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Abstract

Chapter 1 deals with the origin and limitations of mathematical economics
and its implications for economic applications of optimal control theory. Using an
histovical approach, we have proposed a hypothesis on the origin and limitations
of classical and modern mathematical economics. Similar hypotheses proposed
by Cournot, Walras, von Neumann-Morgenstern and Debreu are shown not to be
convincing. Conditions are established under which applications of mathemati-
cal methods, in general, and optimal control theory, in particular, may produce
economic results of value.

Chapter 2 concerns the formation and development of optimal control ap-
plications to economic policy optimisation. It is shown that the application of
mathematical control theory (as compared with engineering control) may signifi-
cantly contribute to mathematical economics (as compared to econometrics). The
development of optimal growth theory has been examined as an example. Within
the context of economic policy optimisation, a critical examination of the recent
developments in macroeconomic modelling, the relationship between theory and
observation, rational expectations, the Lucas critique and the problem of time-
inconsistency is presented.

Chapter 3 provides the first illustration of the main theme of the earlier chap-
ters. Using the generalised Hamiltonian in Pontryagin’s maximum principle, as
well as using Bellman’s dynamic programming, we have obtained a number of
new results on the mathematical properties of optimal consumption under liquid-
ity constraints. For example, we have demonstrated how the response of optimal
consumption to liquidity constraints is conditioned by the consumer’s intertem-
poral elasticity of substitution. Considered as a mathematical structure, this is
shown to capture the effects of the following variables on the optimal consumption
path: pure preference parameters, the interest rates variations and the structural
parameters prevailing in the credit markets.

In chapter 4, the dynamic Leontief model, which according to the conditions
established in chapter 1, is one of the most successful applications of mathematical
methods to economic policy analysis, is first considered as a control problem. We
have then obtained the optimal consumption path for deterministic and stochastic
dynamic Leontief models with substitute activities which are in turn formulated in
deterministic and stochastic environments. Our solution uses Pontryagin’s max-
imum principle, Bellman’s method and Astrom’s Lemma on stochastic dynamic
programiming.
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Chapter One

The Origin and Limitations of
Mathematical Economics and its
Implications for Economic
Applications of Optimal Control: An
Historical Approach

1.1 Introduction

Our starting point is the recognition of the fact that optimal control is no more
than an advanced mathematical method in the field of dynamic optimization
theory. Its applications to economic analysis are therefore constrained by the
limitations in mathematical treatment of economics. It follows that many ques-
tions on economic applications of optimal control cannot successfully be examined
without a direct reference to the origin and limitations of the mathematization of
economics. As an example, consider the following questions: What is the logical
justification for optimal control applications to economic analysis? What are the
salient features of optimal control theory which have made it so attractive to the
community of mathematical economists and econometricians? What factors have
contributed to its successful applications and what have been the underlying con-
ditions responsible for its partial failure in satisfying the earlier great optimism?
The key to all these questions lies in the mathematical nature of optimal control

theory and on its capabilities and limitations in handling specific problems in




economic analysis.

We start the analysis of the origin of mathematical economics by presenting
the following questions in section 1.2: Why is Cournot (1838) unanimously agreed
as the birth of mathematical economics while 38 research work on this subject had
been published before that? Why was the mathematical economics of Cournot
totally ignored by classical economists for more than 30 years until Jevons (1871)
revived it? Why is the importance and significance of applications of mathemat-
ics to economics still an unsettled issue whereas physical sciences can hardly do
without mathematics? To answer these questions, we have first examined the hy-
potheses put forward by Debreu, Cournot, Walras and von Neumann-Morgenstern
in sections 1.2.1 to 1.2.4, respectively. We have found that none of these hypothe-

ses is satisfactory.

Our hypothesis of one-dimensionalisation of economic analysis is discussed in
section 1.2.5. Historically, advances in classical economics together with theo-
retical developments in Marxian economics had produced a number of different
economic doctrines which were considered by the advocates of mathematical eco-
nomics as a chaotic state. The “scientific” or mathematical approach and the
socio-political approach as two possible responses to such an environment of multi-
dimensionality in economic studies are examined. Mathematical economics and
the formation of economic science is discussed in section 1.2.5 where “the nature
of classical mathematical economics” and “mathematical economics as a remedy
to multi-dimensional political economy” are analysed. The hypothesis that math-
ematical economics has been developed as a response to Marxian economics is

another topic which is discussed in section 1.2.5.

The origin and formation of modern mathematical economics is the subject of

section 1.3. The origin and nature of forty years recession in theoretical develop-
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ments in mathematical economics from Marshall(1890) to the emergence of a new
era in mathematical economics are explained in this section. Debreu’s hypothe-
sis which regards the publication of von Neumann and Morgenstern’s Theory of
Games and FEconomic Behaviour (1944) as the starting point of modern mathe-
matical economics is critically examined and rejected in section 1.3.1. In section
1.3.2, we have proposed our hypothesis that the creation of the Econometric So-
ciety in 1930, the Cowles Commission in 1932 and the concomitant advances in
coordinated research programmes in mathematical economics can be considered as
epoch-making events which have marked the beginning of modern mathematical

economics.

To identify the salient features of modern mathematical economics, we have
compared the attitudes of classical mathematical economists and their percep-
tions on the limitations of economic applications of mathematical methods with
those of modern mathematical economists in sections 1.4.1 and 1.4.2, respectively.
The theoretically important question of whether economic truths are discoverable

through the instrumentality of mathematics is discussed in section 1.4.2.

The objectives of the Cowles Commission and the Econometric Society in co-
ordinating the mutual penetration of economic theory, mathematical methods and
statistics, discussed in section 1.3.2, have been seriously challenged by the recent
developments of the relationship between mathematical economics and economet-
rics. This problem is discussed in section 1.5 where the nature of the disparity
between mathematical economics and econometrics in building up models for em-
pirical analysis is discussed. This provides a background for section 2.5 in Chapter
two where a discussion of the critique of macro-econometric models is presented
in the light of the ongoing debates on the relationship between theory and obser-

vation.
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Having discussed the origin of mathematical economics, the salient features
of modern mathematical economics and its limitations and the problems asso-
ciated with the relationship between mathematical economics and econometrics,
the economic applications of optimal control theory is discussed in section 1.6 as
an illustration. In section 1.7 attempts are made to identify the sources of limita-
tions in the mathematization of economics. The implications of such limitations
are also studied for economic applications of optimal control. It is hypothesised
that the logic of abstraction employed in obtaining basic economic concepts of
narrow components which facilitate quantitative formulations plays the key role
in generating such limitations. Conditions under which economic applications of
optimal control can produce more reasonable results are also discussed in this

section. Finally a summary and concluding remarks are presented in section 1.8.

1.2 Mathematization of Economics: Hypotheses
on the Origin and Significance of Mathematical
Economics

We present our argument in an historical context. This will, hopefully, pro-
vide a basis for future speculations. It is now agreed that Civa (1642-1734), an
Italian mathematician, is the first author to apply mathematical methods to eco-
nomic problems. His work on money, written in 1711, is the first true example
of mathematical economics in which the ideas of definitions, postulates, remarks,
propositions, theorems and corollaries are used in analysing money. This work,
however, was completely ignored until 1871 when it appeared in Jevons’s List of

Mathematico-FEconomic Books, Memoirs, and Other Published Writings.

127 years after Civa’s work, Cournot, professor of mathematics at Lyon and
the Rector of the Academy of Grenoble, published his epoch-making contribution

to economics under the title Recherches sur les Principes Mathématiques de la
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Théorie des Rechesses in 1838. Economists today unanimously agree that the
symbolic birth of mathematical economics is the year in which Cournot published
his book. The first key question is that why Cournot (1838) and not Civa (1711) or
any other work among the 38 research work published before Cournot on math-
ematical economics,! is not considered to be the pioneering work in this field?
What has made Cournot’s work to be recognised as an epoch-making contribu-
tion? Has Cournot’s mathematical excellence been responsible for this success or
has it been realized that this work can be regarded as starting point for a new
current of thoughts in political economy? We will come back to these questions

in section 1.2.5.

However, Cournot’s book received little or no attention at the time: “For
several years not a single copy of the book was sold. In 1863 the author tried
to overcome the indifference of the public by recasting the work and omitting
the algebraic formulae. This time the book was called Principes de la Théorié
des Richesses. In 1876 he published it again in a still more elementary form
and under the title of Revue Sommaire des Doctrines E’conomiques but with the
same result”.? J. B. Cherriman, a Canadian mathematician, published a ten page
review on Cournot in 1857. This was the only published recognition of Cournot’s
book. Cournot’s significant contribution to mathematical economics was finally
revived by Jevons (1871). On page 26 in the preface, Jevons stated that “This
work must occupy a remarkable position in the history of the subject. It is strange

that it should have remained for me among Englishmen to discuss its value”.?

According to Fisher (1891, p.109) “The introduction of mathematical method

!For a list of 38 work before Cournot, i.e. during the period 1711-1838 and 62 work from
Cournot to Jevons, i.e. 1838-1871, published on mathematical economics, see Jevons’s List
of Mathematico-Economic Books, Memoirs and Other Published Writings, pp. 322-339, in his
Theory of Political Economy, 1871.

%See Charles Gide and Charles Rist (1909, 1948), p. 499.

3All references to Jevons (1871) made in this chapter are from its 4th edition, London:
Macmillan, 1911, 339 pages.
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marks a stage of growth -perhaps it is not extravagant to say, the entrance of
political economy on a scientific era ... Before Jevons all the many attempts
at mathematical treatment fell flat. Every writer suffered complete oblivion until
Jevons unearthed their volume in his bibliography”. This will lead us to the second
key question: Why Cournot’s significant contribution together with previous work
on mathematical economics were completely ignored, or were not taken seriously,

by classical economists?

A more fundamental point which is related to the above mentioned two key
questions is the following: Why has the application of mathematical methods
in economics not been very successful? In other words, if physical sciences can
hardly develop without mathematics why is the importance and significance of
mathematics in economic analysis not yet a settled question? We examine these

points in the context of the following hypotheses in sections 1.2.1-1.2.5.

1.2.1 Debreu’s Incidentality Hypothesis of Early Develop-
ments in Mathematical Economics

The hypothesis that mathematical economics has emerged from nowhere and has
grown with no aims while being independent of any current of economic thoughts
has received supports from a number of economic historians and even from math-
ematical economists. Gherity (1990) held that “For many years historians of
economics saw those who pioneered the application of mathematics to economics
as individuals who had appeared out of nowhere, spoken their piece and fallen
back into oblivion without impact or influence on their contemporaries or on
those who came after”. In a similar but more elaborated line of argument, De-
breu (1986, p. 1259) regarded the emergence of mathematical economics simply
as an historical coincidence: “[The early progress of mathematical economics] is
marked by several major scientific accidents. One of them occurred in 1838 ...

with the publication of Augustin Cournot’s [book] ... The University of Lausanne
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was responsible for two others of those accidents. When Léon Walras delivered
his first professional lecture there on 16 December 1870, he had held no previous
academic appointments; he had published a novel and short story* but nothing
on economic theory and he was exactly 36 ... For Vilfredo Pareto, who succeeded
Walras in his chair in 1893, it was also a first academic appointment; like his

predecessor he had not published anything on economic theory before; and he

was 45”5

The hypothesis of incidentality of developments in mathematical economics
has also been reported in Robertson (1949, p. 535). He speaks of mathematical
economists as “more or less isolated figures who cannot be said to have contributed
to a current of thought because there is no discernible flow”. Theocharis (1983, p.

1) has tried to partially improve this hypothesis by saying that “in many instances

*In here, Debreu has referred to Francis Sauveur, published by Walras in 1858, Paris: E.
Dentu.

5See, also, Debreu (1987, p. 399). It should be noted that there are a number of errors in De-
breu’s (1986) comments on Walras and Pareto. The following facts reveal such shortcomings: 1)
Walras, unhappy with his engineering studies at Ecole des Mines and dissatisfied with literature
and journalism as his second academic challenge, was persuaded by his father, an economist, to
study economics at the age of 24 to continue his father’s research on mathematical economics.
It was after 12 years of hard work that this self-taught economist was offered the new chair
of political economy at the University of Lausanne. 2) The reason that Walras had held no
previous academic position was his lack of any officially recognised educational credentials in
economics. 3) Walras presented a paper on Taxation in 1860 in an international conference on
taxation in Lausanne which remarkably impressed the audience. [For 1, 2 and 3 see Jaffé (1954),
the translator’s forward to Walras (1874), pp. 5-6]. 5) During 1859 to 1862, when Walras was
working as a journalist for the Journal des Economistes and La Presse, he published {’Economie
Politique et le Justice, Paris: Guillaunin, 1860, in which he strongly attacked the normative eco-
nomic doctrines of P.-J. Proudhon, [See Donald A. Walker (1987), p. 852]. 6) Vilfredo Pareto,
graduated in mathematical and physical sciences in 1867 and engineering in 1870, started to
write and publish articles, as early as 1872, on commerce, the state of Italian industry, railways,
advantages and disadvantages of public and private use of the railway system and support of
free trades to prevent any form of state intervention in economic activity. Pareto was one of the
founders of the Adam Smith Society, which spread and upheld the doctrine of economic liber-
alism. In October 1891, Pareto published his controversial article “L’Italie économique” which
was followed by another critical work in April 1892 on Italian Government economic policies.
In 1890, Maffeo Pantaléoni, the famous Italian economist, advised him to study the work of
Walras on mathematical economics, and Pareto met Walras himself on September 1830, before
accepting the chair of Walras in political economy in 1893. [See G. Busino (1987), p. 800]. The
above facts clearly reject Debreu’s hypothesis on the incidentality of mathematical economics
in Lausanne school.
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these writers were familiar with the work of their predecessors and did, in fact,

build upon them”.

We can classify the pre-Cournot’s early mathematical economists, starting
from Civa (1711), as purely academic and intellectual exercises in which economic
concepts were being translated into mathematical symbols and operations. These
work all lacked any sense of direction. On the contrary, pioneers in mathematical
economics in the 19th century, i.e. Cournot (1838), Jevons (1871), Walras (1874),
Marshall (1890), Fisher (1891) and Pareto (1896), were all completely aware of
their backgrounds, their current positions and, most important, their aims. In
this section, we establish the validity of our hypothesis for Cournot, which is more
controversial due to his historical isolation of being 30 years before Jevons. In the
course of our future analysis, the validity of this hypothesis will be established for

Jevons, Walras and Pareto.

To reject Debreu’s hypothesis of incidentality of Cournot’s contribution we re-
fer to the first paragraph of the preface in Cournot (1838). He has clearly admired
and appreciated the one hundred years of developments in political economy be-
fore him, but at the same time has urged the necessity of developing a positive
economics due to the fact that the public has become so tired of theories of differ-
ent economic systems and doctrines: “The science known as Political Economy,
which for a century has so much interested thinkers, is to-day more generally dif-
fused than ever before. It shares with politics proper the attention of the great
journals, which are to-day the most important means of spreading information;
but the public is so tired of theories and systems that now the demand is for
so-called “positive” matters, i.e. in political economy, custom-house abstracts,
statistical documents and government reports, such as will throw the light of ex-

perience on the important questions which are being agitated before the country
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and which so greatly interest all classes of society”.®

Despite the fact that Cournot’s prime objective was to support an econometric
type analysis, the shortages of organised data and the lack of appropriate statis-
tical methods of estimation, forced him to concentrate on pure theorization of
economic concepts towards building up a positive economics. The second para-
graph in his preface explains this point: “I will only observe that Theory ought not
to be confounded with systems ... and that, to a man of my position in particular,
more than to any other, it should be permissible to consider from an exclusively
theoretical standpoint, a subject of general interest which has so many different

sides”.

The few facts presented above reject the hypothesis that mathematical eco-
nomics has come from nowhere and has developed with no clear aims. But the
question remains why the early mathematical economists failed to achieve their
objectives? Or equivalently, why eminent classical economists did not employ
mathematical methods in their economic analysis? In this regard, we examine

the following hypothesis.

1.2.2 Cournot’s Hypothesis: Erroneous Presentations and
Poor Mathematical Knowledge

According to this hypothesis, the inaccurate early writings in mathematical eco-
nomics and their weak economic contents together with the fact that the com-
munity of classical economists were not well equipped with basic mathematical
knowledge, were the significant factors which hindered the pace of developments
in mathematical economics. This hypothesis which was first proposed by Cournot

(1838) has received support from a number of economists including Fisher (1891).

SAll references to Cournot {1838), made in this Chapter, are from its English translation by
Nathaniel T. Bacon: Researches into the Mathematical Principles of the Theory of Wealth, New
York: Macmillan, 1897, reprinted 1927.
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According to Cournot “The attempts which have been made in this direction
have remained very little known and I have been able to learn only the titles of
them, except one, Les Pricipes de {’Economie Politique by Canard, a small work
published in 1801 and crowned by the Institut. These pretended principles are so
radically at fault and the application of them is so erroneous, that the approval
of a distinguished body of men was unable to preserve the work from oblivion. It
is easy to see why essays of this nature should not incline such economists as Say

and Ricardo to algebra” [Cournot (1838), preface].

If the above hypothesis was true, then Cournot’s work, a concise, original
and well presented work on mathematical treatment of economics, should have
attracted the attention of economists of his time; but we know that his work
was absolutely ignored by economists for more than 30 years until Jevons (1871)
revived it. The subsequent developments in mathematical economics can also
provide useful evidence to reject Cournot’s hypothesis. For example, the concise
and mathematically elaborated contribution of Walras, i.e. Elements d’Economie
Politique Pure was hardly noticed in France during the twenty-five years after its
publication in 1874. Even Alfred Marshall, a mathematician and an economist,
has only mentioned Walras in the briefest of comments in his Principles of Eco-
nomics (1890) and did not take Walras’s general equilibrium seriously at all.
Eighty years after Walras, mathematical economists of the 20th century such as
Abraham Wald, John von Neumann, John Hicks, Frank Hahn, Oscar Lange, Paul
Samuelson, Lionel McKenzie, Gerad Debreu, Kenneth Arrow and Michio Mor-
ishima acknowledged Walras’s contribution and paid attention towards further

developments in Walras’s general equilibrium analysis.”

Let us now examine the hypothesis of poor mathematical knowledge. Ac-

cording to this hypothesis the complete oblivion of early developments in mathe-

"See Weitraub (1986) for extensions of Walras’s general equilibrium.
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matical economics was mainly due to the inadequacy of mathematical knowledge
among economists. This argument is not satisfactory either. Despite the fact that
economists, in a rare unanimous agreement, would select Jevons (1871), a mathe-
matician, a logician and educated in chemistry but self-taught in economics, as the
first economist who made known to the world the remarkable position of Cournot
in the history of economics, Jevons himself confessed that he could not mathe-
matically understand all parts of Cournot’s book. On page a2z in the preface to
the 2nd edition of his book (1879), Jevons maintained that “Even now I have by
no means mastered all parts of it, my mathematical power being insufficient to

enable me to follow Cournot in all parts of his analysis”.

The above quotation raises the question that if Jevons, like many other economists
before him, did not completely understand Cournot, what made him pronounce
the forgotten Cournot as the most influential mathematical economist of the early
19th century? A detailed analysis of this question is given in section 1.3 below.
However, to complete the present argument, let us refer to the fact, as discussed
in section 1.2.5, that Jevons and Walras were trying to design a scientific eco-
nomics which was characterized mainly by its mathematical nature. This is ex-
actly what Cournot had in mind. It is not surprising, therefore, that Jevons
appraised Cournot without fully understanding him. It was the compatibility of
Cournot’s methodology and his attitude with those of Jevons and Walras which,
after all, brought him recognition after 30 years. In summary, the higher levels
of mathematical knowledge among economists in the 1870’s as the main factor
in understanding Cournot and thus reviving his work, do not count since Jevons

himself did not possess such a mathematical knowledge.
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1.2.3 Walras’s Hypothesis: The Narrowness of Ideas

According to Walras,® the dichotomy between deduction and induction or be-
tween pure reasoning and experience which had separated sciences from arts was
the main reason that classical economists disregarded the use of mathematics
in their work. “If nineteenth century ... has completely ignored [mathematical
economics|, the fault lies in the idea, so bourgeois in its narrowness, of divid-
ing education into two separate compartments: one turning out calculators with
no knowledge whatsoever of sociology, philosophy, history, or economics; and the
other cultivating men of letters devoid of any notion of mathematics” [Elements of
Pure Mathematics (1900), 4th edition, p. 48]. Walras claimed that by employing
both deductive and inductive reasoning, mathematical economics can be ranked
with sciences such as astronomy and mechanics: “The twentieth century, which
is not far off, will feel the need, even ... of entrusting the social sciences to men
of general culture who are accustomed to thinking both inductively and deduc-
tively and who are familiar with reason as well as experience. The mathematical
economics will rank with the mathematical sciences of astronomy and mechanics;

and on that day justice will be done to our work” (ibid, p. 48).

Developments of mathematical economics in the 20th century have strongly
rejected Walras’s hypothesis. The question remains however that why Walras
did not simply add the experimental dimension (i.e. quantitative analysis and
measurements) to classical economics? In other words, if according to Walras,
the familiarity of economists with reason as well as experience would have ranked
economics with the acknowledged mathematical sciences, why,‘instea,d of com-
pletely ignoring the well-established classical economics, did he not make an effort

to represent classical economics mathematically for the purpose of quantitative

8 All references to Walras (1874), made in this chapter, are from its English translation by
William Jaffé: FElements of Pure Economics, or the theory of social wealth, London: George
Allen and Unwin, 1954, 620 pages.
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analysis and empirical measurements?®

On the contrary, an examination of the Elements of Pure FEconomics indicates
that Walras did not make any significant contribution either towards inductive
thinking in economics or in measuring economic relations and advancing exper-
imental aspects of economic theorization. His work, instead of taking classical
economics one step towards experimentations, completely erased the empirical
contents of classical political economy. In summary, Walras’s actual contribu-
tions to economics did not follow his injunctions on the objectives of economic

studies.

It is interesting to note that the academic life of Vilferedo Pareto confirms
the contradiction existing between Walras’s prime objective in economic theoriza-
tion and his actual contributions. Recall that Pareto, accepted Walras’s chair at
Lausanne in 1892. After making a number of contributions mainly to Walras’s
theory of general equilibrium,® he realized the weakness of pure economics and
its possible applied versions. In Cours d’ Economie Politique (1896-7) he stated
that “... pure economics shows us the general form of the phenomenon; applied
economics provides a second approximations; but neither will even be able to
show us how to manage the economic life of every individual” [Busino (1987), p.
801]. In Cours he clearly stated the importance of interrelations of economics and
social phenomena. In 1905, Pareto published his Manuale d’Economia Politica;
his words at the end of this book are clearly a departure from Walras’s principles:
“Whoever wants to make a scientific study of the social facts has to take account
»

of reality and not of abstract principles and the like ...”. Pareto then gave up

9For example, William Whewell, the Cambridge mathematician, represented mathematically
some doctrines of political economy in general and Ricardo’s system in particular. See Whewell
(1829, 1831, 1850). His work were completely ignored by Walras.

107t should be noted that after accepting Walras’s chair in 1892, “Pareto spent the whole of
the next year writing a refutation of Marx’s theory of value which was published in Paris in
1893 as the introduction to an anthology of passages by Paul Lafargue taken from Marx’s Das
Kapital’. See Busino (1987), p. 801.
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economics and concentrated exclusively on sociology. (ibid, p. 802).

In summary, with regard to the above facts, it is very difficult to accept Wal-
ras’s hypothesis that the nineteenth century economists ignored mathematical
economics simply due to the prevailing narrowness of ideas in discrediting exper-
imentations in economic analysis. On the contrary, evidence is more in favour
of the hypothesis that Walras’s own contributions have further advanced and

strengthened such narrowness of ideas.

1.2.4 von Neumann and Morgenstern’s Hypothesis: The
Unfavourable Circumstances

von Neumann and Morgenstern (1944) have examined the problem of mathema-
tization of economics within a wider context. If economics is a science why, in
contrary to other sciences where mathematics has been applied with great suc-
cess, has its use not been highly successful? Most sciences could hardly make any
progress without mathematics and yet the real contribution of mathematics to
economics has remained an unsettled question. According to von Neumann and
Morgenstern the combination of the following unfavourable circumstances are the

main factors at work.

1. The Vagueness of Basic Economic Concepts. von Neumann and Mor-
genstern (1944, p. 4) have pointed out that “Economic problems were not formu-
lated clearly and are often stated in such vague terms as to make mathematical
treatment a priori appear hopeless because it is quite uncertain what the prob-
lems really are. There is no point in using exact methods where ﬁhere is no clarity
in the concepts and issues to which they are to be applied”. This is in sharp
contrast to the general view held among mathematical economists that the math-
ematization of economics facilitates a more concise exposition of problems and

avold the digressions of vague argumentation.
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von Neumann and Morgenstern’s claim implies the following contradiction:
Further developments in mathematical economics as a science depends entirely on
prior developments in “non-scientific” descriptive economics. To provide further
evidence to our claim, we refer to page 4 (ibid): “Consequently, the initial task is
to clarify the knowledge of the matter by further careful descriptive work”. This
is in dispute with the established view in the profession that if economics is to
be a science it must be mathematical. Moreover, von Neumann and Morgenstern
have not specified the conditions under which careful and concise advances in
descriptive economics can be attained -i.e. with or without mathematics. If the
latter holds, the uniqueness of mathematical economics as an exact science will

collapse.

2. Inadequate Empirical Economic Facts. According to von Neumann and
Morgenstern, mathematical economics has not achieved very much because the
empirical background of economic science has been definitely inadequate. They
held, however, that their comment should not be construed as a disparagement of

statistical-economic research programme which was very promising at the time.

(p. 5, ibid).

The recognition of the fact that statistical-economic research work, or what is
now known as econometrics, could have made progress while mathematical eco-
nomics was stagnating refers to the point that von Neumann and Morgenstern
have admitted that economics as a science can make advances outside the re-
stricted framework of Jevons’s calculus of pleasure and pain or Walrasian utility

and profit maximization.

3. Limitations in Mathematical Treatment of Human Behaviour. It ap-
pears that von Neumann and Morgenstern are the first mathematical economists

of reputation in the twentieth century who have acknowledged the fundamental

23




objection that economic theory cannot be modelled in the same format as physical
sciences for it is a science of social and human phenomena which has to take into
account a number of non-economic elements such as psychological, historical and
cultural factors. This implies limitations in mathematical formulations of human
behaviour: “We should attempt to utilise only some commonplace experience con-

cerning human behaviour which lends itself to mathematical treatment” (¢bid. p.

5).

von Neumann and Morgenstern have made a very important point that there
are uncertainties about the exact mathematical methods which should be used in
economic analysis in general and even in mathematization of that class of human
behaviour which lends itself to mathematical treatment. The existing tools in
mathematical economics such as calculus of variations or differential equations
might not be the right instruments for economic analysis since they are mainly
developed for physical sciences: “It is therefore to be expected -or feared- that
mathematical discoveries of a stature comparable to that of calculus ! will be
needed in order to produce decisive success in [economics]. ... A fortiori it is
unlikely that a mere repetition of the tricks which served us so well in physics will

do for the social phenomena too” (ibid. p. 6).

In summary, von Neumann and Morgenstern’s final recommendation to math-
ematical economists is to wait for new discoveries in mathematical methods which
are more appropriate for the analysis of social sciences. But have they proved the
existence of such mathematical methods? The answer is no. Moreover, before
the discovery of such mathematical methods, how can the real economic prob-
lems “scientifically” be examined for policy recommendations? According to von

Neumann and Morgenstern, economists cannot examine such real economic prob-

117n here, von Neumann and Morgenstern have referred to the role played by infinitesimal
calculus in the creation of the discipline of mechanics.
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