative sense, thus on a subject that had an
established tradition, though many of the central issues, such as
existence, optimality, and stability of equilibrium remained gaping or
only partly closed lacunae.

2.1 Coherence, Efficiency, and Optimality

The germ of the idea of g.e.t. can be traced back at least to the
Physiocrats and to Adam Smith’s ‘invisible hand’ (with clues trace-
able to the scholastic doctors and natural philosophers, if not
antiquity — see Schumpeter, 1954, Chapter 2) — the idea that, con-
trary to what one might prima facie expect, the individual decisions of
a multiplicity of diverse economic actors, acting in their own interest,
do not result in utter chaos; rather they achieve not only a coherent,
but also, in some sense, an efficient allocation of resources. This
powerful and stirring idea took root and throve for over 200 years.

The grand notion of interdependence of the economic system is
traditionally (but, as noted in the appendix, not universally) indenti-
fied with Walras,* who conceptualized and articulated the vision of
general economic equilibrium. Arrow (1983b, p. 201) depicts it as
follows:

it was the fact that all agents in the economy faced the same set of
prices that provided the common flow of information needed to
coordinate the system. There was, so it was argued, a set of prices,
one for each commodity, which would equate supply and demand
for all commodities; and if supply and demand were unequal
anywhere, at least some prices would change, while none would
change in the opposite case. Because of the last characteristics, the
balancing of supply and demand under these conditions may be
referred to as equilibrium in accordance with the usual use of that
term in science and mathematics. The adjective general refers to the
argument that we cannot legitimately speak of equilibrium with
respect to any one commodity; since supply and demand on any
one market depend on the prices of other commodities, the overall
equilibrium of the economy cannot be decomposed into separate
equilibria for individual commodities.
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However awesome Walras’s accomplishments, the pioneer left
many conceptual and technical problems unresolved, partly due to his
crude analytical apparatus. What Schumpeter (1954, p. 968) called
the Magna Carta of economics ‘brought in a host of new problems of
a specifically logical and mathematical nature that are much more
delicate and go much deeper than Walras ... had ever realized.
Mainly they turn on determinateness, equilibrium, and stability’. And
Schumpeter (1954, p. 1026) points out that ‘in the last analysis
Walras’ system is perhaps nothing but a huge research program’. It is
into this research programme that Schumpeter (1954, p. 1026) de-
scribes as a basis for ‘practically all the best work of our time’ that the
major part of Arrow’s work fits in so well.

In an expository article for the International Encyclopedia of the
Social Sciences (1968) (reformulated as part of Chapter 1 of Arrow
and Hahn, 1971), Arrow (1983b, pp. 107-8) clarifies as follows the
notion of economic equilibrium:

There are perhaps two basic, though incompletely separable, as-
pects of the notion of general equilibrium as it has been used in
economics: (1) the simple notion of determinateness — that is, the
relations that describe the economic system must form a system
sufficiently complete to determine the values of its variables — and
(2) the more specific notion that each relation represents a balance
of forces. The last usually, though not always, is taken to mean that
a violation of any one relation sets in motion forces tending to
restore the balance (... this is not the same as the stability of the
entire system). In a sense, therefore, almost any attempt to give a
theory of the whole economic system implies the acceptance of the
first part of the equilibrium notion, and Adam Smith’s ‘invisible
hand’ is a poetic expression of the most fundamental of economic
balance relations, the equalization of rates of return, as enforced by
the tendency of factors to move from low to high returns . ..

Whatever the source of the concept, the notion that through the
workings of an entire system effects may be very different from, and
even opposed to, intentions is surely the most important intellectual
contribution that economic thought has made to the general
understanding of social processes.

Arrow and Hahn (1971, p. vii) also emphasize that one must realize
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how surprising the coherence aspect of the market mechanism must
be to anyone not nurtured in this tradition.

That quite a different answer has long been claimed true and has
indeed permeated the economic thinking of a large number of
people who are in no way economists is itself sufficient grounds for
investigating it seriously. The proposition having been put forward
and very seriously entertained, it is important to know not only
whether it is true, but also whether it could be true.’

For more than 200 years much of the history of economic thought
has centered on the explication of the workability and the desirable
properties of the market mechanism. This has continued to be one of
the most controversial issues and a considerable source of tensions.
Basically, however (though with various emphases, shades of mean-
ing, and interpretations and with all the difficulties involved in
comparisons due to different time perspectives and various ‘visions’),®
the notion that economic actors, left to themselves (acting in their
own interest and within a given framework that is variously inter-
preted by different writers), will in some sense promote general
welfare or that perfect competition will in some sense achieve a
maximum of individual satisfactions (or a maximum of production in
Wicksell’s formulation) — this notion runs through most of classical
and neoclassical economic literature (see Koopmans, 1957, p. 41;
Koopmans, 1970, p. 333; Samuelson, 1947, pp. 203-19; Whittaker,
1940, p. 141; and Wicksell, 1934, p. 142). As Arrow and Scitovsky
(1969, p. 1) note,

to the superficial observer, modern economics in its beginnings may
have seemed like uncritical admiration of the work of the invisible
hand of competition and a mere endorsement of the philosophy of
laissez faire. Thoughtful economists, however, have always shown
great critical discernment and attention to detail, hailing some,
deploring other, consequences of competition, exercising choice,
advocating policies, and so practicing welfare economics.

Some modern economists (for example, Hayek, 1967; Friedman,
1976, 1981; Stigler, 1982; see also the anthology by Klausen, 1965)
have hailed the ‘invisible hand’ as the most substantive proposition in
all of economics. Others (for example Joan Robinson, 1962; Dobb,
1973; Walsh and Gram, 1980, and Nell, 1984) consider it a kind of
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metaphysical sacred cow in defense of the status quo. And in the
middle is a wide spectrum of varied interpretations that more or less
converge on the view of the ‘invisible hand’ as in some sense co-
ordinating and beneficent, but ill-defined, hopelessly entangled in a
web of exaggerated claims, and enshrouded in neglect or underrating
the ‘breakdown of efficiency conditions’ (see Samuelson, 1977b).

Virtually since Adam Smith, economic literature has abounded
with various claims and misinterpretations of the coherence and
efficiency of competitive laissez faire. To be sure, exceptions to the
rule that perfect competition ensures an orderly and efficient allo-
cation were increasingly recognized, and the rule itself came to be
questioned. Over the years there has been a gradual refinement of the
conditions under which the market might or might not achieve
efficient allocation of resources. However, it is only about 50 years
ago that a kernel of veracity was separated from the chaff of untruths
and half-truths and the doctrine reinterpreted and reformulated by
modern welfare economists.

Welfare economics is not a new subject: It goes as far back as
economic theory itself. It took a long time to clarify its basic
principles. To this day it is full of unresolved questions. As Hicks
(1975, p. 307) argued, ‘though Welfare Economics appears to have
settled into the position of a regular, accepted, branch of economics
... it remains to some extent a mystery. It has often been criticized,
and its critics have never been fully answered; yet it survives’.

The official history of the subject commences with Pigou (1912,
1920) who gave it its name.” The roots of the literature on welfare
economics are in utilitarianism and Pareto optimality. The utilitarian
view? of the individual sees him as freely weighing his gains and losses,
as deciding to sacrifice present benefits for even larger ones in the
future, and as acting to attain his own greatest benefits and his own
rational goals, at least when others are not ‘affected’. In its rigorous
formulation, Arrow (1983d, p. 16) sees utilitarianism as stating ‘that
each individual has a numerically defined utility function defined (in
the most general case) over the entire state and that the aim of
economic (or any other) policy is to maximize the sum of these
utilities over all individuals’. The utilitarian view has found much
favour with economists past and present. Indeed, as Hammond (1982,
p. 85) notes, ‘the whole study of welfare economics is founded more or
less explicitly on utilitarian ideas, even when economists deal only
with the idea of Pareto efficiency’.

Utilitarianism has also been extensively used in discussions of
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income distribution by such notable philosophers (and economists!)
as Edgeworth (1881) and Sidgwick (1907). Here a parallel is drawn
between the individual’s welfare and that of society: In the same way
as the individual’s welfare consists of a sequence of satisfactions
derived at different time periods of his life, the welfare of society can
be constructed from the achievement of the aspirations of the indivi-
duals in the group. Since the individual is supposed to maximize his
own welfare, society is supposed to accomplish the same for the group
as a whole.? In his celebrated treatise on justice, the noted philoso-
pher, John Rawls (1971, p. 22) summed up Sidgwick’s formulation in
these terms: ‘The main idea is that society is rightly ordered, and
therefore just, when the major institutions are arranged so as to
achieve the greatest net balance of satisfaction summed over all the
individuals belonging to it’.

Arrow (1983d, p. 16) comments that ‘when coupled with a hypothe-
sis of diminishing marginal utility of income (concavity of the utility
function, as we would say today), utilitarianism implies a redistribu-
tion of income from the rich to the poor’. These implications were
clearly perceived by Sidgwick and Edgeworth. Other economists,
however, showed scant interest, ‘in applying the sum-of-utilities
criterion to economic or any other policy. Very possibly, the radically
egalitarian implications were too unpalatable, as they clearly were to
Edgeworth’ (Arrow, 1983a, p. 121). And, Arrow (1983a, p. 121) adds,
‘subsequent work on ‘“‘welfare economics’, as the theory of economic
policy is usually known, tended to be very obscure on fundamentals
(although very edifying in other ways)’.

With the advent of what Sir John Hicks (1976) has called the
‘catallactic’ approach, utility gained a stronger foothold in eco-
nomics. It was now endowed with a dual function: that of explaining
individual demand functions and that of a collective criterion for
assessing economic policies and systems. And this ‘duality clarified
the intuitive perception that perfect competition was in some sense a
mechanism for insuring social optimality’ (Arrow, 1983d, p. 17).

In the early 1900s, Pareto (by no means a household name among
economists of the Anglo-Saxon tradition then or for many years
thereafter) dealt a shocking blow to utilitarianism (see Pareto, 1971),
although as Cooter and Rappoport (1984, pp. 511-12) remind us, the
ordinalist tradition goes at least as far back as Jevons. As Arrow
(1983d, p. 17) see it, Pareto perceived

that the cardinal concept of utility function was unnecessary as an
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explanation of demand behavior; the demand functions were invar-
iant under a monotone transformation of the utility function.
Hence, only the indifference surfaces mattered. The indifference
surfaces can be thought of (at least ideally) as observable entities.
To them can be associated a utility function (Pareto tried to
introduce the new term, ophelimity, presumably to eliminate the
cardinal overtones, but the neologism did not last) that will
rationalize the indifference surfaces (that is, the indifference sur-
faces will coincide with the level surfaces of the utility function). ..
But any strictly monotone transformation of a given utility is also a
utility function, in the sense of an index that rationalizes the
indifference map.

If cardinal utility has no meaning, the collective criterion has even
less. (To be fair, one should point out that others claim that it is useful
in social choice theory. See Chapter 5 of the companion volume where
Kemp and Ng argue that cardinal utility has to be involved in a
Bergson-Samuelson social welfare function.) If we cannot measure an
individual’s utility, how can we expect to add up those of various
individuals? Instead, Pareto introduced what Arrow (1983a, p. 122)
calls

a necessary condition for social optimality, which has come to be
known as Pareto optimality: a social decision is Pareto-optimal if
there is no alternative decision which could have made everybody at
least as well off and at least one person better off. In this definition,
each individual is expressing a preference for one social alternative
against another, but no measurement of preference intensity is
required. Pareto optimality is thus a purely ordinal concept.

The principal merit of this ordinal theory is, according to Arrow
(1983a, p. 47), ‘the operational, behavioristic, pragmatic character of
its method’. But Pareto optimality is not a robust concept.'® Many
alternative, often unjust, allocations would satisfy this definition (see
Samuelson, 1947, pp. 212-14; Koopmans, 1957, pp. 42-54; Dorfman,
Samuelson, and Solow, 1958, p. 409; and Sen, 1985, pp. 1107ff.) As
Arrow (1983d, p. 17) emphasizes, ‘this definition explicitly ignores the
distribution of income; it is compatible with running the entire
economic system to maximize the well-being of one individual. There
is an infinity of positions of the system that are all optimal in the sense
of Pareto; whether Pareto himself understood this is not clear from
the text’.
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To a large extent Pareto optimum is a misnomer, for it has highly
favourable connotations; that is, it implies more than it means."
From the standpoint of distributive justice it might not be optimal at
all. Hence Pareto efficiency or allocative efficiency are more accurate
descriptions (see Koopsmans, 1957, p. 49; Arrow, 1971, pp. 32, 178;
Arrow and Hahn, 1971, p. 91).

Pareto’s work made hardly a dent in mainstream economics before
1930. Pigou (1920), representative of the so-called ‘old’ welfare
economics, only incidentally mentions the sum of utilities, but its
shadow overlays the work.

Although the whole work is devoted to optimizing, there is no
explicit formulation of a maximand. For the most part, the criter-
ion is increase in the national income (‘national dividend’ in Pigou’s
language). But he is at pains to point out national income is itself an
imperfect approximation, though I am not clear what it was
supposed to approximate (Arrow, 1983d, p. 18, see Pigou, 1912,
p- 25).

Some of the economists who revolted against the ‘old’ welfare
economics, and whose work laid the foundations of the ‘new’ (see
Bergson, 1938; Hotelling, 1938; Hicks, 1939; Kaldor, 1939; Lange,
1942; Allais, 1943; Lerner, 1944; and Samuelson, 1947), rediscovered
the concept of Pareto optimality.'? According to Samuelson (1972, p.
646), this was ‘in part because Pareto is himself obscure and a bit
confused; because the issue is a deep one; and because this is the way
gifted scientists operate’. Samuelson (1966, p. 1041) is emphatic that

the ‘new welfare economics’ is not intended as a substitute for the
‘old’ . .. all pretensions notwithstanding. It is an attempt to derive
necessary conditions whose validity is independent of value judg-
ments as between individuals, or more accurately, whose validity
depends only upon less restrictive, and less well-defined value
judgments than had previously been assumed. It involves the
implications of the relatively mild assumptions that (1) ‘more’
goods are ‘better’ than ‘less’ goods; (2) individual tastes are to
‘count’ in the sense that it is ‘better’ if all individuals are ‘better’ off.

However, he (1966, p. 1096) is prompt to add that the ‘new’ welfare
economics is nothing but ‘a set of incomplete necessary conditions
whose whole raison d’étre disappears if the additional ethical con-
ditions are not adjoined’. But that is another story to which we shall
return in due course.
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In 1951 Arrow made his first contribution to g.e.t. — ‘An Exten-
sion of the Basic Theorems of Classical Welfare Economics’ (see
Arrow, 1983b, pp. 13—45) — which focused on the relations between
Pareto efficiency and competitive equilibrium. In his Nobel Lecture,
Arrow (1983b, pp. 213-14) recalls how his thought processes were
stimulated in that direction by the discussions in the late 1940s among
economists about the inefficiencies of rent control and various propo-
sals for taking advantage of efficiency benefits of the free market via
some transitional route. The informal efficiency arguments underlined
that rent control induced individuals to prefer inappropriate, excessi-
vely large, housing, ‘It struck me’, he recollects ‘that an individual
bought only one kind of housing, not several. The individual optima
were at corners, and therefore one could not equate marginal rates of
substitution by going over to a free market. Yet diagrammatic
analysis of simple cases suggested to me that the traditional identifica-
tion of competitive equilibrium and Pareto efficiency was correct but
could not be proved by the local techniques of the differential
calculus’. Shortly thereafter he attended a seminar in which Samuel-
son provided an exposition of the fundamental theorems of welfare
economics. As Arrow (1983b, p. 14) recalls, ‘I was about to ask his
opinion of my conundrum when I realized from his diagram that the
separating-hyperplane theorem supplied the answer’.

In a sense it is fitting that Arrow’s first contribution to g.e.t.,
following immediately after his extraordinary Social Choice and
Individual Values, was in welfare economics. It is also fitting, but
rather remarkable, that this 1951 paper, presented at the Second
Berkeley Symposium on Mathematical Statistics and Probability,
largely coincided with one on which Debreu (1954) had independently
and simultaneously worked. And another overlap occurred. At the
same symposium

Albert Tucker presented his famous joint work with Harold Kuhn
on nonlinear programming. The Kuhn-Tucker results are of course
more general in many ways (and different, because they use
differentiability), but not completely so; they assumed concavity of
the objective function and the constraints, whereas Debreu and I
assumed only quasi-concavity of the utility function. (Arrow
1983b, p. 14).1

And Arrow (1983b, p. 14) muses that these overlaps are a classic case
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of multiple discovery so common in science when the general impetus
is from the same source — in this case game theory.

Though intrinsically this 1951 paper was not his most important
contribution to g.e.t., it has proven to be very influential in the
successive developments of the subject and an educational experience
for Arrow himself. He (1983b, p. 14) remembers that it was while
writing this paper that he

understood for the first time the difference between the necessity
and the sufficiency conditions and also found that there could be
problems with corner equilibria — in effect seeing, though without
fully understanding, the possible discontinuity in the demand
functions which later played a role in my joint paper with Gerard
Debreu on existence of competive equilibrium.

Similarly, Debreu (1984, p. 269) also emphasizes that

the restatement of welfare economics in set-theoretical terms forced
a reexamination of several of the primitive concepts of the theory of
general economic equilibrium. This was of great value for the
solution of the existence problem.

Before Arrow came on the scene there was, as we mentioned, a rich
and varied, but not satisfactory, wave of literature known as the ‘new’
welfare economics (see Arrow, 1983a, pp. 24-6, 3044, Hammond,
1985; Hicks, 1981; Scitovsky, 1984). Probably the most succinct and
refined formulation of the basic assumptions and propositions for
optimal resource allocation under different interpretations of optima-
lity was Lange (1942) which greatly influenced Arrow."* Arrow
(1983b, p. 208) observes that, in general, this literature lacked a clear
formulation of the relations between Pareto-efficient allocations and
competitive equilibria. ‘What had really been shown was that the
necessary first-order conditions for Pareto efficiency were the same as
the first-order conditions for maximization by firms and individuals
when the entire economy is in a competitive equilibrium’.

To recall, using tools developed in game theory and linear pro-
gramming, Arrow (1983b, pp. 15-45) helps overcome certain short-
comings of earlier formulations.! He re-examines, restates, refines,
and generalizes the basic theorems of classical welfare economics.
Essentially the nature of the conclusions is the same as in received
theory but the cases in which they hold become much generalized
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(allowing for corner solutions).'® Thus Arrow answers with greater
precision a focal question of economic theory: In what sense and
under what conditions do competitive markets achieve economic
efficiency?

The central results are summarized in the formulated Two Funda-
mental Theorems of Welfare Economics:

1. If a competitive equilibrium exists at all (the subject matter of the
next section) and under appropriate assumptions, every competi-
tive equilibrium is Pareto efficient.

2. For every Pareto-efficient allocation there is a redistribution of
endowments such that the given Pareto-efficient allocation is a
competitive equilibrium for the new endowment distribution.

The Two Theorems, and in particular the more profound economic
understanding of the close link between Pareto efficiency and compe-
titive equilibrium (or the decentralization result) provide not only
central insights for economic analysis, but also have fundamental
policy implications. The First Theorem does not imply that such a
state is a social optimum and ethically just, for there is nothing in the
process that assures distributive justice. On the other hand, the
Second implies that the questions of distributional judgements can be
separated from efficiency considerations. If a decentralized market
solution is adopted and alterations of existing distribution is desired,
the analysis implies the possibility of varying the initial distribution of
endowments and allowing the market to function unhampered.

Naturally, the two Theorems are valid only if certain crucial and
highly exacting hypotheses are met — such as completeness of all
intertemporal and contingent relevant markets (including those for
externalities) and absence of significant economies of scale in produc-
tion. (Actually the First Theorem is true even if there are economies of
scale in production. It is just that it may be vacuous if the economies
of scale are sufficient to prevent existence of equilibrium.) In the real
world these hypotheses are frequently invalidated — but we antici-
pate. The Two Theorems do provide a framework within which the
potential role of social policy can be identified.

All this, however, still leaves the question of income distribution
unanswered. In this connection, echoing somewhat Little (1950) and
others, Sen (1973, p. 6) repeatedly asks whether modern welfare
economics can shed light on questions of inequality. His answer is
negative. ‘Much of modern welfare economics is concerned with
precisely that set of questions which avoid judgements on income
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distribution altogether’. In fact, ‘the concept of Pareto optimality was
evolved precisely to cut out the need for distributional judgements’.
Sen (1973, p. 7) points out further that where problems of distribution
are involved ‘Pareto optimality has no cutting power at all. The
almost single-minded concern of modern welfare economics with
Pareto optimality does not make that engaging branch of study
particularly suitable for investigating problems of inequality’.
Although welfare economics does not offer clear-cut distributive
policy guidelines, Arrow (1971, pp. 178-9) observes:

It is reasonable enough to assert that a change in allocation which
makes all participants better off is one that certainly should be
made . .. From this it follows that it is not desirable to put up with a
non-optimal allocation. But it does not follow that if we are at an
allocation which is optimal in the Pareto sense we should not
change to any other. We cannot indeed make a change that does not
hurt someone; but we can still desire to change to another allocation
if the change makes enough participants better off and by so much
that we feel that the injury to others is not enough to offset the
benefits. Such inter-personal comparisons are, of course, value
judgments. The change, however, by the previous argument ought to
be an optimal state; of course there are many possible states, each of
which is optimal in the sense here used.

Thus the literature on ‘new’ welfare economics that suggested that
policy prescriptions could be founded on objective economic criteria
independent of ethical questions of income distribution was mis-
guided (see Hammond 1985, pp. 406-9). The necessary efficiency
conditions have to be reinforced by distributional considerations in
order to arrive at ‘a sufficient set of conditions for an optimum’ and to
determine policy prescriptions. Thus ethical norms (or a ‘social
welfare function’) have to be introduced from outside (see Samuelson,
1966, pp. 1102-3).

In a way, as part of the ‘new’ welfare economics wave, Bergson
(1938), still a graduate student at Harvard, gave birth to the social
welfare function and Samuelson was the midwife who assisted him in
his travail.'” For our purposes it is instructive to see how Arrow
perceives what he refers to as the Bergson-Samuelson social welfare
function (for an alternative view see Chapter 5 of the companion
volume). Paraphrasing what he calls Samuelson’s (1947, Chapter 8)
‘masterly exposition’, Arrow (1983d, pp. 19-20) notes:

I will take the most general perspective about the objects of choice,
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to be termed ‘social states’. A social state may be taken to be a very
large vector, describing the private goods received by all indivi-
duals, as well as public goods. Each individual is thought of as
having an ordering over the set of social states; let R, be the
ordering of the i individual. Thus xR,y means that individual i
regards social state x as at least as good as social state y (either
prefers x to y or is indifferent between them). This ordering over
social states is the natural extension of the ordering of commodity
bundles assumed in the usual theory of demand by the individual.
There and here orderings are related to actual choices because
orderings are hypothetical choices. That is, xR,y can be interpreted
to mean that if x and y were the only social states available and if
individual i were to make the choice, he/she should either choose x
or be willing to choose either.

Arrow (1983d, p. 20) further observes that the Bergson-Samuelson
argument is for a system of social judgements in the shape of an
ordering.

It should specify the set of chosen alternatives from any feasible set
(more precisely, any feasible set with reasonable topological
properties, such as closure or compactness), and the choices should
have the consistency properties we associate with an ordering
(completeness, that is, some alternative will be chosen out of every
pair, and transitivity, that is, if x is at least as good as y and y at
least as good as z, then x is at least as good as z). Preferences for one
policy over another are expressed in these systems of judgment.

Arrow (1983d, p. 23) admits that the limited goal set by Bergson
and Samuelson can be achieved.

It is logically consistent to have a social ordering which is utilitarian
in the broad sense that social preference between two alternatives
depends on the utility levels (or, equivalently, indifference classes)
of the alternatives for all individuals, reflects individual preferences
positively, and is at least compatible with a strictly ordinal view
that no meaning attaches to any indication of individual values
other than the indifference map.

The larger question, however, that Arrow (1983d, p. 25) asks is,
‘Whose ordering does the social welfare function represent?” In
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accepting fully the ordinalist viewpoint, Bergson stresses the ethical
judgements of a single individual. However, such an approach, Arrow
(1983a, p. 123) notes, is bereft of the important feature of impartiality
among individuals that characterizes most thinking on social welfare.
‘In Bergson’s theory, any individual’s social welfare function may be
what he wishes, and it is in no way excluded that his own utility plays
a disproportionate role’.

In fact, Samuelson (1947, p. 221) admits that he does not inquire
into the origins of the social welfare function, but starts his discussion
from

a function of all the economic magnitudes of a system which is
supposed to characterize some ethical belief — that of a benevolent
despot, or a complete egotist, or ‘all men of good will’, a misanth-
rope, the state, race, or group mind, God, etc. Any possible opinion
is admissible, including my own, although it is best in the first
instance, in view of human frailty where one’s own beliefs are
involved, to omit the latter.

And Samuelson (1981, p. 228) continues to show his lack of interest
‘in the process by which particular social welfare functions arise and
are deemed to be of interest or relevance. I have been satisfied to
consider it not to be the task of economics as such to pass judgments
on whether this social welfare function is in some sense more
important then that social welfare function’.

At Samuelson’s hands the social welfare function ‘is a very austere
device, making as few commitments as possible. This inevitably raises
the possibility of alternative interpretations, which might extend its
usefulness but at the same time increase intellectual risks’ (Arrow
1983d, p. 25). Ths social welfare function could well be interpreted as
a sum of utilities as Lange (1942) has done. Samuelson (1981, p. 227)
blames Lange for not having ‘freed himself from his mid-1930s
misconception that cardinal measurement of utility was intrinsically
necessary for welfare economics’. Arrow (1983d, p. 25), on the other
hand, insists that if there are interpersonally meaningful utilities, we
would be in a position to use the sum of utilities. ‘But for each
individual the cardinal utility function is an index of the indifference
map, and the sum is certainly strictly increasing in each utility. Hence,
the sum of utilities is certainly an admissible Bergson-Samuelson

social welfare function’.!®



22 The Contributions of Kenneth J. Arrow
2.2 Social Choice and Individual Values

Arrow (1983a, p. 26) emphasizes that the vantage point of social
choice theory is quite unlike that of the Samuelsonian view of the
social welfare function as functional. Social choice theory envisages
‘all possible societies in the sense of all possible sets of individuals,
each of whom may have any possible individual ordering (or whatever
expression of individual values is considered meaningful, up to
interpersonally comparable utilities)’. However, social choice theory
does borrow from Bergson and Samuelson the notion that any society
can have a social welfare function and searches for a rule that would
attribute to any possible society a corresponding social welfare
function. The questions posed by social choice theory are more
pungent in that it assumes that there should be certain consistency
conditions among the social orderings pertaining to various societies.
Arrow (1983d, p. 26) insists that ‘what does deserve stressing is the
sense in which social choice theory was a child, if unwanted, of the
Bergson-Samuelson social welfare function’.

In Chapter 2 of this volume, Arrow vividly depicts how he was
bedevilled by, and wrestled with, the ideas behind the theory of social
choice, and how often frustrating and full of blind alleys their birth
was. It is interesting to note that only when he thought of the social
welfare function in the context of voting which he had previously
identified with ordinalism (that is, in an operational sense) did he see
the light. And, though social choice theory is a child of the social
welfare function, it was born on the wrong side of the blanket so to
speak and it proved to be a subversive child at that.

In a nutshell, Arrow (1951a) shows that it is impossible to aggregate
individual preference orderings in such a way as to achieve a social
order that meets certain very natural conditions of reasonableness; he
shows how difficult, if not impossible, it is to extend the concept of
individual rationality prevalent in economic theory to collective or
social rationality. Though the paradox of majority voting has a long,
if obscure and patchy, literature, in many ways Arrow originated the
question in a modern and novel context and provided some, even if
largely negative, but challenging, answers. Arrow’s Impossibility
Theorem is not only ‘a remarkable result, of great analytical beauty, it
is also surprisingly robust, given the informational constraints’ (Sen,
1982, p. 337).

Samuelson (1977a, pp. 938, 935) tells us that ‘what Kenneth Arrow
proved once and for all is that there cannot possibly be found ... an
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ideal voting scheme. The search of the great minds of recorded history
for the perfect democracy, it turns out, is the search for a chimera, for
a logical self-contradiction’. And ‘Aristotle must be turning over in
his grave. The theory of democracy can never be the same ... since
Arrow’.

Social choice theory is admirably pursued by Hammond in Chapter
1B of the companion volume. At this point we shall only touch on its
highlights as perceived by Arrow. A clue to the question Arrow
(1951a) posed is in his differences with Bergson over the meaning of
‘welfare judgement’.!” For Arrow (1983a, p. 68) it means ‘an evalu-
ation of the consequences to all individuals based on their evaluations
... The process of formation of welfare judgments is logically
equivalent to a social decision process or constitution’. He (1983a, p.
69) further argues.

that the appropriate standpoint for analyzing social decision pro-
cesses is precisely that they not be welfare judgments of any
particular individuals. This seems contrary to Begson’s point of
view ... In my view, the location of welfare judgments in any
individual, while logically possible, does not appear to be very
interesting. ‘Social welfare’ is related to social policy in any sensible
interpretation; the welfare judgments of any single individual are
unconnected with action and therefore sterile.

Arrow (1951a; 1983a, pp. 4-5) asks whether it is ‘formally possible
to construct a procedure for passing from a set of known individual
tastes to a pattern of social decision making, the procedure in
question being required to satisfy certain natural conditions’. Hence,
the key problem is to ‘provide a normative rationale for making social
decisions when “the individual members of society have varying
opinions about or interest in the alternatives available’ (Arrow,
1983a, p. 115). In other words, the problem is to determine how to
aggregate the vast number of individual preferences about alternative
social actions.

The individual plays a central role in social choice as the judge of
alternative social actions according to his own standards. We
presume that each individual has some way of ranking social
actions according to his preferences for the consequences. These
preferences constitute his value system. They are assumed to reflect
already in full measure altruistic or egoistic motivations, as the case
may be (Arrow 1985b, p. 141).
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Thus the individual’s preferences ordering is not only an expression of
his goals for himself, but also for society, that is, his attitudes towards
the kind of society in which he wants to live. ‘The ordinalist view-
point forbids us from ascribing a definite quantitative expression to
this preference, at least a quantitative expression which would have
any interpersonal validity’ (Arrow 1983b, p. 223).

Arrow (1985b, p. 141) tells us that ‘the theory of social choice, as it
has developed in the last thirty years, but with earlier history reaching
back into the eighteenth century, seeks to analyse the concept of
rational choice as it extends from the individual to the collectivity’.
The most obvious manner of aggregating individual preferences into a
social choice is through voting.

In a voting context, the ordinalist-cardinalist controversy becomes
irrelevant, for voting is intrinsically an ordinal comparison and no
more. (Indeed, the failure of voting to represent intensities of
preference is frequently a major charge against it.) The theory of
elections thus forcibly faced the problems raised by ordinalism long
before it had been formulated in economic thought’ (Arrow, 1983a,
p. 125).

Arrow (1951a) deals with what he calls a constitution (to recall,
logically the same thing as the formation of a welfare judgement) — ‘a
rule which associates to each possible set of individual preference
orderings, a social choice rule. A social choice rule, in turn, is a rule
for selecting a socially preferred action out of any set of alternatives
which may be feasible’ (Arrow 1983b, p. 223). The following four
conditions are imposed on the constitution:

1. Collective rationality, ‘that is, that all possible alternative social
states should be capable of being ranked and then the social
choice from any particular set of alternatives should be the most
preferred alternative, according to the ordering, in the available
set’;

2. The Pareto principle;

Non-dictatorship; and

4. Independence of irrelevant alternatives, ‘that is, the social choice
made from any environment depends only on the orderings of
individuals with respect to the alternatives in that environment’
(Arrow, 1985b, p. 143).

w

Though some of these conditions are more controversial than
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others, they all seem quite ‘reasonable’. Yet Arrow (1951a) shows that
they are mutually contradictory. Simply put, ‘there can be no constitu-
tion simultaneously satisfying the conditions of Collective Rationality,
the Pareto Principle, the Independence of Irrelevant Alternatives, and
Nondictatorship’ (Arrow, 1983a, p. 72).

That is, if we devise any constitution, then it is always possible to
find a set of individual orderings which will cause the constitution to
violate one of these conditions. In one special form, this paradox is
old. The method of majority voting is an appealing method of
social choice . . . But as Condorcet pointed out as far back as 1785,
majority voting may not lead to an ordering. More specifically,
intransitivity is possible.

Essentially the social choice paradox means that the result of a
system that ranks choices by comparing pairs in accordance with
majority rule can be inconsistent and the situation cannot be ratio-
nally accommodated; that is, without going round in circles. In a
formal way, Arrow (1983a, p. 170) has restated the essence of the
General Impossibility Theorem for Social Choice as follows:

Suppose there is a social choice procedure, capable of making
choices from any finite number of alternatives, which uses only
ordinal information on individual preferences and satisfies the
conditions of independence of irrelevant alternatives, positive res-
ponse, nonimposition, and nondicatorship. Then there will be some
set of individual preferences such that the resulting social prefer-
ence relation is not an ordering.

Arrows’s Impossibility Theorem has been acclaimed as a truly great
feat. Samuelson (1972, p. 411) considers it ‘a first-rate contribution to
man’s body of knowledge. In the middle of the twentieth century there
are not to be found many new milestones in the history of ideas’. He
ranks Arrow’s contribution with von Neumann’s theory of games and
other such accomplishments.

If the Muse of history has its wits about it and succeeds in doing
justice — two hypotheses of a somewhat romantic nature — I
believe that Kenneth Arrow’s name will be long remembered for a
new and important insight into the permanent problem of the
nature of democracy ...
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I must admit that my vanity as an economist is gratified that one of
the soldiers in our regiment should have made a contribution of
universal interest (Samuelson, 1972, pp. 411-12), which is to
mathematical politics something like what Go6del’s impossibility
theorem is to mathematical logic (Samuelson, 1977a, p. 235; see
also Sen, 1985, pp. 1078, 1147, and passim; Kelly, 1978).

In this light it is interesting to note, as Ted Anderson recalls in
Chapter 26 of the companion volume, that when Arrow presented the
analysis as a doctoral dissertation at Columbia, his supervisor, Al
Hart, and a number of others on the committee were not convinced of
the importance of the subject matter. (Tongue-in-cheek, Anderson
tells us that since the award of the Nobel Prize to Arrow partly for this
result, he has never been so sure of having made the correct decision
in approving a PhD thesis). In a personal conversation, Gerald
Kramer told me that in the early 1960s when he was a graduate
student (of political science) at MIT he tracked down an unused copy
of Social Choice and Individual Values in the economics department
library. In fact, as Debreu (1972, p. 2) perceptively noted in introduc-
ing Arrow at the American Economic Association luncheon honour-
ing him as a recipient of the 1972 Nobel Prize in economics, the
American Economic Review had not published a review of Social
Choice and Individual Values (which had been uniformly favourably
reviewed by the Economic Journal, Economica, Econometrica, and
Journal of Political Economy all of which correctly predicted its great
impact). (One should add, however, that though hardly a review, S.
Schoefller’s ‘A Note on Modern Welfare Economics’, which appeared
in the December, 1952 issue of the American Economic Review, did
relate closely to Arrow. One should also note that in 1956 the
American Economic Association awarded Arrow the J. B. Clark
Medal, in part for his work on social choice.) Debreu (1972, p. 2) asks:
‘Is it conceivable that in 1951 the American Economic Association
overlooked the first major work of its future president?

Perhaps all this was due to the simple fact that Arrow’s sophisti-
cated and elegant proof was intrinsically difficult to comprehend.
Samuelson (1977a, p. 938) reminds us that ‘it used to be said that only
10 men understood Einstein’s theory of Relativity. That was an
exaggeration. But it is no exaggeration to say that only a score of
scholars were able to follow Arrow’s early researches’.

Indubitably the publication of Social Choice and Individual Values
caused marked consternation in the discipline of welfare economics.
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Some economists even went as far as to infer that the Impossibility
Theorem sounded the death knell of welfare economics as it then was.
Others, like Little (1952), Bergson (1954), Mishan (1957), and
Samuelson (1972, pp. 411-21) claimed that it was of no relevance to
welfare economics. Samuelson (1972, p. 412), in fact, relegates it to
the ‘infant discipline of mathematical politics’: ‘I export Arrow from
economics to politics because I do not believe that he has proved the
impossibility of the traditional Bergson welfare function of eco-
nomics, even though many of his less expert readers seem inevitably
drawn into thinking so’.

In the second edition of his magnum opus, Arrow (1964, p. 108)
implies that this sort of criticism is actually hair-splitting. ‘One can
hardly think of a less interesting question about my theorem than
whether it falls on one side or another of an arbitrary boundary
separating intellectual provinces’. Since his critics accept the Bergson
social welfare function as part of welfare economics,

any attempt to divide welfare economics in their sense from the
theory of social choice must be artificial. At the very least, welfare
economics, no matter how defined, has something to do with the
public adoption of economic policy, and it is hard to see how any
study of the formation of social decisions can have ‘no relevance to’
or ‘no bearing on’ welfare economics (Arrow, 1963, p. 108).

Can this controversy be laid to rest? Recently, Samuelson (1981, p.
223) reaffirmed his admiration for, and belief in, the social welfare
function, ‘despite the quite confused rumors that Kenneth Arrow’s
Impossibility Theorem rendered Bergson’s ‘‘social welfare function”
somehow nonexistent or self-contradictory’. (For Samuelson’s most
recent reflections see Chapter 3 of the companion volume.) Surely the
point at issue is not one of existence of the function, as Arrow (1983d,
p. 21) is the first to acknowledge. He admits that if such rumours as
Samuelson mentions do circulate, ‘they are indeed “quite confused” ’.
The point is whether society can arrive democratically at a rational
choice when certain reasonable conditions are imposed. Arrow’s nega-
tive answer stimulated a vast outpouring of literature that sought to
overcome the paradox.” As Sen (1973, p. 9) notes the ‘justly celebrated’
Impossibility Theorem ‘has produced much awe, some belligerence,
and an astounding amount of specialized energy devoted to finding an
escape route from the dilemma’. In this way ‘scholars all over the
world —in mathematics, politics, philosophy, and economics — are en-
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gaged in trying to salvage what can be salvaged from Arrow’s devastat-
ing discovery’ (Samuelson, 1977a, p. 938). Arrow (1983a, p. 163) notes
that ‘although there is no thoroughly satisfactory resolution, and there
probably can never be a truly all-embracing one, some of the recent
contributions are illuminating and very likely hopeful’.?!

As Sen (1985b, p. 1774) recently pointed out, one cannot overem-
phasize the fact that,

Arrow’s motivational focus has been on social problems of great
depth and complexity. This is worth noting because the impossibi-
lity theorem also has amusement value and is often seen as a
brainteaser. The logical beauty and the elegance of the results are
certainly undeniable, but what ultimately makes social choice
theory a subject of importance is its far-reaching relevance to
practical and serious problems.

In his review of the first volume of Arrow’s (1983a) collected essays,
Sen (1985b, pp. 1774-5) further notes that nowadays there are not
many students in economics who have not heard of the Impossibility
Theorem:

The important question is what they hear about it, and what they
understand the motivation for social choice theory to be. If they
viewed the impossibility theorem as a ‘fiendishly clever’ mathemati-
cal result, but no more, the great gains from Arrow’s work would,
to that extent, be wasted. This collection of Arrow’s essays,
presenting his motivations, objectives, questions, answers, and
doubts, in this area of his work, can go a long distance to motivate
and orient others.

The new wave of welfare economics, so illuminatingly surveyed by
Hammond (1985), was in part inspired by Arrow.”? Hammond (1985,
p. 410) speaks of the resurgence of interest in welfare economics in the
1970s as a revolution consisting of three parts, of which the first two
were the development of optimal tax theory and the theory of
incentives.

The third part was the emergence of a coherent theory of social
choice with interpersonal comparisons, securely founded on the
principles laid down by Arrow (1951) and suitably extended using
ideas originally due to Suppes ... and Sen ... for incorporating
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interpersonal comparisons with Arrow’s formal framework. This
was the third part of the revolution, however, because it was not
really until 1976 that Arrow’s conditions were completely formu-
lated in a new framework . . . Indeed, the second and third parts of
the revolution are so recent that, at the time of writing, there are
still a number of important issues that remain unresolved.

Some of these unresolved issues have led Hammond to reject the 1976
formulation (see Chapters 1B and 4 of the companion volume). But, in
some ways, the rejection (though it goes to Harsanyi’s utilitarianism)
owes even more to Arrow than does the 1976 formulation.

3 EXISTENCE AND STABILITY OF EQUILIBRIUM

3.1 Existence

In many ways the Arrow-Debreu (1954) (A-D) classic paper is a
milestone in the cumulative growth of economic knowledge and in the
accretive process of providing ever deeper solid foundations for g.e.t.
However great the contribution of the founding father, however rich
the contributions of other streams of g.e.t. (concerned primarily with
other issues), however admirable the pursuits and partial solutions of
Wald and others in the German-language literature, it is only with the
canonical A—D model that g.e.t. came of age.

An inquiry into the existence of equilibrium can be at least on two
levels: the empirical and the theoretical. Here we are not concentrat-
ing on the observed (non)existence of equilibria in actual markets, but
on the logical consistency of the theory. In other words, our concern
here is ‘whether the model — extensively used to draw various conclu-
sions about equilibrium — is capable of ensuring the possibility of an
equilibrium under the conditions it specifies. If it is not, all conclu-
sions drawn so far are vacuous’ (Koopmans, 1970, p. 358). The
question of logical consistency cannot be answered by referring to
empirical observations of cases approximating competitive equili-
brium. As Koopmans (1957, p. 55) points out.

the test of mathematical existence of an object of analysis postu-
lated in a model is in the first instance a check on the absence of
contradictions among the assumptions made. If we assume that not
all members of a body of contradictory statements can have
empirical relevance, this logical test has to be passed before any
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question about the relation of a model to some aspect of reality can
seriously be raised.

Furthermore, it is not overly illuminating to find that competitive
equilibrium yields efficient allocation of resources, if one were to find
that such an equilibrium is logically inconsistent.?> Thus the question
of logical consistency of the theory comes before that of empirical
verification. As Koopmans (1979, p. 358) put it:

The problem of the existence of a competitive equilibrium therefore
arises prior to any question concerning the realism of the assump-
tions of the model of competitive equilibrium. It so happens that
this is a question of greater mathematical depth than that of the
connections between competitive equilibrium and Pareto optima-
lity.

In the process of establishing the existence of equilibrium, the
requirement of verifying the logical consistency of the theory is met.
Arrow (1983b, p. 160) emphasizes that

existence of equilibrium is of interest in itself; certainly a minimal
property that a model purporting to describe an economic system
ought to have is consistency. In practice, the development of
conditions needed to ensure the existence of equilibrium turns out
in many cases to be very revealing; until one has to construct an
existence proof, the relevance of many of these conditions is not
obvious.

In an elegant juggling of the empirical and the theoretical, Dorf-
man, Samuelson, and Solow (1958, pp. 350-51) reply to those who
feel that proof of existence is a rather esoteric idea that teaches us
little about economic behaviour (see Blaug, 1978, p. 609, and 1980,
pp. 188-92), that we do know that the real economic world does exist,
and that the equations that describe the economic system, therefore,
are bound to have a solution.

But to reason this way is to miss the point. In the first place, it is not
so clear that the ever-changing, imperfect, oligopolistic world has a
statically timeless, frictionless, perfectly competitive equilibrium.
In the second place, we can’t blithely attribute properties of the real
world to an abstract model. It is the model we are analyzing, not the
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world. We wish to use the model or parts of it for studying real
economies. It is important to know whether this collection of
supply-and-demand relations really captures what is important
about economic systems. One test is provided by the existence
problem. Just because no real existence problem can occur, a
system of equations whose assumptions do not guarantee the
existence of a solution may fail to be a useful idealization of reality.
This may be a minimal test, but it is a test with some cutting power.

Walras himself was keenly aware that if no meaningful solution
could be found to his system of equations, g.e.t. would be vacuous
(see Debreu, 1982, p. 697). However, the father of g.e.t. was neither a
sophisticated mathematician, nor, had he been one, were the tools
then available suitable for tackling the problem successfully. Walras’s
unpersuasive answer to the question of existence was the equality
between the number of equations and unknowns — neither a necess-
ary nor sufficient condition for the existence of a solution to the
system of Walrasian equations. Surprisingly for more than 50 years it
was not perceived that the question of existence of economically
relevant equilibrium was far deeper and more complex than such an
equality of equations and unknowns. The following statement of
Wald (1951, pp. 369-70) is of more than historical interest:

as a rule, economists have contented themselves with equating the
number of equations and unknowns and have assumed, without
further investigation, that the system of equations had a mean-
ingful solution from an economic viewpoint, and that this solution
was unique. But the equality of the number of equations and
unknowns does not prove that a soluation exists, much less the
uniqueness of a solution.

Wald (1951, p. 403) concludes that we should not be content ‘to argue
that a solution must exist on the basis of the economic meaning of the
equations, for something may be overlooked all too easily. Only the
strictest investigation is satisfactory in this matter’.

The problem of existence lay relatively dormant until the late 1920s.
Not surprisingly, in view of the technical nature of the problem, the
greatest insights have come from mathematicians or mathematically-
sophisticated economists. However, as Koopmans (1957, p. 58) notes,
itis ‘surprising that the fundamental importance of the problem to the
entire edifice of the theory of competitive markets does not seem to
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have been commented on or even recognized by economists gener-
ally’. Koopmans (1957, p. 58) admits that

there is ample precedent in physics for the bypassing of questions of
mathematical existence of analytical constructs by investigators
anxious to explore the useful properties these constructs can be
shown to have provided they exist at all. But the fruits of such
studies are like predated checks until the noncontradictory char-
acter of their premises has been established.

Surprisingly, interest in the problem of existence flourished during
the interwar period among a small group of economists and mathe-
maticians in Central Europe, whose discussion in German centered
primarily on Cassel’s version of the g.e. system. Thus, however
oversimplified is Cassel’s vulgar textbook interpretation of the Walra-
sian system, it nevertheless performed an extraordinary service by
sparking the German-language interwar literature on existence.?

Probably one of the first to show that a solution to the Walrasian
system of equations may not exist was the German mathematician, R.
Remak, whose 1929 paper was otherwise of little economic interest
(see Baumol and Goldfeld, 1968, pp. 267—77). In the first half of the
1930s, there appeared independent papers by the noted German
economists H. Neisser and H. von Stackelberg, the well-known
Danish economist F. Zeuthen, and the Hungarian banker and ama-
teur economist under self-exile in Vienna, K. Schlesinger (for the
latter see Baumol and Goldfeld, 1968, pp. 278-80).2° Their perceptive
challenge to the solution of the Walrasian system of equations threw
the question into a new light.”® Their inquiries are not only valuable
on their own merits, but also as a stimulus for Wald’s investigations.?

Another Hungarian, Abraham Wald, whose home town of Clyj
had come under Rumanian rule, frequented the corridors of Karl
Menger’s mathematical colloquium in Vienna. Menger (the son of the
famous Carl, one of the founders of the marginal utility theory, who,
incidentally was no special friend of mathematical economics) was a
well-known geometer and topologist and Wald’s teacher of mathemat-
ics. Wald who, as a foreigner in depression Vienna, had difficulties
finding a job, in turn, instructed Schlesinger and Morgenstern in
mathematics. Morgenstern also found employment for Wald at the
Institute for Business Cycle Research where his interests shifted to-
wards economic problems. Thus Wald was receptive to Schlesinger’s
invitation that he turn his high-powered mathematical skills towards
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the question of solution of the Walrasian system which had stumped
Schlesinger’s intuitive mathematical abilities.

Morgenstern (1968, pp. 51-2) recalls that the Wald-Schlesinger
interaction concerned Schlesinger’s modification of the Walras-Cassel
version of the system of equations by considering all, and not only the
scarce, production factors which propelled Wald towards his contri-
bution to the question of existence. From the start Wald’s work was
inhibited, as Schumpeter (1954, p. 1014) remarks, by the fact that he
was dealing with Cassel’s rather than Walras’s system. Commenting
on Wald’s pioneering attempts, K. Menger noted that Wald’s work
brings

to a close the period in which economists simply formulated
equations, without concern for the existence or uniqueness of their
solutions, or at best, made sure that the number of equations and
unknowns be equal (something that is neither necessary nor suffi-
cient for solvability and uniqueness). In the future as the econo-
mists formulate equations and concern themselves with their solu-
tion (as the physicists have long done) they will have to deal
explicitly with the deep mathematical questions of existence and
uniqueness (Baumol and Goldfeld, 1968, p. 288).

Wald’s contribution to the proof of existence was apparently con-
tained in three papers and a fourth summary paper. The first two (see
Baumol and Goldfeld, 1968, pp. 281-93) contain proofs of the solution
of alternative models of production of the fixed coefficient variety.
Regrettably the third paper, whose assumptions were apparently more
general, was not published due to the closure of the journal and was
lost in the vicissitudes of exile (see Chipman, 1965a, p. 720). The fourth
expository article (Wald, 1951) omits the proofs.?

The pioneering nature of Wald’s contribution is beyond dispute,
although the nature of his complete proof remains a puzzle that
cannot be solved. Wald did indeed provide a proof of existence of
general economic equilibrium under stipulated conditions that were
difficult to interpret and that, in retrospect, proved to be inordinately
stringent. Moreover, the published proofs are cumbersome and
forbidding complex, both in the application of an involved
calculus apparatus, and in the complicated intricacies of the
argument. Arrow (1983b, p. 113) points out that ‘as they gradually
came to be known among mathematical economists’ Wald’s papers
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‘probably served as much to inhibit further research by their difficulty
as to stimulate it’. Similarly, Dorfman, Samuelson, and Solow (1958,
p- 368) admit that Wald’s proof ‘is extremely intricate and opaque.
Nevertheless, it is a beautiful achievement, perhaps the most difficult
piece of rigorous economics up to that time’. Whatever the faults in
execution, Wald’s contribution is an exemplary application of the
axiomatic method to economics.

For a fruitful application of mathematics in economics it is essen-
tial, firs¢, that all the assumptions on which the given mathematical
representation of economic phenomena depends be enumerated
completely and precisely; second, that only those conclusions be
drawn which are valid in the strictest sense, i.e., that if they are valid
only under further assumptions, these also be formulated explicitly
and precisely . ..

If these directions are strictly adhered to, then the only objection
which can be raised against a theory is that it includes assumptions
which are foreign to the real world and that, as a result, the theory
lacks applicability. It must be admitted that in many areas of
mathematical economics very substantial abstractions are being
used, so that one can hardly speak of a good approximation to
reality. But it should be remembered that, on the one hand,
mathematical economics is a very young science and, on the other,
that economic phenomena are of such a complicated, involved
nature that far-reaching abstractions must be used at the start
merely to be able to survey the problem, and that the transition to
more realistic assumptions must be carried out step by step. If the
above-mentioned directions are strictly adhered to, it will always be
known precisely just where the assumptions are still so simplified
and unrealistic that they must be replaced with better ones, so that
ultimately theories will be derived that are well applicable to the
real world (Wald, 1951, pp. 368-9).

Wald made economically unreasonable assumptions and, indeed, a
rather peculiar one requiring the demand function to satisfy (in later
terminology) the Weak Axiom of Revealed Preference. Essentially, he
assumed that there is really only one rational consumer (see Dorfman,
Samuelson, and Solow, 1958, p. 368; Hicks, 1983, pp. 250-51 and 280;
Samuelson, 1966, p. 499). As McKenzie (1981, p. 819) notes, ‘in a one
consumer economy the existence of the equilibrium becomes a simple
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maximum problem and advanced methods are not needed’. It
is puzzling what methods Wald used to demonstrate the proof
of existence in the lost paper. The calculus methods he used
in the previous two papers appear to have been incapable of
leading him to a satisfactory proof in the third. When he refers to the
lost paper in summary form, Wald implies that the proof requires
modern mathematical methods — a clue that he may have used some
variant of the fixed-point theorem. But we shall probably never know
whether he did or not. It may be argued that since this paper did not
see the light of day and was never found it could ‘not directly
influence the writers of the fifties’ (McKenzie, 1981, p. 820). On the
other hand, it is possible that an announced result may lead later
researchers to try to rediscover the proof.

All else aside, Wald’s work was outside the dominant Anglo-
American tradition, and it is not surprising that the American
mathematical economists were not only stumped by the forbidding
and inelegant mathematics, but even more so by the German lan-
guage. In the late 1930s and during the war a considerable contingent
of economists came to the US from the German-speaking countries
and through them a strong infusion of the ferment in economic
thought in that part of the world took place in the US. Wald himself
came to Columbia University as a mathematical statistician and it is
in that capacity that he was one of Arrow’s teachers.

Arrow cannot recall precisely how he became aware of the import-
ance of the existence problem. As a fledgling graduate student in
economics, he was enormously impressed by Hicks’s Value and
Capital and planned to improve on it. He believes that he was
probably led to the centrality of the existence problem, that was yet
perhaps only partially solved, but cannot remember by whom.
Hotelling was probably his source for references to the German-
language contributions of Wald. Wald, whose mathematical prowess
Arrow valued as much above his own, discouraged him from
approaching this subject by branding it as very forbidding indeed.
Arrow remembers reading Wald’s papers at the time and not under-
standing them too well, both due to linguistic deficiencies and to
disenchantment with the intricacies of the argument.

In any case, the idea that here was an interesting, essentially
unresolved, analytic issue only lay dormant in Arrow’s mind a few
years. It was triggered back to life by a concatenation of several
streams of thought (game theory, activity analysis, and fixed-point
theory) that were fermenting in the 1940s, and flourished in the 1950s,



36 The Contributions of Kenneth J. Arrow

in some of which Arrow actively participated. Although Arrow
stresses the relevance of von Neumann (1945-46) on the existence of
balanced growth equilibrium, he identifies Nash (1950) as the catalyst
that set him off on the road to the proof of existence. Initially, by
adapting the mathematical tools (Kakutani’s fixed-point theorem)
that Nash employed, it was possible for Arrow to broadly stipulate
under what conditions a solution to the equations defining g.e.
existed.

Both Arrow and Debreu repeatedly stress that von Neumann
(1945-46) had a stronger influence on them than did Wald. Arrow
(1983b, p. 212) calls attention to three principal points in von
Neumann:

1. The novel characterization of the structure of production.
Characterization of the maximum growth path as a sort of
competitive equilibrium,

3. The method of proof that used a generalization of Brouwer’s
fixed-point theorem which gave rise to Kakutani’s theorem. To be
sure, to an economist the model seemed somewhat peculiar for
consumption was not determined by optimization considerations.

Arrow (1983b, p. 113) emphasizes the paradoxical historical rela-
tionship between game theory and g.e.t.

In principle, game theory is a very general notion of equilibrium
which should either replace the principle of competitive equilibrium
or include it as a special case. In fact, while game theory has turned
out to be extraordinarily stimulating to equilibrium theory, it has
been through the use of mathematical tools developed in the former
and used in the latter with entirely different interpretations. It was
von Neumann himself who made the first such application in his
celebrated paper on balanced economic growth.

Speaking of his and Debreu’s initial application of Kakutani’s
fixed-point theorem to the existence question, Arrow (1983b, p. 217)
explains that an essential precondition for their study was

the basic work of Tjalling Koopmans ... on the analysis of
production in terms of activity analysis. In this he extended von
Neumann’s work into a systematic account of the production
structure of the economy. He saw it as a set of activities, each of
which could be operated at any level but with the overall levels
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constrained by initial resource limitations. The crucial novelty was
the explicit statement of the assumptions which ensured that the
feasible set of output would be hounded for any finite set of initial
resources. It turned out that this limitation is a ‘global’ property.
That is, conditions on the nature of individual activities (for
example, that every activity had to have at least one input) were not
sufficient to ensure the boundedness of the economy as a whole. It
was necessary to require that no combination of activities as a
whole permitted production without inputs.

Debreu, who came from a different tradition from Arrow, recalls
that Wald’s proofs were not important to him in the creative genesis
of his work on existence.” He traces his own development, through
the strong influence of the rigour and sophistication of the axiomatic
approach a la Bourbaki to mathematics and the allure of g.e.t. as he
first discovered it in the works of M. Allais and F. Divisia who had
kept the flame of the Lausanne school alive in France. But the
counting of equations and unknowns in the Walrasian system went
against the grain of the budding economist whose mind was cast in
uncompromising mathematical rigor. Debreu recalls that the conten-
tious question of existence kept recurring in his mind, but for him in
the mid and late 1940s a number of essential elements of the solution
were not at hand, and this interesting, unresolved problem also lay
dormant in his mind. When he joined the Cowles Commission in
1950, Debreu became gradually aware of Kakutani’s fixed-point
theorem, von Neumann’s model of growth, and Nash’s 1950 note on
the existence of equilibrium points in N-person games. It was these
results, especially Kakutani’s theorem, that set Debreu off on the road
to solving the existence problem.

In 1951 Arrow and Debreu began independently, each in his own
way, to solve the existence problem. Initialty Arrow (1983b, pp. 58-9)
approached the question by formulating competitive equilibrium as
the equilibrium of a suitably chosen game.

The players of this fictitious game were the consumers, a set of
‘anticonsumers’ (one for each consumer), producers, and a price
chooser. Each consumer chose a consumption vector, each anticon-
sumer a non-negative number (interpretable as the marginal utility
of income), each firm a production vector, and the price chooser a
price vector on the unit simplex. The payoff to a consumer was the
utility of his consumption vector plus the budgetary surplus (pos-
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sibly negative, of course) multiplied by the anticonsumer’s chosen
number. The payoff of an anticonsumer was the negative of the
payoft to the corresponding consumer. The payoff to the firm was
profit and to the price chooser the value of excess demand at the
chosen prices. This is a well-defined game. The existence of equili-
brium does not follow mechanicaly from Nash’s theorem, since
some of the strategy domains are unbounded.

Koopmans, who was then director of Cowles, became aware that
both Arrow and Debreu were working on the same problem and he
put them in touch with each other. Early in 1952 they sent their
manuscripts to each other and discovered essentially the same over-
sight in each other’s work, namely, the neglect of the possibility of
discontinuity in cases where prices vary to such an extent that some
consumers’ incomes are close to naught. They then joined forces and
collaborated primarily by correspondence, somewhat complicated by
Arrow’s travelling in Europe during most of 1952. Debreu recalls that
the results they achieved gave rise to a paper he published in October
(Debreu, 1952) on the existence of a generalized Cournot-Nash
equilibrium for an abstract social system.

Arrow (1983b, p. 59) recalls that in their finished joint product they
‘followed more closely Debreu’s more elegant formulation, based on
the concept of generalized games, which eliminated the need for
“anticonsumers’’’. Debreu (1984, pp. 269—70) reflects that in the joint
paper they formulated a competitive economy in the fashion of a
social system presented in Debreu (1952). In this joint paper,

the agents are the consumers, the producers, and a fictitious price
setter. An appropriate definition of the set of reactions of the price
setter to an excess demand vector makes the concept of equilibrium
for that social system equivalent to the concept of competitive
equilibrium for the original economy. In this manner a proof of
existence, resting ultimately on Kakutani’s theorem, was obtained
for an equilibrium of an economy made up of interacting con-
sumers and producers. In the early 1950s, the time had undoubtedly
come for solutions of the existence problem.

On 27 December 1952 Debreu presented the Arrow and Debreu
‘Existence of an Equilibrium for a Competitive Economy’ at a joint
session of the American Economic Association and the Econometric
Society in Chicago (published in Econometrica, July 1954). Lionel
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McKenzie,”® who had independently been working along similar lines
also using Kakutani’s fixed-point theorem, presented his proof of
existence on 28 December 1952 in ‘On equilibrium in Graham’s
Model of World Trade and Other Competitive Systems’ (published in
Econometrica, April 1954). Debreu became aware of McKenzie’s
work only when he attended the session at which it was presented.
And McKenzie says:

I recall that Koopmans, Debreu, Beckmann, and Chipman were at
my session. The Arrow-Debreu paper had been given the day
before and I had stayed away. However, Debreu rose in the
discussion period to suggest that their paper implied my result. I
replied that no doubt my paper also implied their results. Debreu
[has told me] he spoke up after asking Koopmans’ advice before the
session. Later in his office, Debreu gave me a private exposition of
their results (quoted after Weintraub, 1983, p. 34).

At this point we should also note the independent contribution on
existence by Nikaido (1956) whose publication was unfortunately
very much delayed. As Nikaido (1956, p. 135) points out in a footnote
appended to the title, ‘the result of this paper has been obtained
independently of the important work carried out by Professors Arrow
and Debreu ... and prior to its appearance in Econometrica,
although it should be expressly acknowledged that there is much
intersection.” His paper deals with the classical multilateral exchange
model and the existence of an equilibrium is rigorously proved by
means of Kakutani’s fixed-point theorem. Nikaido (1956, p. 135) also
adapts ‘the basic mapping formula so as to apply it not only to a
model of world trade involving social welfare functions of participant
countries, whose graphical analysis is due to Professor Leontief . . .,
but also to Graham’s model treated recently by Professor McKenzie.’
We should also mention here the paper by Gale (1955) where he refers
to Wald (1951) and to A-D (1954). Gale (1955, p. 155) notes that he
studies a model ‘closely resembling’ A-D (1954): ‘However, where the
latter makes use of some rather sophisticated results of algebraic
topology, we shall obtain a simple proof of existence of an equili-
brium using a well-known lemma of elementary combinatorial topo-
logy’.

According to A-D (1954), the study of existence of solutions is
important for both descriptive and normative economics.

Descriptively, the view that the competitive model is a reasonably
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accurate description of reality, at least for certain purposes, presup-
poses that the equations describing the model are consistent with
each other. Hence, one check on the empirical usefulness of the
model is the prescription of the conditions under which the equa-
tions of competitive equilibrium have a solution.

Perhaps as important is the relation between the existence of
solutions to a competitive equilibrium and the problems of norma-
tive or welfare economics. It is well known that, under suitable
assumptions on the preferences of consumers and the production
possibilities of producers, the allocation of resources in a competi-
tive equilibrium is optimal in the sense of Pareto . . . and conversely
every Pareto-optimal allocation of resources can be realized by a
competitive equilibrium ... From the point of view of normative
economics the problem of existence of an equilibrium for a compe-
titive system is therefore also basic (Arrow, 1983b, p. 60).

In this connection, the authors emphasize the necessity of careful

specification of assumptions of a competitive economy?! —a subject to
which we return in Section 4 on existence and efficiency. As Arrow
(1983b, p. 220 put it in his Nobel lecture,

once the broad approach to the analysis of existence was set, it
could be applied in many different directions. One was the analysis
of models which represented in one way or another imperfections in
the competitive system. The requirement of proving an existence
theorem in each case leads to the need for a rigorous spelling out of
assumptions, a requirement which seems to be proving very fruit-
ful. Much of this work is now going on, in such areas as the analysis
of futures markets, expectations, and monetary theory.

As we know, the methods A-D (1954) uses are not those of

differential calculus, but those of fixed-point theory and convex
analysis — set-theoretical mathematical techniques that are not only
more suitable for investigating the existence problem, but also that of
the basic welfare theorems (see Debreu 1984, pp. 269-70). Two
theorems that specify the general conditions for the existence of
competitive equilibrium form the crux of A-D (1954):

Loosely speaking, the first theorem asserts that if every individual
has initially some positive quantity of every commodity available
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for sale, then a competitive equilibrium will exist. the second
theorem asserts the existence of competitive equilibrium if there are
some types of labor with the following two properties: (1) each
individual can supply some positive amount of at least one such
type of labor; and (2) each such type of labor has a positive
usefulness in the production of desired commodities. The con-
ditions of the second theorem, particularly, may be expected to be
satisfied in a wide variety of actual situations, though not, for
example, if there is insufficient substitutability in the structure of
production (Arrow, 1983b, p. 60).

Aside from the all important differences in techniques, in a number
of respects the assumptions that A—-D (1954) makes are less stringent
and closer approximate reality than those made by Wald. Also, unlike
Wald’s models, the A-D model consists of an integrated system of
production and consumption that embraces the circular flow of
income. On the whole the A—D proof is far simpler and more general
than Wald’s proof.

While McKenzie (1954) also uses Kakutani’s fixed-point theorem,
in some respects his model appears to be less general; it is developed
within the context of international trade, although the conclusion of
the paper is devoted to the applicability of the proof to a more general
case. Another difference is that McKenzie (1954) does not disaggre-
gate the demand function of the economy and consumption is not
obtained from the utility maximization of consumers under budget
constraints. Arrow (1983b, pp. 219-20) considers that McKenzie
(1954) ‘simply assumed the existence of supply and demand functions
rather than analyzing them in terms of the underlying production and
consumption structures’. For this and other reasons the models are
not readily comparable (see also Hildenbrand, 1983, p. 19).

What needs to be stressed is that more than advances in techniques
and mathematical virtuosity were involved in A-D (1954). It provided
a reconstruction, refinement, and clarification of the conceptual
apparatus. The A-D model has become the standard or canonical
model of g.e.t. It lays the foundation on which the subsequent edifice
of g.e.t. has been built. in Radner’s (1982, p. 925) words:

One of the notable intellectual achievements of economic theory
during the past 20 years has been the rigorous elaboration of the
Walras-Pareto theory of value, i.e. the theory of the existence and
optimality of competitive equilibrium. Although many economists
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and mathematicians contributed to this development, the resulting
edifice owes so much to the pioneering and influential work of
Arrow and Debreu that ... I ... refer to it as the ‘Arrow-Debreu
s 32

theory’.

One should also note at this juncture that Debreu (1959) has provided
the most complete, systematic and rigorous account of the existence
conditions. This terse and elegant classic treats the subject

with the standards of rigor of the contemporary formalist school of
mathematics. The effort toward rigor substitutes correct reasonings
and results for incorrect ones, but it offers other rewards too. It
usually leads to a deeper understanding of the problems to which it
is applied, and this has not failed to happen in the present case. It
may also lead to a radical change of mathematical tools. In the area
under discussion it has been essentially a change from the calculus
to convexity and topological properties, a transformation which
has resulted in notable gains in the generality and in the simplicity
of the theory (Debreu, 1959, p. x).

Further clarifications (the irreducibility of the economy) were made
by Gale (1960) and McKenzie (1959). A very general version of the
existence theorem can be found in Debreu (1962). And the ensuing
years saw many more refinements and reformulations.

The subsequent literature on g.e.t. is rich in re-examination,
amendments, and weakening of the conditions under which an
economic equilibrium exists. A proof of existence has become an
essential component of a g.e. model and a basic test of its adequacy.
Indeed, in an impressive survey, Debreu (1982) has listed some 350
papers that use a variant of the fixed-point theorem, or related
approaches.®® Debreu (1982, pp. 697-98) calls attention to four
distinct, but closely related, approaches to the proof of existence
question:

1. Application of Kakutani’s fixed-point theorem that has remained
of central importance.

2. Development of efficient algorithms of a combinatorial nature in
the 1970s for the computation of approximate economic equili-
bria.

3. Use of the theory of fixed-point index of a map and the degree
theory of maps.
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4. More recent application of a differential process that generally
converges to equilibrium (see also Scarf 1982, Dierker 1982, and
Smale 1981).

In the last four decades or so there has been a striking increase in
the sophistication of the mathematical tools of economic theory, from
differential calculus and the calculus of matrices to convex analysis,
general topology, algebraic topology, integration theory, differential
topology, and global analysis. But there has been something of a
‘renaissance of calculus’ due in part to Debreu (1962) and his
colleagues at Berkeley, Stephen Smale (1976b and 1981) and Andreu
Mas-Colell (1985, see also Chapter 7 of this volume). As Debreu often
emphasizes, different tools are used to tackle different economic
problems. One should note Smale’s (1976b, pp. 290-91) explanation
of this renaissance, of which only excerpts can be given here:

The existence theory of the static approach is deeply rooted to the
use of the mathematics of fixed-point theory. Thus one step in the
liberation from the static point of view would be to use a mathemat-
ics of a different kind. . ..

I think it is fair to say that for the main existence problems in the
theory of economic equilibria, one can now bypass the fixed-point
approach and attack the equations directly to give existence of
solutions, with a simpler kind of mathematics with dynamic and
algorithmic overtones. . . .

Behind my own work on the questions of dynamics in economics,
lies certain fundamental work in the equilibrium theory in terms of
calculus. . . .

My own work, ‘Global Analysis and Economics’, has been to try to
systematize the use of calculus in equilibrium theory. This can be
justified on several grounds. First, the theory is brought closer to
the practice. With calculus, one has in the derivative a linear
approximation. It is these linear conditions that are so basic to
practical economic studies. Comparative statics depend on deriva-
tives; the same is usually true for stability conditions; dynamic
questions are more accessible via calculus. When general equili-
brium theory is developed on calculus mathematics, not only is
theory brought closer to practice, but greater unity is achieved.
Furthermore, recent work on approximation by differentiable
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functions in economics gives further justification to the use of
calculus.

Some mathematical economists of the younger generation have
implicitly criticized both Hicks’s Value and Capital and Samuelson’s
Foundations of Economic Analysis for not seriously questioning
whether competitive equilibrium exists or not. With hindsight, Hicks
(1983, pp. 374-5) reflects that his contribution is not really affected by
such criticism.

Existence, from my point of view, was a part of the hypothesis; I
was asking, if such a system existed, how would it work? I can
understand that for those who are concerned with the defence of
‘capitalism’, to show the possibility of an arm’s length equilibrium
(an ‘Invisible Hand’) is a matter of importance. But that was not,
and still is not, my concern.

Certainly A-D is not concerned with the defence of capitalism and Sir
John’s snide remark is perhaps a misunderstanding. And, in a slightly
different vein, Hicks (1983, p. 361) remembers that in 1946 he visited
the US, where he met Samuelson, Arrow, Friedman, and Patinkin
who prized his Value and Capital as the ‘beginning of their “neo-
classical synthesis’”’. With their more sophisticated mathematical
skills, these economists and their contemporaries were refining the
analysis that Hicks had only outlined.

But I am afraid I disappointed them; and have continued to
disappoint them. Their achievements have been great; but they are
not in my line. I have felt little sympathy with the theory for
theory’s sake, which has been characteristic of one strand in
American economics; nor with the idealisation of the free market,
which has been characteristic of another; and I have little faith in
the econometrics on which they have so largely relied to make their
contact with reality. But I make no pretence that in 1946 I was even
beginning to get clear about all this. It took me many years before I
could even begin to define my new position.

Samuelson is ambivalent on the importance of the question of
existence and its rigorous proof (see 1947, p. 257; Dorfman, Samuel-
son, and Solow, Chapter 13; Samuelson, 1966, pp. 493-504). He
(1983b, p. 988) asserts that ‘having lived as a scholar in both the pre-
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and post-Debreu era, I can testify that the modern proofs are better
than what used to pass muster for demonstration of determinate
economic equilibrium’. But, at the same time, Samuelson (1983a, p.
xix) is clearly dubious about the achievements of sophisticated
mathematical techniques applied to economics.

More can be less. Much of mathematical economics in the 1950s
gained in elegance over poor old Pareto and Edward Chamberlin.
But the fine garments sometimes achieved fit only by chopping off
some real arms and legs. The theory of cones, polyhedra, and
convex sets made possible ‘elementary’ theorems and lemmas. But
they seduced economists away from the phenomena of increasing
returns to scale and nonconvex technology that lie at the heart of
oligopoly problems and many real-world maximizing assignments.
Easy victories over a science’s wrong opponents are hollow victor-
ies — at least almost always.

3.2 Stability

Having addressed the question of existence and welfare properties of
competitive equilibrium, Arrow (in collaboration with Hurwicz and
others) turned his attention to a systematic and rigorous study of the
formidable question of stability of general competitive equilibrium;
that is, ‘whether or not the . . . time path converges to an equilibrium.
Global stability means that convergence occurs for any initial
conditions; local stability that the path converges for initial con-
ditions sufficiently close to an equilibrium’ (Arrow, 1983b, p. 125). As
Chipman (1965b, p. 36) put it, ‘the real content of the equilibrium
concept is to be found not so much in the state itself as in the laws of
change which it implies; that is, in the tendencies to move towards it,
away from it, or around it’ (see alsc Arrow and Hahn, 1971, pp. 263—
4, 353, 386-8; Dorfman, Samuelson, and Solow, p. 408). Whatever
interpretation one accepts, one need keep in mind that the concept of
stability refers to the models of g.e. and in no sense to the real world.

The centrality of the question, whether there are endogenous
processes at work in an economy that may drive towards equilibrium,
was well articulated by Arrow (1984b, p. 157):

Who exactly is it that is achieving the balancing of supply and
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demand? Where in fact is the information on bids and offers needed
for equilibration actually collected and stored? ... It was Walras’
auctioneer which proved to have the most enduring effect on
subsequent theoretical development, and the stability theory which
flows from that concept is still the subject of vigorous theoretical
development, though very little empirical application. What is
envisioned is a feedback mechanism in which errors in the price are
successively corrected by reference to the disequilibria they gener-
ate.

Hicks’s (1939b) generalization of Walras’s much maligned treat-
ment of stability (titonnements)** was essentially static and not
derived from explicitly dynamic considerations, as Samuelson (1966,
p.563) has so clearly shown (see also Arrow, 1983b, pp. 114, 124 and
Arrow and Hurwicz 1977, pp. 332-5). Indeed, the genesis of the real
dynamic stability analysis can be traced to Samuelson’s specification,
in his pioneering 1941 work on the relevance of dynamics for statics,
of the necessary and sufficient conditions for stability.

Although not bereft of certain pitfalls, ‘dynamic analysis has
produced many useful results. In the field of pure theory, the
important problem of stability of equilibrium is wholly a question of
dynamics. For it involves the question of how a system behaves after
it has been distrubed into a disequilibrium state’ (Samuelson, 1966, p.
613). The problem of stability of equilibrium cannot be meaningfully
considered without explicitly specifying the dynamics of the adjust-
ment process (see Hahn, 1983).

It is of some interest to note how Hahn traces the development of
the subject. In a recent tribute to Samuelson, Hahn (1983, p. 49)
points out that

it was not long after the publication of Value and Capital that
Samuelson wrote the important paper noting that the Hicksian
stability analysis lacked a true dynamics. Samuelson showed that
neither perfect nor imperfect stability as defined by Hicks was
necessary or sufficient for true dynamic stability. . .

Since in the event Samuelson only dealt with local (asymptotic)
stability and since he took equilibrium prices to be strictly positive,
he did not worry about the behaviour of the system when some
price was zero. But rather surprisingly, he gave no economic
account of this model of the price-mechanism. Tdtonnement is not
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listed in the index of the Foundations and is, as far as I have been
able to discover, nowhere discussed by Samuelson. The excess
demands are written as functions of prices only, that is, endow-
ments are not included. And so it came about that he did not
consider processes in which endowments are changing in the
process of exchange, nor did he discuss this matter.

It is clear — especially with the hindsight of 1980 — that imperfect
stability is a nonstarter for true dynamic stability. If we work with
excess supplies, the condition can be translated into the require-
ment that the principal minors of order (n— 1) of the excess supply
Jacobian should be of the same sign as the full Jacobian determi-
nant. Clearly this is neither necessary nor sufficient for the real
parts of the roots of the Jacobian to be positive (recall that we are
dealing with excess supplies). Perfect stability, on the other hand,
requires all the principal minors of the Jacobian to be positive. That
this is not necessary for the local stability of Samuelson’s price
system is clear. Samuelson produced an example . . . to show that it
was not sufficient either. The stage was set for the search of
sufficient conditions that culminated in the famous papers by
Arrow, Hurwicz, and Block.

In a landmark study in the late 1950s, Arrow and Hurwicz,
followed by a sequel with Block (see Arrow and Hurwicz, 1977, pp.
199228, 228-58), superseded the earlier literature and provided
results that to this day essentially represent the standard formulation
of global stability (see Fisher, 1976, p. 8; Negishi, 1962). They (Arrow
and Hurwicz, 1977, p. 199) start out by noting significant gaps in the
theory of economic dynamics, especially in stability of equilibrium.
Though they praise Samuelson for his ‘systematic treatment in the
context of economic dynamics’, they criticize him for not fully
exploring ‘the implications of the assumptions underlying the per-
fectly competitive model’. Like other contributors to the literature
(for example, Lange, 1944; Metzler, 1945; and Morishima, 1952),
Samuelson concentrated on the relationship between ‘true dynamic
stability’ and the notion of Hicksian stability, instead of zeroing in on
whether or not, under given assumptions, stability (in either sense)
would come about. Though Hicksian stability cannot be identified
with ‘true dynamic stability’, Arrow and Hurwicz (1977, p. 199) claim
that it is of ‘considerable interest’ for two reasons: first
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there are situations where the two concepts are equivalent; second,
because the equilibrium whose ‘stability’ Hicks studied is indeed
competitive equilibrium. .. But again, little is known about con-
ditions under which Hicksian stability prevails. There is thus a gap
in this field and our aim is to help fill it (see also Arrow and
Hurwicz, 1977, pp. 317-30).

The pathbreaking results of global (rather than local) stability of
the competitive economy, under gross substitutability, are obtained
by Arrow and Hurwicz by creatively adapting the Lyapunov method.
The global approach is pursued wherever possible, but in certain cases
only local results are obtained. Confining themselves only to the cases
studied, they establish the stability of the system under the perfectly
competitive (instantaneous or lagged) adjustment process. As they
(1977, p. 205) put it:

(a) where equilibrium is unique (as, for instance, in the gross
substitution case) we have found global stability in some of the
cases studied, while in others local stability has been proved (with
the question of global stability remaining unresolved); (b) where
there is a possibility of multiple equilibria . . . we have found in the
class of cases studied that the system is stable . . . even though some
equilibria may be locally unstable.

However, they warn that the study is fragmentary in character and,
hence, provides no grounds for general assertions about the stability
of the competitive system.’* In this connection one must mention
Smale’s (1976a and 1976b) tdtonnement process as essentially solving
the stability problem, though perhaps in an artificial way.

Arrow and Hurwicz (1977) contains a wealth of stimulating papers
on the working of the economic system as a mechanism for optimal
allocation of resources. Space limitation prevents us from a detailed
study, but we would be remiss not to call attention to Arrow’s
germinal and influential 1959 paper on the foundations of price
adjustment where he (Arrow and Hurwicz, 1977, p. 380) argues that
there is a logical gap in the conventional models of competitive
equilibrium — that is, ‘there is no place for a rational decision with
respect to prices as there is with respect to quantities’. He suggests a
proposal to fill this gap which ‘implies that perfect competition can
really prevail only at equilibrium’ and hopes ‘that the line of develop-
ment proposed will lead to a better understanding of the behavior of
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the economy in disequilibrium conditions’. Arrow (Arrow and Hur-
wicz, 1977, pp. 387-8) draws some interesting conclusions. Among
them are the following: In any disequilibrium state there is a tendency
to monopolize and to discriminate by prices. Also, ‘the incomplete
competitiveness of the economy under disequilibrium conditions
implies a departure from the maximum of possible efficiency in the use
of resources’. Furthermore, ‘one would expect considerable depar-
tures from maximum efficiency in conditions of severe disequilibrium,
such as inflation and depressions’.

For the sake of brevity we can do no better than to refer the reader
to Chapter 4 of this volume where Hurwicz shares with us his
interpretation of the significance of stability analysis and his reflec-
tions on the strengths and limitations of his contributions with Arrow
and on the subsequent developments, particularly by Scarf and Gale,
and his own research enterprise on design of economic systems that
possess more universal stability properties.

Despite the progress made, stability analysis remains to this day the
Achilles heel of g.e.t. The subject also seems to have gone out of
fashion, perhaps because it is too difficult to tackle with the tools at
hand. Radner (1982, p. 924) calls attention to a general agreement
that .

even for the case of certainty, the theory of adjustment and stability
of competitive markets is in a less satisfactory state than are the
theories of existence and optimality of general equilibrium. The
situation is no better for the case of uncertainty, where it is natural
to pose the questions in terms of the convergence of a stochastic
process to a stationary process (see also Mirrlees, 1979).

In a recent survey, Frank Hahn (1982, p. 747), one of the most adept
practitioners of the fine art of self-criticism, concludes:

A great deal of skilled and sophisticated work has gone into the
study of processes by which an economy could attain an equili-
brium. Some of the (mainly) technical work will surely remain
valuable in the future. But the whole subject has a distressing ad
hoc aspect. There is at present no satisfactory axiomatic foundation
on which to build a theory of learning, of adjusting to errors and of
delay times in each of these. It may be that in some intrinsic sense
such a theory is impossible. But without it this branch of the subject
can aspire to no more than the study of a series of suggestive
examples (see also Hahn, 1973, p. 8).
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4 EXISTENCE AND EFFICIENCY

The conclusive proof of the existence of equilibrium started a new
phase in g.e.t. Now we can speak of three principal theorems of g.e.t.:
(1) Under appropriate conditions, a competitive equilibrium exists,
and (2) and (3) refer to the previously discussed First and Second
Fundamental Theorems of Welfare Economics respectively (see also
Maskin and Roberts, 1980). As Arrow (1983b, p. 290) put it, ‘in
particular, the close link between Pareto efficiency and competitive
equilibrium is the central result for both analysis and policy’.

Essentially a notable achievement of A-D (1954) has not only been
to demonstrate that a coherent and orderly economic allocation can
be theoretically achieved, but to specify precisely what conditions
must be satisfied to obtain this result. By elucidating the requisite
conditions, they helped to show not only what the world would have
to be like for the results to be achieved, but also allowed us to focus on
the absence of some of these conditions in real-world configurations®
and to attempt to remedy these situations by designing appropriate
policy measures — at least to try. They have also helped us to
spotlight the shifting nature of industrial organization and market
structures.

Essentially, competitive equilibrium can be broadly depicted in
terms of a set of non-negative prices (such that equate demand and
supply on each market) for all commodities in an economy where
there are two kinds of price-taking agents: households and firms.
Each household is endowed with certain initial resources, possibly
including claims to shares in producers’ profits. It chooses its con-
sumption mix from among all consumption possibility sets so as to
maximize its utility at a given set of prices and subject to its budget
constraint. Each firm chooses its production mix from a set of feasible
production possibility sets so as to maximize profits at the same given
prices. The chosen mixes must be compatible with each other so that
aggregate consumption does not exceed initial resources plus aggre-
gate net production. The underlying notion in this depiction is that
the individual agent is bereft of market power. Hence key roles are
played by the parametric function of prices and the identity of prices
for all agents. Another crucial implication is that there are neither
information nor transaction costs (see Arrow and Hurwicz, 1977, pp.
384-5).

In fairly simplified form (see Arrow, 1983b, pp. 115-20, 13542,
160-72, 217-20) we can state that, subject to ‘standard assumptions’,
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a competitive equilibrium exists if convexity of household indifference
maps and firm production possibility sets prevails, even if universality
(completeness) of markets (including those for externalities) does not.
If, however, universality of market prevails, the First Fundamental
Welfare Theorem holds; that is, a competitive equilibrium is Pareto
efficient. In addition, if both universality of markets and convexity of
household indifference maps and firm production possibility sets
prevail, then the Second Fundamental Welfare Theorem holds; that
is, any Pareto-efficient allocation can be effected as a competitive
equilibrium through an appropriate redistribution of initial endow-
ments. (The Second Fundamental Theorem also requires continuous
preferences, so that indifference maps do exist, and some interiority
assumption to rule out Arrow’s ‘exceptional case’ [Arrow 1983b, p.
39]. In Chapter 4 of his forthcoming Welfare Economic Theory,
Hammond rules this out by considering only ‘relevant commodities’.)
In such a case criticism of the system can be narrowed down to
dissatisfaction with income distribution. The price system determines
income distribution only by maintaining the original state. If the
original state is not considered satisfactory and if costless lump-sum,
transfers can be accomplished, then a social mechanism for redistri-
bution is required.

However, one must bear in mind that redistributive transfers are
costly in terms of loss of incentives. Any proposed tax will as a rule
cause a price distortion and the redistribution will cause an inef-
ficiency even if the market’s operation after the transfer is unham-
pered. Hence the concept of Pareto efficiency will have to be modified
to account for the redistributive losses, as Arrow (1983b, pp. 290-302)
sets out to do (see also Hammond 1985, pp. 418-22).

In his Nobel lecture Arrow (1983b, pp. 222-3) stresses that the
main lesson of g.e.t. is to explain to what extent independent private
decisions, co-ordinated through the market, can achieve a social
allocation of resources. It also assures us that the result of the
allocation is Pareto efficient. But he (1983b, p. 223) sees nothing in the
process that

guarantees that the distribution be just. Indeed, the theory teaches
us that the final allocation will depend on the distribution of initial
supplies and of ownership of firms. If we want to rely on the virtues
of the market but also to achieve a more just distribution, the
theory suggests the strategy of changing the initial distribution
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rather than interfering with the allocation process at some later
stage.

One should note, however, that the final allocation can in practice be
achieved in some other institutional setting than the decentralized
market mechanism, ‘for example, by a computer which has been
provided with all the relevant facts, the preferences and production
possibilities for all individuals and productive units, and the initial
endowments of all factors’ (Arrow, 1983a, p. 176).

Another important question that Arrow (1967, p. 734) emphasizes
is ‘the relation between microeconomics and macroeconomics’. More-
over, in view of some of the other lacunae or shortcomings of the real
world market system (such as the non-existence of all relevant
markets and non-convexities), thrown into sharper relief in the light of
the assumptions made in modern g.e.t., Arrow (1983b, p. 223) also sees
‘a great many other situations in which the replacement of market by
collective decision making is necessary or at least desirable’.

Convexity really does perform a crucial role in the proof of
existence; it is also a very restrictive assumption and empirically very
vulnerable. In production it rules out the presence of considerable
indivisibilities or increasing returns to scale that usually characterize
mass production technology and in consumption it disregards situa-
tions where extremes are preferred to mixed assortments. Thus how
far these assumptions can be weakened is an extremely fruitful
investigation. Though the convexity assumptions cannot be fully
dispensed with, further research (see inter alia, Farrell, 1959; Rothen-
berg, 1960; Aumann, 1966; Starr, 1969; Arrow and Hahn, 1971,
Chapter 7) has helped to relax them by suggesting weakened con-
vexity assumptions if the indivisibilities are not large relative to the
economy.” In other words, if each agent is small in relation to the
whole economy, by choosing appropriate prices and composition of
consumption and production assortments, the disparity between
supply and demand can be rendered small relative to the size of the
market. Surely households being relatively small fit this pattern best;
here non-convexities in individual preferences do not significantly
affect the existence of equilibrium. But increasing returns to scale over
a large range relative to the economy may pose a threat to the
existence of equilibrium and substantial increasing returns to scale are
incompatible with the existence of a perfectly competitive equili-
brium.

Obviously, only under the assumption of perfect competiton does a
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properly operating market system lead to efficiency. The proclivity to
monopolize is an intrinsic characteristic of the profit system and
hampers efficiency. Arrow feels strongly about the need to incorpor-
ate imperfect competiton into g.e.t. He not only reminds us constantly
of this lacuna, but is at the forefront in attempting to go some way
towards rectifying this unpalatable situation (see Chapter 2 of this
volume).

In 1971, in a paper on the rigorous treatment of the (price-making)
firm in g.e.t. and analysis of existence under varying sets of assump-
tions, Arrow (1983b, pp. 156-98) generated new results. He acknow-
ledged that the firm is an amorphous entity in the standard A-D
model. On the other hand,

among the literary economists in the Anglo-American tradition, a
kind of orthodoxy has emerged, in the U-shaped cost curve for the
firm plus free entry. In more modern language, the production
possibility set of the the typical firm displays an initial tendency
toward increasing returns followed at higher scales by decreasing
returns. The first phase is explained by indivisibilities, the second by
the decreasing ability of the entrepreneur.

Arrow (1983b, pp. 157-8) reminds us that the A-D model treats the
sets of firms as fixed and assumes the convexity of the production
possibility sets, thus excluding the possibility of an initial phase of
increasing returns to scale. But the model is compatible with either
constant or decreasing returns to scale. The treatment of entrepre-
neurship in this model can be variously interpreted.

In static theories of general equilibrium and in the absence of
monopoly, then, the individual firm has been characterized by
diminishing returns, a phenomenon associated with the vague
concept of entrepreneurship. Kalecki ... suggested long ago that
the reasons for limitation on the size of the firm might be found in
dynamic rather than static considerations. Recent years have seen
the beginning of dynamic analysis of the firm. From the point of
view of realism and of interpretation of observations, these are a
major advance. But on the production side they still retain the basic
structure of the static model. . .

However, dynamic analysis may have deeper implications if we
depart from the analysis of stationary states. The firm must now
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serve some additional roles. In the absence of futures markets, the
firm must serve as a forecaster and as a bearer of uncertainty.
Further, from a general equilibrium point of view, the forecasts of
others become relevant to the evaluation of the firm’s shares and
therefore possibly of the firm’s behavior. The general equilibrium
to be analyzed is, in the first instance, the equilibrium of a moment,
temporary equilibrium in the terminology of Hicks (Arrow, 1983b,
pp. 159-60).

Arrow (1983b, pp. 172-97) explores the exact relation of such a model
of the firm to a generalized g.e. model. He formulates a model of
monopolistic competitive equilibrium, with the firm as price maker,
and analyzes it for existence. Arrow’s model is a formalization of
Chamberlin’s case of monopolistic competition with large numbers. It
makes weaker assumptions than those made in the previous notable
formalization by Negishi (1960-61). Arrow does not explicitly treat
product differentiation. Neither does he consider the notion of free
entry. The significant question of conditions under which monopolis-
tic behavior is continuous is left unanswered. Arrow’s formulation is,
in fact, very general and compatible with utility- and profit-maximiz-
ing behavior. The assumption of continuity may, however, be strong;
in fact, it attributes no role to increasing returns as a barrier to entry.
Moreover, this type of model neglects the oligopoly interdependence
problem-the mutual recognition of power among firms. Also the
model does not treat uncertainty. Whatever its merits, the model
poses significant difficulties in interpretation.”® Arrow’s model was
probably the first to draw out some of the problems in formulating
equilibrium in a stock market — problems that Diamond (see Dia-
mond and Rothschild 1978, pp. 211-25) avoided by a special assump-
tion.

Some of these subjects are pursued in the innovative chapters on
g.e. under alternative assumptions and on markets with non-convex
preferences and production of Arrow and Hahn (1971, Chapters 6
and 7). Here the concentration is on existence of equilibrium extended
to the troublesome cases of externalities, intertemporal economy with
limited futures markets, and the ability of some firms to exercise
monopolistic or monopsonistic power over certain markets.

In summing up, and as a background to what follows, we could do
no better than to refer to Arrow’s 1971, (pp. 144-5) answer to the
question:
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to what extent does perfect competition lead to an optimal allo-
cation of resources? We know from years of patient refinement that
competition ensures the achievement of a Pareto optimum under
certain hypotheses. The model usually assumes among other things,
that (1) the utility functions of consumers and the transformation
functions of producers are well-defined functions of the commodi-
ties in the economic system, and (2) the transformation functions
do not display indivisibilities (more strictly, the transformation sets
are convex). The second condition needs no comment. The first
seems to be innocuous but in fact conceals two basic assumptions of
the uswal models. It prohibits uncertainty in the production re-
lations and in the utility functions, and it requires that all the
commodities relevant either to production or to the welfare of
individuals be traded on the market. This will not be the case when
a commodity for one reason or another cannot be made into private
property.

We have then three of the classical reasons for the possible failure
of perfect competition to achieve optimality in resource allocation:
indivisibilities, inappropriability, and uncertainty.

5 CHOICE UNDER UNCERTAINTY

To recall, A-D (1954) does not treat uncertainty.’ Paradoxically at
the time it was being written, Arrow was participating in a history-
making conference in Paris on the foundations of risk bearing
organized in June 1952 by the Centre National de la Recherche
Scientifique. The star-studded cast of participants also included
Maurice Allais, Milton Friedman, Pierre Massé, Jacob Marschak,
and Leonard Savage. At that conference, Arrow (1983b, pp. 48-57)
presented the path-breaking, ingeniously simple concept of con-
tingent securities later extended and incorporated in the g.e. model by
Debreu (1959). In this 1953 contribution, Arrow (1983b, pp. 48-57)
essentially uses theory — in Vernon Smith’s (1974, p. 97) felicitous
turn of phrase — ‘to derive the performance characteristics of non-
observed economies and institutions suggested by a reinterpretation
of the arguments and equations of a received theory, or by a mathema-
tical formalism’. It very simply lifts the barriers of certainty that
constrict the g.e. model by an artful dodge —the reindexing of com-
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modity space which turns a given commodity today into another
tomorrow and yet another the day after depending on the states of
nature then.

Indeed, basically, until Arrow’s 1953 tour de force, formal eco-
nomic theory was strongly cast in terms of the certainty assumption.
This, of course, does not mean that there was no recognition of
uncertainty; only that there was no rigorous foundations for explicitly
incorporating uncertainty into g.e.t.* As Dréze (1974, p. 4) notes, the
present generation, reared in the field after 1952, can still get a full
flavour of the ancient régime from Arrow’s (1984a, pp. 5-41) masterful
1951 survey. Arrow’s paper ‘presents, in an orderly manner, a
spectrum of approaches and results that could, at that time, be
grasped only by those who had fully mastered a highly diversified
literature’.

As an introduction to this section and the following one, which are
so closely interrelated, we should call attention to the fact that
Arrow’s interest in the extension of g.e.t. to transactions over time
and under conditions of uncertainty is deeply rooted in his scientific
and even practical training. Even as an undergraduate he was strongly
attracted to the field of mathematical statistics which he seriously
pursued during his graduate work at Columbia. The concept of
uncertainty and its relationship to information came naturally. As he
(1984b, pp. 138-9) often points out, ‘statistics is, indeed, the science of
extracting information from a body of data. More specifically, in the
theory of design of experiments, R. A. Fisher, Jerzy Neyman,
Abraham Wald, and a long line of successors have grappled with the
problem of allocating scarce resources to maximize the information
attained’. Furthermore, ‘statistical method was an example for the
acquisition of information. In a world of uncertainty it was no great
leap to realize that information is valuable in an economic sense.
Nevertheless, it has proved difficult to frame a general theory of
information as an economic commodity, because different kinds of
information have no common unit that has yet been identified’
(Arrow, 1984b, p.v.). After all, ‘the most usual doctrine represents
uncertainty by probabilities . . . It certainly is the only theory that has
shown itself to be useful in deriving any results’ (Arrow, 1984b, p.
198).

During the war, as a weather officer in the Department of the Navy,
Arrow certainly was in constant close touch with uncertainty. To
satisfy his ‘depression-born’ needs for job security, while he was a
graduate student in economics he sat for the examinations of the
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Actuarial Society of America. Earlier, in the summer of 1940, he had
worked as an actuarial clerk in a small insurance company. During
this brief encounter with the actuarial world he imbibed some of the
concepts with which insurance practice was dealing (see infra pp. 80-1).
These stood him in good stead in his perception of adverse selection;
that information is unevenly distributed, which he derived from his
study of medical care (Arrow, 1963). In fact, differential (asymmetric,
imperfect) information is widespread throughout the economy. It has
caused inefficiencies, but has also given rise to contractual arrange-
ments and institutions to safeguard the less-well-informed partici-
pants. In these areas Arrow’s contributions have been conceptual not
technical; they have constituted rather a way of looking at relation-
ships that has helped to set economic theory on different tracks. ‘I laid
out the basic problems for economic analysis suggested by differential
information, though it remained for others to make a positive
contribution to their analysis’ (Arrow, 1984b, p. 78).

And yet another stream of thought that has led to the confluence,
discussed in this and the next section, is Arrow’s continuous preoccu-
pation with individual choice as a basic element of, and closely linked
to, the developments in g.e.t (and collateral to his great contribution
to the theory of social choice). Whatever the reinterpretations,
criticisms, and reservations, since Jevons, Menger, and Walras, the
‘individualistic view’, and the hypothesis that agents maximized
utility subject to a budget constraint, has been a staple argument in
mainstream economic theory. On the whole uncertainty was neg-
lected, though a theory of choice under uncertainty was at hand since
Bernoulli (1738) who argued that the economic agent acts so as to
maximize the mathematical expection of his utility.

Broadly speaking, utility theory is concerned with the problem of
choice by an individual from a set of alternative possibilities
available to him . ..

The prices and income together limit the range of alternative
commodity bundles among which the consumer may choose. They
thus define what Pareto has called the ‘obstacles’. The utility theory
of choice states that the choice in any given situation depends on an
interaction of the externally given obstacles with the tastes of the
individual, and that the obstacles and tastes can be thought of as
independent variables (Arrow, 1984a, pp. 117-18).

Pareto recognized that the subjective theory of value is a statement
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about the consistency of choices made under varying conditions (see
Pareto, 1971, Chapters 3-5; Ricci, 1933; and Hicks, 1983, pp. 13 and
passim). Arrow (1984a, p. 56) describes the so-called rational model of
choice under certainty (or decision making)* as follows:

an individual is assumed to rank all alternative logically possible
decisions in order of preference; in any given situation, only some
of the logically possible alternatives are in fact available, due to
budgetary or other limitations, and the individual is assumed to
choose among the alternatives available that one which is highest
on his ranking. The ranking or ordering is assumed to have the
usual consistency properties so that, if alternative A is preferred to
alternative B, and B to C, then A is preferred to C.

Logically such a theory is not vacuous; but Arrow (1984a, p. 56)
perceives it as generally not overly meaningful. He seems to agree with
Herbert Simon that ‘that more important part of the content of a
rational model of choice in any particular context lies in the specifica-
tion of the range of alternatives actually available, and, it might be
added, in more specific hypotheses about the underlying ordering’.

The concept of rationality has become an intrinsic part of economic
theory. Even in a world of certainty it is only a weak hypothesis. More
recently, however, much stronger versions of this hypothesis have
emerged applied to a world of uncertainty, especially in studying
criteria for consistency in allocations over time, the expected-utility
hypothesis of behaviour under certainty, and the so-called Bayesian
hypothesis for learning. In his 1981 presidential address to the
Western Economic Association, Arrow (1984a, pp. 261-70) reminds
us that the rationality hypotheses were not only ridiculed by some
economists (such as Veblen) as soon as they began to be employed by
others and that they continue to be under strong justifiable attack
(inter alia, by Simon),* but that ‘an important class of intertemporal
markets shows systematic deviations from individual rational beha-
vior and that these deviations are consonant with evidence from very
different sources collected by psychologists’ (Arrow, 1984a, pp. 269—
70).

Voicing his discontent with the existing state of economic theory, in
yet another presidential address (to the American Economic Associa-
tion in 1973), Arrow (1984b, p. 154) quipped that ‘the uncertainties
about economics are rooted in our need for a better understanding of
the economics of uncertainty; our lack of economic knowledge is, in
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good part, our difficulty in modeling the ignorance of the economic
agent’.

Obviously, uncertainty has its roots in the economic agents’ imper-
fect knowledge of the future, but it is also a property of many current
or short-run decisions.

Certainly a most salient characteristic of the future is that we do not
know it perfectly. Our forecasts, whether of future prices, future
sales, or even the qualities of goods that will be available to us for
use in production or consumption, are surely not known with
certainty, and they are known with diminishing confidence as the
future extends. Hence, it is intrinsic in the decision-making process,
whether in the economic world or in any other, that the opportuni-
ties available, the consequences of our decisions are not completely
known to us (Arrow, 1984b, pp. 136-7).

Economic agents make contemporaneous decisions without having
all the relevant information about prices, quality of goods available,
technologies, and the like, and they have to engage in costly search
(see Arrow, 1984a, pp. 137-8, 165-6).

Basically, we need a special theory to explain behaviour under
uncertainty because of two considerations:

(1) subjective feelings of imperfect knowledge when certain types of
choices, typically involving commitments over time, are made; (2)
the existence of certain observed phenomena, of which insurance is
the most conspicuous example, which cannot be explained on the
assumption that individuals act with subjective certainty (Arrow,
1984a, p. 172).

Arrow (1984a, p. 60) has summarized the rational model of choice
under uncertainty as follows:

There are a number of possible states of nature and a number of
possible actions we can take. We do not know which state of
nature, among a certain class, is the true one. We have to take an
action the consequences of which will depend upon which state of
nature is the true one. The problem is to choose which action to
take among those which satisfy the constraints of the situation. The
consequences are completely determined by the action and the state
of nature, and presumably are ordered as in the case of certainty.
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When agents make choices in dynamic situations, expectations of
the future—their impact on behaviour and the process of their
formation — become relevant. In line with the rationality behaviour
postulate, it is expected that expectation formation is a process of
rational learning from experience. In other words, that the individual
compares his expectations with the event after it has occurred and
thus revises future expectations in the direction of the actual result.
But experimental evidence only partly supports this postulate (see
Arrow, 1984a, pp. 13642, 264). A theory of expectations is needed to
support utility theory when choice under uncertainty is involved.
However, as Arrow (1984a, pp. 142-3) points out,

some methods of forming expectations seem more rational than
others, and, at least formally, one can treat the learning process
itself as a process of successive choices by the individual. His
domain of choice now is a strategy — that is, in each stage he finds
his next step as a function of all the information available to him up
to the present time.

Expected utilities do involve probabilities that are in the first
instance subjective. Arrow (1984b, pp. 160—61) emphasizes that

the economic agent observes his world and has the opportunity to
learn from his experience, for there is a considerable degree of
continuity. By Bayes’s theorem or perhaps psychological learning
theory, the probabilities, say of future prices, will gradually adjust
so as to conform to the facts. If indeed the economic world
exhibited the same structure in some sense from period to period,
and if everybody observed everything relevant, then the probabili-
ties ascribed by different individuals to the same events might be
expected gradually to converge to the correct values and therefore
be the same for all. In fact, of course, the basic economic facts are
changing, partly endogenously because of capital accumulation in
its most general sense, partly exogenously with predictable and
unpredictable changes in technology and tastes; equally if not more
important, though, is the fact that the dispersion of information
which is so economical implies that different economic agents do
not have access to the same observations. Hence, it is reasonable to
infer that they will never come into agreement as to probabilities of
future prices.

And one should not forget that the past influences the future, perhaps
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much more strongly than we would like to believe. It has been
observed that ‘individuals are unable to recognize that there will be
many surprises in the future; in short, as much other evidence tends to
confirm, there is a tendency to underestimate uncertainties’ (Arrow,
1984a, p. 267).

Now, retracing our steps in a more orderly fashion, chronologi-
cally, over the landscape of Arrow’s contributions to this field, we
pause in awe in front of one of his early master works of technical
skill, creativity, and logical simplicity: the concept of contingent
securities —a theoretical device for risk sharing.*

For some time now economists have been aware that risk aversion
is a strong trait among many individuals and that it may be helpful in
explaining a number of real-world phenomena. However, this obser-
vation runs counter to another: individuals also have a propensity to
gamble. In reconciling somewhat these two human proclivities, Arrow
(1984a, p. 148) mentions but is agnostic about Friedman and Savage
(1948), who have shown ad hoc that the expected-utility hypothesis is
compatible with risk-averse behaviour when relatively large risks are at
stake and a proclivity to gamble when smaller risks are involved, and
by arguing that risk taking can be compatible with risk aversion when
individuals evaluate risks subjectively. In Arrow’s (1984a, p. 148)
words, ‘the gambler is one who believes the odds are more favourable
to him than they really are; according to his subjective probabilities, the
bet is favourable to him, but there is, for one reason or another, a
divergence between the subjective and objective probabilities’. In one of
his Yrjo Jahnsson lectures, delivered in 1963 in Helsinki, Arrow (1984a,
pp. 147-71) elaborates on measures of risk aversion and shows that,
together with expected-utility hypothesis, these measures can be
employed for deriving quantitative, instead of only qualitative, re-
sults.*

When individuals are risk averse, institutions or markets for risk
sharing develop. Risks are traded; they are shifted from those who
benefit from sharing them, to those who benefit from bearing them,
until costs and benefits are equated at the margin. Historically all
kinds of insurance and the common stock market have been risk-
shifting devices. So have been, in a way, the cost-plus contracts,
bankruptcy and limited liability laws, and the building of large
organizations (see Arrow, 1984b, pp. 78-86).

When there is uncertainty, risk aversion implies that steps will be
taken to reduce risks. This partly affects decisions within the firm,
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such as the holding of inventories and preference for flexible capital
equipment, and partly leads to new markets which will shift risks to
those most able and willing to bear them, particularly through the
equity market. The rich development of inventory theory and
portfolio theory in the last few decades reflects growing under-
standing of these matters (Arrow, 1984b, p. 160).

And Arrow’s invention of the contingent market is another such, but
theoretical, device for shifting risks, and for preventing uncertainty
from destroying existing markets. In his (1984b, p. 165) words:

There is an ultraneoclassical approach to the market treatment of
uncertainties, in which I take some pride. That is the notion of a
contingent market. Instead of letting uncertainty ruin existing
markets, we can take it explicitly into account by buying and selling
commitments to be carried out only if some uncertain event occurs.
We could in principle imagine agreements to transact which will
hold if and only if a given conceivable technological innovation
does not take place, with a second market for transactions valid if
the innovation does take place. Then we can restore the possibility
of markets.

In other words, the contract for each contingent commodity
specifies the delivery of a unit of a given commodity if a certain event
has taken place. Given that the state of the world describes fully the
demand and supply conditions, the contingent contracts can always
be met since only what would be available in the state on which the
contract is contingent has to be delivered. These contracts can specify
prices. The commodity in the ordinary sense is replaced by a con-
tingent commodity and the standard A-D model can be made to
incorporate uncertainty. In Arrow’s (1983b, pp. 221-2) words:

Commodities in the ordinary sense are replaced by contingent
commodities, promises to buy or sell a given commodity, if, and
only if, a certain state of the world occurs. The market will then
determine contingent prices. Clearing of the markets means clear-
ing of the contingent markets; the commitments made are suffi-
ciently flexible so that they can always be satisfied. It should be
noted that preference orderings over vectors of contingent commo-
dities contain elements of judgment about the likelihoods of
different states of the world as well as elements of taste in the
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ordinary sense. Other things being equal, one will invest less heavily
in a demand contingent upon a state deemed unlikely.

In this manner, theoretically a set of contingent markets can be
obtained.

Each such market trades in contracts contingent upon the occur-
rence of one state of the world. The standard theorems of welfare
economics would be valid in an economy with a complete set of
contingent markets, if such an economy existed. Since there is a
separate market for each contingency, the equilibrium allocation
would be feasible. In fact, it would be Pareto optimal, in the sense
that it would not be possible to find another allocation, feasible no
matter what happens, for which every agent would have a higher
expected utility (Arrow, 1981a, p. 112).

In view of the good deal of misunderstanding that surrounds this
‘salvaging of the market under uncertainty’, it cannot be overstressed
that Arrow conceived the contingent market as a theoretical construct
or benchmark designed to demonstrate how, as a logical proposition,
the optimality properties associated with the competitive market can
be rescued in an extended A—D economy.

More specifically, Arrow’s pathbreaking paper on contingent
securities (Arrow, 1983b, pp. 48-57)* extends the theory of optimal
allocation of resources to conditions of subjective uncertainty. A pure
exchange economy is considered (the appendix deals with extensions
to production).* Each individual is assumed to act on the basis of
subjective probabilities as to the states of nature. Optimal allocation
of risk bearing can be solved by making such choices, under con-
straints, that no other choice will improve the welfare of every
individual. The argument is that if markets for claims on all commo-
dities exist, under certain hypotheses, the competitive market will
result in an optimal allocation. Since in the real world risk bearing is
allocated by money claims, Arrow shows that, again under certain
hypotheses, competitive securities markets are, in fact, optimal for
allocating risk bearing. One important implication of the hypotheses
used is that the viability of competitive allocation of risk bearing is
only guaranteed if individuals are risk averse.

In the appendix Arrow introduces production decisions in essen-
tially the same framework. However, he notes that the definition of a
commodity is significantly affected on the production side by the
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nature of the theory of uncertainty. If two units are to be considered
as part of the same commodity, they have to perform the same
function in production in any possible state of nature, which is not
necessarily the case of machines, for example. Thus, for instance, if
each machine has to be considered as a separate commodity, one can
imagine that the number of commodities grows immensely and
indivisibilities become much more common. In this manner, the g.e.t.
that assumes convexity of the production structure becomes inappli-
cable and the welfare theorems and competitive allocation do not
hold (see Arrow 1983b, pp. 55-6). And Arrow (1983b, p. 57) con-
cludes on a realistic note:

We have seen that it is possible to set up formal mechanisms which
under certain conditions will achieve an optimal allocation of risk
by competitive methods. However, the empirical validity of the
conditions for the optimal character of competitive allocation is
considerably less likely to be fulfilled in the case of uncertainty than
in the case of certainty and, furthermore, many of the economic
institutions which would be needed to carry out the competitive
allocation in the case of uncertainty are in fact lacking.

Debreu (1984) praises the concept of contingent commodities as a
classical illustration of the fruitfulness of the axiomatic method. In a
paper he wrote while he was in France in 1953, on leave from the
Cowles Commission, and published as Chapter 7 of his classic Theory
of Value, Debreu, in turn, applied and extended Arrow’s concept of
contingent commodities.*” Debreu (1959, p. 98) notes that he extends
his analysis to

the case where uncertain events determine the consumption sets, the
production sets, and the resources of the economy. A contract for
the transfer of a commodity now specifies, in addition to its
physical properties, its location and its date, an event on the
occurrence of which the transfer is conditional. This new definition
of a commodity allows one to obtain a theory of uncertainty free
from any probability concept and formally identical with the theory
of certainty.

In Arrow’s (1981a, pp. 108-9) words:

The ideal picture of a competitive equilibrium with dated commodi-
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ties, as set forth ... by Gerard Debreu, is one in which all markets
open at the beginning of time. Sales and purchases for all future
dates are made now and paid for in today’s money. Once the
markets close, there are no further transactions; future deliveries
are made in accordance with the contracts already made, but there
are no exchanges of goods for money. ..

What is assumed is equivalent to nothing less than a universal
regime of futures markets, now extended in all times and all
commodities.

Arrow’s elegant, simple, and yet novel concept has by now become
a standard tool of analysis. But, with the benefit of hindsight, perhaps
a further delving into its historical development might be helpful.
During the eventful 1952 conference (and the preceeding year at an
Econometric Society meeting) Allais (1953) presented an indepen-
dently formulated model of g.e. under uncertainty by emphasizing the
welfare optimality of g.e. There are a number of differences between
Allais’s and Arrow’s contributions. Arrow accepted Bernoulli (1738)
as updated by von Neumann and Morgenstern (1947) and Savage
(1954) but he did not use the expected utility hypothesis throughout.
Allais, on the other hand, strongly criticized this and accepted a
variant of a general ordinalist position. Arrow, as he often does in
some other cases, minimizes his own contributions and praises others.
He (1983c, p. 22) notes that in his extension Debreu ‘showed that the
two models could be synthesized. A theory of general equilibrium in
contingent contracts did not require the Bernoulli hypothesis; it was
consistent with any utility function over the outcomes. Debreu also
extended the theory to paths over time, in which the uncertainties are
realized successively’.

Ever the pragmatist, Arrow is somewhat skeptical about the
widespread use of this tool he has created.”® He confesses to a slight
unease about its being perhaps taken too literally at times. After all,
he never perceived it as a realistic description of an actual economy,
and intended only to provide an ideal standard against which the real-
world conditions could be measured and the failures and departures
assessed.®

Clearly, the contingent commodities called for do not exist to the
extent required, but the variety of securities available on modern
markets serves as a partial substitute. In my own thinking, the
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model of general equilibrium under uncertainty is as much a
normative ideal as an empirical description. It is the way the actual
world differs from the criteria of the model which suggests social
policy to improve the efficiency with which risk bearing is allocated
(Arrow, 1983b, p. 222).

To recall, the existing forms of transactions that can be compared
to contingent markets are insurance policies, cost-plus contracts, and
the common stock market. But what about the futures markets?
Arrow (1981a, p. 109) explains the futures contract as

one in which a contract is made now for a future exchange of money
against goods. In the intertemporal competitive equilibrium model,
money now is exchanged against dated goods. It is easy to see that a
complete set of markets for dated goods is equivalent to a complete
set of futures markets plus one bond market for each maturity, in
which money now is exchanged for money later. The bond market
permits each agent to transfer income over time by buying and
selling bonds of different maturities.

This model, in either form, resembles the real world very little. It
even omits a most important element in the understanding of actual
futures markets, the existence of spot markets. Perhaps the real
world has been missing a great opportunity for improved efficiency.
But we know, of course, that many considerations have been
omitted.

I have spoken of the competitive equilibrium of this complete set of
futures markets. We must be careful that all the assumptions
implicit in this concept are met. One of these, taken almost for
granted in our usual textbook presentations, is that the economic
agents, the households and the firms, know their own tastes and
their own opportunities for all the marketed commodities. These
opportunities might be related in complex ways. In particular, the
producers of the future commodites must know their supply
conditions. . . It is also true that demanders must know the con-
ditions under which they will use the goods. This requirement may
be especially onerous for consumers that are not yet born.

The recent spread of futures markets, mostly on financial instruments,
was expected to ‘increase the efficiency of resource allocation, in
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particular because rational behavior on the part of participants would
pool the information available and cause a futures price to be a best
forecast, relative to the information available to the market. There
has been considerable disappointment’ (Arrow, 1984a, p. 265). One
should note, however, that in some cases opening an extra asset
market produces a Pareto-inferior allocation (see Hart 1975). Indeed,
Arrow (1981a, p. 109) notes that ‘the possibility of a complete set of
futures markets, the ideal intertemporal competitive equilibrium, is
vitiated by uncertainty’. And when uncertainty raises its head we
squarely face the problems of information, its transmission, costs, and
unequal distribution; the problems of information as a commodity
‘with peculiar attributes, particularly embarrassing for the achieve-
ment of optimal allocation’ (Arrow, 1971, p. 153).

6. INFORMATION, CENTRALIZATION, AND
DECENTRALIZATION

6.1 Information as a Commodity

Economic literature abounds with praise for the informational parsi-
mony of the market system. Indeed, in such a system the individual
need know only his own motivation and production conditions (that
is, his own utility function, production possibility set, and the prices
of commodities he buys and/or sells), while the system encompasses
huge quantities of information about other individuals that he need
not know.*® As Arrow (1984b, p. 158) put it:

the apparent modesty of the information needed is one of the most
appealing aspects of the neoclassical model, both in the descriptive
sense that the individual’s decision problems appear manageable
for him and for the economist studying him, and in the normative
sense that the system permits its members to spend their time and
effort at producing goods rather than in unnecessary duplication of
information.

The market system saves on information by encapsulating it in the
form of the prices it transmits (see Hayek, 1940; Koopmans, 1970, p.
246). When the whole system is in equilibrium it appears to be very
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economical in processing information because we suspect that the
process of conveying prices is considerably more streamlined and thus
less expensive than the cumbersome process of conveying sets of
utility functions and production possibilities. This point was actually
at the heart of the interwar debate on the economic efficiency of
socialism, to which we shall return later in this section. At this
juncture, suffice it to say that though it was convincingly argued that
the socialist system could use or rely on some version of the price
system and thereby economize on information costs, no definitive
measure of information and its costs was provided to evaluate the
relative superiority of the decentralized price system over a centra-
lized variant. In fact, though much has been clarified, such a measure
is still not available (see Arrow, 1984b, p. 159).

Although this is not true of Arrow and many other economists, it
appears that in the postwar years fashion in economics has shifted
away from improving our comprehension of alternative designs of
resource allocation (other than the genuine market) and towards a
concentration on very tight versions of the market model. Be that as it
may, Arrow (1981a, pp. 114-15) warns against the entirely too strong
informational assumptions made by the sophisticated rational expec-
tations models.

We are all accustomed to the idea that the price system is an
information mechanism, but really that term is usually a figure of
speech. From the point of view of any agent in the system, prices
determine opportunities and constraints. Only from the viewpoint
of the economic analyst are the prices information. But some of the
current models consider the price to be literally a source of
information. The economic agents use it to make inferences. If the
market price is higher than what a given agent expects on the basis
of its private information, it infers that there are others who have
different and more favorable information. This inference is itself
information on the basis of which the agent modifies its demand
behavior.

Under some rather restrictive conditions, it is shown that the price
which finally results from these considerations is in fact the same
price that would appear if all the private information were made
publicly available. It would in some sense be a statement that the
futures markets are fully efficient mechanisms for aggregating
information.
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I have some reservations about the descriptive power of these
models and about their logical foundations. Indeed, the simulta-
neity of the process in which demands determine prices and prices
alter the information which underlies the demands is troubling. It
certainly leads to some paradoxical conclusions.

In a broad sense, this means that no true equilibrium exists: anybody
who gathers information gains no benefit from it, so nobody is
expected to gather information, so anybody who does gather some
information can profit from it, so then everybody learns what that
information is, and so on and so forth (see Grossman and Stiglitz,
1976).

If some sort of contingent markets, such as insurance against
possible alternative outcomes do exist, uncertainty need not destroy
the leading role prices play in resource allocation. As we know, such
markets are scarce primarily due to the existence and distribution of
information. Arrow (1984b, pp. 139-40) writes,

Thus at a very minimum, recognition of the concept of information
and its possible changes over time implies a considerable revision of
the theory of general economic equilibrium in the form in which it
has evolved over the last century and which has reached such a high
level of power and depth at the hands of Hicks, Samuelson,
Debreu, and others in the last several decades.

And, again shifting to the real-world economy, Arrow (1983b, p.
144) warns that because of high costs of transmission of information,
uncertainty creeps into even basically certain situations. “The typical
economic agent simply cannot acquire in a meaningful sense the
knowledge of all possible prices, even where they are each somewhere
available. Markets are thus costly to use, and therefore the multiplica-
tion of markets, as for contingent claims as suggested above, becomes
inhibited.’

Before proceeding any further, it may be useful to stress that in the
last few years incomplete or asymmetric information has become one
of the ‘hottest themes in economic theory’ (see Aumann, 1985, pp. 40—
41). Whatever the final verdict of future historians on the ‘infor-
mation economics revolution’ or on the effects of the explicit treat-
ment of differential and costly-to-acquire information on the (non)-
classical assumptions and results, it appears to have opened new
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channels of intellectual activity, raised serious questions, and pro-
vided important insights into the processes and organization of
economic activity in this imperfect world of ours. The problems it
poses often appear to be intractable and it is likely to remain one of
the great and fruitful themes of economic research for years to come.
It is important to stress how deeply the classical assumptions of
perfect information were ingrained in the standard treatments in
economics until quite recently, in order to appreciate the significance
of the new research (see Green, 1985; Atkinson and Stiglitz, 1980,
p. 349; Rothschild and Stiglitz, 1976).

Arrow has had an important impact in guiding research in these
directions. In 1977 in the first annual lecture of the Geneva Associa-
tion, Arrow (1984b, pp. 197-215) noted with satisfaction the burgeon-
ing intellectual activity in the economics of information,’! and the
increasing recognition accorded to the concept of differential infor-
mation as central to many features of economic organizations. He
also surveyed some recent theoretical developments on the impli-
cation of differential information on the existence and efficiency
properties of equilibria. Indeed, it is being increasingly recognized
(see, inter alia, Rothschild and Stiglitz, 1976; Hildebrand (ed.,), 1982,
pp. 95-120) that differential and costly information critically affects
traditional competitive analysis and leads to fundamentally different
and less robust results.

The individual agents’ information structure (that is, both the state
of knowledge at any particular time and the possibility of acquiring
relevant information in the future) strongly influences the opportuni-
ties for risk sharing through the market. The information that the
agent receives is transmitted as signals through so-called information
channels. Each agent is supposedly able to receive some signals from
the outside world, though his ability to do so is limited. This
limitation is a key to understanding individual and organizational
behaviour. Moreover, the agent has some expectations about the range
of signals available to him and others at a given point of time and in
the future and probabilities about receiving them. A signal can then
change the agent’s probability distribution and this alteration of
probabilities is a part of the process of information gathering. Arrow
(1984b, p.139) explains that he uses the statistician’s model of
information.

The economic agent has at any moment a probability distribution
over possible values of the variables interesting to him, such as



George R. Feiwel 71

present and future prices or qualities of goods. Call these his
economic variables. He makes an observation on some other vari-
able; call it a signal. The distribution of the economic variables
given the signal is different from the unconditional distribution.
The decisions made depend, of course, on the distribution of
economic variables; but if this distribution is in turn modified by
the signals received, then economic behavior depends not only on
the variables we usually regard as relevant, primarily prices, but
also on signals which may themselves have little economic signifi-
cance but which help reduce the uncertainty in predicting other as
yet unobserved variables.

Signals that modify the distribution of economic variables include the
past changes in the development of prices, past quantity movements,
alterations in government economic policy, and the like. Thus, when
taking information into account, we realize that non-price variables
do play an important role in economic behaviour (see Arrow, 1983b, p.
280). Here we may find the way to explain the significance of quantity
variables in the Keynesian system (see Clower, 1975; Neary and
Stiglitz, 1983; Feiwel, 1985b, pp. 19-20 and passim). Arrow (1984b,
p. 161) observes that

it sometimes is held that in a neoclassical world only prices matter;
in the absence of prices, presumably they are replaced by price
expectations. But this is not strictly true. Under constant returns, at
least, quantity information for the individual firm is needed even
when neoclassical assumptions are strictly fulfilled. Neoclassically
founded investment theories usually predict capital-output ratios
or capital-labor ratios; they still need output forecasts explicitly or
implicitly. This gives considerable, perhaps major weight to past
quantity information in predicting the future and therefore in
guiding current investment decisions. It is perhaps along these lines
that Keynesian theory, with its overwhelming emphasis on quantity
changes as equilibrating variables, can be founded firmly on
individual optimizing behavior.

Non-price signals are important informational devices that lessen
uncertainty and have economic relevance. However, Arrow (1984b,
pp. 140-41) believes that two more implications of the presence of
information that reduces uncertainty — namely, the economic value
of information worth acquiring and transmitting even at a cost and
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the unequal distribution of information — have even more basic
significance for reorienting economic theory.

The economic value of information offers no great mysteries in
itself. It is easy to prove that one can always do better, whether as a
producer or as a consumer, by basing decisions on a signal,
provided the signal and the economic variables are not indepen-
dently distributed. But this remark has an implication for economic
decisions; the economic agent is willing to pay for information, for
signals (Arrow, 1984b, p.141).

Thus the agents seek to acquire more information of predictive
value and others have an incentive to produce it. In this way an
economic information industry appears with information gathering
and producing activities. The operating efficiency of firms can no
longer be reduced to productive efficiency; it has to encompass also
predictive efficiency. Information then becomes, as Arrow (1984b, pp.
142-43, 162) points out, a commodity, but not quite. If for no other
reason, information has at least two outstanding features that ‘pre-
vent it from being fully identified as one of the commodities repre-
sented in our abstract models of general equilibrium: (1) it is, by
definition, indivisible in its use; and (2) it is very difficult to appropri-
ate’ (Arrow, 1984b, p. 142). Hence it would be fallacious to presume
that in this case an unhampered interplay of market forces would
achieve allocative efficiency. The government then plays a leading role
in information gathering and processing.*

The two telling points that Arrow makes are worthy of elaboration:

1. For example, the same information about production methods is
required no matter what the size of output is. Hence a-mass
producer has more incentive to gather higher-grade information
and his per-unit costs of information gathering are lower. In this
way information injects economies of scale which undermine the
competitive economy.

2. The inappropriability characteristic can be found in practice in
two cases referring to different kinds of information: (a) infor-
mation is inappropriable because one does not lose it by transmit-
ting it and (b) while transmission costs are often way below those
of research, sometimes transmission costs are high and in such
cases there is also inappropriability because the sale price fails to
reflect the social value of the information. As we know from
welfare economics primers, in the presence of inappropriability,
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public goods, decreasing-cost industries, and the like, private
market decisions tend to go astray. The ‘Invisible Hand’ will
fumble or tremble, the fundamental welfare theorems cannot
hold, and there is a real threat of suboptimal production if not of
disastrous outcomes.

It has often been stressed that in a competitive system the firm will
tend to underinvest in research and development projects because the
information thus acquired cannot be confined only to the firm that
pays for the project and will spread throughout the economy (see
Arrow, 1971, chapter 6; Nelson and Winter, 1982). On the other hand,
if secrecy can be maintained overinvestment might occur as firms will
covertly undertake similar research projects which, of course, will tax
society’s resources much more than if one project were undertaken
and the information spread through the economy. Arrow (1984b, p.
143) makes the essential point

that there will very likely be an overinvestment in the acquisition of
information whose private value is to gain at the expense of others.
One would suppose that the securities markets and the extensive
apparatus for private information gathering there would exemplify
this point. Further, the very acquisition of this information is apt to
make the securities market less valuable as a means for risk
sharing.

Traditionally, discussions of alternative mechanisms of resource
allocation (whether economy-wide or within a large organization)
tended to equivocate about the relative facility of the process of
transmission of information. Whereas the desirability of decentraliza-
tion presupposes that the transmission process is costly (were it not,
all information about availability of resources and production tech-
nology could be transferred to one locus where the optimum allo-
cation of resources could be instantly computed), the literature on the
subject has been seeking algorithms that would reduce the amount of
information to be transmitted but that would result in the fully
optimal allocation of resources. If there were any real trade-off
between information costs and other resource costs, an optimal
allocation of resources that reckons with information costs would
differ from one that does not (see Arrow, 1983e, p. 63).

Essentially, both information gathering and processing are costly
endeavours. Any pedagogue is aware of the energy expanded in
transmitting information and even more of the difficulties students
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encounter in absorbing it. Though some physical cost may be rela-
tively low (such as buying a book), one must remember the major
costs involved in coding the information for transmission and the
limited channel capacity of the recipients.

The education system emits ability signals as a by-product of its
main activity. The system may identify the more able individuals but
not necessarily the more productive ones. In Arrow’s (1984b, p.144)
words:

The educational system has become, partly inadvertently, an indus-
try which sells signals for individuals to emit to the world. Its
primary intended function is the acquisition of knowledge. But in
the course of its own internal measuring of its success in this
function, it automatically generates signals of ability in education.
If it is in fact the case, or at least believed to be the case, that ability
to produce is correlated with ability to absorb education, then the
educational system does produce signals about productive ability.

In an innovative approach to the system of higher education in the
early 1970s, Arrow (1984b, pp. 115-35) conceived of it as a filter; as a
screening device for individuals of divergent abilities, and thus as a
purveyor of information to the buyers of labour. Such a view of higher
education does not entirely contradict the productivity-adding human
capital theory. ‘From the viewpoint of an employer, an individual
certified to be more valuable is more valuable, to an extent which
depends on the nature of the production function. Therefore, the
filtering role of education is a productivity-adding role from the
private viewpoint; but . . . the social productivity of higher education
is more problematic’ (Arrow, 1984b, p. 116). Arrow assumes that
though the potential employer has information about the extent of a
potential employee’s education and has some statistical distribution
of productivities given the information on hand, he cannot distinguish
the productivities of two individuals about whom he has the same
information. Also once the employees have been hired, the employer
cannot really determine the marginal productivity of each individual
and that is what he needs for allocative efficiency.

What is particularly important about the filter theory of education
is that it is fully entrenched in Arrow’s (1984b, p. 117) larger view that
‘information in the real world is much more limited than that assumed
in our usual equilibrium models’.

Arrow (1984b, pp. 145-7, 169-78) outlines some economic features
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of information. In the first place the individual is the primary input
into the communication channels. It is through his sensory organs
that information penetrates his brain and there is a processing
capacity constraint on both. Though information may be stored in
special devices, it has to be retrieved for decision-making (see Simon,
1982, pp. 171-85, 456). Arrow (1984b, p. 170) insists that he does not
want

to argue for fixed coeflicients in information handling any more
than in more conventional production activities; substitution of
other factors especially computers, for the individual’s mind is
possible. But the individual’s very limited capacity for acquiring
and using information is a fixed factor in information processing,
and one may expect a sort of diminishing returns to increases in
other information resources.

Another important clue to information costs is that typically they
are irreversible and in that sense are part of capital costs. Besides the
physical investment in communications, in order to receive messages
individuals have to make an investment in learning various codes (for
example, languages and technical vocabularies) in which others have
found it economical to send signals. Arrow (1984b, p. 171) formalizes
the capital aspect of information as follows:

A signal hitherto unheard is useless by itself; it does not modify any
probability distribution. However, a preliminary sampling exper-
iment in which the relation between the new signal and more
familiar ones can be determined or at least estimated will serve to
make valuable further signals of the new type. This experiment,
which may be vicarious (education, scientific literature) is an act of
investment.

The information stored in the individual’s brain, though it can be
transmitted to others, is not only irreversible, but it is also inalienable.
It is, however, subject to depreciation. As in the case of other
irreversible investments, the question of future demand for it emerges.
Arrow (1984b, p. 171) ventures on two generalizations: ‘One is that
the demand for investment in information is less than it would be if
the value of the information were more certain. The second, more
important I would guess, is that the random accidents of history will
play a bigger role in the final equilibrium’. Once the investment has
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been made and the information channels established, it is not only
cheaper, but also more convenient, to go on using them. In fact, the
established system may run into some danger of petrification in the
long run. Arrow (1984b, p. 146) stresses that

a communication channel is used to greatest capacity when it has an
optimal code for transmitting messages. This ‘code’ need not be
interpreted literally; the term refers to all patterns of communica-
tion and interaction within an organization, patterns which make
use of conventional signals and forms which have to be learned.
Once learned, however, it is cheaper to reuse the same system than
to learn a new one; there is a payoff on the initial learning
investment but no way of liquidating it by sale to others. If external
conditions change, an originally optimal communication system
may no longer be the one that would be chosen if the organization
were to begin all over again. Eventually the communication system
may be very inefficient at handling signals, and the firm may vanish
or undergo a major reorganization.

Information costs are also characterized by non-uniformity in
various directions. Individuals often find it easier to turn on some
information flows rather than others that they have accumulated. The
learning process generalizes felicitously and inexpensively in some
areas, but not so in others. Communication is easier among people
speaking the same language, the same ‘technicalese’, or belonging to
similar occupations. Also in various occupations, individuals have
different opportunities of learning by doing (Arrow, 1984b, pp. 171-
2).

An organization overcomes the constraints on the individual’s
capacity by having each of its members perform different functions.
In order to do this, communication channels have to be established
within the organization and the information has to be co-ordinated.
The benefits derived from organizational information processing
reside in the fact that the information received can be reduced to just
that amount needed for decision-making.

It is this reduction in retransmission which explains the utility of an
organization for information handling. Since information is costly,
it is clearly optimal, in general to reduce the internal transmission
still further. That is, it pays to have some loss in value for the choice
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of terminal act in order to economize on internal communication
channels (Arrow, 1984b, p. 177).

Manifestly, the choice of the best structure for information gather-
ing and processing within an organization is an intensely complex
matter. Later in this section we shall briefly explore team theory as a
device for studying the question of economizing on information costs
and also that of uneven distribution of information.

Internal communication channels are designed so as to cut down on
the costs of processing information. The efficiency of channels is
enhanced by appropriately chosen codes. Coding slows down, but
does not arrest, the tendency towards increasing information costs as
the organization expands. Coding also constitutes an intrinsic part of
the organization’s capital commitment. All this means that indivi-
duals will acquire various qualifications in information gathering and
processing; they will learn in their areas of speciality and unlearn in
others. These specialists sometimes find it difficult to communicate
with each other. The codes become ever more complex and, as the
organization expands, coding becomes more expensive.

To recall, learning a code is an act of irreversible investment for an
individual and setting one up is a similar act for the organization.
Once the organization has been established, therefore, it is endowed
with a special character. Human capital theory emphasizes that a
large part of the accumulation of such capital consists of skills that
are firm-specific. This is particularly so where information is con-
sidered. ‘If the function of labor is to cooperate in production with
capital goods which are held widely by different firms, it would appear
that virtually all training is general. But learning the information
channels within a firm and the codes for transmitting information
through them is indeed a skill of value only internally’ (Arrow, 1984b,
p. 178).

All this offers us another vital clue to Arrow’s (1984b, p. 147) view
of economic relationships:

I see the communication-economical point of view as explanatory
of the internal structure of firms and more generally of other
economic organizations. The assumptions about the firm made in
classical economic theory will have to be altered. It is assumed there
to be a point; instead, it is an incompletely connected network of
flows (see also Arrow, 1983b, pp. 156-98).
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6.2 Beyond the Economics of Medical Care

Arrow’s perception of the unequal distribution of information, of the
problem of incentive compatibility can be traced to his influential
study of uncertainty and the economics of medical care (see Fuchs,
Chapter 29 of the companion volume) to which we now digress.

Arrow is very fond of this 1963 study. When he first started it (at
the behest of the Ford Foundation) it somewhat lacked cohesion. He
admits that he did not immediately perceive the cardinal question of
incentive compatibility and, with the benefit of hindsight, deplores
that it is not sufficiently emphasized in this contribution. Yet his work
on medical economics goes far beyond applied economics and analy-
sis of the special circumstances of medical care; it imaginatively poses
new theoretical issues and problems, enlarges the vista of economic
theory, prompts a novel conceptualization, and is full of highly
suggestive ideas for further research. And, as Arrow recounts in
Chapter 2 of this volume, it was for him an extraordinarily stimulat-
ing and fascinating learning-by-doing experience with applied work
and theory interacting and stimulating each other.*

At the outset, Arrow (1963) states that, by comparing the specific
characteristics of the medical care industry with the norms of welfare
economics, one can deduce that the special economic problems of this
industry can be seen as adaptations to the incidence of uncertainty in
the occurrence and treatment of illness (see also Arrow 1976b,

pp. 1-8).

Where there is uncertainty, there is the opportunity for infor-
mation, which is the reduction of uncertainty; and the commodity
sold by the medical profession is, first and foremost, information.
Not merely is there uncertainty, but there is a difference between
the uncertainty of the patient and the lesser uncertainty of the
physician; and both parties to the transaction know this. This
means that the physician is the agent of the patient. The relation
between them is one involving trust, not merely the arm’s length
relation characteristic of the commercial market (Arrow 1972b, pp.
396-97).

In cataloguing the special features of the medical care industry,
Arrow distinguishes the irregularity and unpredictability of an indivi-
dual’s demand for medical care. This demand is also accompanied by
considerable probability and serious risks; risks of death, of partial or
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full disablement, and of impaired or destroyed earning power. He also
underlines the necessary element of trust in the patient-doctor rela-
tionship and the ethical restrictions on the physician’s behaviour—a
‘collectivity orientation’, to use T. Parson’s term, that distinguishes
medicine from business, so that self-interest is not here the accepted
norm. And, most importantly, In Arrow’s (1963, p. 951) words:

Uncertainty as to the quality of the product is perhaps more intense
here than in any other important commodity. Recovery from
disease is as unpredictable as is its incidence. In most commodities,
the possibility of learning from one’s own experience or that of
others is strong because there is an adequate number of trials. In the
case of severe illness, that is, in general, not true; the uncertainty
due to inexperience is added to the intrinsic difficulty of prediction.
Further, the amount of uncertainty, measured in terms of utility
variability, is certainly much greater for medical care in severe cases
than for, say, houses or automobiles, even though these are also
expenditures sufficiently infrequent so that there may be consider-
able residual uncertainty. Further, there is a special quality to the
uncertainty; it is very different on the two sides of the transaction.
Because medical knowledge is so complicated, the information
possessed by the physician as to the consequences and possibilities
of treatment is necessarily very much greater than that of the
patient, or at least so it is believed by both parties . . . Further, both
parties are aware of this informational inequality, and their relation
is colored by this knowledge.

The point is clearly made that the asymmetry of information does not
really concern production methods about which the producer of a
commodity always knows more than the buyer. In most cases,
however, the buyer has a fairly good idea about the utility of the
products, nearly as good as the producer. But in this case it is about
the consequences of medical care that the patient is not as well
informed as the physician.

The supply of medical care is influenced by the restrictions on entry
in the form of licensing defended by the need for maintaining quality
standards. Costs of medical education are high, and only fractionally
borne by the students. Both the quality and the quantity of the supply
of medical care are strongly conditioned by social non-market forces.
Pricing of medical care is strongly differentiated according to the
patient’s ability to pay, and price competition is disparaged.
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After comparing the significant deviations of the medical care
industry from the competitive model under certainty, Arrow (1963, p.
961) takes uncertainty into account and examines the problems of
insurance.

The welfare case for insurance policies of all sorts is overwhelming.
It follows that the government should undertake insurance in those
cases where this market, for whatever reason, has failed to emerge.
Nevertheless, there are a number of significant practical limitations
on the use of insurance. It is important to understand them, though
I do not believe that they alter the case for the creation of a much
wider class of insurance policies than now exists.

One of the problems is moral hazard — essentially a problem of
differential information, similar to the question of adverse selection.
Since these standard insurance terms are not part of every economist’s
‘technicalese’, it may be worthwhile to define them here in Arrow’s
(1984b, pp. 147-8) own words:

The most striking category of market failure due to differential
information is that known in the insurance literature as adverse
selection. Suppose a population at risk, for example, in life insur-
ance, is divided into strata with differing probabilities of an
untoward event. Suppose further that each individual desiring
insurance knows which stratum he belongs to and hence the prob-
ability of risk for him, but the insurers cannot distinguish among
the insured according to risk and therefore are constrained to make
the same offer to all. At any given price for insurance the high-risk
individuals will buy more, the low-risk individuals less, so that the
actuarial expectations will become more adverse than they would
be with equal participation by all or than they would be in an ideal
allocation with different premiums to different strata. The resulting
equilibrium allocation of risk bearing will be inefficient, at least
relative to that which would be attainable if information on risks
were equally available to both sides. . ..

Closely related to adverse selection is the occurrence of ‘moral
hazard’, that is, the difficulty of distinguishing between decisions
and exogenous uncertainty. (The adjective ‘moral’ is misleading in
many contexts but is hallowed by long use.) An insurance policy,
for example, may induce the insured to change his behavior,
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therewith the risks against which the insurance is written. Thus,
insurance against fire will lead a rational individual to be less
careful if care is at all costly. ‘Health insurance’, more precisely
insurance against medical costs, is a currently important illus-
tration; the insurance, once taken out, is equivalent to a reduction
of the price of medical care, and therefore the rational individual
will increase his consumption, which increases the amount of
medical insurance payments and ultimately causes an increase in
the premiums. This is a social cost, since an increase in medical
expenditures by any individual increases the premium for all, and
thus the use of both the services of risk bearing and those of medical
care is inefficient.

The crux of the problem is that any system that insures economic
agents against adverse outcomes tends to modify their behaviour in
the direction of slackening care in avoiding risks; that is, it produces
disincentive effects and impinges on sound decision-making (see
Arrow and Hurwicz, 1977 part 4; Hildenbrand 1982, (ed.) Chapters 1
and 2). The insurer desires the event against which the insurance
policy is contracted to be beyond the control of the insured, but such a
distinction is difficult to make in practice. Insurance to cover costs of
medical care really means a reduction of costs to the patient who may
then be expected to increase his consumption, thus raising medical
insurance payments. Ultimately premiums will increase and bear on
social costs, because premiums for all will rise. Thus there is inef-
ficiency in use of both risk sharing and medical care services. Another
aspect of moral hazard in medical insurance is the weakened incentive
for either physician or patient to search for cheaper hospitalization or
surgical care.

From a risk aversion standpoint the insurance becomes more
valuable as the risks against which it insures increase. This is usually
the argument for stressing insurance for hospitalization and surgery
costs. Despite the fact that insurance that would carry a maximum
discrimination of risks would be socially most beneficial, there is, in
fact, a proclivity to equalize premiums. Arrow (1963, p. 964) points
out that ‘this constitutes, in effect, a redistribution of income from
those with a low propensity to illness to those with a high propensity.
The equalization, of course, could not in fact be carried through if the
market were genuinely competitive’. This may be considered an
insurance with a longer time perspective that insures all against
changes in their basic state of health.
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And what does Arrow (1963, pp. 964-5) consider an ideal insur-
ance?

This will necessarily involve insurance against a failure to benefit
from medical care, whether through recovery, relief of pain, or
arrest of further deterioration. One form would be a system in
which the payment to the physician is made in accordance with the
degree of benefit. Since this would involve transferring the risks
from the patient to the physician, who might certainly have an
aversion to bearing them, there is room for insurance carriers to
pool the risks, either by contract with physicians or by contract
with the potential patients. Under ideal insurance, medical care will
always be undertaken in any case in which the expected utility,
taking account of the probabilities, exceeds the expected medical
cost. This prescription would lead to an economic optimum. If we
think of the failure to recover mainly in terms of lost working time,
then this policy would, in fact, maximize economic welfare as
ordinarily measured.

Since such insurance does not exist, other institutions to reassure the
less well-informed patient have arisen; that is, the relationship of trust
and confidence between patient and physician and the medical code of
ethics to which the latter is bound to adhere. This is, in fact, an
intrinsic part of the physician’s services, though it cannot be verified
by the patient. ‘One consequence of such trust relations is that the
physician cannot act, or at least appear to act, as if he is maximizing
his income at every moment of time’ (Arrow, 1963, p. 965). It is
virtually understood that the physician is primarily concerned with
the patient’s welfare and will extend his services despite the latter’s
financial difficulties. Another consequence is that the patient is forced
to delegate to the physician much of his freedom of choice. Arrow
(1963, p. 966) emphasizes the general principle in this position of
trust:

Because there are barriers to the information flow and because
there is no market in which the risks involved can be insured,
coordination of purchase and sale must take place through conver-
gent expectations, but these are greatly assisted by having clear and
prominent signals, and these, in turn, force patterns of behavior
which are not in themselves logical necessities for optimality.

Arrow (1963, p. 966) sees the rigid entry requirements in the
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medical profession as a social way of handling the problem of general
uncertainty about the quality standards of medical treatment, as a
way of reassuring the patients that the trust they place in the
physicians is justified. These rigid entry requirements

are designed to reduce the uncertainty in the mind of the consumer
as to the quality of product insofar as this is possible . . . I think this
explanation, which is perhaps the naive one, is much more tenable
than any idea of monopoly seeking to increase incomes. No doubt
restriction on entry is desirable from the point of view of the
existing physicians, but the public pressure needed to achieve the
restriction must come from deeper causes (see also Friedman and
Kuznets, 1945).

Arrow (1963, p. 967) concludes:

The failure of the market to insure against uncertainties has created
many social institutions in which the usual assumptions of the
market are to some extent contradicted. The medical profession is
only one example, though in many respects an extreme one. All
professions share some of the properties. The economic importance
of personal and especially family relationships, though declining, is
by no means trivial in the most advanced economies; it is based on
non-market relations that create guarantees of behavior which
would otherwise be afflicted with excessive uncertainty. Many other
examples can be given. The logic and limitations of ideal competi-
tive behavior under uncertainty force us to recognize the incom-
plete description of reality supplied by the impersonal price system.

Besides deriving from this work the important concept of incentive
compatibility, Arrow was inspired to call for establishing codes of
ethics and trust relationships in business, especially in cases of
unequal information and where government regulation, taxation, and
legal liability are inadequate and, of course, where the market fails
(see Chapter 1A of the companion volume).

6.3 Theory of Discrimination

Fundamentally motivated by social concerns, but partly related to his
work in the economics of information, Arrow attempts to demon-
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strate the use of an appropriately extended g.e. analysis to studying
the vital issue of discrimination. The immediate spur for Arrow
(1972b and 1973) was the national awakening in the US against
discrimination and his eagerness to comprehend and reduce discrimi-
nation in employment on the market. On the whole he is less satisfied
with the power of mainstream neoclassical analysis to explain this
phenomenon than with its ability to explain medical economics.

Arrow (1972b, Chapter 2, p. 83) prefaces his study of job discrimi-
nation by stressing that the ‘real subject’ of his endeavour is economic
theory itself:

more precisely, the use and meaning of neoclassical price theory in
application to the allocation of resources and the distribution of
income in the real world. These are some reflections that have
grown out of attempts to analyze the differentials in income
between blacks and whites in the United States with the tools of
economic theory. The phenomenon of income differentials is, after
all, an economic phenomenon, however much it may be linked with
other social dimensions. There is no reason to impose the burden of
a full explanation upon economic theory, but it should provide
insight into the links between the social, cultural, and individual
facts on the one hand and the economic fact on the other, just as
the theory of production is supposed to provide a link between the
facts of technology and the uses and rewards of factors.

My discussion will therefore be a programmatic and methodologi-
cal one rather than a confident analysis. My intention is to present
the deficiencies of neoclassical analysis, as brought out by the
attempt to use it as a tool for the analysis of racial discrimination in
the economic sphere, and by so doing to suggest the areas in which
further research may be more fruitful.

Arrow considers discrimination only as it appears on the market;
this involves the notion that personal characteristics of workers (such
as race, ethnic origin, and sex) unrelated to productivity are also
values on the market. Although he is specifically concerned with
racial discrimination, his analysis can easily be extended to sex
discrimination. His analysis relies as much as possible on neoclassial
tools and, in that respect, enlarges upon the pioneering work of
Edgeworth (1922) and the later study by Becker (1971), though Arrow
relates his models more closely to g.e.t.
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Although Arrow (1973, pp. 3-5) consistently retains the basic
neoclassical assumptions of utility and profit maximization, in the
course of his analysis he relaxes a number of others such as convexity
of indifference surfaces, costless adjustment, perfect information, and
perfect capital markets. Furthermore, he emphasizes that there are a
number of economic phenomena that can only be explained by
abandoning these assumptions and thus the steps he proposes are
more far-reaching. They could be important elements of a more
general theory for analyzing the effects of social factors on economic
behaviour, without either combining them into the nebulous category
of ‘imperfections’ or rejecting neoclassical theory altogether.

More specifically, Arrow (1973, pp. 9-10) shows that discrimi-
nation imposes higher costs on the firm. Competition tends to reduce
the degree of discrimination on the market, especially so in the long
run as capital flows to the more profitable firms which are also the less
discriminatory ones.

Only the least discriminatory firms survive. Indeed, if there were
any firms which did not discriminate at all, these would be the only
ones to survive the competitive struggle. Since in fact racial
discrimination has survived for a long time, we must assume that
the model just presented must have some limitation (Arrow, 1973,

p. 10).

Proceeding from this argument Arrow (1973, pp. 13-20, 32-3)
demonstrates that the usual assumption of convexity of indifference
surfaces is inapplicable in the analysis of racial discrimination and,
indeed, of many externality problems. More generally, his position in
this respect is sufficiently important to need stressing. In Arrow’s
(1973, p. 13) own words;

I have gradually become convinced that the usual assumption that
indifference surfaces are convex is inapplicable to the case of racial
discrimination and indeed to many other problems in the eco-
nomics of externalities. Pollution provides another example; Starett
has already pointed to the importance of nonconvexity in this
context . . . Asumptions which seem very reasonable in the contexts
of discriminatory behavior necessarily imply a nonconvexity of the
indifference surfaces of the firms in the case of employer discrimi-
nation or of the firm’s profit function in the case of discrimination
by complementary workers.
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Actually my view is that nonconvexity of indifference surfaces is in
fact a widespread phenomenon.

He (1973, pp. 20-23) also shows that long-run adjustment processes
do not function as smoothly as usually assumed and that there are
costs that restrain the firm’s adjustment. In this context these costs are
involved in hiring and firing, in training, and in administration and
they discourage (or delay) firms from taking the necesary steps that
would wipe out racial wage differentials. In Arrow’s (1972b, Chapter
2, p. 92) own words:

Thus, after building up a more or less reasonable mechanism that
gives a rationale for linking economic discrimination with other
social attitudes, I now argue that if the logic of the competitive
system is accepted, discrimination should still be undermined in the
long run. This forces us to reconsider the meaning of long-run
competition . . . I must also remark that the negative discussion has
so far only concerned discrimination by employers. I must also ask
whether discrimination by other employees is also eroded over
time. This raises some other questions of a more technical nature.

An important contribution of Arrow’s (1973, pp. 23-32) analysis is
his identification of imperfect information as reinforcing discrimi-
nation. In a nutshell, if employers prejudge that black workers (or
females) have lower productivity, they would hire them only at lower
wages. Verification of actual productivity is costly. Arrow (1973, p.
26) points out that

beliefs and actions should come into some sort of equilibrium; in
particular, if individuals act in a discriminatory manner, they will
tend to acquire or develop beliefs which justify such actions. Hence,
discriminatory behavior and beliefs in differential abilities will tend
to come into equilibrium. Indeed, the very fact that there are strong
ethical beliefs which are in conflict with discriminatory behavior
will, according to this theory, make the employer even more willing
to accept subjective probabilities which will supply an appropriate
justification for his conduct.

He (1973, p. 27) also shows that becauses of this the worker who is
discriminated against will be discouraged from developing the not
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overtly apparent attributes of high productivity; that is, the ‘more
subtle types of personal deprivation and deferment of gratification
which lead to the habits of action and thought that favor good
performance in skilled jobs, steadiness, punctuality, responsiveness,
and initiative’. As Wan points out in Chapter 14 of this volume, this is
a self-perpetuating vicious circle in which there is no real villain, only
many victims.

One wonders whether collectively we are not villains in allowing
discriminatory systems to persist, even though no individual in
particular can be singled out for blame (except perhaps a small
number of people with exceptional political responsibilities). Arrow’s
(1972b, Chapter 2, pp. 101--2) attitude to this particular subject is very
revealing of the cool-headed economic analyst and the committed
reformer:

I have chosen a topic on which many of us feel the greatest moral
outrage and have analyzed it most dispassionately. Neither the
moral indignation nor the cool analysis is misplaced; their juxtapo-
sition is one of those paradoxes inherent in the nature of human
society of which only the naive are ignorant. Our mastery of
ourselves as social beings needs all the reinforcement it can get from
study of ourselves in all contexts. Indeed, in the absence of analysis
from a self-imposed and sometimes painful distance, our moral
feelings can lead us to actions whose effects are the opposite of
those intended. This is not intended to imply that social action must
wait on adequate analysis. Inaction may be, and in this case surely
is, as dangerous as any likely alternative. Indeed, social action may
be indispensable to increasing our knowledge when the conse-
quences are subjected to adequate study. But a firm commitment to
ends must not preclude a tentative, questioning attitude to particu-
lar means of achieving them.

6.4 Centralization and Decentralization

To recall, team theory was developed by Marschak and Radner
(1972) as a device for studying the problems of most economical
information processing and differential information within an organi-
zation. It is a major contribution to the field of system design. Team
theory is a synthesis of statistical decision theory, the economics of
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decision-making under uncertainty, and the theory of organization.
Broadly, it represents a novel and refined interpretation of the
economic co-ordination problem (Arrow, 1981b, p. 337; and 1979, p.
505). In Arrow’s (1983e, p. 63) view ‘the theory of teams was
introduced by Jacob Marschak precisely to bring information costs
into the allocation process explicitly ... It does so in a way that is
polar to the standard tradition. It assumes a fixed amount of
communication in fixed channels. The “costs” of communication are
modeled by scarcity’.

Team theory presupposes that some or all the fundamental para-
meters of resources or technology are unknown. But probable values
of the parameters can be estimated on the basis of previous infor-
mation. Henece, decentralized decisions can profit from this know-
ledge and counteract as much as possible erroneous decisions. More-
over, team theory envisages that various members of the team possess
irreducible differences in information, and this also distinguishes it
from the standard approach. In the latter, the individual members are
only information sources, while the decisions are all ultimately made
at the centre. Per contra, in team theory there is genuine decentraliza-
tion for the allocations ultimately result from a multiplicity of
individual decisions. In this sense, team theory is also closer to reality
(see Arrow, 1983e, pp. 64-5).

A team is an organization composed of a number of members or
agents. Initially each agent has some specific, if restricted, infor-
mation that other agents do not have. The entire organization’s (or
economy’s) information may well be restricted. All agents are de-
cision-makers and choose various actions on the basis of their
different information: The end result for the organization (or econ-
omy) as a whole depends on the decisions made and on some facts
about the world. A central point of team theory is that it is a very
special case: it abstracts from a variety of (possibly conflicting)
interests of agents and assumes that all of them have the same
preferences. Marschak and Radner (1972, p. ix) conceive of this as an
‘intermediate case ... useful as a step toward a fuller and more
complex economic theory of organization’. The problem then is to
choose an optimal set of decision rules that would prescribe for each
agent what decisions he is to make on the basis of the information at
his disposal.

Although Arrow (1985c, p. 304) stresses the importance of incen-
tives, he defends their neglect in team theory and his proclivity to use
team theory for two reasons:
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1. In order to ‘emphasize the choice of the information structure,
which is still of great importance in models with incentives and
has been neglected; these models invariably take the structure as
given.

2. The present incentive models take a very limited view of the
information structure. In fact, within a firm there are many forms
of information gathering . . . beyond those in our current models’.

As Arrow and Radner (Arrow, 1984b, p. 235) have described it, team
theory is a novel way of perceiving the centralization-decentralization
quandary (see Heal, 1973).

On the one hand, it assumes fixed information and communication
structures. In the simplest models there is an initial information
pattern, which may be followed by one step in which some of this
information is transmitted to some (possibly all) agents in the team.
On the other hand, team theory relies more heavily on the a priori
structure of the information concerning productive posibilities.
Following the standard Bayesian approach, it assumes that there is
a prior probability distribution over the production structures of all
the processes. In the specific examples that have been worked out, a
priori assumptions take the form of drawing the production struc-
tures from a finite-parameter family, with a probability distribution
over the parameters. This prior distribution is known to the team
when it is deciding on its decision and communication functions. At
any given realization, each process manager knows the parameters
which determine his production structure, but not anyone else’s. A
communication structure then determines that each firm manager
transmits some of the parameters to some of the other agents. Each
agent now has certain information, and takes the variables he does
not observe to be distributed according to the conditional distribu-
tion obtained from the prior by conditioning on the information he
has.

Radner (1972, p. 189) sees two basic questions in team theory, just
as in statistical decision problems in general: ‘(a) for a given structure
of information, what is the optimal decision function? (b) what are the
relative values of alternative structures of information?’” These prob-
lems can also be cast in the guise of questions facing an organizer:
‘How should the tasks of inquiring, communicating, and deciding be
allocated among the members of an organization so as to achieve
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results that would be best from the point of view of their common
interests and beliefs, or of those of the organizer?” (Marschak and
Radner, 1972, p. ix). This framework throws into sharper focus the
essence of the concept of informational decentralization. Radner
(1972, p. 188), for example, speaks of

decentralization as a special case of division of labor, where the
labor in question is that of making decisions. The organizer can
regard the members of the organization as ‘machines’, receiving
messages as inputs, and producing messages and actions as outputs,
according to predictable (although possibly stochastic) modes of
behavior.

He (1972, p. 188) then points out

an organization is information-decentralized to the extent that
diferent members have different information, and authority-decen-
tralized to the extent that individual members are expected (by the
organizer) to choose strategies and/or modify the rules of the game.
With these concepts of decentralization, all but the simplest organi-
zations are decentralized to some extent in both senses. This serves
to emphasize that the crucial question usually is not ‘how much
decentralization’, but rather ‘how to decentralize?’

The system is amplified by communication (that is, agents transmit
their specific information to one another). The essence of this ap-
proach is that transmission of information is scarce and costly. Thus
the rules must be so formulated as to prescribe the cost of or the
restrictions on the amount of communication (see Marschak and
Radner, 1972, pp. 167-324). This was a major spur for the search fora
better understanding of the economics of information.

The principal issues that underlie team theory — information econ-
omy and centralization-decentralization — are directly traceable to
the interwar debate on the economic efficiency of socialism that
involved such notable participants as H. D. Dickenson, M. H. Dobb,
F. A. von Hayek, O. Lange, A. P. Lerner, L. von Mises, and F. M.
Taylor and many indirect ones, including Arrow’s mentor, H. Hotell-
ing. The opening salvo of the debate was sounded in the 1920s by Mises
(1951, pp. 385-6). He maintained that a condition for the existence of
rational prices is a genuine market. The latter can only exist where
means of production are privately owned. With the collectivization of



George R. Feiwel 91

the means of production, the market and market valuations for
producer and consumer goods disappear. Hence, there can be no
rational price system and no rational economic calculation essential
for efficient organization of production. The socialist economy would
‘grope in the dark’ producing ‘senseless output’ by an ‘absurd
apparatus’. Without market valuations, indicating what and how to
produce, there would be no intrinsic basis for the rationality of
decisions which would become purely arbitrary.

In his reply, Lange (1938) followed up Pareto’s (1971, pp. 266-71)
view of the socialist system as one that would have to imitate the
competitive process to arrive at optimal allocation and Pareto’s stress
on the market as a computing device for solving the Walrasian system
of equations. Lange emphasized that in any society that faces choice
between alternatives, to solve the allocative problem three sets of data
are required: (a) a preference function to guide choice; (b) choice
indicators, or ‘the knowledge of the terms on which alternatives are
offered’; and (¢) production function. If the data under (a) (which may
reflect consumers’ or planner’s preferences) and (c) are known, (b) can
be determined. Hence, it is not a condition that an actual market must
determine the scarcity price. The socialist economy can operate with
rational prices established on a simulated market. Lange assumes
consumers’ and wage-earners’ sovereignty, a genuine market for
consumer goods and labour, but only a simulated market for producer
goods.

Lange demonstrates that prices of producer goods do not have to
be determined as a result of actual market transactions. Rational
prices, derived as equilibrium values, can be determined by the
condition that demand for each commodity is to be equal to its
supply, and this is done by a series of successive trials/(tdtonnements).
Lange’s Central Planning Board can set initially any price at random,
but as a rule the starting point for the successive trials would be
‘historically given’ prices. Should there be excess demand or supply
the planners will adjust the price through increase or decrease
respectively in order to equilibrate demand and supply. And, if this is
not achieved, the price will be altered again and again until equili-
brium is finally reached. This, of course, relates to our earlier
discussion of tdtonnement stability.

The solution of the series of successive trials is based on the
parametric function of prices; that is, every participant in the simu-
lated market process is separately a price-taker and regards the price
set by the planner as a datum beyond his power to change, adjusting
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his behaviour (quantity adjuster) to take advantage of the market
situation confronting him and which he cannot control. Apart from
performing the function of the market by setting the prices, the
planner establishes and imposes on the managers of production the
observance of rules of conduct for combining productive factors so as
to minimize average production costs (which in most cases is equiva-
lent to minimizing total costs, but does not hold when there is joint
production, as minimizing total costs would) and for fixing the scale
of the plant’s output so that marginal cost equals the prices of the
product. The managers of decreasing-cost industries would increase
production, irrespective of the average cost, until marginal cost equals
price. The aggregate investment volume is not dictated by market
considerations, but is established by the planner to eliminate fluctua-
tions and foster growth. Allocation of capital among enterprises relies
on the interest rate that balances availability and demand for capital.

In his rebuttal Hayek (1940) argued, inter alia, that the
tatonnement process is inferior to a genuine market as far as rapidity
and completeness of the adjustment is concerned. Such a market is
handicapped by the absence of price competition, and by insufficient
differentiation of prices according to quality of goods and circum-
stances of time and place. The actual mechanism for implementing
equilibrium cannot even ‘distantly approach’ the efficiency of real
markets where the required adjustments result from ‘spontaneous
action of the persons immediately concerned’. However, as we have
seen in the preceding pages and shall see in the ensuing ones, the
superior efficiency of the genuine market is questionable and cannot
be taken for granted in all circumstances.

In 1960 Arrow and Hurwicz (1977, pp. 41-95) contributed a
significant postscript to the interwar debate. Essentially they tackled
the Lange (1938) problem through Samuelson’s (1947, pp. 269-75)
restatement of the Walrasian dynamic system, through Koopmans’s
(1951) view of production as a process rather than the usual produc-
tion-function approach, and through the use of more sophisticated
mathematical tools. In their (1977, pp. 42-3) words:

Our aim here is to state more precisely than hitherto the dynamic
system which is implied by the market mechanism, to give con-
ditions under which the resource allocation determined by it
converges to the optimal, where optimality is defined in terms of a
single utility function for the economy, and to suggest modifica-
tions of the market mechanism which still preserve some degree of
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decentralization for cases where the conditions in question are not
satisfied. The conditions for convergence of the unmodified market
mechanism are basically those of diminishing or constant returns in
production and diminishing marginal utility (in a generalized sense)
for the consumption of final demands. To study these dynamic
problems, we will make use of a variety of mathematical tools,
some of which have arisen in the theory of games and of linear and
nonlinear programming and some of which are more classical
applications of differential equations to maximization problems.

Arrow and Hurwicz (1977, p. 41) note that the question of optimal
allocation of resources is one of choosing that combination of
production processes that maximizes the utility function of the
economy, by which they mean either a firm or a nation. A firm is
better suited to the assumption that a single utility function represents
the economy’s goals. Though less applicable to a nation, the assump-
tion nevertheless ‘provides an introduction, at least, to the more
complex problem raised by the presence of many individuals, each of
whom judges the workings of the economic system in light of his own
utility function’.

Arrow and Hurwicz (1977, p. 42) clearly express the nature of the
centralization-decentralization dilemma:

Of course, as soon as the problem of optimal resource allocation is
formulated as the solution of a system of simultaneous equations
(namely, the equations defining competitive equilibrium), the possi-
bility arises of solving them by some centralized procedure involv-
ing the use of computing machines rather than the market ... A
completely centralized organization would require a capacity for
storage and processing of technological and other information that
exceeds anything likely to be available. The competitive process, on
the contrary, achieves decentralization ... At each stage in the
market’s process of successive approximations, any individual firm
adjusts its tentative production plans making use of information
only about the current tentative prices and its own technology. The
adjustments of tentative prices, at the same time, depend only on
the aggregate demands and supplies. These are simply a sum of the
tentative production plans of the individual firms (and consump-
tion plans of consumers) plus the originally existing supplies of
basic resources.
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Thus the information needed by firms and consumers consists
solely of their technologies or utility functions plus prices, while the
adjustment of prices is based only on the aggregate of individuals’
decisions. It is the minimization of information requirements for
each participant in the economy which constitutes the virtue of
decentralization.

Arrow and Hurwicz (1977, pp. 66-88) analyze the case of produc-
tion under diminishing or constant returns with a strictly concave
utility function where two dynamic systems that formalize the notion
of the market mechanism are shown to emerge. They also concentrate
on cases where unaltered market processes do not converge
(especially that of increasing returns) and where three altered market
mechanisms (one related to imperfect competition and another to
speculation), that have some redeeming features, are proposed.
Furthermore, some of these altered mechanisms are shown to solve
the case of linear utility function and constant returns to scale, for
which the unaltered market mechanisms do not converge.

Essentially, Arrow and Hurwicz provide a firm mathematical
foundation for Lange (1938), and for the theory of decentralization
within large firms. They state more precisely the dynamic characteris-
tics of the market mechanism, they specify the conditions under which
the allocation determined by the market converges to the optimal,
and they provide alterations of the mechanism that still preserve some
advantages of decentralization in situations where the required con-
ditions are not met. Theirs has, in fact, become a standard formula-
tion of the problem and is by now recognized in the literature as the
Lange-Arrow-Hurwicz procedure of price-guided planning (see Heal,
1973, pp. 78-82 and Chapter 6; and Mirrlees, 1979).

An intrinsic part of this discussion is the view of the market as a
computing machine — a view that can be traced back at least to
Pareto who emphasized that a centralized solution to the multiplicity
of equations would be impossible. This was so in his time but is not
necessarily so now. Arrow (1984b, p. 159) articulates the contro-
versial view that

with the development of mathematical programming and high-
speed computers, the centralized alternative no longer appears
preposterous. After all, it would appear that one could mimic the
workings of a decentralized system by an appropriately chosen
centralized algorithm. Although there is more to the story than
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these few remarks, they do make the point that if we are going to
take information economy seriously, we have to add to our usual
economic calculations an appropriate measure of the costs of
information gathering and transmission (see Shoven and Whalley,
1984).

A similar position was taken by Lange in his last published work
before his untimely death in 1965 (1966, pp. 448-54). Lange states
that should he attack the (1938) problem now his task would be much
simpler: his answer would be to programme the system of simulta-
neous equations on a computer. The solution would be obtained in
less than a second. To him the market process, with its sluggish
method of trial and error, seems to be outdated and can be considered
a calculatory device of the pre-electronic era. The market mechanism
and the tdtonnements method of his prewar essay actually perform the
function of calculatory devices for a solution of the system of
simultaneous equations. The solution is achieved through the itera-
tive process, where a displacement is followed by a corrective move-
ment restoring equilibrium (assuming convergence). The equilibrat-
ing process acts as a servo-mechanism.

However, even the most powerful computers have a limited capa-
city. There are economic processes so complex in the number of
products and types of interdependencies that exist, that either no
computer can cope with them, or the construction of one that could
would be too costly. In such cases, Lange argues, there is no other
alternative but to revert to the old-fashioned market mechanism.
Furthermore, the market is an institutional arrangement that is
already in place. It would be pointless to replace it by another
calculatory device. The computer may be used for planning, but the
plans must be verified by the market.

The essential limitations of the market are that the calculations are
static by nature; there are no sufficient bases for solving the problems
of growth and development planning. For example, current prices
cannot be used for investment decisions. However, the theory and
practice of linear and non-linear programming permit the adoption of
rational economic calculation. Having determined the objective func-
tion and the state of constraints, it is possible to arrive at future
shadow prices that could be used as choice coefficients for develop-
ment planning. Computers are essential for long-term optimal plan-
ning. In this instance the computer is not a substitute for the market,
for it performs functions that the market cannot discharge (see also
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Koopmans, 1970, pp. 211-30; Dorfman, Samuelson, and Solow,
1958, Chapter 14).

As a final note one should point the reader to a fascinating and
flourishing literature of modern system designers, of whom a leading
representative is Leonid Hurwicz (see Chapter 4 this volume). In the
normative spirit, the modern system designers repudiate the essen-
tially passive approach to the system. They search for means of
intervening with the system that would draw it as near to optimality
as possible, while attempting to eschew Utopianism by recognizing
that intervention and its results are subject to constraints. System
designers build models that are not only oriented to aggregative or
national economic systems, but are also highly relevant to modern
large corporations or administrative agencies (see Arrow and Hur-
wicz, 1977, pp. 3-37 and part 4; Hurwicz, 1985). It is in this spirit that
Arrow views organizations of all sorts as filling the gaps created in the
system by either non-existence or failure of markets — a subject
explored in Chapter 1A of the companion volume.

7 PRODUCTION, CAPITAL, AND DEMAND

Whatever else it is (or should be), much of economic theory, with
shifting emphasis through time, is concerned with explaining the
forces of production, organization, exchange, and distribution in
human society under (non)market arrangements for resource allo-
cation and utilization. While it is disputable whether there was a
central theme, and if so what it was, classical economics was largely
about production, productivity growth, expansion of the economy’s
productive potential, and the factors that promote or inhibit its
expansion and utilization.

Adam Smith’s great book was about economic growth. While to us
wealth is a stock, by ‘wealth of nations’ he meant flow of production.
He accentuated capital accumulation as the mainspring of economic
growth under the institutional arrangements of a competitive private
enterprise market economy. He perceived competion as part of the
growth process and conceived the allocation problem within the
context of a dynamic economy, with changing endowments of re-
sources, techniques and tastes. Ricardo shifted the focus to the
problem of distribution of national product among social classes. But
it was not so much the question of income distribution that preocu-
pied him as the consequences of shifts in distribution on the accumu-
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lation of capital. In contrast to Ricardo, Malthus was concerned with
the accumulation-consumption dilemma: the detrimental effects of
excessive accumulation on labour’s will to produce and of excessive
consumption on the economy’s growth potential. Malthus is relevant
to the contemporary focus of the welfare economics of production on
how income redistribution is constrained by incentive effects and on
the interrelations between distribution and production.

John Stuart Mill argued that separate laws govern production and
distribution in contrast to the long-standing and perennially revived
argument that inequality of income distribution (in favour of capital) is
a necessary component of rapid growth.

Marx provided us with the enthralling vision of the complex
capitalist system in motion, under its own steam and in historical
time, increasingly hampered by class conflict. He treated the institu-
tional arrangements and social relations as key determinants of the
system’s dynamics and as ‘variables’ in the problem of resource
utilization. He also pointed to the difficulties of sustaining technical
progress that would entail raising the capital-output ratio and a
falling rate of profit. Some of those questions were reiterated by
Schumpeter and are echoed in contemporary welfare economics of
production and in industrial organization literature.

If classical economics was largely about economic growth, its
determinants and mechanism, the perceptions of the propellers of
economic growth and the benefits derived therefrom have shifted over
time. Nowadays we pay much less attention to accumulation of
physical capital and more to technical dynamism, to investment in
human capital, to learning by doing, and to the non-investment
sources of growth. The economy’s modus operandi plays a significant
role in affecting the willingness to produce, work performance, and
the innovative and entrepreneurial activity of economic actors. Thus
the powerful classical approach that assigned the key role to accumu-
lation is extended by attributing varied strengths to such factors as
scientific and engineering progress, investment in human beings,
motivation of economic actors, systems of rewards and incentives,
income distribution, resource allocation policies, macroeconomic
conditions, and the entire framework of the economy’s working
arrangements.

Whether the so-called marginal revolution of the 1870s did occur
and if so what it was all about is still a large and controversial theme
(briefly pursued in the appendix to this chapter). At least the earlier
‘neoclassical’ economists or ‘catallacticists’ shifted the focus from
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production and distribution to exchange, though the subject was not
fully neglected by various later writers in that tradition (notably the
development of the neoclassical capital theory and the treatment of
production by Marshall and Pigou). After the Second World War the
resurgence of interest was stimulated by various factors and several
distinct theoretical and empirical research programmes developed.
The various approaches, their successes and failures, constitute a
large subject; no more than very incomplete reference to the huge
literature can be made here (see, inter alia, Koopmans, 1951, 1970;
Sen, 1970, pp. 9-40; Malinvaud, 1972; Nelson and Winter, 1982;
Joan Robinson, 1982; and Leontief, 1984).

Among factors that influenced Arrow was the new vista opened by
activity analysis. (Indeed, Arrow participated in, and presented an
important paper, as Jerry Green mentions in Chapter 28 of the
companion volume, at the historic 1951 conference (see Koopmans
1951) ). His work in production and growth is quite diffuse (as he notes
in Chapter 2 of this volume); it consists of a number of contributions
focusing on more specific issues such as the optimal accumulation of
capital and inventories, the process of learning, and innovations.
Aside from information and uncertainty, an important common
theme of many of these contributions is the recursiveness of optimiza-
tion, captured in general mathematical form as dynamic program-
ming or control theory. More specifically, here we shall concentrate
on Arrow’s study of allocation of resources for invention, broadly
interpreted as the production of knowledge; his specific formalization
of the problem of learning as a function of the total past gross
investment; his subsequent restatement of the technical progress
question in terms of the production, transmission, and growth of
knowledge; his conceptualization (together with Chenery, Minhas,
and Solow) of the now famous and controversial CES production
function; his collaborative effort on optimal inventory policy and
optimal production scheduling, and his closely related work on
optimal capital policy — both of which are an illuminating special
case of general intertemporal equilibrium decision theory under
uncertainty; his elaboration (in co-operation with Kurz and also
Lind) of the choice criteria for public investment as a problem of
second-best optimality; his application of optimal control theory to
economic growth; and finally his stand on demand as a limiting factor
of production and the macro questions of reducing the gap between
potential and actual output.

There is strong empirical evidence for the contention that the larger
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share of rising economic growth cannot be explained by growth in
conventional inputs, but by the ‘residual’ variously attributed to
technical and organizational advances and the like (see Abramovitz,
1981; Jorgensen, 1984). Technological knowledge has not only been
increasing historically, but it differs among nations. Arrow (1971, p.
165) finds it unsatisfactory for an economist to assert that the causes
determining the amount of technological knowledge at any particular
time and place, like the tastes determining consumption patterns, are
outside his sphere of competence. After all private enterprise does
spend considerable resources on research and development, and
diffusion of technical advances, at least within a country, is partly
motivated by profit seeking. Thus the body of technical knowledge
can be viewed as both cause and effect of economic change, and, in
this respect, it is similar to capital.

In a paper originally published in 1962, Arrow (1971, pp. 144-63)
brought together two specific threads of controversy surrounding the
allocation of resources for invention, namely, (a) the relationship
between market structure and the incentives to innovate, and (b) the
parts played by government and the patent system in spurring
invention and its practical implementation and spread. In nearly a
quarter century since it first saw the light of day, this contribution has
remained a vital force and a starting point for researchers in the field
(see, inter alia, Chapter 16 of this colume).

At the outset Arrow (1971, pp. 144-52) firmly roots the question
surrounding invention in the economics of information and uncer-
tainty.’ First, he reminds us that because of indivisibilities, inappro-
priability, and uncertainty, the competitive system may fail to achieve
optimality in resource allocation and he proceeds to the economic
features of information as a commodity and specifically to invention
as a procees for producing information. Then he shows that the three
above-mentioned reasons are present in the case of inventions and
undermine optimal allocation of resources for inventions.

More specifically, the economic aspect of research and develop-
ment processes centers on the production of information. Manifestly
invention is an activity that involves much uncertainty for its outcome
cannot be perfectly predicted from the inputs. Hence, there is a built-
in bias against investments in research and development. The moral
hazard factor strongly militates against any insurance for risk sharing
in this area. The risk component is somewhat mitigated by conducting
research and development in large organizations where risk is spread
among many ongoing projects. More serious problems of misalloca-
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tion are due to the very nature of the product; that is, the fact that
from society’s standpoint a new production method, for example,
should be disseminated to all. In this manner optimal utilization of
the information would be ensured, but the incentives for research and
development would be vitiated. Arrow (1971, p. 153) speculates that
‘in an ideal socialist economy, the reward for invention would be
completely separated from any charge to the users of the infor-
mation’. In a private-enterprise economy, however,

inventive activity is supported by using the invention to create
property rights; precisely to the extent that it is successful, there is
an underutilization of the information. The property rights may be
in the information itself, through patents and similar legal devices,
or in the intangible assets of the firm if the information is retained
by the firm and used only to increase its profits (Arrow, 1971, p.
153).

Hence, in such an economy, for inventions to be profitable, resources
have to allocated suboptimally.

Nevertheless, appropriation of information on a large scale is
impractical. Patent laws cannot be sufficiently complex and subtle to
take into account all the fine distinctions and, even if they could, they
would not be enforceable. Inventive activities are essentially interde-
pendent and they are likely to be seriously constrained if there is no
free flow of information.

To appropriate information for use as a basis for further research is
much more difficult than to appropriate it for use in producing
commodities; and the value of information for use in developing
further information is much more conjectural than the value of its
use in production and therefore much more likely to be underesti-
mated (Arrow, 1971, pp. 154-5).

Essentially, Arrow (1971, p. 156) finds that, compared to an ideal, a
free-enterprise economy is likely to underinvest in research and
development. This is so

because it is risky, because the product can be appropriated only to
a limited extent, and because of increasing returns in use. This
underinvestment will be greater for more basic research. Further, to
the extent that a firm succeeds in engrossing the economic value of
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the inventive activity, there will be an underutilization of that
information as compared with an ideal allocation.

Arrow (1971, pp. 156-60) examines the incentive for inventive
activity in monopolistic and competitive markets. He disregards the
problems of appropriating information and concentrates on indivisi-
bility. He considers only barriers to entry as sensu stricto monopoly,
for the temporary monopoly created by a previous innovation which
can be offset by other firms entering with inventions of their own (the
Schumpeterian incentive to invention) is in the sense of his analysis
more nearly competitive than monopolistic. He demonstrates that
under monopolistic conditions there is less incentive to innovate than
under competitive ones, and even here it is less than would be
beneficial for society (see Hammond, 1984, pp. 45-6; Feiwel, 19850,
pp. 401-8). Arrow (1971, p. 160) shows that ‘the potential social
benefit always exceeds the realized social benefit’ and that ‘the
realized social benefit, in turn, always equals or exceeds the competi-
tive incentive to invent and, a fortiori, the monopolist’s incentive’.

He (1971, pp. 160-61) closes his argument by concluding that

for optimal allocation to invention it would be necessary for the
government or some other agency not governed by profit-and-loss
criteria to finance research and invention. In fact, of course, this has
always happened to a certain extent. The bulk of basic research has
been carried on outside the industrial system, in universities, in the
government, and by private individuals. One might recognize here
the importance of nonpecuniary incentives, both on the part of
investigators and on the part of the private individuals and govern-
ments that have supported research organizations and universities.
In the latter, the complementarity between teaching and research is,
from the point of view of the economy, something of a lucky
accident. Research in some more applied fields, such as agriculture,
medicine, and aeronautics, has consistently been regarded as an
appropriate subject for government participation, and its role has
been of great importance.

This, of course, raises the questions of how to select the appropriate
amount of resources to be earmarked for research and development
and how to induce efficient use of these resources — questions com-
nion to any government involvement in economic activity.

Formally, of course, resources should be devoted to invention until
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the expected marginal social benefit there equals the marginal social
benefit in alternative uses, but in view of the presence of uncer-
tainty, such calculations are even more difficult and tenuous than
those for public works. Probably all that could be hoped for is the
estimation of future rates of return from those in the past, with
investment in invention being increased or decreased accordingly as
some average rate of return over the past exceeded or fell short of
the general rate of return. The difficulties of even ex post calcula-
tion of rates of return are formidable though possibly not insuper-
able. (Arrow, 1971, p. 161).

In a later paper, Arrow (1983f) discusses the innovation process in
small and large firms. He observes that though the indices of
concentration have not risen much throughout the 1900s, there has
been a conspicuous shift towards larger-scale firms. These are much
more complex entities, with more involved information processing
structures, high information costs, and greater central control. No
matter how decentralized these firms might be, their capital allocation
functions are highly centralized. Information about research and
development as it travels to the central decision-maker tends to get
distorted due to restrictions on lengths of communication channels
and to incentives to present the project in a more favourable light. The
larger firm has both more internal funds for financing such projects
and greater access to external ones. The smaller firm, if it has to seek
outside finance, will only get it at unfavourable terms. If the project is
large, the small firm may not be able to secure financing at all. The
larger firm will invest suboptimally in research and development
because of information loss and the smaller firm because of financial
difficulties. Information loss in larger firms will also make them less
prone than smaller firms to invest in essentially novel projects.

The smaller firm can solve its financing difficulties by selling the
research and development outcomes usually to larger firms in similar
fields. Such possibilities, however, further reduce the research and
development stimulus in larger firms. Arrow (1983f, p. 25) notes that
on the whole ‘one would expect firms to specialize in projects whose
optimal development scales are correlated with the size of the firm’.
However, he adds, ‘projects anticipated to lead to large expenditures
will on the whole be less than optimally funded, because large firms
have higher transmission losses for information’. In conclusion, he
(1983f, pp. 16-17) expects that
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less costly and more original innovations will come from small
firms, and those involving higher development costs but less radical
departures in principle will come from larger firms. This specializa-
tion creates opportunities for trade, as all specialization does; in
this case, the trade will frequently be in firms as such — that is,
takeovers and mergers.

Arrow’s much acclaimed ‘learning by doing’ (1962, pp. 155-73)*
should be viewed against the backdrop of the general interest in the
1960s in the determinants of rising factor productivity.’® There was
then a general disenchantment with the notion of exogenous technical
progress and a fascination with certain manifest empirical increases in
productivity that were not convincingly explained (see Rosenberg,
1982). Essentially Arrow’s vision is one of technical advance as a
learning process — a perceptible shift from the simplistic concept of
the economic actor as instantaneously grasping and adopting the best
solution to any problem. It is a process where the economic actor is
perceived as bogged down in the morass of uncertainty from which he
only gradually emerges as he slowly learns from the experiences he
accumulates (see Hahn and Matthews, 1965, pp. 66-7). Arrow shows
that one can express output as a function of experience, appropriately
measured.®® He elaborates a growth model on the basis of this
production relation and on conventional savings-behaviour assump-
tions. He employs the growth model and the search for steady states
in order to illustrate how learning by doing affects economic growth;
that is, that, given certain predetermined expectations, a steady rate
of growth, that is a multiple of the population growth rate, is possible,
and the multiplier is conditioned by the shape of the learning
parameter. But that is not a central theme in his analysis.

Arrow (1962, p. 155) starts out with the following provocative
statement:

I would like to suggest here an endogenous theory of the changes in
knowledge which underlie intertemporal and international shifts in
production functions. The acquisition of knowledge is what is
usually termed ‘learning’ and we might perhaps pick up some clues
from the many psychologists who have studied this phenomenon
... I do not think that the picture of technical change as a vast and
prolonged process of learning about the environment in which we
operate is in any way a far-fetched analogy; exactly the same
phenomenon of improvement in performance over time is involved.
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As a rule, psychologists accept the notion that learning is a product
of experience, though they are no more prone to agreeing on specifics
than are economists. Learning experiments have also shown that in
order for the learning-from-experience process to result in steadily
improved performance, the experiences cannot be merely repetitive,
but rather steadily evolving ones. ‘According to all theories of learn-
ing, not only contemporary mathematical theory, people learn from
experience. Given a problem, the individual makes exploratory res-
ponses and observes what happens. He chooses and retains responses
that satisfy; he rejects the responses that do not give satisfaction. It is
the experience of problems that motivates learning, that is, the
increase of knowledge’ (Arrow, 1965b). Arrow (1962, p. 156) traces the
observations of the role of experience in raising productivity to
aeronautical engineers who noticed that the number of labour-hours
spent on the production of an airframe is a decreasing function of the
total number of airframes of the same type manufactured in the
past.”” Arrow (1965b) stresses that

according to this point of view, knowledge is, so to speak, a by-
product of production or of investment. In research, on the con-
trary, it can be said that knowledge is the primary product. The
distinction between products and by-products is not important for
ordinary goods, because in a competitive regime the marginal costs
of the two must be equal. But since knowledge does not have the
normal properties of an economic good, it is necessary to study
each mode of its production.

Arrow (1962) focuses on the effect of economic activity on produc-
tivity and the economic consequences of the interaction between
activity and technical change. In a nutshell, Arrow (1962, pp. 157-60)
designs a simple model to bring into prominence the main hypothesis:
‘that technical change in general can be ascribed to experience, that it
is the very activity of production which gives rise to problems for
which favorable responses are selected over time’ (Arrow, 1962, p.
156).%® Specifically, the model abstracts from capital-labour substitu-
tion. It differs largely from mainstream economic theory in that
profits result from technical change, the rate of investment in a
competitive system is suboptimal, and gross investment plays first
fiddle, with net investment and the stock of capital in subordinate
roles.

Arrow (1962, p. 157) uses cumulative gross investment as an index
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of experience. ‘Each new machine produced and put into use is
capable of changing the environment in which production takes place,
so that learning is taking place with continually new stimuli. This at
least makes plausible the possibility of continued learning in the
sense, here, of a steady rate of growth in productivity’. He employs a
vintage model (see Johansen, 1959; Solow, 1957; and Salter, 1960) ‘in
which technical change is completely embodied in new capital goods.
At any moment of time, the new capital goods incorporate all the
knowledge then available, but once built their productive efficiency
cannot be altered by subsequent learning’ (Arrow, 1962, p. 157).
Arrow also assumes fixed coefficients of production and that the new
capital goods are superior to the old ones, so that the newer machine
will always be preferred to the old one. Although he concentrates on
the full-employment case, Arrow admits of Keynesian and structual
unemployment. With regard to distribution, he (1962, p. 159) points
out that ‘both capital and labor are paid their marginal products,
suitably defined. The explanation is, of course, that the private
marginal productivity of capital (more strictly, of new investment) is
less than the social marginal productivity since the learning effect is
not compensated in the market’.

Arrow (1962, p. 168) is emphatic that ‘the presence of learning
means that an act of investment benefits future investors, but this
benefit is not paid for by the market’. He stresses again that in the
competitive model studied the aggregate amount of investment ‘will
fall short of the socially optimum level’. He (1962, pp. 168-71)
investigates in detail the divergence between the competitive model
and what he calls the ‘optimal solution’. He shows that though the
socially optimal growth rate is the same as in the competitive model,
the socially optimal ratio of gross investment to output is above that
in the competitive solution.

In a 1964 lecture to the economists of the Commissariat Général au
Plan (France), Arrow (1965b) elaborates on the learning-by-doing
themes. He stresses that knowledge is an economic good,

more precisely a factor of production, for there is a positive return
to an increase in knowledge. But the market for knowledge as a
good is not well developed. Strictly speaking, knowledge lacks two
properties that are important for a good that is to be bought or sold
freely on competitive markets: (1) it can be possessed only imper-
fectly, and it is difficult to prevent others from using it; (2) the use of
knowledge in productive activities obeys the low of increasing
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returns, since the need for knowledge in a given activity is indepen-
dent of its scale. It follows from these remarks that neither the
demand for nor the supply of knowledge satisfies the conditions of
a competitive economy.

In a later paper (written in 1969), Arrow (1971, p. 166) is somewhat
critical of his 1962 model on the grounds that it does not ‘capture the
essential features of the creation and transmission of knowledge’.
Arrow (1971, pp. 167-71) sees technical advances as primarily reduc-
ing uncertainty. The production of knowledge differs qualitatively
from that of goods; it is useful only when it is initially produced, but
useless when repeated. He (1971, p. 169) evolves a general formula-
tion of the process of production of knowledge by using both the
research and learning-by-doing approaches.

In fact, the bulk of research and development expenditures are
actual steps in the production process — design, engineering, tool-
ing, and manufacturing and marketing start-up costs. . . Each stage
involves uncertainties with regard to costs and, at the end, with
regard to demand. At each stage, then, something is learned with
regard to the probability distribution of outcomes for future
repetitions of the activity. At the same time, the physical outputs
are expected to be directly valuable.

He then proceeds to the microeconomic theory of research and
development which involves statistical decision theory and poses
difficult analytical questions. Building a macro theory on this basis is
a particularly vexed question.

Information at the individual level is describable either as the actual
outcome of a particular activity or as a whole conditional distribu-
tion over states of nature, with the conditions being the actual
outcomes. Such a probability distribution is hard to describe in any
simple way, and aggregating this information over individuals is
even harder (Arrow, 1971, pp. 169-70).
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