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MATHEMATICS IN ECONOMICS: DISCUSSION 
OF MR. NOVICK'S ARTICLE * 

INTRODUCTION: MATHEMATICS IN ECONOMICS- 
NO, NO OR YES, YES, YES? 

Paul A. Samuelson 

EDITOR Harris has given me the fun of 
acting as Master of Ceremonies for the 

slugfest set off by David Novick's blast against 
mathematical economics. Seven economists 
have replied to Novick and according to my 
reckoning the score stands: For Novick, 7 epsi- 
Ions; against him, 8 minus 7 epsilons. (Only 
Solow refuses to concede even an epsilon). Of 
course, the scores refer to those who struck 
at Seymour Harris's lure: one of the two non- 
respondents to his invitation might in vehe- 
mence have overpowered the seven defenders 
of mathematics. 

In what order should I arrange the replies? 
Who is to throw the first stone? Since Law- 
rence Klein directly takes issue with the ill- 
concealed major premise underlying Novick's 
theorems (Basic axiom: mathematical econom- 
ics is and has been fruitless in economics), he 
leads off. Because James Duesenberry and 
John Chipman betray the most sympathy for 
the view that more current effort should go into 
empirical research even at the cost of less effort 
applied to theorizing, their views come next.1 

Then to balance Jan Tinbergen's sage di- 
gression on substantive methodological issues 
and David Champernowne's counsels on pres- 
entation, I follow with Robert Solow's reflec- 
tions on the proper barnyard relations between 
mathematical economists and literary econo- 
mists. (My dictionary defines "literary econo- 
mist" as "euphemism for non-mathematical 
economist.") 

Robert Dorfman and Tjalling Koopmans 
have taken time out from their researches at 
the frontier of economic science to set straight 
what they conceive to be some of Novick's 
misunderstandings. Their contributions per- 
haps illustrate that chains of controversy do 
not obey the biological laws of logical chains: 
error may beget truth. 

A master of ceremonies should stay out of 
the act. I have not considered it proper to cor- 
rect the mathematic language slip in Novick's 
sole equation, any more than it would be proper 
to correct the literary slip in his last sentence. 
But doffing my megaphone, I have added at 
the end a few personal thoughts. 

I. THE CONTRIBUTIONS OF MATHEMATICS IN ECONOMICS 

L. R. Klein 

Criticism of the use of mathematical methods 
in economics has frequently been raised. Mr. 
Novick brings us once again to this question, 
but possibly his emphasis is different. Others 
have pleaded for better communication, more 
realism, or more flexibility on the part of 
mathematical economists. To some extent, 

Novick pictures the mathematical economist, 
or more generally social scientist, as a charla- 
tan and dilettante. It is true that some may 
use mathematics to confuse, bewilder, or im- 
press others, but it would be an extremely nar- 
row viewpoint that overlooked the constructive 
efforts of those using the mathematical method. 
I should like to counter his arguments with in- 
dications of the positive accomplishments of 
the mathematical methods and, indeed, to make 
a case for its unlimited future development. 

I shall be mainly concerned with the use of 
the mathematical method in economics because 

* The Editor asked a number of outstanding economists 
to discuss the place of mathematics in economics, offering 
Dr. Novick's article as a basis of discussion. Professor Sam- 
uelson kindly agreed to comment on the whole symposium. 

1 I note with interest and surprise that at least 6 of 
the 8 defenders of mathematical theorizing are themselves 
outstanding empirical researchers. 

[ 359 1 



360 THE REVIEW OF ECONOMICS AND STATISTICS 

I feel much more familiar with the situation in 
that field, but similar arguments would surely 
apply to other social sciences. In this respect, 
however, an observation is in order. While in 
economics the time-honored traditions stem- 
ming from Cournot, Walras, and Pareto have 
led to a certain familiarity on the part of nearly 
all with the mathematical method, the state ol 
affairs is somewhat different in psychology and 
sociology. One may detect traces of naivete 
among social scientists, outside the field of eco- 
nomics. These uninitiated expect unreasonablE 
results from the mere application of this power- 
ful tool. The fact that they have been impressed 
beyond justification is not, however, an accept- 
able argument against the methodology. 

Much of mathematical economics deals with 
the formulation of, and the rediscovery of solu- 
tions to, problems that are already familiar 
parts of literary economics. Is this wasted 
effort? I answer no, because our subject deals 
with inherently difficult problems which should 
be considered from many different points ol 
view in order to gain new insights. The work 
of Pareto, Slutsky, and Hicks and Allen gave 
us tremendous insight into the essential ele- 
ments of utility theory and consumer behavior. 
This work even involved, I believe, contribu- 
tions beyond reformulation of principles of 
literary economics. Perhaps we would not have 
come upon the "fundamental equation of value 
theory" (the Slutsky equation) without the 
help of mathematics. The work being carried 
on today in the fields of activity analysis and 
linear programming has similarly given us 
added insights into the nature of the pricing 
system. This has been a valuable by-product 
in the reformulation of classical economics 
into the conditions of activity analysis. It 
would, of course, be difficult for a person with- 
out mathematical training to appreciate the 
full value of these results, but they are never- 
theless powerful and within the grasp of all 
those students who will avail themselves of 
the opportunity of studying them. 

The Walrasian concept of a general equi- 
librium is considered by many to be one of 
the all-time great ideas in economics. The con- 
cept is essentially and inherently mathematical, 
although it could have been reached on an in- 
tuitive non-mathematical basis. The intuitive 

approach would not have served us well, how- 
ever, in recent statistical applications, of which 
I shall have more to say below. Another deep 
idea in economic reasoning is the picture of 
the business cycle as a solution of a system of 
dynamic mathematical equations. True enough, 
we have non-mathematical business cycle the- 
ories, but can they compare with the beauty 
and elegance of Frisch's classic on "Propaga- 
tion Problems and Impulse Problems in Dy- 
namic Economics"? We have learned much 
about the nature of business cycles from a 
study of mathematical models, and these ideas 
would not have been developed, except in the 
simplest schemes, by non-mathematical meth- 
ods. Again, as will be argued below, mathe- 
matical theory has paved the way for develop- 
ments in applied economics. 

Non-mathematical contributions to economic 
analysis often tend to be fat, sloppy, and 
vague. There is a real merit in condensing 
wordy volumes or manuscripts into a few un- 
derstandable pages. I have come to like com- 
pact, elegant arguments and hazard the guess 
that many others would like this feature also 
if they would participate in the development 
of the mathematical approach to economics. 
In fact "reading with tears" has come to mean, 
for me, reading verbose treatises in literary 
economics. 

Clarity of thought characterizes mathemati- 
cal economics. After having studied carefully 
most of the literature surrounding Keynes's 
General Theory, I concluded that the confusion 
could be attributed mainly to non-mathemati- 
cal authors. The mathetically-inclined students 
of the subject usually came directly to the main 
points and did not misinterpret. An intelligent 
discussion of the General Theory could be con- 
ducted if people set out by defining variables 
carefully and writing down the relevant equa- 
tions of the system, with their properties. One 
of the best ways of comparing alternative sys- 
tems of thought appears, in fact, to be to con- 
sider skeleton mathematical models of each 
system and to look at differences in the struc- 
ture of the relevant equations. 

A distinguished scholar and mathematical 
economist once remarked that Tinbergen, on 
the basis of his study for the League of Na- 
tions, could be considered as the engineer in 
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contrast with Frisch, Samuelson, Marshall, and 
others who could be considered physicists. 
This characterization hardly fits Novick's com- 
ment that "mathematics is now used in the so- 
cial sciences chiefly as it has been used in the- 
oretic physics or chemistry and not as the 
mathematical results of theory proved by sta- 
tistics in physics or chemistry are applied in 
every-day engineering or mechanics." The 
whole trend of modern econometrics is pre- 
cisely in the direction of testing theory and 
estimating theoretical structures in much the 
same way that engineering methods are used 
in relation to theoretical physics and chemis- 
try. 

Not only is econometrics giving empirical 
content to theory, but this would not be pos- 
sible without heavy reliance on mathematics. 
Economic theory, in order to be properly tested 
or estimated by statistical methods, must abso- 
lutely be cast into a mathematical mold, in spite 
of Novick's distaste for this sort of thing. The 
basic hypotheses must be specific enough so 
that we shall know in particular cases whether 
the facts refute them, whether the facts are 
consistent with them, or whether the hypothe- 
ses are poorly formulated. Mathematical spe- 
cification of variables and relationships helps 
to avoid the possibility of improper formula- 
tion. Mathematics is not only essential at the 
stage of problem formulation in economic 
theory, but also for the use of statistical meth- 

ods. Some branches of descriptive statistics 
may involve little or no formal mathematics, 
but the theory of statistical inference stems 
from the mathematical theory of probability 
and cannot be applied to problems of testing 
hypotheses or structural estimation in eco- 
nomic systems without extensive use of mathe- 
matics. 

Input-output analysis, econometric model 
construction and forecasting, statistical de- 
mand analysis, the estimation of production 
functions, and similar econometric studies 
would hopelessly flounder without the use of 
mathematics. It is hard to imagine one trying 
to trace the effects of a given increase in ex- 
ports through the intricacies of an input-output 
table without the use of matrix algebra and the 
theory of simultaneous linear equations. 

Two or three decades ago, the mathematical 
economics of the day seemed very abstract and 
difficult to understand. We have realized tre- 
mendous progress since then. The ideas of the 
earlier period are well known and well under- 
stood by a large and growing body of students. 
Today the latest developments in activity anal- 
ysis, game theory, mathematical welfare eco- 
nomics, or theoretical econometrics may seem 
to be equally abstract and difficult to the 
present generation. These too will undoubtedly 
be assimilated. The present tendency toward 
statistical testing will serve to weed out the 
relatively useless surges of excess. 

II. THE METHODOLOGICAL BASIS OF ECONOMIC THEORY 
James S. Duesenberry 

Mr. Novick approaches mathematical eco- 
nomics in the spirit in which many people ap- 
proach modern art. He admits that he does 
not understand it but he is sure he doesn't 
like it. 

First he says that one cannot do anything 
with mathematics which cannot be done with 
verbal logic. Taken literally this may be true. 
But Mr. Novick goes on to conclude that "with 
this in mind we should view the present efforts 
to apply mathematics in economics and the so- 
cial sciences as simply an addition to the eso- 
terica of the sciences." This does not quite 

follow. One probably cannot do anything with 
power shovels that cannot be done with picks 
and hand shovels. Should we, therefore, regard 
power shovels as part of the esoterica of the 
construction industry? The justification for 
the use of mathematics in any field is its effi- 
ciency as a method of analysis. It seems to 
me to be undeniable that there are many cases 
in which mathematical analysis is more effi- 
cient than verbal logic. There are also some 
cases in which the reverse is true. 

Second, Mr. Novick presents a somewhat 
overdrawn picture of the non-mathematicians 
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