COWLES COMMISSION
FOR RESEARCH IN ECONOMICS

REPORT OF FOURTH ANNUAL
RESEARCH CONFERENCE ON
ECONOMICS AND STATISTICS

Tuly 5 to 29, 1938

COLORADO SPRINGS - COLORADO



COWLES COMMISSION
FOR RESEARCH IN ECONOMICS

THE COWLES COMMISSION FOR RESEARCH IN ECONOMICS is a not-for-profit
corporation, founded in 1932 for the purpose of conducting and encourag-
ing investigations into economic problems. A function of the COMMISSION
is to issue from time to time papers and monographs of an econometric
or economic-statistical nature without, however, assuming responsibility
for theories or opinions expressed therein. The CoMMISSION is affiliated
with the ECONOMETRIC SOCIETY, an international society for the advance-
ment of economic theory in its relation to statistics and mathematics.

PRESIDEN'T
ALFRED COWLES 3RD

ADVISORY COUNCIL RESEARCH ASSOCIATES

ARTHUR L. BowLEY Epwarp N, CHAPMAN
IrviNG FISHER FORREST DANSON
RAGNAR FRISCH HaroLp T. Davis
WESLEY C. MITCHELL DICKSON H. LEAVENS
CARL SNYDER FRANCIS McINTYRE

RESEARCH FELLOWS
HerBERT E. JONES
HorsST MENDERSHAUSEN
ABRAHAM WALD

COLORADO SPRINGS - COLORADO



INDEX OF SPEAKERS

Page
ALLEN, MR. R. G. D,, London School of Economics - - - - 48,57
CIRIACY-WANTRUP, PROFESSOR 8. v., University of California - - 71
Davis, PROFESSOR HAROLD T., Northwestern University and Cowles
Commission - - - - - - - . - - _ _ . 15 19
Dopp, PROFESSOR EDWARD L., University of Texas - - - - 86
EzERIEL, DR. MORDECAL, United States Department of Agri-
culture - - - - - . - - - . - _ _ 80, 85 88
Fi1sHER, MR. ARNE, New York City - - - - - - . 93 98
Froop, Dr. MERRILL M., Princeton University - - - - - 90
GRIFFIN, PROFESSOR FRANK L., Reed College - - - - - - 97
JOSEPH, MI1Ss MARGARET F, W., National Economic Institute - - 49
LEDERER, PROFESSOR EmIL, New School for Social Research - - 41
LERNER, MR. ABBA P., London School of Economiecs - - - - 81
MCINTYRE, MR. FRANCIS, Cowles Commission and Colorado College 29
Mayer, DR. JoSEPH, Library of Congress - - - - - - 43
MENDERSHAUSEN, DR. HORST, University of Geneva (now at Cowles
Commission) - - - - - - - - - - _ _ . 24
NEwBURY, MR. F. D., Westinghouse Electric and Manufacturing
Company - - - - - - - - - - - - - . 84
Par1, PROFESSOR UGO, University of Rome - - - - - .- 58
PETERSEN, DR, O. STRANGE, University of Aarhus - - - - - 383
REED, DR. VERGIL D., United States Bureau of the Census - - 17, 22
Roos, Dr. CHARLES F.,, Institute of Applied Econometries - - 35
Roy, PROFESSOR RENE, University of Paris - - - - 68, 74, 103
SCHULTZ, PROFESSOR HENRY, University of Chicago - - - 77, 82
SECRIST, PROFESSOR HORACE, Northwestern University - - - - 52
TINTNER, PROFESSOR GERHARD, Iowa State College - - - - 27
WALD, DR. ABRAHAM, Cowles Commission - - - - - - 89
WATKINS, PROFESSOR RALPH J., University of Pittsburgh - - - 54
WORKING, PROFESSOR ELMER J., University of Illinois - - - 65
YNTEMA, PROFESSOR THEODORE 0., University of Chicage - - 62



TABLE OF CONTENTS

The 1938 Conference - -~ - = == =« - =« - =« = =«
Participants from out of Town - - - - - - - -
History of the Conferences - - - - - -~ - - - -
Availability of Complete Texts - - - - - - - - -
Plans for 1939 Conference - - - - - - - = = - -~

ABSTRACTS OF CONFERENCE LECTURES

Cournot—Pioneer in Scientifie Economics, HarRoLD T. DAVIS -

Qur National Economic Statistics: Some Blind Spots, VERGIL D.
REED - - - =~ = = = = = = - - < -

The Significance of the Curve of Income, HaroLD T. Davis - -
Our National Economic Statisties: Suggestions for Improvement,

VERGIL D. REED - - - - = = - - - - - -
“Clearing Variates” in Confluence Analysis, HORST MENDERS-
HAUSEN - - - - - - - - - - - - - -

Page

10
12
13
13
15

17
19

22

24

The Theoretical Derivation of Dynamic Demand Curves, GERHARD

TINFNER - =« = = = = = = = = = = « =

Factors Determining Domestic and Foreign Copper Consumption,
FRANCES MCINTYRE - - - - - - - = - = =

The Nature of Supply Curves, ABBA P. LERNER - - - - -
The Price-Level Concept, O. STRANGE PETERSEN - - - - -
The Dynamics of the Current Depression, CHARLES F. Roos - -
The Approximative Determination of Indifference Surfaces by

Means of Engel Curves, ABRAHAM WALD - - - - -
Price Dislocations Versus Investment, EMIiL, LEDERER - - -

Full Employment and Easy Money-—An Analysis of Mr. Keynes
and His Critics, JOSEPH MAYER - - =~ - - - - =

Some Statistical Measurements of Labour Mobility in England,
R.G. D. ALLEN - - =~ - - - -« = =« « - -

Conditions for the Success of a Pump-Priming Policy, MARGARET
F.W.JoSePH - - - =~ - = =« - = - - - -

An Autopsy and Diagnosis of Failing and Non-Failing Banks,
HORACE SECRIST - - - - = = = = = = = =

The Goal of Lasting Prosperity, RALPH J. WATKING - - -

27

29
a1
33
35

39
41

43

48

49

52
54



Patterns of Family Expenditure: The Effect of Soeial Level and

Family Composition, R. G. D. Avte - - - - - - 57
A Cost Theory of the Trade Cycle, Ugo PAPI - - . - - 58
The Measurement of Incremental Revenue and Cost, THEODORE

O. YNTEMA - - - - - - - - - - - - - 862
The Structure and Nature of Business Cycles, F. D. NEWBURY - 64
The Effect of Wage Rates on Business Activity—Some Statistical

Indications, ELMER J. WORKING - - - - - - - - &b
On the Occasion of the Cournot Centenary: The Economic Work of

Augustin Cournot, RENE Roy - - - - - - - - 68
Problems of the Long Cycle in Economic Development Since the

Eighteenth Century, S. v. CIRIACY-WANTRUP - - - - - 71
Study of a Law of Demand: Postal Traffic in France from 1873 to

1936, ReNE Roy - - - - - - - - - - . - T4
Mathematics in Economies, HENRY SCHULTZ - - - - - - 77
15 Industrial Planning Compatible with Continued Individual Own-

ership of Property? MORDECAI E2EKIEL. - - - - - - 8¢
Statistiecs in Economics, HENRY SCHULTZ - -~ - - - - - 82
Does Industrial Planning Involve Predetermination of Price Pol-

icy? MorpECAI EZEKIE, - - - - - - - - - - 85
Periodogram Analysis with the Phase a Chance Variable, EDWARD

L.Dopp - - - - - - - - - - - - - - 86
Problems Involved in Planning of Production, Prices, and Wages

in Industrial Planning, MoORBRDECAI EZ2EKIEL. - - - - - 88
Recursive Methods and the Analysis of Time Series, MERRILL M.

FLOOD - - = - - « - - = 4 - +« - - 90

Statistical Hypotheses and Estimation in Historical and Critical
Light: A Scherzo on the Semantics of the Modern Mathematics

of Statistical Theory, I; ARNE FISHER - - - - - - 93
Some Pitfalls in Applying Mathematics in Economies, F. L. GRIP-
FIN - - - - - - - - - « - - - - - - 9

Statistical Hypotheses and Estimation in Historical and Critical
Light: A Scherzo on the Semantics of the Modern Mathematics
of Statistical Theory, IT; ARNE FiSHER - - - - . - 98

ABSTRACT OF PUBLIC LECTURE

The Life of Augustin Cournot: His Thought, His Philosophical
Tendencies, and His Work, RENE Roy - - - - - - 103



THE 1938 CONFERENCE

The Fourth Annual Research Conference was held at
Colorado College from Monday, July 5, to Friday, July 29,
1938. Two lectures, followed by discussion periods, were
scheduled each morning, the sessions beginning at 9:30 and
closing about 12:30. Saturdays and Sundays were left free
for recreation.

Since the year 1938 marked the hundredth anniversary of
the publication by Antoine-Augustin Cournot of Recherches
sur les principes mathématiques de la théorie des richesses,
it was decided to feature this centenary in the program. The
opening lecture by Professor Harold T. Davis was devoted to
“Cournot—Pioneer in Scientific Economies.” On the invita-
tion of the Commission, the Government of the French Repub-
lic sent as its official representative to the Conference Profes-
sor René Roy, Chief Engineer of the Department of Bridges
and Roads, Professor at the National School of Bridges and
Roads and at the Institute of Statistics of the University of
Paris. Professor Roy gave a public lecture in French on “La
vie d’Augustin Cournot, sa pensée, ses tendances philoso-
phiques et son oeuvre,” and two lectures before the Confer-
ence: “A propos d'un centenaire: l'oeuvre économique d’Au-
gustin Cournot,” and “Etude particuliére d’une loi de de-
mande: le trafic postal en France de 1873 & 1936.”

In addition to Professor and Mrs. Roy from France, there
were present at the Conference participants from seven other
foreigm countries, Denmark, England, Greece, Italy, Java, Ru-
mania, and Switzerland, and from all sections of the United
States. :

The scientific program was supplemented by recreation
which included a picnic supper for visitors in attendance on
July 5. Teas were held at the residences o$ Professor and Mrs.
Harold T. Davis, Mr. and Mrs. Dickson H. Leavens, Profes-
sor and Mrs. Francis McIntyre, and President Alfred Cowles
3rd of the Commission, and members of the staff were enter-
tained at a dinner by the out-of-town guests. Swimming and

—9__
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horseback riding were enjoyed by many, and a number of
hikes and picnics were arranged. Points of interest visited on
afternoon or week-end trips included the summits of Pikes
Peak and Cheyenne Mountain, the Royal Gorge of the Ar-
kansas River, Rocky Mountain National Park (Estes Park),
Cripple Creek gold camp, and Mesa Verde ¢liff dwellings.

The number of people participating in part or all of the
sessions at the Conference was 192, including 93 from out of
town.

PARTICIPANTS FROM OUT OF TOWN

ALLEN, MR. AND Mgs. R. G. D,, London School of Economics, London,
England.

BERG, M1ss MATILDA, 405 West 12th St., Pueblo, Colo.

BoHN, MR. CARL, Stanford University, Cal.

Boyp, DR., University of Minnesota, Minneapolis, Minn.

BRYSON, MR. AND MRS. A. EARL, Halsey, Stuart and Co., 201 South La
Salle St., Chicago, Il

CIRIACY-WANTRUP, PROFESSOR S. VON, University of California, Berke-
ley, Cal.

DIrTEL, MR. WALTER, 225 South Windermere, Dallas, Texas.

Dobp, PROFESSOR AND MRS. EDWARD L., University of Texas, Austin,
Texas.

DunNcaN, PROFEssoR AND MRS. KENNETH, Pomona College, Claremont,
Cal.

ELL1S, PROFESSOR AND MRs. HowaArDp 8., University of California, Berke-
ley, Cal.

ELVEBACK, Mi1ss MARyY L., University of Minnesota, Minneapolis, Minn.

EzEKIEL, DB. MORDECAS, Secretary’s Office, United States Department of
Agriculture, Washington, D. C,

FAming, Miss H. H., 1987 N.W. Johnson St., Portland, Ore.

FELDMAN, DrR. H. M., 5412 Cabanne Avenue, St. Louis, Mo.

FISHER, MR. AND MRS, ARNE, Room 2101, 60 Hudson Street, New York,
N, Y.

Froop, DrR. MERRILL M® Princeton University, Princeton, N. J.

FREEHLING, MR. NOERMAN, 120 South La Salle Street, Chicago, Il

GARNSEY, PROFESSOR MoRRIS E., University of Colorado, Boulder, Colo.

GONZALES, DR. AND MRS, RicHARD J., Humble Qil and Refining Co., Hous-
ton, Texas.

GREEN, MR. L. A., Carbondale, Kan.
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GRIFFIN, PROFESSOR FRANK L., Reed College, Portland, Ore.

HANGER, MR. DAvVID W., Box 248, Hollywood, Cal.

HIESER, Miss ROSEMARY, 2025 East Taylor St., Bloomington, Ill. -

Hoos, MR. SIDNEY 8., Food Research Institute, Stanford Umversnty, Cal.

JESSEN, MR. RaY, Iowa State College, Ames, Iowa.

JOHNSON, PROFESSOR ERNEST A., Lake Forest College, Lake Forest, I1l.

JOSEPH, Mi1ss MARGARET F, W., 53 Linden Gardens, London, W. 2 Eng-
land.

KENNEDY, Miss Cray, Smith College, Northampton, Mass.

LEDERER, PROFESSOR AND MRS, EMIL, New School for Social Research,
New York, N, Y.

LErNER, MR, AND MRS. A. P., London School of Economics, London,
England.

LINDAUER, MIss RosSE, Trinidad, Colo.

LoTTMAN, MR. AND MRS. VICTOR, Purina Mills, St. Louis, Mo.

LOVERDOS, DR. ALEX, National Bank of Greece, Athens, Greece.

MAYER, DR. JoserH, Library of Congress, Washington, D. C.

MENDERSHAUSEN, DR, AND MRs. HoRST, University of Geneva, Geneva,
Switzerland (now at Cowles Commission).

MINDRUP, MIss JULIA, Laton, Cal.

MOORE, PROFESSOR T. W., United States Naval Academy, Annapolis, Md.

NEwBURY, MR. F. D., Westinghouse Electric and Manufacturing Co.,
Pittsburgh, Penn.

NORDIN, MR. JOHN A., JR., University of Minnesota, Minneapolis, Minn.

PapI, PrOFESSOR Ugo, University of Rome, Rome, Italy.

PEERY, M1ss CLARA M., Omaha Technical High School, Omaha, Neb.

PETERSEN, DR. O. STRANGE, University of Aarhus, Aarhus, Denmark.

PoweLL, MRr. ANGUS, Box 1538, Richmond, Va.

REED, DR. VERGIL D., Bureau of the Census, United States Department
of Commerce, Washington, D. C.

RoBERTS, MR. FRANK A., 4350 Rock Hill Road, Kansas City, Mo.

Roos, DR. CHARLES F., Institute of Applied Econometrics, 420 Lexington
Ave.,, New York, N. Y.

Roy, PROFESSOR AND MRS. RENE, University of Paris, Paris, France.

RUBENS, M1ss KAY, Northwestern University, Evanston, Il

RUNGE, PROFESSOR LULU L., University of Nebraska, Lincoln, Neb.

ScHELTEMA, Dr. A.M.P.A., Central Bureau of Statistics, Batavia, Java.

SCHULTZ, PROFESSOR AND MRS HENRY, University of Chicago, Chlca.go,
11l

SCHWIEGER, PROFESSOR AND MRS. ALBERT J., Worcester Polytechnic In-
stitute, Worcester, Mass.

Scort, PROFESSOR E. C., Sweet Briar College, Sweet Briar, Va.

SECRIST, PROFESSOR HORACE, School of Commerce, Northwestern Univer-
sity, Chicago, Ill.

StMMONS, MRrS. HAvEN Y., Cedar Rapids, Towa.

SiMPsON, Me. FLoyp R., University of Minnesota, Minneapolis, Minn.

SINGLETON, MR. ROBERT R., Princeton University, Princeton, N. J,

SMiTH, Mr. V. E., Holt, Mich.
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SPENCE, PROFESSOR AND MRS. B. J., Northwestern University, Evanston,
T11.

SPENCE, MR. BARTHOLOMEW, Northwestern University, Evanston, Il

STRANG, Miss MARY, 81 Irving Place, New York, N. Y.

TAFT, MIss REBEKAH L., Andover, Mass,

TINTNER, PROFESSOR GERHARD, Jowa State College, Ames, Iowa.

TOWNER, MR. J. B., Pittsburgh, Kan.

WALDER, PROFESSOR 0. E., South Dakota State College, Brookings, S. D.

WATKINS, PROFESSOR RALPH J., University of Pittsburgh, Pittsburgh,

: Penn. .

WAUGH, Mi1ss M. M., 1100 Proctor, Port Arthur, Texas.

WISE, DR. AND MRS. OLIVER C., 2705 High Street, Pueblo, Colo.

Wisge, Miss MARy, Northwestern University, Evanston, Ill.

WITT, MR. LAWRENCE, Iowa State College, Ames, Iowa.

WoLrowiTz, MR AND MRS. J., 253 Cumberland St., Brooklyn, N.Y.

WORKING, PROFESSOR AND MRS. ELMER J., University of Illinois, Urbana,
11l

WORKING, MR. D. W., Denver, Colo.

YNTEMA, PROFESSOR THEODORE (., University of Chicago, Chicago, Il

YouNG, MR. CHARLES, 120 South La Salle Street, Chicago, I1l.

HISTORY OF THE CONFERENCES

The Annual Research Conferences on Economics and Sta-
tistics, held at Colorado Springs under the auspices of the
Cowles Commission for Research in Economics, originated in
a series of informal meetings during the summer of 1935 fol-
lowing the sessions of the Econometric Society at Colorado
Springs on June 22-24 of that year. At these gatherings vari-
ous papers were presented and discussed by economists who
remained in the vicinity. The meetings were so successful that
it was decided to continue them in subsequent years. The fol-
lowing table gives a statistical record:

1935 1936 1937 1938

Number of Conference Lectures 8 32 40 38
Number of Lecturers 7 20 27 27
Average attendance per lecture 15 27 36 47
Participants from out—of-town 5 55 o7 93
“ local 20 24 41 99

“  total ' 25 79 108 192
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AVAILABILITY OF COMPLETE TEXTS

In this report abstracts are given of all lectures presented
at the Conference. In addition, as indicated by footnotes on
pages 54 and 71, complete versions of two lectures have been
issued by the Cowles Commission through the plan of Auxil-
iary Publication, and are available as American Documenta-
tion Institute Documents in the form of microfilm (images 1
inch high on standard 35 mm. safety photographic film com-
fortably usable in reading machines now widely available) or
photoprints (readable without optical aid). For detailed in-
formation write American Documentation Institute, care Of-
fices of Science Service, 2101 Constitution Avenue, Washing-
ton, D.C.

It is hoped that in future years it will be possible to make
the complete texts of a larger proportion of the Conference
lectures available in this way to those interested.

PLANS FOR 1939 CONFERENCE

Arrangements are now being made for the Fifth Annual
Research Conference to be held at Colorado College from Mon-
day, July 3 to Friday, July 28, 1939. Rooms and board for
those attending the Conference will be available in dormitor-
ies of Colorado College at about $40 for the four weeks or $11
per week. Approximate summer round-trip railroad rates to
Colorado Springs are: from New York, $86; from Chicago,
$45; from Los Angeles, $61; from Dallas, $32.

There is no charge for attendance at the Conference. Al
serious students are welcome. Those who are interested
should notify the Cowles Commission in order that they may
receive in the Spring a preliminary announcement of the pro-
gram.



ABSTRACTS OF CONFERENCE LECTURES

Tuesday, July 5—Cournot—Pioneer in Scientific Economics,
HaroLd T. Davis, Professor of Mathematics, Northwest-
ern University, and Research Associate, Cowles Com-
mission.

The reasons for the neglect for more than a third of a
century of the Researches into the Mathematical Principles
of the Theory of Riches, published by Antoine-Augustin Cour-
not (1801-1877) in 1838, may perhaps be discovered in a
comparison between the development of astronomy and the
development of economics. Modern astronomy began with the
data of Tycho Brahe. From these data Kepler discovered em-
pirically his three famous laws, the keystones of modern
astronomy. The foundations of mechanics were laid a few
years later by Galileo and the grand synthesis, mathematically
formulated in Newton’s Principia, appeared approximately a
half century after the work of Galileo. Thus in astronomy we
had the data first, statistical analysis second, the foundations
of mechanics third, and the mathematical formulation last of
all. In economics the situation was reversed. The mathemati-
cal foundations were laid first by Cournot in 1838; these were
investigated and extended a third of century later by Jevons,
Walras, Edgeworth, Pareto, Marshall, and others. The real
assembling of adequate data was delayed until the early years
of the twentieth century and the statistical determination of
the functions and parameters of the equations of Cournot is
just now being carried out.

The events of Cournot’s life are most completely found in
his own Souvenirs, which he wrote at the age of 59. An ex-
tensive account of his activities, based largely upon these mem-
oirs, is found in an article by H. L. Moore published in the
Revue de métaphysique et de morale, Vol. 13, 1905.  This en-
lightened journal devoted a complete number to the life and
thought of Cournot and from the twelve articles which it con-

—_15—
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tained one may obtain a full view of the breadth of Cournot’s
intellectual activity.

Cournot realized early that the best foundation for a sci-
entific career was mathematics and his first scientific: publi-
cations were mathematical articles in the fields of probability
and the dynamics of rigid bodies.

Cournot possessed an unusual capacity for administrative
work. ‘His ability to occupy important administrative posi-
tions and at the same time to carry on an extensive research
program may, perhaps, be explained by the following observa-
tions which he made: “I quickly perceived that what one ecalls
good administration consists of two things, machinery and
good sense: the machinery for form, and the good sense for
the basis of things.”

Cournot’s writings were in a variety of fields. He pub-
lished treatises on the theory of functions and the infinites-
imal calculus, the theory of probability, and the origin and
limits of the correspondence between algebra and geometry.
Eight volumes on the Napoleonic campaigns were prepared
largely by him under the direction of the Marshal Gouvion
Saint Cyr. During this period Cournot also made translations
of the Astronomy of John Herschel, which was published in
1838, and the Mechanics of Gardner, which appeared the fol-
lowing year. In addition to his celebrated Theory of Riches he
also wrote two other works in economics, largely to explain
and interpret his earlier mathematical treatise; his scientific
career culminated in two volumes of philosophy entitled:
Traité de Venchainement des idées fondamentales dans les sci-
ences et dans Phistoire. The scope of this work is seen from
the five books with titles as follows: (1) Order and Form; (2)
Force and Matter; (8) Life and Organism; (4) Human Som-
ety; (5) History and Civilization.

The influence of Cournot’s work, in splte of its inauspi-
cious initial reception, has steadily increased. George Sarton in-
cluded his name among the first 118 greatest mathematicians
of the nineteenth century. Econometricians universally pay
tribute to his genius; and, in spite of other econometric works
of merit published earlier, it is probable that mathematical
economics. in the modern sense may be considered to have orig-:
inated with the publication of the Theory of Riches in 1338.
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Tuesday, July 5—Our National Economic Statisties: Some
Blind Spots, VERGIL D. REED, Assistant Director, United
States Bureau of the Census.

Twelve blind spots in our national economic statistics are
in the fields of: prices; production; stocks and inventories;
physical distribution of goods; flow of funds; credits; orders;
labor; construction; consumers’ purchases and standards of
living, including rents and individual and family savings;
business savings and investment and costs; and income and
wealth distribution.

Conclusions as to the prices of various commodities in dif-
ferent industries and their trends have been and are being
based on quite inadequate data. Innumerable kinds of pricing
give rise to price variations affecting a series. There is need
to fuse these and other price variations from period to period
into unit figures on commodities of like quality and thus to
reflect the actual conditions for particular commodities in par-
ticular industries. There is a lack of sufficient data on retail
and wholesale prices, as well as prices of manufactured goods.

In the field of production we know astonishingly little
about what happens in the production of consumer goods.
Most production figures refer to goods which are for further
fabrication or industrial use. Lack of information concerning
inventories is responsible for one of the most pitifully blind
spots in our economic statistics; quarterly reports on inven-
tories are needed.

There ig no statistical information available which charts
the flow of goods from the producer to the consumer, analyz-
ing the time the goods remain in the hands of each middleman
and pointing out differences in the time that it takes for the
various types of commodities to go from one stage to another,
Equally as important as the flow of goods is the flow of funds.
We need a complete study and some kind of measure of the flow
of goods and flow of funds through all of our economic activ-
ities, showing just how much went through retail trade, whole-
sale trade, etc., and where the flow stagnated. Closely assoei-
ated with the flow of funds is the volume, flow, and use of
credit, There is a lack of statistics on this subject and a need
for a series of statistical pictures—kept up to date.
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Current information on orders, both placed and unfilled
(with adjustments for orders cancelled), is urgently needed,
as are additional statistics on shipments of goods. The con-
struction industry is an outstanding example of an industry
for which good statistics are not available; the Census Bureau
has been able to obtain national coverage in censuses taken
in 1929 and 1935.

We need two types of statistics on unemployment. One
is a periodical census which covers the field adequately and
from which considerable detail concerning the family can be
obtained. The other is a current reporting system of unem-
ployment counting, with adequate facilities for keeping the
information accurate and up-to-date,

There is a need for additional data on consumers’ pur-
chases and standards of living, although data on these sub-
jects have been improved greatly in the last ten years. More
data concerning business savings, investments, and costs are
especially desirable. Additional information should be pro-
cured on distribution of income and wealth. What is needed,
first of all, is agreement on the definitions of what to include
in wealth and income.

Important also is the collection of information concern-
ing size of business organizations, the relation of current in-
dustrial production to current capacity, and the relationship
existing between prices, capacity, and employment.

The whole problem of the relation of competition to our
economic system should be studied in the strong light of un-
biased statistics, rather than in the dim light of philosophy
and theory. In doing so, we should keep in mind at all times
that the present society in which we live i8 primarily a com-
plex industrial society engaged in large-scale production, while
the economic society in which the classical economists lived
and from which they drew their conclusions was a society
made up of agriculture and trade conducted on a very small
scale with little manufacturing. We are already altering many
of the economic beliefs which a few decades back were thought
of as economiec law. As facts replace wishful thinking, we un-
doubtedly shall have to change many other theories.
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Wednesday, July 6—The Significance of the Curve of Income,
PROFESSOR DAVIS,

The purpose of this paper is to supply a rationale for the
celebrated law of the distribution of income originally an-
nounced by V. Pareto in the first chapter of the second book of
his Cours d’économie politique, published in 1897. This law
may be stated as follows:

In all places and at all times the distribution of income in
a stable economic system, when the origin of measurement is
at a sufficiently high income level, will be given approximately
by the empirical formula y = a X where y is the number of
people having the income X or greater, and v 1is approximately
1.5.

A résumé of available data exhibits the validity of the law
for a number of different states. For the United States the
average value of » is equal to 1.56 with a standard error of
0.12. It may be conjectured that any exceptional deviation
from the mean value of » would result in civil disturbance, In
other words, too high a concentration, as in absolute aristo-
cracies, or too low a concentration, as in socialistic states, are
equally destructive to productive enterprise and a stable social
order. Unfortunately no data are at present available to de-
termine these disruptive limits.

The problem of determining a general distribution func-
tion for the representation of incomes, from the lowest level
fo the highest, is of interest. Formulas have been suggested
by Pareto, L. Amoroso, D. G. Champernowne, and R. Gibrat.
The following general distribution function is suggested:

If @ (#) represents the number of individuals who possess
an income between x and « + dz, then ¢ () may be written

@ 1

P = T

s R—=¥—¢,
where ¢ is the income necessary to sustain life and » is ap-
proximately 3.5.

It is easily verified that ¢ (¢) = 0, and that, for sufficiently
large values of z, ¢ (x) ™ (a/b) «- v, that is to say, the dis-
tribution is of Pareto form.
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The parameters for United States data in 1918, as report-
ed by the National Bureau of Economic Research, are found to
be n = 3.67 and ¢ = $623. Since the estimated population in
1918 was 103,588,000 and since the data reported the income
of 87,569,060 persons, there was an average of 2.75 people de-
pending upon the subsistence income, or $226 per person. This
value does not appear to be unrealistic.

The form of the frequency function was derived as fol-
lows: Consider a typical income class x, to which N, individ-
uals aspire to belong. If the total income for that class is
assumed to be I,, then there will be P, = I,/x places in the
class which can be filled. The number of ways in which P
places can be assigned to N individuals is given by @ =
(N4-P)1/(N!P!). The fundamental assumption is then in-
troduced that the rate of change of @ with respect to P varies
directly as Q, but inversely as the size of the income, that is
dQ/dP = kQ/x. By means of Stirling’s approximation for the
value of factorials, and employing the assumption just stated,
we may readily deduce

N.

P, = et __1

When N, is determined so that P. is asymptotic to the Pareto
distribution for large values of z, the frequency function ¢ ()
is obtained.

Following a suggestion made by Mr. Carl Snyder,* the
Pareto distribution, as contrasted with the normal distribu-
tion, was regarded as valid in the discussion of the frequency
distribution of special abilities. The distribution of incomes
would thus be considered as a special case of this more general
law which applies to the measurement of psychic abilities as
contrasted with biometric measures or other measures essen-
tially Gaussian in their form., Data were introduced from bil-
liard scores to show that skill in this game was of Pareto form.
A study by A. J. Lotka, on “The Frequency Distribution of
Scientific Productivity,”? showed that scientific ability also fol-

t Cowles Commission for Research in Economics, Report of Third
Annual Research Conference on Economics and Statistics, June 28 to
July 23, 1937, pp. 60-62.

2 Journal of the Washington Academy of Sciences, Vol. 16, 1926,
pp. 317-323.
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lowed the Pareto pattern. It was further pointed out that the
executive salaries in large corporations are distributed in the
same manner, indicating that executive ability follows the
same law of distribution as incomes in general.

Dr. Corrado Gini has given a selected bibliography relat-
ing to the problem of the distribution of incomes.:., The fol-
lowing bibliography is supplementary to his:

SUPPLEMENTARY BIBLIOGRAPHY ON THE
DISTRIBUTION OF INCOMES

DavtoN, H. (1) “The Measurement of the Inequality of Incomes,” Eco-
nomic Journal, Vol. 30, 1920, pp. 348-361.

(2) Inequality of Incomes. First ed., London, 1920; 2nd ed., 1925, xii
+ 360 pp. 4+ appendix of 16 pp.

Darmols, G. “Distributions statistiques rattachées a la loi de Gauss et
la répartition des revenus,” Econometirica, Vol. 1, 1933, pp. 159 161.

GIBRAT, R. Les inégalites économiques. Paris, 1931, 296 pp.

JOHNSoN, N. O. (1) “The Brookings Report on Inequality in Income Digs-
tribution,” Quarterly Journal of Economics, Vol. 49, 1935, pp. 718-
724,

(2) “The Pareto Law,” Review of Economic Statisties, Vol. 19, Feb.,
1937, pp. 20-26.

KINGg, W. 1. (1) The National Income and its Purchasing Power. Nation-
al Bureau of Economic Research, Inc., New York, 1930, 394 pp.

(2) Wealth and Income of the People of the United States. New York,
1915, xxiv 4+ 278 pp.

KuzNETS, S. The National Income, 1929-1932. Sen. Doc. 124, 73rd Con-
gress, 2nd Session, Washington, D, C., 1934, xi + 261 pp. Sum-
marized in Bulletin 49, National Bureau of Economic Research,
Inc., 1934. _

LeveEN, M. (With H. G, MoULTON and C. WARBURTON). Americe’s Ca-
pacity to Consume. The Brookings Institution, Washington, D. C.,
1984, xi + 272 pp.

Macavray, F. R. “The Personal Distribution of Income in the United
States,” Part 3, pp. 341-425 of Income in the United States—Its
Amount and Distribution, Vol. 2, New York, 1922, Publication No. 2
of the National Bureau of Economic Research, Inc. xiv + 440 pp.

MACGREGOR, D. H. “Pareto’s Law,” Econoemic Journal, Vol. 46, 1936, pp.
80-87.

Pigou, A. C. The Economics of Welfare. First ed., London, 1920; 4th
ed., 1932, Part 4, Chapter 2, pp. 647-655,

SHIRRAS, G. F. “The Pareto Law and the Distribution of Income,”
Economic Journal, Vol. 45, 1935, pp. 663-681.

3 Abstracts of Papers Presented ot the Research Conference on Eco-
nomics and Stalistics held by the Cowles Commission . . . 1936, Colo-
rade College Publication, General Series, No. 208, Colorado Springs,
1936, pp. 79-80.
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TuckER, RUurus 8. “The Distribution of Income among Income Taxpay-
ers in the United States, 1868-1985,” Quarterly Journal of FEco-
nomics, Vol. 52, 1938, pp. 547-587.

YouNG, A. A. “Do the Statistica of the Concentration of Wealth in the
United States Mean What They Are Assumed to Mean?” Journal
of the American Statistical Association, Vol. 15, (new series), 1917,
pp. 476-484,

Wednesday, July 6—Our National Economic Statistics: Sug-
gestions for Improvement, DR. REED.

Economists, sociologists, and statisticians can make a con-
tribution to humanity comparable in terms of human happi-
ness to those of medicine and science by bringing the mani-
fold forces of our economic life into the light of factual knowl-
edge and statistical direction.

Improvement in economic statistics and their uses would
secure for the people benefits commensurate with the coun-
try’s enviable resources and free them from the demoralizing
effects of violent depressions and booms. Six practical ways to
improve economic statistics are: improvement in methods of
collection, including duplication and its elimination; classifica-
tion and comparability ; improvement in analysis and interpre-
tation; more timeliness of statistics; better publicity of the
value and need for the data; and refinement of statistical data.

The country has little co-ordination and no well-rounded
plan for the collection of national economic statistics. Each
statistical agency gathers what it needs and duplication often
results. This puts an additional burden on the business man
who must furnish the original data. Unless something is done
to co-ordinate properly the collection of these data and avoid
duplication, the statistical fountain is going to dry up through
increased business resistance and resultant high cost of col-
lection,

Two ways of alleviating this burden on the business men
are desirable. The first is to avoid having more than one
agency collecting similar information from a respondent. The
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second is to furnish the business man with more data in a form
which will be of value to him in running his own business.

Constant improvements in questionnaires, more uniform
accounting methods by business men, and establishment of
standard classifications are needed forward steps. A big ad-
vance has been made within the last year in working out a
standard classification of industries to be used by all govern-
mental and private agencies which collect similar data.

More interpretation, analysis, and applieation of data we
already possess are needed. William Randolph Burgess of the
Federal Reserve Bank of New York said recently: “The prob-
lem involved is not one of simply collecting data, but one of
interpretation. In fact, it would be my own judgment that we
are more defective in our interpretation of the available data
than in the matter of the supply of facts.”

Increased timeliness of economic statistics is an urgent
need. Economists and business men are clamoring for more
up-to-the-minute data and often voice the criticism that gov-
ernment reports are “cold” when the user gets them. This
condition is often caused by late reporting on the part of re-
spondents. It behooves all agencies, concerns, and individuals
interested in more up-to-the-minute statistical information to
co-operate with the collecting agencies and point out the val-
ue of the data to those very concerns which are dilatory.

There are two general types of uses to which economic
statistics are usually put. One is to chart currently the trend
of an industry or trade, or some other phase of economic be-
havior. The second is for use in historical or long-term analy-
sis, Business men are primarily concerned with the first,
while the economist takes an interest in the second,

A central directory or list of available data of an eco-
nomic nature should be set up. Such a directory would have
to be arranged alphabetically by subjects with cross refer-
ences and be capable of use by those lacking extensive statis-
tical training. Weekly or monthly supplements would prob-
ably be necessary with a yearly revision of the directory. The
Census Bureau is attempting to bridge this recognized gap in
its information service by issuing indexed division catalogues
covering all the reports issued by the individual producing di-
visions, such as population, business, agriculture, etc. These
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catalogues will supplement the bulletins published by the Gov-
ernment Printing Office which present Census material avail-
able in printed booklets and volumes.

There is a great need of wider publicity of practical uses
of available economic data. The better-equipped trade associa-
tions, chambers of commerce, and libraries are doing a splen-
did job of publicizing economic data by making them available
to, and interpreting them for, the ultimate user. Through
booklets, speeches, and articles, the staff of the Department of
Commerce are attempting to assist these organizations in their

activities by suggesting uses of the data.

' In connection with the need for greater refinement of sta-
tistical data, a committee has been organized to advise the Bu-
reau of the Census concerning the construction of metropolitan
districts for use in the 1940 Census. These districts, along
with census tracts in most of our large cities, should afford a
degree of territorial refinement for our social and economic
statistics which will make possible the detailed analysis of real
socio-economic communities in sharp contrast to the highly
unsatisfactory and purely artificial cities as defined by cor-
porate limits.

Three conclusions are: First, there is no national statis-
tical program based on clearly defined objectives and needs;
second, steps must be taken to eliminate definitely recognized
and specific blind spots in our economic statistics; and, third,
we must cease to be known as wizards and sorcerers in the
public mind and must encourage wider acquaintanceship with,
and practical application of, the output of our efforts.

Thursday, July 7—*“Clearing Variates” in Confluence Analy-
sis, HORST MENDERSHAUSEN, University of Geneva (now
at Cowles Commission).

Confluence analysis' aims at detecting coefficients for
hypothetically adopted relations between two or more obser-

1 Ragnar Frisch, Statistical Confluence Analysis by Means of Com-
plete Regression Systems, Oslo, 1934,
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vational variates. The question considered in this paper re-
lates to the explanation of a variate supposed to be causally
dependent on other variates. The assumption of a one-way
causation can frequently be brought into harmony with the
general interdependence of observable facts: we consider
only a certain narrow section of the universe of nature and
human society. In the universe, general interdependence
rules. But within a given section certain ways of causation
can be neglected because they lie beyond the range of the sec-
tion and, therefore, are relatively unimportant. In an analy-
sis of the confluence of more than two variates there may be
two different ways by which a determining variate (z,) dis-
plays its useful action. This x, may be a causally connected
variate or a clearing variate. Let us understand by a causal-
ly connected determining variate a variate which has a causal
influence on the dependent one. A clearing variate is a useful
determining variate without causal connection with the de-
pendent one; its role in the set consists of clearing another
determining (observational) variate from the effect of a dis-
turbing basis variate.

The variations of the observational dependent variate
(2,) are due to variations of phenomena which we may call
the basis variates (Y1, ¥», -+, Yn). Assuming further a linear
combination of the influences of the basis variates, we have

1 = anl¥h + @l -+ -+ @inln

where the o’s represent structural basis coefficients.? The val-
ues of the observational determining variates depend equally
on the values of certain basis variates. These basis variates
may or may not be the same as those active in the determina-
tion of x,. Various situations in which a clearing variate ap-
pears can be conceived. Let us take a simple example. We
wish to explain the volume of production of the manufacturing
industries of different districts of a country by the number of
wage earners in these industries (y,). We have values for the
dependent variate (x;) and assume that x, = a,,4,. We have,

2 All variates are taken as deviations from their — static or dy-
namic — means and normalized. Weo assume that all variates # and Y

are effective — i.e., 7 0 in at least two terms — and that all basis va-
riates (¥,, ¥, -++ , ¥,) are uncorrelated. Let us further suppose that

none of the structural basis coefficients equals either 0 or ©: 0S a < oo,
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however, no observational variate expressing ¥,, but only total
numbers of wage earners in manufacturing industries and
mines (¥, = ¥; -+ ¥.). If . is not a function of ¥,, which is
here assumed, z; and x, will not form a complete set; x, is dis-
turbed by the basis variate y.. Suppose now we had data for
the volume of production of mines (x;) and were allowed to
take this volume as a linear function of the number of occupied
miners, that is #; = a3.%.. The introduction of z, will then
render the set complete:

X1 = Gu¥a,
Xe = az21Y, + Qaols (Whel‘e Gloy and Qan — 1) y
L3 = As2l2

L1 — ez '—'El-lxa .
Q32

The variate x; must be interpreted as a clearing variate
for z.; it would be erroneous to conclude that we had verified
a causal connection between z; and x,. The result should be
stated in the following way: the work of #, = w wage earners
in manufacturing industries and mines gives rise to a volume
of production of ¥, = a,;w in the manufacturing industries if
the volume of production of mines (x;) is statistically kept
constant. It has no meaning to say that a volume of produc-
tion of the mines x; = p gives rise to a volume of production
of 2, = — ;1—” p in the manufacturing industries if 2. is sta-

32
tistically kept constant.

Certain criteria for clearing variates can be developed. A
comprehensive formulation of the hypothetical relations be-
tween the variates in terms of observational and basis vari-
ates appears useful for statistical analysis and a meaningful
interpretation of its results.
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Thursday, July 7—The Theoretical Derivation of Dynamic De-
mand Curves, GERHARD TINTNER, Assistant Professor of
Economics and Mathematics, Jowa Sfate College.*

This is a continuation of the paper given at last year’s
Conference' and later published.? It is an extension of the
work of Hicks and Allen® for the dynamic case.

The individual is at the point in time 0 and plans in the
discontinuous case for the points 1 .- n. Denote by x,, the
amount of the commodity X, which he plans to consume at the
point in time s. Let p,, be the expected price of this commod-
ity, ©; the expected interest rate, v = 1 4 ¢, the expected ac-
cumulation factor for the period s, and B, = 7, 7, -+- 7% the
expected accumulation factor for the period 0 .-- s; define
Qvs = Pus/ K the discounted price. Let I, be the expected in-
come for s and J, = I,/R, the discounted income. An inte-
grable utility function ' depends upon the &y, (v = 1, --., m;

§ =1, .--,n) and is to be maximized under the following con-
dition (budget equation) :

m n o
(1) 22 Coelos =2 s =J >

v=1 8=1 §=1

where J is the total discounted income.
The solution is

(2) —'“qul"l'Fvs:O, (v=1,--+,m;s=1,..-,10),

where 1 is a Lagrange multiplier (marginal utility of money).
Differentiating (1) and (2) we get the following linear sys-
tem:

(3)
> i Qos FLyps = — 3 % Losdqus - %_1 aJ, = — % é TvsA s —+ dJ

v=1 &=1 ¥=1 8=1 =1 8=1

——'Qutdj-—‘—zzpvs,utdxvs = ldQut! (u = 1,---,??%;5‘ = 1:”‘ rn)’

v=1 8=1

* This paper has been accepted for publication in Eeonometirica.

t Cowles Commission for Research In Economics, Repori of Third
Annual Research Conference on Economics and Statistics, June 28 to
July 238, 1937, pp. 91-93.

2 “The Maximization of Utility over Time,” Econometrica, Vol. 6,
April, 1938, pp. 154-158,

34A Reconsideration of the Theory of Value,” FEeonomica, New
Series, Vol. 1, 1934, pp. 52-76, 196-219.
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where the subscripts of F' denote partial derivatives.
We introduce the following determinant:

0 Fn F12 "‘an

(4) D= Fiu F11,12 F11,1'2 "'Fn,mn

oooooooooooooooo

F-mn an,n an,m e Fmﬂ,mn

Denoting minors in the usual manner we get the following
general result for the demand differential:

=1 8=1

(5) dxut = %‘[ (_" § § xmdqu + 221 dJs) Dut

-l % % quDW.mJ .

v=1 §=1

We can derive from this equation income, price, and interest
derivatives and also elasticities. Introducing &, = J,,/J we get
the following relationships between interest elasticities:

E xut . Exut E xut
EJ, EI, BEJ

If we define k., = (2..9.,)/J and the elasticity of sub-
stitution -

(6) =k

m n

Oyt z0 — (Dut,zw 2 E xvsts) / (xutxvsD) ’

v=1 &=1

the price elasticity appears as:

By B %ur E xu
(7) E Qv - E Dew _ kzw_—"“E T -[— kzwdut.zu}‘
The interest elasticity is:
(8)
% E z, n m m n _
% - -_ﬂ-:-lj- % [ Ew (Js _E xstvs)] —ngkvs Tyt,va *

where the term in square brackets is the expected saving in the
period w --- n.
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These results can be generalized for the continuous case
where utility is a functional rather than a function. The in-
come, price, and interest elasticities appear then as the solu-
tions of systems of integral equations.

Friday, July 8—Factors Determining Domestic and Foreign
Copper Consumption, FRANCIS McINTYRE, Research Asso-
ciate, Cowles Commission, and Associate Professor of
Eiconometrics, Colorado College.

We must first trace briefly the postwar economic history
of the copper industry. Various efforts at control of prices
and production had evolved from associations of producers dur-
ing this period. One era of control reached its peak in 1929-30,
when the New York price of refined copper was established at
18 cents a pound in April of 1929, and held at that level until
April of 1930,

It is remarkable that this price of 18 cents was main-
tained for one full year, in the face of the greatest market
crash in history, but there is no evidence that it was wise. Con-
trol finally broke in April of 1930, and prices fell 30 per cent
in a month, 50 per cent in a year. The 18-cent price created
much resentment, and almost no sales, so that huge inven-
tories developed, in the face of self-imposed restrictions in
copper production by the big producers.

The consistent restriction policies of the most efficient
(technologically speaking) American producers transferred
the bulk of low-cost production to sources outside of the United
States. This country has never consumed, on net balance, a
pound of imported copper, but a tremendous hue and cry arose
for a tariff on the importation of the red metal, and in 1932 a
duty of 4 cents per pound was enacted, immediately dividing
the world copper industry into two self-contained parts. Great
differences have developed, since the enactment of the tariff,
in the type of control appearing in these two distinet parts of
the copper world.
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The foreign cartel represents at least 95 per cent of non-
United States production. Close control over volume of pro-
duction is exercised, and each participant agrees to limit his
offerings upon the market to a commonly accepted percentage
of production in a certain base period which is not disclosed.
This percentage was set at 105 per cent last fall, and has just
this month {(July 1) been reduced to 95 per cent. Thus pro-
duction and offerings are rather precisely determined, but the
price remains relatively free to seek its economic level.

The pricing of copper in the United States appears to be
quite a different affair. Adoption of the procedure of the
European cartel, if overt, would almost certainly be made the
basis of court action by the Federal Trade Commission. It
seems clear that, instead, the large copper producers in this
country quote a price which is raised whenever consumption
shows the least signs of sustaining it, and lowered only when
smaller producers, desperate for sales, “shade” the price. This
means that, of the two variables, price and consumption, con-
sumption or domestic utilization of copper is much more near-
Iy free to seek its economic level in the American market.

The lantern slides reveal the success of our statistical ef-
forts to estimate price and utilization of copper in the domes-
tic and in the world market, using as additional variables in
the analysis only the level of industrial production in general,
and of wholesale prices. They show that much closer estima-
tion of the “free” variable than of the controlled variable is
possible.

Thus in London, market for the rest of the world except
the United States, we can estimate consumption with an ae-
curacy of approximately 94 per cent, but we can estimate price,
the relatively free variable, with an accuracy of about 97 per
cent, In this country, where the relatively free variable is con-
sumption of copper, we can estimate it with an accuracy of 95

per cent, while our accuracy in estimation of price is only 80
per cent.
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Friday, July 8—The Nature of Supply Curves, ABBA P. LER-
NER, Assistant Lecturer in Statistics, London School of
Economies.

According to Walras, who argues in terms of the adjust-
ment of price when demand is unequal o supply, W in Figure
1 represents a position of stable equilibrium and M a position
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of unstable equilibrium; while according to Marshall, who
argues in terms of the adjustment of output when price is un-
equal to average cost, the reverse is the case.

Figure 2 shows a supply curve with a “backward rising”
section where Walras’ arguments apply but not Marshall’s.
Figure 3b shows a curve that is * forward falling” because of
external economies of scale which affect the average and mar-
ginal costs of the firm (shown in Figure 8a). Here Marshall’s
argument applies but not Walras’.

Figure 4 shows a generalized supply curve combining
both of these elements and illustrates a more general rule
that would satisfy both Walras and Marshall. Equilibrium s
stable where the demand curve comes down to the right out
of the shaded area of effective supply.

Figures 5a and 5b show that both Walras’ and Marshall’s
conclusions about the equilibria are based upon the assump-
tion of supply and demand reacting simultaneously. The
points on the two curves joined by a horizontal (Walras) or
vertical (Marshall) straight line moving together towards a
a stable or away from an unstable equilibrium.

Figure 6 shows the ‘“cobweb’” complication that arises
even when the curves cut the right way (satisfying both
Walras’ and Marshall’s and our own more generalized for-
mula) if there is a time lag in supply and the supply curve is
flatter than the demand curve.

Figure 7 shows that for the “backward rising” supply
curve there is no additional “cobweb” complication because if
the supply curve is flatter than the demand curve it also cuts
it the wrong way, and vice versa. This argument cannot be
applied to the “forward falling” supply curve because it is
never a “true” short-period supply curve (in the peculiar
sense required here) but rather a long-period curve of supply
price.
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Monday, July 11—The Price-Level Concept, O. STRANGE PE-
TERSEN, Lecturer in Statistics, University of Aarhus, Den-
mark.

Few if any concepts are used more frequently in economiec
literature than that of the price level, and few have been dis-
cussed more extensively. Nevertheless there is a deplorable
lack of precision as to the meaning of the concept. In text-
books it is generally introduced without any explicit or precise
definition; and in the discussion of index numbers certain for-
mal “tests” are often formulated instead of a clear statement
of what exactly is to be measured.

There are several distinet notions lying behind the term
price level, and in many discussions it is necessary to analyze
the application of the concept in order to find out which one
18 meant.

The three most important price-level concepts seem to be:

(a) The price level in the strict sense, which assumes
that all prices considered move at the same time, in the same
direction, and in the same degree, apart from random fluctua-
tions in individual prices. A general price level in this sense
does not exist in the real world, and, if it did, would be of no
economic significance. The concept, however may be useful
when dealing with a small homogeneous group of prices.

(b) The price level as introduced in the equation of ex-
change,

PT = mv,

where PT stands for Zp;t; . Thus interpreted, P and 7T should
be conceived of as vectors (the “price situation” and the “gquan-
tity situation”), but when the term price level is introduced
it is assumed that P can be replaced by an index number. This
would only be possible if all the #’s remained constant, or if
the changes in T were changes in level in the strict sense. In
this case an index for T could be determined independently of
the other expressions in the equation, which could then be
solved for the “price level.” In general, however, there is no
logical solution.

Nevertheless this indeterminate concept, or an equally
vague notion of some price average, weighted according to the
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“importance” of the commeodities, is that most frequently
thought of when the term price level is used in economic the-
ory. In this sense the price level is conceived of as a kind of
index of the total monetary value of transactions. It is a gen-
eral price level, and cannot be applied to parts of the price sys-
tem separately.

(c) The price level in the sense of the cost of living.
This concept can in theory be precisely defined for a group of
persons with the same scale of preferences and the same in-
come.

While these concepts are the most important, still other
notions are sometimes introduced. In the discussion of a stand-
ard of deferred payments, the price level is used as a means
of determining the amount which a creditor justly and fairly
should be repaid. Here a moral element is taken into consid-
eration. More important are the attempts to use the price-lev-
el concept in the analysis of business cycles. As all modern
monetary theorists agree, however, an explanation of the busi-
ness cycle cannot be given in terms of the general price level
but only by considering changes in relative prices. Such state-
ments as that the business cycle will be avoided if the price
level is stabilized have in themselves no meaning. Haberler has
pointed out that the problem is to define the price level in such
a way that it becomes significant in this sense, It is extremely
unlikely, however, that any single price index could be found
which would serve this purpose.

From the statistical point of view, the purpose of com-
puting an index number to express the price level may have
one of two meanings: _

(1) To study the causes of price movements by isolating
the effect of some common cause which is presumed to have
affected all prices considered in the same manner. This idea
underlies any attempt at determining the price level from a
sample, but the necessary assumptions are never fulfilled in
the price system as a whole, and not even in any comprehen-
sive group of prices such as for example wholesale prices.

(2) To measure the effects of price changes. It is some-
times possible to measure the significance of price movements
with respect to a definite question (for instance to desecribe
the effects of given price changes on the satisfaction derived
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by a given person from a given income). No single measure-
ment is sufficient to measure the significance in all respects:
and with regard to some important problems the answer can-
not be given at all in a single number.

Index numbers may be useful in many cases as a first
rough guide, but for more thorough purposes a detailed study
of individual price movement is necessary.

It would appear that a purification of terminology would
clarify discussions on price questions.

Where only vague notions of price movements are in-
volved, equally vague expressions such as “a tendency of prices
to rise” should be preferred to “a rise in the price level,” and
where the cost of living is meant this more precise expression
should always be used rather than “the price level.”

The most appropriate meaning of the term price level
seems to be that described above as “the strict sense.” Its field
of application is narrow, but the loss would hardly be grave.

To be a useful tool in scientific analysis a concept should
be precisely, explicitly, and unequivocally defined. The price-
level concept does not meet these requirements and perhaps
therefore would be best avoided altogether.

Monday, July 11, Tuesday, July 12—The Dynamies of the Cur-
rent Depression, CHARLES F. Roos, Director of Research,
Institute of Applied Econometrics.

The purpose of this paper is to subject various theories
of business cycles to statistical verification or rejection in so
far as new data obtained from confidential business sources
permit, and to offer extensions or modifications. The author’s
own theory of price and production fluctuations,® which con-

1 Acknowledgment is made to Victor S. von Szeliski, who construct-
ed the series used in this paper.

2 C. F. Roos, “A Mathematical Theory of Price and Produetion Flue-
tuations and Economic Crises,” Journal of Political Economy, Vol. 38,
Qect., 1930, pp. 501-522,
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tains the elements of the later theories of Frisch, Keynes, J.
M. Clark, Tinbergen, and Haberler, has been used as the quan-
titative formulation most suitable for testing,

The total of all money transactions is obviously related to
the volume of trade, but it is necessary to correct for financial
transactions. In its simplest usable form the equation of ex-
change becomes:

1 P
(1) MV"‘i—‘ycMch'_i—' (l—yc) MGVC+MDVII = T»E Pm@Qmi

@ R 8
+ 2 Pei Qei + 2 Prilri + 2 Deilsir
i=1 i=1 i=1

where M is the quantity of money in circulation in the inter-
val of time £ to ¢ + T, and V is its transaction velocity; M. =
quantity of bank money, and V. its velocity ; M, = quantity of
other money, brokers’ loans, corporation credits, ete., and V,
its velocity; and the parameter y is the proportion of bank
money being used for the purchase of goods and services. The
first sum on the right-hand side is the total of money trans-
actions involving raw materials; the second, consumers’ goods
and new capital goods; the third, capital-goods ownership in
the form of stocks and bonds; the fourth, dividends, interest,
taxes, ete.; and the last, services.

After deducting transactions in stocks and bonds, inter-
est and dividend payments, taxes, and currency transactions,
which are mostly wage and salary payments, this reduces to

i
(2) MV,= —Tpgiqgg—vw,

where 1 and » represent correlation coefficients and W an in-
dex of pay rolls. The comparison of productive expenditures
M.V, thus computed by correcting bank debits, with stock
prices and commodity prices, shows that changes in the latter
follow those in the former, with a lag of several months.

The relationship of M. and V., if any, is important. An
investigation shows that, except during the period 1926-1931,
when it is doubtful whether demand deposits fully represented
money supply, the transaction velocity, except in recessions or
booms, has been relatively stable. Velocity remained on one
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plane when banks gave immediate credit for checks deposited
and on a lower one after the principle of deferred credit was
introduced. During the transition period 1930-1933 velocity de-
clined. It is also true that velocity has always decreased sharp-
Iy about eight or nine months after money supply has begun a
decreasing trend, and has begun to recover to the stable area
about the time money supply first began to increase or some
governmental policy was announced that would reasonably in-
sure increasing money supply. In the boom rising commerecial
loans to finance abnormal orders and inventory building usual-
ly induce lower bond prices. This is competition purely for
bank reserves.

It still remains to show whether or not increases or de-
creases in produetive expenditures regularly begin with pur-
chases of consumers’ or capital goods and whether nonmone-
tary factors can induce important changes. A series of the
physical volume of consumer-goods orders (other than food)
based on confidential figures from major companies, and a
series of the physical volume of retail sales, obtained by divid-
ing an index of retail prices into a weighted average of depart-
ment-store, mail-order-store, and variety-store sales, corrected
for trend, have been compared. In the short run, the differ-
ence between the two series must be represented by changes
in inventory, with a time lag to allow for fabrication and ship-
ment. This expected relation holds satisfactorily for an inven-
tory series constructed from percentage of warehouse space
occupied and department-store stocks corrected for price
changes. The lag is two or three months, except in the 1934
period when inventory building seems to have occurred with-
out orders rising above cohsumption. This may have been
caused by shifts in trade from small to large units under the
N.R.A. Thus total consumption, as distinet from that meas-
ured by the index, may have been below orders. Other diver-
gencies from the normal relation seem to be associated with
governmental action or expectation of such action.

In respect to the flow of eapital goods, the data bear out
the theory that changes in the demand for, and production of,
consumers’ goods and services, tend to give rise later to much
greater changes in the demand for, and production of, those
producer goods which are used for their produection.
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In the winter of 1937 the purchase of capital goods took
an abnormal leap. Retail consumption was rising slowly and
consumer-goods purchases by retailers, wholesalers, and job-
bers far outstripped it. Capital-goods orders rose because of
the high level of consumer-goods orders and because these
were rising sharply. Overbuying of consumer goods was
caused partly by miscaleulation of consumption by retailers,
wholesalers, and jobbers and partly by fear that the Wagner
Labor Act would result in retarding production and increas-
ing prices. These fears with respect to labor were realized;
then consumption fell off, and orders for capital goods dropped
to the low point of 1932, from which they are now rising. This
recovery is due in part to the reversal of policy by the Federal
Reserve Board, but in the main it is attributable to the nor-
mal reaction of American business following the working
down of excessive inventories.

Evidence is available to support the author’s earlier the-
ory of business cycles, which can be stated briefly as follows:

In the earlier work the demand per unit of time for a com-
modity was taken to be a functional® of the quantities of other
commodities produced, of their prices, and also of the rate of
change of these guantities. By using functionals instead of
functions, theories are implicitly incorporated which rely on
either cumulative effects of past factors, particularly so far as
durable goods are concerned, or on the length of the production
process. A cost funetion which depended upon the rate of pro-
duction, prices of materials, and the rate of change in these
quantities was used. If under these conditions entrepreneurs
attempt to maximize profits over a period of time, the theoret-
ical price and production curves as functions of time are of ex-
ponential or sine type, the particular function depending upon
the interest rates and the magnitudes of various statistical
coefficients.

The coefficients of the cost function can remain nearly
constant while the various prices determining them are chang-
ing, Similarly the supply of money or credit in an economic
system can remain adequate to meet the needs of the system

3 A functional, or function of a line as it is sometimes called, is de-
termined by all values of a curve, whereas a function is determined by

valuels at a point. A definite integral is an example of a simple funec-
tional.
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because of cancellation of price movements. As long as this
cancellation is nearly complete, interest rates may be expected
to be stationary; but, when increases of price or production,
as a whole, seriously overbalance decreases of price or produc-
tion, monetary troubles may be expected.

Tuesday, July 12—The Approximative Determination of In-
difference Surfaces by Means of Engel Curves, ABRAHAM
WALD, Research Fellow, Cowles Commission,

Iet us denote consumers’ goods by Gi, Gz, -+« , Ga. A set of
goods g consisting of ¢, units of the goods, G,, ¢, units of the
o00d G, --- , and ¢, units of the good G, can be represented
by a point ¢ in the n-dimensional Euclidean space with the co-
ordinates ¢, -+ , ¢». Each individual has a scale of prefer-
ences in this space of goods, that is, each individual can say of
any two points in the space of goods whether he will prefer
one to the other or whether they will be indifferent to him.
The scale of preferences can be described by a real function
I(q) which gives for every set of goods ¢q a real value I(q)
such that I(¢') = I(q") if ¢ and ¢” are two indifferent sets
of goods, and I(g’) > I(¢") if ¢ is preferred to ¢". Such a
function is called an indicator.

Many indicators exist for a given scale of preferences. If
I(g) is an indicator then every monotonic function F (I) of I
is also an indicator. The sets of points ¢ for which the indi-
cator I(q) has a constant value is called an indifference sur-
face. It is obvious that the indifference surfaces do not de-
pend on the choice of the indicator; they are uniquely deter-
mined by the scale of preferences.

It is of great importance to know the shape of the indif-
ference surfaces. If we know the indifference surfaces we are
able to solve many problems; we can determine the demand
curves for consumers’ goods at any price and income; we can
caleulate the index of cost of living, and so on.

The determination of the indifference surfaces should be
made by means of observable data, which we have at our dis-
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posal. Such observable data are: income, market prices, quan-
tities purchased or consumed. The observable data do not
suffice for an exact determination of the indifference surfaces,
but their approximate determination is often possible. The in-
dicator can in many cases be well approximated by a polyno-
mial of the second degree, at least in the small part of the
space of goods in which we are interested. We shall therefore
make the assumption that the indicator can be approximated
by a polynomial of the second degree.

By observing the prices, income, and quantities pur-
chased or consumed, we are able to determine in each time
period the Engel curve, that is to say, the distribution of in-
come among consumers’ goods. Since the indicator is a poly-
nomial of the second degree, the Engel curves must be linear.
It has been shown in this lecture that, if the Engel curves
C,, -+, C; in k different time periods are known, then the in-
dicator I(q) can be uniquely determined in the linear space S’
determined by the straight lines C,, --- , C;. The formula for
I(q) has been given. If k is large enough we get the indicator
in the whole gpace of goods.

It has been further shown that the Engel curves C,, ---,
Cy, if £k > 2, must fulfill some integrability conditions. If the
Engel curves do not fulfill these conditions, the hypothesis that
the shape of the indifference surfaces remained unchanged
during the whole time period of observation cannot be main-
tained. Hence in the case of & > 2 we have statistical criteria
whether the hypothesis of the invariance of the indifference
surfaces during the whole period is justified. H. Stachle made
some applications of this theory and found that in some cases
the above hypothesis was justified, but in some other cases
it was to be rejected.

If we consider only two time periods 1 and 2 and the
corresponding Engel curves C, and C,, we are already able to
solve the problem of the index of cost of living, The problem
of the index is the following: We have to calculate for each
given income FE, in the first period the equivalent income E,
in the second period. By means of the Engel curve C, we can
determine the set of goods ¢, purchased by E,. Since the indi-
cator 7(g) is known in the linear space S’ determined by the
Engel curves C; and C,, we can calculate the point ¢, of the
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Engel curve C, for which I(q,) = I(q;). The value F; of ¢,
calculated with the prices of the second period gives us the in-
come equivalent to E,; and the index is given by E,/E,. If we
make these calculations we get the same formula for the in-
dex, already demonstrated in another way.!

Wednesday, July 13—Price Dislocations Versus Investment,
EMI11L, LEDERER, Professor of Economics, New School for
Social Research.

The recent development in economic theory stressed in-
vestment as the pivotal point of the dynamic system. Though
it is certainly one of the great merits of the Keynesian theory
to have directed attention to the strategic position of invest-
ment, it led to an underestimate of the problem of relative
prices. There are still economists, however, who stress the
point that price and wage rigidities are responsible for the
severity and length of depressions, and that therefore flexi-
bility of prices and wages would soon create a new equilib-
rium from which a new prosperity could easily be attained.

This view, however, is too general; first of all we have
to know what the concepts of rigidity and flexibility mean.
Prices are rigid, if they do not respond to changes in costs
and in demand. Three degrees of flexibility might be distin-
guished:

1. In the case where producers overestimate demand
and have to market their whole output (perishable goods or
an economic necessity to sell), prices will decline even be-
low marginal prime costs. These are ‘“momentary prices,”
which will either change rapidly in the next period of produc-
tion (cobweb problem) or remain steady over a longer period,
if the demand does not increase, while the producers have to
maintain their output.

2. If prices decline to the level of marginal prime costs,

1 See the writer’s paper on index numbers in Zeitschrift fiir Na-
tionalibonomie, Wien, 1937.
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because demand shrinks, and if they decline further, in case
marginal prime costs decrease, they are flexible—though it
might well be that under these conditions the level of produe-
tion could not be maintained. That will be the case if demand
shrinks more than costs decline. Prices that behave in this
way might be called short-run-equilibrium prices.

3. Prices are considered to be rigid if they do not de-
cline as far as marginal prime costs, in case demand shrinks;
if, however, they cover only those overhead costs which are
part of current expenditures, such as interest on bonds and
costs of replacement that cannot be postponed, they can still
be called flexible; they might be called long-run-equilibrium
prices, though such prices should cover overhead.

Monopoly or oligopoly prices are not less flexible than
competitive prices, though they are higher than competitive
prices would be in case it were possible to use the same produc-
tion technique under conditions of perfect competition.

Flexibility of wages is difficult to define; they are cer-
tainly flexible in case they vary with the cost of living. Ire-
quently, however, wages are called rigid in cases where they
do not decline to a level at which all workers could be em-
ployed, in other words, in case they do not conform to the
momentary situation.

Prices of agricultural commodities and of raw materials
are “momentary prices’”’; those of manufactured commodities,
produced under competition, are short-run-equilibrium prices;
while prices of the most basic materials (bricks, steel, and so
on) are long-run-equilibrium prices—especially where prices
of basic materials are not perfectly competitive and where the
demand during depression is inelastic.

A perfect flexibility of all prices and wages (decline to
“momentary prices”’) would rather disrupt the economic sys-
tem than help toward recovery. It is only a combination of
flexibilities and of rigidities that can prepare the way for an
early recovery.

Dangerous rigidities of prices and wages, if there are
any, center in the producers’-goods industries. Are they of
great importance? Some economists stress the point that they
existed also during the nineteenth century, and that they did
not prevent revival after short depressions. But this argu-
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ment presupposes that the conditions for revival (apart from
the price system) are identical with those prevailing during
the nineteenth century. The difference compared with the
nineteenth century is that the structural trend (determined
by the strength of the dynamizing forces) weakened con-
siderably; with a weak structural trend, that is, with few
profitable investment opportunities, the rigidity of invest-
ment-goods prices will be detrimental, while it would only
slightly retard an upswing, in the case where many new
promising ventures were available.

To compensate for this weakness of dynamizing forces,
public investments have been suggested. But they are not
likely to lead to a real upswing unless they induce profitable
investments in private business. In such a situation, prices of
producers’ goods and wages in basic industries must be rela-
tively Iow in order to strengthen the weak incentives for in-
vestment. And therefore a public-works policy should be com-
bined with a price policy, tending to create incentives for in-
vestments (possibly by subsidies); during the last pros-
perity period, however, public investments seem rather to
have precipitated an upward movement of prices of produec-
ers’ goods that probably contributed to the collapse in 1937.

Wednesday, July 13, Thursday, July 14—Full Employment and
Easy Money—An Analysis of Mr. Keynes and His Critics,
JOSEPH MAYER, Honorary Consultant in Sociology, Li-
brary of Congress.

The purpose of the present analysis is not to add just one
more commentary on Keynes’ General Theory of Employment,
Interest, and Money to the many that have already appeared.
The purpose is rather to appraise the positions of Keynes and
his critics on the question of Full Employment and Easy Mon-
ey in the light of considerations advanced by the speaker in
this Conference two years ago.!

1 “Pseudo-Scientific Economic Doctrine,” Abstracts of Papers Pre-
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One thing seems clear at the outset. Keynes and his
critics appear to be at complete loggerheads as to what tra-
ditionalism or orthodoxy is and as to how Keynes’ book is
related thereto.

Rowse, Elliston, Ashton, Mussey, and Hardy regard the
book as marking a “revolution” or a “break with accepted
theory.”

Henderson, Coe, Hansen, Viner, Franklin, and Taylor are
not at all sure that such a break is implied.

Keynes himself thinks of the writing of his book as “a
long struggle of escape . . . from habitual modes of thought
and expression,” which escape some critics feel has by no
means been accomplished.

But even his most severe critics, like Schumpeter, agree
with Ashton that Keynes has here courageously undertaken to
bombard the citadel of classical doctrine, whether or not he
has actually penetrated the stronghold.

In these lectures the problem of full employment and easy
money will be examined under the following headings:

FIRST LECTURE
Keynes’ Central Argument and Its Reception.
The Psychological Factors Involved.
Equilibrium Economics.
Income, Saving, and Investment,
. Capital and Its Marginal Efficiency.

Uk oo

SECOND LECTURE
Money, Liquidity, and the Rate of Interest.
The Circulating Medium, Loan and Investment Funds,
and Easy Money.
8. Conclusions.

SR

The following excerpts are taken from the conclusions:

“The investment process in Keyneg’ theoretical world, as
Schumpeter puts it, ‘has hardly anything to do with the invest-
ment process in the actual world.” Let us list some of the di-
vergencies:

eented at the Research Conference on Economics and Statistics Held by
the Cowles Conymission . . . July 6 to August 8, 1936, Colorado College
Publication, General Series, No. 208, pp. 38-42,
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“(1) Keynes’ detailed analysis of ‘investment’ is appar-
ently confined to ‘the purchase of an asset,” old or new, an old
asset such as a house, a machine, or a ‘stock of finished or un-
finished goods’ (evidently exclusive of changes in price), or a
new asset such as new capital equipment purchased ‘out of in-
come.’

“(2) Now, besides the purchase of capital assets, some
are created directly out of income, possibly 25 per cent of ag-
gregate savings being thus converted in the United States in
1929 (that is, without the savings flowing through investment
channels). Such direct conversion of income into capital
assets, while not intrinsically inconsistent with Keynes’ defini-
tions, seems to have been overlooked in his theoretical account.

“(3) In real life, moreover, purchases of assets (or their
direct creation) are made from money income, whether pro-
ductively or unproductively acquired, and not merely from
productive income alone, as Keynes’ definitions imply. The con-
tingencies thus far considered might be comprehended in more
realistic definitions of investment than Keynes provides, with-
out there still being any fundamental divergence from ‘saving.’

“(4) Beside these contingencies, however, productive in-
vestment may and often does occur as the result of loans ex-
tended but not liquidated in the current period; and, to the ex-
tent that this happens, current saving and current investment
diverge,

“(5) In addition, part of current saving (as occurred in
the United States in the latter 1920°s) may be absorbed in
bidding up the prices of old assets, and this part thus finds no
counterpart in productive investment at all. Here is another,
and a very important divergence, the use of savings unproduc-
tively. Half of aggregate savings in the United States were
apparently thus unproductively absorbed in 1929.

“(6) Another part of current savings, besides those that
may be unproductively absorbed, is held by income recipients
in liquid form (because of ‘liquidity preferences’). Keynes
speaks of this part of saving as being ‘invested’ in liguidity,
which may be a theoretically defensible extension of the con-
cept, but it certainly stretches the meaning beyond that gen-
erally understood in analyzing the creation of new capital
goods; and, in terms of additional current employment (the
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main objective of Keynes’ discussion), such extension of the
concept ‘investment’ is of course meaningless.

“There are thus at least three important contingencies,
not provided for in the traditional definitions, which cause
divergencies between current investment in new capital goods
and current savings: productive investment through loans ex-
tended but not liquidated in the current period; savings held
in liquid money form; and savings unproductively absorbed
in the speculative bidding up of the prices of old assets. The
last-mentioned of these contingencies seems to be the most im-
portant factor overloocked by Keynes in his analysis, and ap-
parently also by most of his critics, although the far-reaching
effects of the first-mentioned contingency appear likewise to
have been largely neglected, . . .”

“We may now return to Keynes’ use of the equilibrium
apparatus and present certain critical comments thereon, . .

“In so far as Keynegs’ exposition reflects merely the mathe-
matical approach developed by Harrod and Hicks, his equilib-
rinm views must be regarded in terms of determinateness
only., And it is from this angle that Harrod’s ‘statics’ eriti-
cism takes on meaning, for thus construed Keynes’ apparatus
presents a cross-sectional view of the economic system, an in-
stantaneous photograph, from which temporal, eyclical, and
secular factors are omitted.

“But Keynes also treats of the economic system in flux.
He has in mind shifting as well as stationary equilibria and
speaks of any number of positions of underemployment bal-
ance. At one point he even talks about ‘a cyclical movement’
around an equilibrium position.

“Whether any of the equilibrium positions described by
Keynes are stable is probably not so important, in the light
of our preceding discussion, as whether they are obstructive
or constructive, Hansen pictures certain conditions leading
to an obstructive dead-center balance, that is, ‘restrictive in-
stitutional factors and rigidities,” such as cost inflexibilities
and monopolistic control of supplies, and he seems to suggest
that Keynes’ argument proceeds quite apart from such restric-
tions. But how about Keynes’ psychological factors and the
two per cent that John Bull ‘cannot stand’ — ‘the ultimate
causal forces resting in the mores, customs, habits, and be-
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havior pattern of the people’? Are not these merely other
forms of ‘restrictive institutional rigidities’? To the extent
that longstanding prejudicial customs and habits, often ex-
ceedingly irrational in character, obstruct the movement to-
ward full employment, they would seem to be about as potent
in bringing on underemployment positions of obstructive dead
center as are cost rigidities and monopolistic controls.
“Whether Keynes holds an organismic view, as well as
mechanistic and mathematical views of economic equilibrium,
is not entirely clear, but this is also hardly important. It is
quite clear that, in addition to other views, he holds and em-
phasizes the normative conception and that his central argu-
ment implies both stable and unstable positions of equilibrium
at the same time. His argument suggests two conditions of
balance, one constructive and normative and the other obstruec-
tive and mechanical, and a condition of freedom or unbalance.
The constructive balance is represented in the implied neces-
sity, through social control, of maintaining a certain moving
equilibrium between consumption and productive investment.
The obstructive balance is represented in various situations of
dead-center underemployment equilibrium. The freedom or un-
balance applies to any condition of employment short of full
employment. From the point of view of stability or instabil-
ity, the three conceptions seem to be combined by Keynes
somewhat as follows: The deliberate maintenance of a mov-
ing balance between consumption and productive investment
will prevent haphazard dead-center positions of underemploy-
ment equilibrium and will leave the economic system free to
move forward constructively towards a final position of full
employment. Unless the first condition of a deliberate moving
balance is maintained, underemployment equilibrium sets in
and the advance towards full employment stops, the industrial
machine being in the position of an automcbile mired in a
mud hole, the machine and its spinning wheels being held in
obstructive balance because of the lack of traction in the mud.”
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Thursdey, July 14—Some Statistical Measurements of Labour
Mobility in. England, R. G. D. ALLEN, Lecturer in Statis-
tics, University of London, at London School of Eco-
nomics.

- Taking a long-period view of labour mobility, we can
distinguish between occupational (or industrial) transference
of workers and geographical movement. Two main sources
of information have been used to indicate the extent of such
movements — the Census of Population and the yearly data
on “insured” workers published by the Ministry of Labour.
An interesting method of estimating both the direction and
the extent of movement of workers into a specific area (e.g.,
London) has been worked out by Brinley Thomas (cf. articles
in Economica, 1934, 1937, and 1938). The method takes the
number of “unemployment books” exchanged each July in the
area and determines the offices, all over the country, at which
the books were originally issued.

In a short-period approach, we concentrate on the ever-
changing, day-to-day demands of employers for workers of
various kinds and determine how the supply of labour is ad-
justed to meet the demands. The recruitment of workers may
or may not involve occupational transference or geographical
movement. Many questions arise — what are the methods of
recruitment adopted by public and private employers? — is
the labour supply insufficient and, if so, how do employers
modify their demands? — if labour is available, how much
delay is there in placing workers and what are the causes of
delay? Lack of statistical material has held up investigation
of these problems. But the records of the placing service of
the Ministry of Labour now provide abundant information
on that part of the recruitment of labour taking place through
the offices of the Ministry and an investigation of these rec-
ords has recently been undertaken for the London area. Some
results are available for two trades (Building and Catering)
where there is a large turnover of labour.

For Building Trade workers recruited through offices of
the Ministry of Labour in cerfain areas in London, in June
1936 nearly 20 per cent of all workers finding jobs were
placed after an interval of at least 2 days from the time the
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employer notified his needs. Long delays, however, were in-
frequent, intervals of a week or more occurring in only 1.5
per cent (in inner London) and 3.4 per cent (in outer Lon-
don) of all placings. For skilled craftsmen, delays in placing
(of at least 2 days) occurred in about 30 per cent of the cases
and many of the workers (over 50 per cent in inner London)
were drawn from some distance to work in the areas con-
cerned. For example, 17 per cent of al! skilled workers placed
in the important inner London districts came over 5 miles
to work.

Much greater delays were involved in placing workers in
the Hotel and Catering trades. In June and July, 1936, of all
house-workers (e.g., chambermaids, porters) recruited
through the Ministry of Labour for establishments in central
London, over 70 per cent were placed after 2 or more days,
85 per cent after at least a week, and 13 per cent after 2 or
more weeks. Many of these delays are ‘“nominal,”’ e.g., in-
volving the giving of notices or the taking up of references.
But, when all allowances are made, we find that serious de-
lays occurred in the placing of about half of all resident, and
of about one-third of all nonresident, women house-workers.
Amongst skilled workers (e.g., cooks), many delays were ap-
parently the result of low wages offered by the employer, or
of long hours and poor conditions of work.

Friday, July 15—Conditions for the Success of a Pump-Prim-
ing Policy, MARGARET F. W. JOSEPH, Research Associate,
National Economic Institute, London.

The capitalist system appears to have reached a struc-
tural crisis, as can be seen particularly in its failure to recov-
er from cyclical depressions. This has led to a concentration
of attention on business-cycle policy, and to the treatment of
various branches of economics, hitherto studied in separate
watertight compartments, from this general point of view,
Such a co-ordination of the different fields of economics offers



50 CowLES COMMISSION

increased possibilities of mitigating or controlling the cycle.
The point of view of business-cycle pelicy is essentially a
monetary one, and has involved a broadening of both the ob-
jectives and scope of monetary policy. With regard to the
former there has been a progressive reorientation from the
traditional objective of merely regulating the external value
of the currency to that of attempting to control the internal
business situation. These two goals are to some extent mu-
tually incompatible. Until the 1931 financial crisis, most
monetary authorities regarded the gold value of the currency
as sacred—internal credit conditions had to be subordinated
to its maintenance. Since the great depression, the emphasis
has been shifted, particularly by certain English and Scandi-
navian economists, away from external towards internal
monetary policy. The importance of foreign trade and long-
term investment has declined, largely owing to international
political tensions, and the necessity of creating domestic em-
ployment has become the central problem.

In attacking this problem the scope of monetary policy
has had to be extended; the traditional instruments, the dis-
count rate and open-market operations, have proved insuf-
ficient. These instruments, by improving the terms on which
funds could be borrowed, were directed towards stimulating a
revival of private investment, But nothing short of a nega-
tive rate of interest could induce new investment during the
cumulative deflation and shrinkage of incomes characteristic
of the depression phase of the cycle. It therefore becomes
necessary to act directly on the income stream. For this pur-
pose an effective instrument is found in the national budget.
The government, unlike private investors, is in a position to
borrow independently of expected returns.

To succeed in its purpose of increasing income, it is es-
sential that government borrowing should not take place at
the expense of private investment. The two main obstacles to
the fulfillment of this condition are: (1) a rise in the rate of
interest, and (2) psychological factors affecting confidence. A
rise in interest rates may be prevented by monetary policy de-
signed to increase commercial-bank reserves. The maintenance
of confidence must depend on the level of education of busi-
ness men and their understanding of business-cycle poliey.
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Government borrowing may arise in two ways: either
from a reduction in receipts or from an increase in expendi-
ture. The deficit will have both primary and secondary effects
on the flow of income, and their extent will depend on the na-
ture of the taxes remitted and of the objectives of government
expenditure. With regard to primary influences on consumers’
demand, not only the effect on total income but also that on
its distribution will affect the flow of spending. Saving in-
creases in higher income classes, so that tax remission will be
more stimulating the less progressive the taxes remitted, and
increased expenditure will be more effective the poorer the re-
cipients. The secondary effects of a government spending pol-
icy depend on the degree to which it stimulates private in-
vestment.

Pump priming has to serve two types of purposes: to
check the secondary effects of cyclical depressions, as well as
to attack their causes. For the first purpose comparatively
small expenditures should be sufficient. They can best be pro-
vided in two ways: by anti-cyelical timing of normal public
investment, and, where this is not enough, by ad hoc expendi-
tures of a highly flexible kind such as unemployment relief. In
addition to this, however, a progressive increase in government
investment may be necessary to compensate for the tendency
of the marginal inducement to invest to lag behind the pro-
pensity to save in a progressive economy.

Corresponding to a deficit policy during depressions, a
policy of debt repayment may be applied to check unhealthily
rapid expansion during the boom. If the situation is such that
the necessity for increasing debt during depressions is greater
than that for repayment during booms, the problem of an in-
creasing trend in the national debt may arise. This problem
turns out to be a somewhat artificial one. (1) An internal debt
involves at most a transfer of income from one class to an-
other. (2) The distribution of existing capital between private
and public investments has no particular economic signifi-
cance. (3) Only the increase in government debt, not its size,
might involve competition for funds with private industry;
but, since the policy is advocated only for periods where the
private demand for funds is low, this problem does not arise.

Certain changes in the form of presentation of the bud-
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get, such as its separation into a capital and income budget,
may serve to mitigate the disturbing effects on confidence of
a high national-debt figure.

It is proposed that the method by which government ex-
penditures are financed, whether by taxation or by loans,
should be determined mainly from the standpoint of business-
cycle policy, with a view to promoting the fullest possible uti-
lization of existing productive resources: and debt should be
repaid, not on grounds of moral fetish, but only at times when
the business situation calls for restraining action.

Friday, July 15—An Autopsy and Diagnosis of Failing and
Non-Failing National Banks, HORACE SECRIST, Professor
of Economics and Statistics, Northwestern University.

This lecture is concerned with the methodology used in
and the results secured from a study of the life histories from
1921 to the date of failure of 741 individual national banks
failing in 1925, 1929, 1930, 1931, and 1932, and of 111 national
banks from 1921 to 1932 which did not fail.2

The basic assumption underlying the procedure in the
analysis of the balance-sheet data of the banks in question was
that symptoms of relative strength could be discovered and
their significance determined by a comparative analysis of fail-
ures against failures and of failures against non-failures.
Symptoms were first assumed and their validity then deter-
mined by observing what occurred to the institutions under
examination. The test of the accuracy of the diagnosis and
autopsy were found in the repetitive nature of the differences
which the comparisons disclosed, standards of reference for
the behavior of banks failing in given years being that of those
deferring failure and of those which survived. A series of con-
trols was thus established, comparative operating conditions
being the criteria which were used to determine relative

1See Horace Secrist, National Bank Failures and Non-Failures—
An Autopsy and Diagnosis, Principia Press, Bloomington, Ind., 1938.
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strength or weakness, and to indicate the time when failure
appeared immiment,

The banks were selected in keeping with the following
conditions: (1) they must have been chartered before 1921
(2) annual balance-sheet data for them individually must be
available from 1921 to the year immediately before failure, or
to 1932 in the case of the non-failing institutions; and (8)
each bank must retain its identity throughout the periods to
which the data relate. These conditions were applied both to
those which “died” and to those which “survived.” The first
group covered the entire country; the second was drawn at
random from the Seventh and Tenth Federal Reserve Dis-
tricts.

The basic balance-sheet amounts and ratios derived from
them were comparatively analyzed, the objective being to dis-
cover through time systematic and repetitive differences which
were independent of the relative size and location of the in-
stitutions. The comparisons were of the following order for
the years after 1920:

Failures Occurring

in Banks Serving As Controls
1932 Non-Failures

1921 o Failures 1032
1930 o b o Failures 1931

1929 £ “ “ £ ¢ " Failures 1930
1925 “ “ “ * ' “ hid Failures 1929

Only when consistency of behavior in terms of the several ref-
erence criteria was secured was significance assigned to the
results. The method of analysis was one of trial and error, a
priori standards being rejected for those which were affirma-
tively determined. Those found were not conceived as abso-
lutes., Neither the assumptions nor the conclusions took this
form. Differences of a quantitative type were found, but the
assignment of them with the fact and time of failure, or with
survival, was possible only because of knowledge after the
fact. The prognosis was conditioned by the diagnosis. Some
banks failed while others remained solvent; moreover, failures
occurred at different times. Knowing this, one seemed jus-
tified in assigning significance to the differences which were
found, ex post facto, to be important. Such a method of es-
tablishing standards likely to lead to relative stability ap-
peared to be superior to one which assumed them a priori.
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The conclusions related to the comparative behavior
through time of the following balance-sheet items, first, as
aggregates for the several classes of banks, and second, as
amounts for each member of each class: (1) Total Resources,
(2) Total Deposits, (3) Total Loans and Discounts, (4) To-
tal Loans and Discounts and Other Bonds, and (5) Total
Capital Funds. Following the discussion of the short- and
long-time trends of these amounts treated singly and together,
for failures and non-failures variously classified as to location
and size, the conclusions pertained to the comparative levels
and trends of the following ratios: (1) Loans and Discounts
to Total Deposits, (2) Total Deposits to Total Resources, (3)
Total Capital Funds to Total Deposits, and (4) Total Capital
Funds to Total Liabilities.

After specifying some of the significant specifie conclu-
sions, the speaker commented upon the more general aspects
of his findings. Continuing studies of the type here reported
on but extending also to income and profit-and-loss data found
in the office of the Comptroller of the Currency are badly
needed. Why cannot they be made? If they were, the mislead-
ing and often false standards which are too generally held to
distinguish sound from unsound banking would soon be re-
placed by something more scientific and dependable.

Bank failures are peculiarly an American phenomenon—
a disgrace. Cannot the conditions which make them possible
be diagnosed and our banking system be placed on a sound
basis, as it should be? This study and the methods utilized
may in some measure indicate what is possible in this respect.

Monday, July 18—The Goal of Lasting Prosperity, RALPH J.
WATKINS, Director, Bureau of Business Research, Uni-
versity of Pittsburgh.*

For the past two decades we have heard much of such

* For copy of complete lecture with charts, order Document No.
1141 from American Documentation Institute, care Offices of Science
Service, 2101 Constitution Avenue, Washington, D.C,, remitting 43 cents

f?(li' copy in microfilm, or $2.50 for photoprints readable without optical
al L
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phrases as “lasting prosperity,” “sustained recovery,” and
“continued employment.” Critics of the business-enterprise
system have condemned that system because it has not yielded
lasting prosperity, and its defenders have charged these fail-
ures against interferences with its normal operations. Ex-
plicitly stated or implicit in the argument is the assumption
that, given certain conditions, our business-enterprise system
can be expected to achieve permanent prosperity. Let us turn
to the statistical annals.

The record I employ is the monthly index of industrial
production in the Pittsburgh district, January, 1884 to June,
1938, computed and published by the Bureau of Business Re-
search, University of Pittsburgh. This index, prepared under
the supervision of my colleague, Mr. Wilbert G. Frifz, is a
weighted composite of manufacturing and mining production,
and is adjusted for seasonal variation only. :

The charted index records an endless process of change.
The volume of production almost always is moving up or mov-
ing down. Change is the norm, not evenness of level. Slopes
and sharp peaks and V-shaped valleys are the figures of speech,
not plains, plateaus, and level valleys.

I find with this index 23 rather clearly defined periods of
declining or depressed business and 22 periods of rising or
prosperous business. My purpose was to divide this 654-month
span of time into easily recognizable periods of more or less
continuous recovery and prosperity on the one hand and simi-
lar periods of recession and depression on the other hand. Per-
sonal judgment necessarily entered in the process. The 23
periods of declining business aggregate 233 months, or 35.7
per cent of the total, and the 22 periods of rising or prosper-
ous business aggregate 420 months, or 64.3 per cent.

Of the 23 declines, 11 lasted from 2 to 6 months, the ex-
tent of the drops ranging from 14 per cent to 42 per cent.
Seven of the declines lasted from 8 to 12 months, in extent
ranging from 20 per cent to 53 per cent. Five of the declines
lasted more than a year each, ranging in duration from 14
months to 44 months and in severity from 25 per cent to 71
per cent. The 1929-38 decline is the longest on record as well
as the most severe. Only seven of the 22 rises lasted 6 months
or less, the magnitude of the rise ranging from 30 per cent to
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117 per cent. All the other 15 rises lasted more than a year, 8
lasting from 14 months to 24 months and ranging in extent
from 27 per cent to 129 per cent; and 7 lasting from 27 months
to 44 months, ranging in extent from 67 per cent to 165 per
cent. In magnitude the greatest rise is that from September,
1934 to March, 1937. The longest expansion period on record
is that from September, 1896 to May, 1900.

A business-enterprise system implies a considerable meas-
ure of economic freedom, involving countless “free acts” or
unco-ordinated acts. Even on an a priori basis we could hardly
expect a composite straight line of development. From what
we know concerning past fluctuations in business activity and
from what we know about the operation of a business-enter-
prise system, I believe we may say that there is presumptive
evidence at least that business fluctuations are inherent in a
business-enterprise system and that these fluctuations, bring-
ing their succession of recovery, prosperity, recession, and de-
pression, will continue so long as we have this system.

My policy suggestion is that we place chief emphasis on
mitigating the consequences of economic fluctuations. Natur-
ally, I would not suggest that we cease our search for specific
causes of instability or that we cease our efforts at removal
of those causes after their discovery—if they are of such a
nature as to be within our reach. But let our near-term goals,
at least, be more modest. If we are equipped with social and
economic organization for ameliorating the effects of depres-
sion, then depression will cease to be a major social tragedy.

We can predict, with some confidence, that each cycle of
prosperity and depression is likely to see a chain of interven-
tions by government calculated to mitigate some of the conse-
quences of these fluctuations as well as to eliminate some of
their more glaring causes. If those interventions can be made
to conform to the logic of an enterprise system and directed
chiefly toward a mitigation of the consequences of economic
fluctuations, then in the long run they may produce a more
stable society in which both private enterprise and public en-
terprise will find adjustment within a moving equilibrium.
Let our aspirations remain high, but let us base our policies
and our promises on what may reasonably be expected. Per-
haps in that way lies surer progress.



1938 RESEARCH CONFERENCE 57

Monday, July 18, Wednesday, July 20—Patterns of Family
Expenditure: The Effect of Social Level and Family Com-
position, MR, ALLEN.

For a family with given preferences, the pattern of ex-
penditure is described by a set of expenditure functions show-
ing the effect on various items of expenditure of changes in
the income of the family, in the prices of consumers’ goods,
and in the size and composition of the family. A social group
consists of families with varying individual preferences but
with certain habits of consumption in common. The problem
is to define a pattern of expenditure characteristic of the so-
cial group, representing the common habits of consumption,
and to describe the individual variations about the character-
istic pattern. A method is suggested for deriving character-
istic patterns of expenditure for social groups represented in
a collection of family budgets. Since prices are assumed con-
stant, the patterns relate to the factors of income and family
composition only. A complete social group is divided into sub-
groups of families of given size and composition. Scatter dia-
grams of expenditure and income are obtained for each sub-
group, and expenditure relations, connecting expenditures on
various items with income, are fitted. The expenditure rela-
tions for different subgroups of families (of varying compo-
sition) can be compared and suffice to describe the pattern of
expenditure characteristic of the whole social group. The
variation of individual family preferences is shown by the dis-
tributions of residual expenditures taken from the expendi-
ture relations. Particularly convenient results are obtained
when the expenditure relations can be taken in linear form
(cf. Allen and Bowley, Family Expenditure, 1985).

The method suggested is tested with the aid of a collec-
tion of family budgets made by the Urban Study of Consum-
ers’ Purchases in a number of U.S. cities in 1935-36. Expendi-
ture patterns, of linear form, are derived to show the effect
of income and family composition for groups of wage-earner,
clerical, and professional families in Chicago. It is found that
“personal” items of expenditure such as clothing, recreation,
and personal care vary almost in proportion to income, social
levels and family size having only minor effects on these expen-
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ditures. For other items of expenditure, the social grouping
and the composition of the family have equally important in-
fluences on the modes of expenditure. This is true both of the
“urgent” items of expenditure (food, housing, and fuel) and
of net savings and the “luxury” items (such as fransporta-
tion and furnishings). For example, housing expense is a
most urgent item for clerical families of husband and wife
only ; expenditure is high at low incomes and increases slowly
as income inecreases, The expenditure is much lesg urgent for
similar wage-earner families and for clerical families with
one or more children; the expenditure on housing here is
smaller at low incomes and more responsive to increases in
income. In conclusion, the Chicago material is used to throw
light on the validity of the method of “equivalent adult” scales,
commonly used to eliminate the effect of varying family com-
position on expenditure. The available evidence suggests that
the method is of very doubtful general applicability.

Tuesday, July 19—A Cost Theory of the Trade Cycle, UGO
PaPI, Professor of Economics, University of Rome.

In a country without banks, an upward movement in trade
after a period of depression can be initiated only as the result
of an event which arouses the hope of increased profit, there
being at the same time sufficient saving to provide for a first
application of productive factors.

In the case of a manufacturer’s production being below
the demand this error may be corrected by successive expan-
sions. Each expansion of production will lead to an increase
in certain incomes and the expenditure of this increase will
tend to raise the price of many commodities.

But the adjustment of the supply to that particular quan-
tity of goods which can be profitably produced, together with
a continuous equilibrium between production and consumption,
is never actually attained, since, in the expansion of activities,
the cost finally exceeds the price in the endeavor to attain a



1938 RESEARCH CONFERENCE 59

satisfactory ratio between the two. The inerease in costs, more
rapid than that in prices, is determined by factors which are
unpredictable, some being due to the action or negligence of
the entrepreneur and others to the action or negligence of
those connected with him in regard to instrumental, comple-
mentary, or substitutional goods. Numerous errors may occur
when a manufacturer attempts to estimate, even approximate-
ly, the cost of an increase in production in the near future.

These errors arise in the following manner: In the light
of his past experience the manufacturer’s calculation of the
cost of his output is on a percentage basis. No distinction is
made between expenses which — within certain limits of pro-
duction—do not vary and are therefore in inverse ratio to
the output, and those which vary in direct ratio. For this
reason the estimation of the various items of expenditure on
the basis of unvarying percentages is liable to fall short of
the reality.

The quantity of goods manufactured and sold is usually
below the estimate for a plant as producing up to its full ca-
pacity, while the expenditure is the same as if the output coin-
cided with the estimate.

If such defects, which are hardly perceptible even to ex-
perienced and prudent manufacturers, should continue through
several productive processes, the factory will probably incur
heavy expenses not included in the estimate, even though no
additional outlay be necessary in respect of premises, improve-
ments, and publicity.

Once the maximum output has been attained an enlarge-
ment of plant is necessary for any further increase, no matter
how insignificant, and this cannot be effected without incur-
ring heavy expenses.

In addition to delay in the consignment of the various
parts requisite for the finished product, there will now be in-
creased obstacles, since the new factors of production will not
harmonize with the original elements to such an extent as to
be entirely equal to the demands made upon them. It follows,
then, that the actual output of the new plant will be consid-
erably less than double the percentage of utilization attained
by the original plant. A factory, for instance, with a capacity
of 100 and a waste of 25 may be enlarged until its capacity is
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200; the waste will not only increase from 25 to 50 or, in other
words, will not remain in the proportion of 25 per cent, but
will increase to 30 or 32 per cent.

Inductive enquiry shows that producers’ goods inereasing-
ly remote from the finished product are required in modern
manufacturing processes. Many stages must be passed before
a motor, an aeroplane, or a cannon can be produced. An in-
creased demand for these finished goods naturally leads in the
first place to a shortage of producers’ goods. But in the course
of time the supply of these goods tends to become excessive as
each firm is prompted to avoid a possible shortage.

It is impossible to anticipate the moment when the tem-
porary surplus of the more remote instrumental goods will be
absorbed by the market so that the demand of the firms re-
spongible for the finished product will revive. The cost of pro-
duction, therefore, will finally increase also for those who
produce consumers’ goods.

The estimate of costs is not only complicated but arbi-
trary. The entreprencur of the vast concerns which are so
numerous in these days continually reallocates the burden of
the total costs, removing it from one special product to an-
other according as the selling conditions are more or less fav-
orable to him, and also according to the continual modifica-
tion in the supply of the various goods or services produced
by him. The proceeds of the sales decide the proportion of
the expenditure to be assigned to the various products. It is
obvious that these proceeds bear no relation to the price of
the factors of production. The difficulty of estimating them in
advance is therefore all the greater.

Should the manufacturer desire to go a step further and
estimate the selling price of the finished goods he will meet
fresh difficulties, since, when his output finally reaches the
market, the price may fall to an extent which cannot be fore-
seen,

Finally, if the demand for consumers’ goods should vary
during the process of production, the manufacturers would
incur a loss owing to the reduction in price which would re-
sult. None of these elements which curtail profits can be ac-
curately determined in advance. It follows, then, that the
manufacturer who gradually increases his output is, con-
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sciously or unconsciously, falsifying his own estimates of ex-
penses and profits.

The errors tend not only to increase in magnitude as the
expectation of profit becomes more certain, but also to appear
n the same direction:

(A) In consequence of the favorable event the entre-
preneurs of many productive branches of industry, seeing the
possibility of increased profits, devote themselves all at the
same time to increasing their production.

(B) The expansion itself, nearly always chaotic in the
general eagerness to take advantage of the favorable mo-
ment, gives rise to increased costs which neutralize the econo-
mies, both internal and external, to an extent which cannot be
foreseen by the entrepreneurs.

(C) These increases, presenting themselves as errors of
underestimation of costs on the part of the entrepreneurs, can-
not be regarded as accidental errors and therefore as positive
no Jess than negative. On the contrary, they are linked to that
unity of direction which, in all the undertakings on the market,
leads to the expansion of production with a view to profit,
subsequent to the favorable event. They are, therefore, un-
doubtedly errors, but in one sole direction. Hence it will be
seen that the mass of errors which are almost inevitable, and
begin at a point not easily determined, result in a more rapid
increase in the cost of production than in the selling price.

The industrial fluctuation may be defined, therefore, as
the development of a series of errors in production, first on the
defective and later on the excessive side, which have their ori-
gin in an event favorable to production. The more extended
fluctuation may also be regarded as due to the errors of firms
which fail to grasp immediately the magnitude, duration, and
overlapping of such events as are favorable or unfavorable
to a country’s production.
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Tuesday, July 19-—The Measurement of Incremental Revenue
and Cost, THEODORE Q. YNTEMA, Professor of Statistics,
University of Chicago.

One unit of economic theory which merits more study than
it has received is that of the principles which guide the pricing
and quantity of output of the individual firm. Advertising, for
example, is not satisfactorily treated in received theory.

We must study the reaction of business men to the data
on revenue and cost which they possess. Usually they have
data on total revenue and cost, and average revenue and cost,
for one output point, or at best comparable figures for a very
few widely scattered outputs. Incremental revenue and cost
figures are not easy to obtain. They are especially difficult of
estimation when advertising is involved.

Average costs are useful, and are used by business men,
with varying degrees of intelligence. Some, if not most, feel
almost immoral if they sell at a price below average costs.
Others make rather good estimates of marginal cost from pre-
vious movements of average cost. Still others will go so far
as to recognize that the maximum-profit price covers margin-
al cost, and then ignore many truly direct costs in computing
this margin.

If p and q are price and quantity, respectively, S is total
outlay on “selling” (as distinct from “producing”) costs, and
n is the elasticity of demand for the individual producer’s out-
put, a necessary condition for maximization of his profit is:

p _dS
—n  dq

Three possible attacks on the problem of measuring in-
cremental “production” costs suggest themselves.

(1) We might study the components of cost, try to esti-
mate for each component its marginal cost, and add.

(2) We might make a time-series analysis of costs, corre-
lating historical costs with other variables.

(3) Where several plants or offices are available for analy-
sis, we might correlate costs at any one time with size of plant,
or other variables.

Of these three possibilities the first, although “rough and
ready,” is frequently avilable when (2) and (8) are not, due



1938 RESEARCH CONFERENCE 63

to inadequacy of data. The best example of the second ap-
proach is probably a study made at the University of Chicago
by Joel Dean, who analyzed the effect of size of order, labor
turnover, quality of material, and other variables upon histor-
ical costs, for a furniture concern for which management and
equipment were substantially constant.

It has been possible to try out the third method of analysis
in the case of a personal-finance company which makes small
loans from offices operated along almost identical lines in more
than 100 cities. Here we have an opportunity to observe the
changes in marginal cost associated with changes in the size
of the operating unit, yet little variation is found. Such differ-
ences as have been observed show that the long-run marginal
costs are somewhat higher, because of limitations on speciali-
zation, for the smaller units.

The evidence for these same concerns is that the short-
run marginal costs are still lower, and do not turn up within
the observed range of output. How then can a stable equilib-
rium be reached? The answer is that while these marginal
costs of “producing” remain substantially constant, the mar-
ginal cost of “selling” (i.e., advertising expense) rises rapid-
ly, and is much above the average selling expense, thus making
possible a stable equilibrium for the individual firm.

As more data become available, we shall perhaps find
many enterprises where the marginal cost of producing is con-
stantly falling, but where stable equilibrium results, as a con-
sequence of a more than offsetting increase in the marginal
cost of advertising.

In estimating the marginal cost of advertising it is of
course necessary to know what increase in sales was due to a
given advertising appropriation. Advertising displayed on a
single day may increase output for several months.

The time interval is also important to the small-loan com-
pany when it is trying to determine the optimum price or in-
terest rate which it should charge. A reduction in this rate
will not be reflected immediately in any increase in loans re-
quested,. but there will be a gradual increase in the volume of
these sales, and profit possibilities are further strengthened
by reduced fear of legislative actlon restricting or prohibiting
the concern’s activities. :
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Finally, one must be impressed by the multiplicity of mar-
gins the entrepreneur needs to measure. Their study is an im-
portant economic exploration.

Wednesday, July 20—The Structure and Nature of Business
Cycles, F. D. NEWBURY, Economist, Westinghouse Elec-
tric & Manufacturing Company.

Two major ideas are put forward: first, that business and
industry cycles, as usually presented, are actually complex
combinations of several cyclical components of quite different
frequencies (in addition to the commonly recognized 12-month
or seasonal component cycle) ; and second, the suggestion is
made that the two major groups of component cycles can be
usefully associated with the two major divisions of business
activity for forecasting business conditions.

The two groups of component cycles are, first, those rela-
tively short-wave components of from 20 months to 28 months
in cycles of short-lived consumption goods and of 40 months
average length in durable-goods industries; and, second, those
relatively long-wave components of from 6 to 10 years in
length in general industry, and up to 20 years in length in
residential and commercial building construction.

The two kinds of business activity are, first current oper-
ations (both production and consumption) which are financed
from current income and which affect current profit and loss
situations; and second, capital operations which are ﬁnanced
from capital funds.

The suggestion is made that current operations are asso-
ciated with and fluctuate with the short component cycles.
These fluctuations are fairly regular in timing and amplitude
and are predictable to a useful extent (since 1850).

Capital operations are associated with and fluctuate with
the long component cycles. These fluctuations are irregular
both in timing and amplitude and are governed by the- condi-
tions that govern long-term expenditures.
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Under present conditions any analysis of prospective
business conditions must take into account effects of Federal
Government cash expenditures in excess of cash receipts. The
rise and fall in these net expenditures sinece 1931 to March,
1988, and the prospective increase over the next 12 months,
constitute the largest single factor in business fluctuations
during these years. These Federal net expenditures partly
affect current operations and the short cycles (W.P.A., for
example) ; they also affect capital operations and the long
cycles (public works, housing, roads, flood control, ete.).

Considerable statistical evidence is presented of the ex-
istence and magnitude of these two groups of component
cycles in industry and of the comparative regularity of the
dominant 40-month component cycle in general industry.

The idea that these component cycles are related to cur-
rent and capital operations is speculative and requires addi-
tional statistical study which is under way. The idea is pre-
sented at this Conference to invite constructive criticism.

Thursday, July 21-—The Effect of Wage Rates on Business Ac-
tivity—Some Statistical Indications, ELMER J. WORKING,
Associate Professor of Agricultural Economics, Univer-
sity of Illinois.

Over a period of years there has been developed a con-
siderable body of thought indicating that the primary cause of
depressions is underconsumption or oversaving. Undercon-
sumption and oversaving have been especially stressed as the
causes of the great depression which began in the latter part
of 1929 and of the current one which started about a vear ago.
There are a number of variants of the theory, but the argu-
ment usually indicates that the productive capacity of the
United States has exceeded consumption because of failure of
the purchasing power of consumers to keep pace with the
growth of production and capital equipment. ¥From this it is
said to follow that people with large incomes have had too
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much money to invest and people with small incomes have had
too little to spend.

On the other hand, the events of the latter part of 1936
and the early part of 1937 are such as to suggest that the cur-
rent depression may have been brought on by the rise of wage
rates. In view of the conflict of these two lines of thought, the
need to turn to whatever factual data are available and are
pertinent to the question is evident.

From available indexes of wage rates and commodity
prices it is possible {o construct wage-price ratios for a period
of nearly 140 years. These ratios have a marked upward trend
which is due to the increasing effectiveness of labor. This in
turn is presumably due on the one hand to the improvement
in the knowledge of the arts of production and on the other
hand to the increasing amount of capital which has been com-
bined with labor in the production process.

The deviations of the wagé-price ratio from its trend pre-
sumably give a rough indication of the periods during which
and the extent to which wage rates are abnormally high or
abnormally low relative to commodity prices. The cause of
their being high or low has usually been the comparative inflex-
ibility of wage rates relative to commodity prices, but at some
times it appears to result from a change which is initiated in
wage rates. '

When the wage-price ratio is compared with the course of
business activity it appears that at least since the Civil War
there has been a tendency for depressions to be prolonged and
severe in the periods when the wage-price ratio has been ris-
ing or high relative to its trend. On the other hand, in years
when the wage-price ratio has been declining or low relative
fo its trend, such depressions as have occurred have usually
been short-lived.

Although this suggests a significant relationship of real
wages or the wage-price ratio to business activity it is neces-
sary to explain how it can be that we can have periods of pros-
perity (such as that of the 1920’s) at times when the wage-
price ratio is high and increasing relative to its trend.

The reason—or at least a fundamental reason—is to be
found in the fact that when wage rates are increased relative
to the value of the product it pays to use methods of production



1938 RESEARCH CONFERENCE 67

which are “labor saving.” The necessity of increasing the
amount of capital per worker and of having it in new forms
creates a sort of “speculative” demand for the production of
new capital goods and hence an increase in wage rates may
for a time increase the demand for labor. Employment may
even increase for a time in spite of the higher wage rates. But
after a considerable addition to the supply of new capital
goods has been made, production and employment may be ex-
pected to fall off, resulting in a period of severe depression
unless downward readjustments are made in wages relative
to commodity prices.

Many questions concerning and ramifications of the fore-
going analysis are extremely interesting and significant, but
the time available does not permit a discussion of them, I
wish, however, to stress the fact that the foregoing is not pre-
sented as a theory of business fluctuations. Disparities be-
tween wage rates and commodity prices constitute only one
type—though a very important one—of price disparity which
is causally significant to business fluctuations. Furthermore
there are many other factors, some of which are fairly inde-
pendent of price relationships and some of which are causally
important to the price relationships. All these need to be con-
sidered in any complete understanding of the dynamics of our
economic system.

If the foregoing reasoning is correct, however, it follows
that the theories which have been developed by economists
and other people indicating that the fundamental cause of
depressions 1s the failure of real wage rates to keep pace
with, productivity are a tragic error. They are a tragic error
because they have contributed to the action of labor leaders
and governments to maintain wage rates at artificially high
levels or even to inerease them when the opposite was needed
in order to lay the foundation for a lasting prosperity. Note,
however, that I speak in terms of wage rafes, not wage pay-
ments. Lower wage rates would contribute to greater employ-
ment and larger wage payments.
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Thursday, July 21—On the Occasion of the Cournot Centen-
ary: The Economic Work of Augustin Cournot, RENE
ROY, Professor of Mathematical Economics, University of
Paris.

The work of Cournot in Economics consists of three
books: Recherches sur les principes mathématiques de la thé-
ories des richesses (1838); Principes de la théorie des rich-
esses (1863) ; Revue sommaire des doctrines économiques
(1877). He set himself the goal of applying to economic ques-
tions the methods which had already proved themselves use-
ful in other sciences. He can hence be called the founder of
scientific economics. Although these books were published at
considerable intervals, he kept himself all the time well-in-
formed about economic matters and his knowledge in this field
was immense,

In the preface to the Recherches, he pointed out that to
obtain precision in economic thought it was essential to use
not only elementary algebra but also the branch of analysis
which deals with arbitrary functions subjected only to certain
conditions. The Recherches contains the essential part of the
economic investigations of Cournot, and has been the basis of
the later work of the mathematical school in economics. Hence
it is sufficient to point out the really characteristic passages of
this work in order to show the importance of the contribution
of its author to the progress of scientific economics.

1. The Law of Demand. In approaching the study of de-
mand, which is the basis of all the further developments, Cour-
not takes great care to state the principles upon which his in-
vestigations are based: “We shall use only a single axiom, . ..
that is to say, that everyone tries to get frem his goods or from
his labor the greatest possible value.” Thig is substantially
the hedonistic principle which has since been employed by the
classical masters of mathematical economics, Walras and Pare-
to. Cournot continues: “Let us admit that the sale or annual
demand D is, for every commodity, a particular function ¥ (p)
of the price p of this commodity. If we knew the form of this
function we should know the law of demand or of sale.” He
showed that this function must have continuity and negative
slope, and made use of it in general mathematical reasoning
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without specifying for it any exact algebraic form. He antici-
pated the work of his successors, however, by pointing out that
the law of demand in special cases should be determined sta-
tistically by observations, from which an empirical formula or
curve could be constructed. Cournot was not able to determine
the quantitative elements from observations, but he gave very
substantial indications of the form of the law of demand for
different types of commodities, and presented, without giving
it a name, what was essentially Marshall’s concept of the co-
efficient of elasticity of demand.

He also introduced the idea of the total value of a com-
modity, the product of the price p by the corresponding de-
mand, F(p). From this, with the aid of purely mathematical
reasoning, based upon the idea of continuity, and upon the ex-
istence of a finite limiting price and finite limiting demand,
Cournot demonstrated the existence of an optimum price corre-
sponding to the maximum of total value. He suggested sta-
tistical determination of this optimum price for different com-
modities. He pointed out that economic problems affecting a
commodity differed greatly according as its current price was
below or above this optimum price.

Cournot considered only the price of the commodity in
guestion ; he looked on this procedure as only a simple first ap-
proximation. The later introduction of the interdependence
of prices goes further, but Walras and Pareto who used them
nevertheless recognized the advantages of the concept to which
Cournot had restricted himself.

2. Monopoly. Cournot studied price formation under mo-
nopoly because it was the simplest hypothesis, and served as
an introduction to the more complicated case of competition.
The monopolist tries to maximize the monopoly profit, gross
receipts less cost of production. Cournot considered two cases:
one where the cost of production could be considered zero or
independent of the quantity produced, the other where the cost
of production was taken as a function of the quantity pro-
duced. In the second case he introduced the marginal cost of
production, though not by that name,

It is necessary even today in applying taxes to monopo-
lized services to come back, more or less consciously, to the
principles first established by Cournot and later developed by
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Dupuit. Hence the work of Cournot and his immediate follow-
ers still has a very up-to-date importance.

Cournot’s modifications of monopoly theory to fit the case
of several producers was not so successful from the modern
point of view, which tends to develop distinct theories for the
two cases. In our opinion, the position of Cournot can only be
justified by the extremely abstract character of his mind and
by the entirely geometric nature of his reasoning.

3. Foreign Exchange. The chapter on this subject in the
1838 volume is very exceptional. This short exposition, even
more than the law of demand, after a century still retains all
its importance; and we may even say that no notable change
has taken place in our ideas on these matters.

He made only the assumption of a universal metallic
standard, in which the ratio of every monetary unit to a gram
of the monetary metal is invariably fixed. He then considered
all the quantities which appear in the balance of payments of
two countries, and showed how the settlement of this balance
determines the small variations in exchange which induce
transfers of metal only when they exceed a certain limit: “Al-
ways when the ratio m,,/m,, differs from unity by not more
than the cost of shipping one monetary unit from one place to
the other, then the balance between the two places will be ad-
Justed without any actual shipment of money, and only by the
exchange value.” Does not this formulate in very clear and
concise words the theory which has since been called “gold
points” theory?

He next discussed arbitrage in order to deduce from it a
system of relations which connect the exchange values of a
number of countries, considered two by two. This discussion
is the first example of a synthesis which permits clear analysis
of the nature and number of variables considered in the eco-
nomic system, as well as of the relations which exist between
them. In other words, Cournot here pointed the way to the
founders of the theory of economic equilibrium, who try to
show exactly the degrees of freedom of the economic system
by comparing the number of variables with the number of re-
lations which connect them.

The chapter on foreign exchange is of great geomelrie
rigor, but at the same time is very closely connected with con-
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crete phenomena. He treated it like a man familiar with the
technique of arbitrage and with all the policies which differ-
ent countries have used in building up their monetary systems.

4. Cournot’s Influence in Economics. Cournot’s economic
work had little success during the nineteenth century, espe-
cially in France. Dupuit, who published his first essay in 1848,
had similar views but made no reference to Cournot. But
Cournot’s influence has grown abroad and with the passage
of time, It seems that in spite of the development of the theory
of economic equilibrium by the Lausanne School there is still
room for the more modest ideas of Cournot and Dupuit. The
simplifying hypotheses of these two authors still have great
interest, furthermore, for certain applications of statistics and
mathematics to economic phenomena.,

Friday, July 22—Problems of the Long Cycle in Economic
Development Sinece the Eighteenth Century, S. v. CIRIACY-
WANTRUP, Assistant Professor of Agricultural Economics,
University of California.*:

With only three and one-half “long cycles” under statis-
tical analysis as to phase and amplitude, the term “cycle”
should be used with great care or not at all. On the other hand,
there are historic phenomena of what may be called “periods of
expansion and stagnation” in econcmic activity of longer dura-
tion than those associated with the “business cycle” and suf-
ficiently marked and of a sufficiently common character and
common causal origin to allow common theoretical treatment.
Only two problems offered by those phenomena can be dealt

* For copy of complete lecture, order Document No. 1140 from
American Documentation Institute, care Offices of Science Service, 2101
Constitution Avenue, Washington, D.C., remitting 30 cents for copy in
miecrofilm, or $1.20 for photoprints readable without optieal aid.

1 An abstract of a paper which represents itself the summary of ex-
tensive research is extremely misleading. For a more appropriate ex-
pression of the writer’s views the reader should consult Agrarkrisen und
Stockungsspannen, Berlin, 1936, 445 pp. An KEnglish translation and
adaptation of this study is being prepared in ec-operation with Dr. C. O.
Hardy of the Brookings Institution.
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with here: that of evidence and that of theoretical explanation.

The evidence is contained first in the well-known general
movement of all prices* upward from the 80’s of the eighteenth
century until about 1815, downward until about 1840, upward
until the beginning of the 70’s, downward until the middle of
the 90’s, upward until 1920, and downward since. The evi-
dence is equally clear in the movement of prices, caused by
difference in sensitiveness between different price series, rela-
tive to the effects of those forces which bring about the gen-
eral movement of all prices. These shifts in the relationship
of sensitive and rigid prices have led to changes in the rela-
five position of whole industries in opposite directions during
the periods of price upswing and price downswing. The three
long depressions of agriculture and of those industries which
share with agriculture the obligation to sell at sensitive prices
and to buy at rigid prices is explained by this fact.

A further important set of evidence can be drawn from
the study of the “business cyele” or the “short cyele.””® The
periods of expansion and stagnation find their expression
through the differences in absolute and relative duration and
intensity of upswings and downswings between successive
short cycles, These differences are in the same direction dur-
ing a period of expansion or stagnation but their magnitude
changes in a regular fashion between the three or sometimes
four short cycles of the same long period. The magnitude of
change in a period of stagnation is much greater between the
first and the second than between the second and third short
cycle, whereas in a period of expansion the magnitude of
change is much greater between the second and third than be-
tween the first and the second short cycle. It is, therefore,
easier to distinguish successive expansion and stagnation peri-
ods than successive stagnation and expansion periods.

The evidence of periods of expansion and stagnation in
production, trade, wages, income, and employment appears as

2 The term ‘“prices” includes—besides the prices of commodities-—
the prices of services as well as wage and interest rates.

3 Under “short cycle” we understand a duration from seven to elev-
en years. This cycle which finds its expression mainly in the key indus-
tries is—at least internationally—more important than the many shorter
cycles which have been discovered in certain consumption-goods indus-
tries or in the production of perennial crops and of livestock.
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deviations from a usually very pronounced long-time trend
which must be eliminated through logistic curves, through
straight or parabolic logarithmic curves, and through a com-
bination of the latter before the longer movements become
clearly visible. These long-period deviations from trend are
the least in agriculture and the greatest in the quasi-perma-
nent-goods industries. The consumption-goods industries oc-
cupy an intermediate position.

The changes in production, trade, employment, wages, and
income relative to trend but in the same direction as the price
movements are important for the theoretical explanation. The
price movements and incidentally the so-called agricultural de-
pressions can be traced to changes in industrial employment
and money wages. The same theoretical tools which are useful
for explaining changes of employment, production, and in-
come during the short cycle can be employed for the longer
periods of expansion and stagnation. These tools which were
first used by Wicksell combine the overproduction, undercon-
sumption, and monetary theories of industrial fluctuations in
a general theory of savings, investment, and income formation.
Changes in the expenditures for investment, which is the short-
est formulation of the essential phenomena, are caused by fav-
orable or unfavorable changes in internal conditions for in-
vestment—for instance by price changes of loanable funds, of
human labor, and of raw materials—and by exfernal stimuli
which change the marginal net productivity of entreprenecurial
investments or of public investments irrespective of whether
the internal conditions for investment have become more or
less favorable. It can be shown that the internal conditions
for investment created during the expansion or stagnation
period have not been sufficient to account for the transition
from one period to the other.

Of the five powerful external stimuli, namely technolegi-
cal progress, natural phenomena (harvest and livestock cycles,
catastrophes), opening up of markets, production of mone-
tary metals, and finally war and preparation for war, the last
two and particularly the last one have been the most important
during the last one hundred and fifty years. Public invest-
ments in war goods have in the short run qualitatively the
same economic effects as entreprenurial investments in quasi-
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permanent goods, however different they may be with re-
gard to the quantity of the effects even in the short run and to
the after effects in the long run. Space does not allow either
to treat the economic effects of wars in more detail and in
their historical setting or to trace the many interreactions be-
tween wars and the technological development, the opening up
of markets, and the production of monetary metals. We must
be content here with the rather general statement that wars
have been, at least during the capitalistic period under review,
the decisive external stimuli for the outbursts of investments,
incomes, and prices, which were characteristic for the last
part of the expansion periods.

The reaction from these outbursts on the other hand dom-
inated characteristically the first part of the following stagna-
tion period until their aftereffects tapered off. During the
last part of the stagnation period and the first part of the fol-
lowing expansion period stimuli other than wars were of equal
if not of greater importance. If, therefore, that part of both
periods which was dominated by wars is cut off, very little
statistical evidence and little theoretical foundation remains
for the longer periods of expansion and stagnation in economie
activity. '

The term “long cycle” is justified only if it can be estab-
lished that there is and why there is a periodicity of major
wars. It seems not impossible to make at least certain eco-
nomic, social, and political tendencies towards such a period-
icity conceivable, but such tendencies have only conditional
not causal importance for historical events.

Friday, July 22—Study of a Law of Demand: Postal Traffic in
France from 1873 to 1936, PROFESSOR ROY.

In order to illustrate by a concrete example the concepts
of Cournot in the matter of demand, this paper summarizes a
study undertaken in co-operation with the speaker by M. E.
Morice, professor of mathematics. This study concerns the
postal traffic of France from 1873 to 1936. Monopolized serv-
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ices have always seemed particularly suitable for econometric
researches; the results of the work of M. Morice confirm this
opinion, for they have permitted a satisfactory determination
of the elasticity of demand for postal traffic and of its devel-
opment in the course of time.

In the period before the World War the rates were
changed only twice. This stability makes it possible to consid-
er these changes of rates as veritable experiments in the sense
of Cournot, since the periods of stable rates led to 2 satisfac-
tory determination of the law of development of the traffic in
time. It is not the same for the postwar period; it is then nec-
essary to have recourse to a purely statistical procedure, the
validity of which rests in large part on the conclusions which
arise from the study of the prewar period.

Part 1. Determination of the coefficient of elasticity of
demand, In a monopolized service, the variations of rates are
in general infrequent but relatively important. The result is
that the equilibrium between price and consumption does not
re-establish itself until the end of a certain period of adjust-
ment: four years in the case of the rate reduction in 1878.

Under the hypothesis that the equilibrium observations—
preceding and following the period of adjustment—-may be
represented by a law of the form y = A bt p*, the coefficient
of elasticity 1 is defined by the formula

:logyz—-log%——b(tg——tl)

i
log p, — log p,

t, and £, being two points of equilibrium situated, one imme-
diately before the change of rate, the other at the end of the
period of adjustment.

Various modifications of the above formula may be used
depending upon the distribution of accidental variations and
of the cyclical variations. For the period before and after the
modification of postal rates for ordinary letters in 1906 these
give values of 1 ranging from —0.52 to —0.75.

Part 2. Prewar period, 1873-1913. In this period the rate
for ordinary letters was reduced from Fr. 0.25 to Fr. 0.15 in
1878, and to Fr. 0.10 in 1906. Each time the public took three
or four years to accustom itself to the change. Except for the
transition periods, the logarithms of the numbers of letters lie
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approximately on three parallel straight lines. The annual
rate of increase is 2.5 or 2.6 per cent; the elasticity at the first
rate of change is 1 = —0.59 and at the second 1 = —0.44. In
general the distribution of the deviations of the two series
shows a very distinct cyclical character, and develops parallel
to the general business cycle.

In 1906 the reduced rate for ordinary letters was the
same as that for post cards, and thus resulted in the substituy-
tion of letters for post cards in many cases. Making allow-
ance for this, coefficients of elasticity for ordinary letters be-
come 1 = —0.50 in 1878 and 1 = —0.35 in 1906. These cal-
culations show that the coefficient of elasticity, characteristic
of the demand studied, has diminished in absolute value be-
tween 1870 and 1914.

Part 3. Postwar period, 1922-1986. The rate for ordi-
nary letters was raised from Fr. 0.10 to Fr. 0.25 in March,
1920, to Fr. 0.30 in July, 1925, to Fr. 0.40 in April, 1926, and
to Fr. 0.50 in August, 1926.

In spite of the stability of the rate for ten years after
1926, there were important variations in the number of let-
ters; these variations showed a distinct negative correlation
with the real price calculated by the aid of an index of retail
prices.

A curve fitted by the time-regression method of Professor
Henry Schultz gave an annual rate of growth of 2 per cent,
and an elasticity of 1 = —0.41, but the fit was not as good as
for the prewar period. The computation of the elasticity by
different formulas gave approximately the same value for the
average of the period, but showed considerable variation from
year to year.

Part 4. Conclusions. One may derive from this study the
following essential points:

1. The elasticity of demand for postal service has de-
creased distinctly in absolute value between 1878 and 1906.
Its present value is approximately the same as immediately
before the war.

2. The distribution of the deviations between the observed
and the calculated values is influenced by economic cycles.

3. As Professor Henry Schultz has noted (in a study of
the demand for sugar in the United States), different meth-
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ods give approximately the same value of the coefficient of
elasticity. Nevertheless, the great instability of the values
given by the formulas for the variation of elasticity from year
to yvear make preferable, in the present case, a law of constant
elasticity, or of elasticity varying only slightly with the time,
its mean value at an epoch ¢ being directly determined by a
study of a period including this epoch.

4. The sensitivity of the public to “real prices” is dis-
tinctly shown by the study of the period 1922-1936.

5. For this same period the “real receipts” have varied
between 100 and 200 million, while the number of letters has
remained between 1440 and 1780 million (deviation less than
25 per cent). The minimum receipts correspond to the period
of maximum traffic because of the corresponding low value of
the real price. '

These figures show all the interest of an exact study—in
particular for a monopolized service—of the adaptation of
price to economic conditions, taking account of the elasticity
of demand for the merchandise or service considered.

Monday, July 25—Mathematics in Economics, HENRY
SCHULTZ, Professor of Economics, University of Chicago.

The idea of applying mathematics to economics is a very
old one, having been urged by Giovanni Ceva in 1711. It was
not, however, until 1838 that the first successful attempt to
apply mathematics, as a tool of discovery, in economics was
made. In that year Augustin Cournot published his Research-
es into the Mathematical Theory of Wealth which, though it
was completely forgotten for a third of a century, is now rec-
ognized as one of the greatest of economic classics, and still
constitutes a most excellent introduction to mathematical
economics.

The function of mathematics in economics is not primari-
ly to facilitate numerical computations, but to establish rela-
tions between functions of whose algebraic expressions we -
may be ignorant. It is these abstract functions which are
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used over and over again to state and to clarify the laws of
demand and supply, to determine the incidence of taxes, and
to derive the shape of economic series.

As an illustration of the deductions which Cournot
reached by the aid of mathematics we may cite the following:

A tax on an article under unlimited competition will al-
ways raise its price but by an amount less than the tax itself.

A tax proportional to the net income of a producer will
not affect the price of his product.

Fixed charges among costs of production do not affect
price nor do taxes on fixed charges.

A tax on one of two component articles will raise the
price of that article and of the composite article, but will low-
er the price of the other component. (It is assumed that the
ratio of the two components in the composite is fixed.)

A related paradox discovered by Edgeworth is that if a
monopolist sells two articles, say first- and third-class railway
tickets for which the demand is correlated, it may be possible
to tax the third-class tickets, at a fixed amount each, with the
result that the monopolist not only pays the tax but lowers the
prices of both kinds of tickets. Professor Hotelling has shown
that the necessary conditions for this phenomenon to occur
are not so improbable as they were supposed to be by Edge-
worth.

In the field of general equilibrium, which was developed
after Cournot’s time, the fundamental problem which the
mathematical method enabled us to solve is the following: Giv-
en an economy with such and such individuals, producing, con-
suming, and saving under such and such technical and social
conditions, to determine:

(1) The quantity of each commodity that will be bought
and sold by each individual;

(2) The quantity of each productive service that will
be used in the making of each commodity; and

(3) The prices of the commodities and of the services.

The solution of this problem constitutes the greatest
achievement of Léon Walras and Vilfredo Pareto: They
showed that there exists a number of independent equations
which is equal to the number of unknowns and that the prob-
lem is, therefore, theoretically determinate. It is impossible
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to solve this problem without the aid of mathematics for the
human mind c¢an not solve mentally more than two simultane-
ous equations.

In the field of dynamic economics the problem which econ-
omists are attempting to solve with the aid of mathematics is
how prices and quantities fluctuate in time as a result of dis-
turbances in the system.

From a survey of the contributions of mathematics to
economics it is clear that whatever may have been true in the
infancy of the science, the mathematical method is now the
sine qua non for the future development of pure theory. The
differential and integral calculus, “to which man owes directly
or indirectly the greater part of the control that he has ob-
tained in recent times over physical nature,” have become in-
dispensable in our field. This is also true of algebra — the
greatest labor-saving device the human mind has produced.
More recently economists have also been attracted to the “wily
charms” of the calculus of variations.

The fact that the mathematical method has been found
useful, and even indispensable, to the study of economics does
not mean, however, that mathematics constitutes an open ses-
ame to economics, No amount of mathematical skill can take
the place of a thorough familiarity with the workings of our
economic institutions in their social, legal, and historical set-
ting. Moreover, there is a decided difference between studying
economics with mathematics, and studying it as mathematics.
What has enabled us economists to apply the mathematical
method successfully to part of our field — and it is a small
part — is the fact that in the market place men do choose
among alternative ways of satisfying their wants, and so ap-
proximate the ideal calculator of the best way of economizing
resources to satisfy given ends—the economic man. In its
proper sphere, the use of the universal language of mathe-
matics leads to a removal of artificial and conventional bar-
riers of thought and to an enlargement of our view. It also
has a more practical advantage. It enables us, without the
inspiration of genius, which no one can command, to solve
certain problems—yes, even to solve them mechanically in
complicated cases where genius itself becomes impotent.
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Monday, July 25—Is Industrial Planning Compatible with
Continued Individual Ownership of Property ? MORDECAI
EZEKIEL, Economic Adviser, Office of the Secretary,
United States Department of Agriculture.

Planning may be conducted on many levels. Each indi-
vidual plans his future life, dimly at least, when he decides
how much and what kind of schooling he will try to get. Hach
business man makes plans, based on forecasts of the future,
when he buys a new machine or builds a new factory. Each
efficiency engineer plans, consciously and intensively, when he
rearranges a factory layout or reorganizes an assembly line.
All industrial activity involves advance planning of some sort
or other, by those in positions of responsibility.

I shall use the term Industrial Planning to apply to eco-
nomic planning on two higher levels. These are the intra-in-
dustry level, as between concerns within each industry, and
the inter-industry level, as between major industries. Except
illegally through “Gary dinners” and the like, or legally for a
brief time under the NRA codes, planning even on the intra-
industry level has been little developed in this country. Effec-
tive industrial planning on the inter-industry level is almost
unknown. :

I have shown elsewhere' that concerted inter-industry
planning for increased production might achieve much higher
levels of production and consumption than we have been able
to attain, even momentarily, without such planning. These
higher levels of production and consumption would preserve
the consumers’ freedom of choice and would balance produc-
tion against such demands. Would it be possible to draw up
such plans, and to carry them into operation, while the owner-
ship of factories and farms remained in private hands?

Programs of expanded production cannot be carried out
successfully unless monetary and fiscal policies, as well as the
actions of individual concerns and industries, are all properly
correlated. Public agencies already have broad powers and
responsibilities with respect to policies and actions in the fi- -
nancial field. Effective plans for industrial expansion must
cover both the financial and the industrial phases of the prob-

1$2500 a Year, Harcourt, Brace & Co., 1936.
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lem. My discussion here is limited to the industrial phase.

Some economists believe that public planning for private-
ly owned concerns is impossible, because of the political pres-
sure groups that would become active. But is it not possible
that industrial planning can be so conducted as to operate with
the co-operation, instead of the antagonism, of the owning
groups?

We are now in the sixth year of agricultural adjustment
operations, With their national goals and commeodity pro-
grams, these constitute the greatest single experiment in in-
dustrial planning in America. Four elements employed in the
agrlcultural planning might prove useful elsewhere:

1. Economic incentives offered individual entrepeneurs
to co-operate in the program.

2. Democratic procedures in developing the programs
and in administering them, with much of the planning coming
up from the bottom.

3. Provision for the production of adequate supplies for
normal consumption, plus an increased reserve to protect
against weather and other hazards.

4. Protection to the co-operating individual against sur-
pluses if the plans do not work perfectly by commodity loans
and ever-normal granary operations.

With these elements it has been possible to secure con-
certed action by the bulk of our commercial farmers, whereby
their production is directed according to national programs. At
the same time they individually remain responsible for the
efficient and effective operation of their farms, so that the
drive of individual initiative hag not been lost.

Suitably modified to fit the conditions of urban industry,
these same techniques might be employed to bring about a con-
certed and balanced increase in the volume of industrial ac-
tivity and employment, without disturbing the individual own-
ership of the properties involved.

The individual entrepeneur finds it difficult to plan today.
Much of that difficulty arises from his lack of any dependable
knowledge of what the future holds as to industrial activity,
demands for his product, prices of that and competing prod-
ucts, and prices of production factors. To the extent that in-
ter-industry planning reduces the uncertainty as to the future,
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and, at least for the year ahead, limits the area over which
changes may occur, it will give each individual proprietor a
better and firmer basis for his planning his own activities. By
basing the activities of different concerns on one rational and
congistent plan instead of on many divergent or conflicting
guesses, the chances of events coming near to the plan will be
greatly increased.

Tuesday, July 26-—Statistics in Economics, PROFESSOR
SCHULTZ.

Although there is still some dispute as to the exact role
of statistics in economics, we no longer speak of quantitative
versus qualitative economics. We know that the first cannot
be dispensed with, if for no other reason than because distine-
tions of quality underlie distinctions of quantity. We also
know that it is chiefly the want of realistic statistics and a
method of analyzing them that is responsible for much of the
aridity of the social sciences.

Rather than expatiate on this obvious proposition it is
more instructive to illustrate, by means of a problem from
economics, how an abstract theory which is expressed in non-
measurable magnitudes can be restated so as to admit of a
statistical test, and how the very process of testing suggests
a reformulation of the original theory, which in turn must
stand the test of statistical verification. |

The problem which is considered in this paper is, “How
to test the rationality of human behavior in the market place?”
This problem is of importance not only to economists, but also
to psychophysicists, advertisers, business men, and others.

In pure theory we say that he is a rational or consistent
individual who allocates his (fixed) income among the vari-
ous goods and services available in the market in such a man-
ner, that the utility which he derives from the last “penny’s
worth purchased” is the same for all commodities.

In mathematical terms this condition is:
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(1) W = — = e = aee = =,

where @; = @i(2y, %2, +-+ , &,) is the marginal utility of the
commodity X, #; is the price of the commodity (X;), and m
is the marginal degree of utility of the individual’s income ex-
penditure. To divide the marginal degree of utility of any
commodity by its price is to make the unit of the commeodity
the “penny’s worth.”

If the individual’s expenditure on any one commodity
constitutes only a small proportion of his total income, then
the marginal degree of utility of money (m) may be taken as
approximately constant, and the following proposition can be
proved mathematically:

The demand behavior of a rational or consistent in-
dividual with respect to any two commodities (X,) and
(X,) is such that the TOTAL effect of a 1-cent increase
in the price of (X,) brings about the same change in his
demand for (X.) that the TOTAL effect of a 1-cent in-
crease in the price of (X;) brings about in his demand for
(Xy)..

Mathematically this condition states that:

ox; 0x;
2 —r ="
(2) oY; oY
where
xi:xi(yl’yzy'“:'ym‘r): (1::1,2,---,??,),

is the demand function for the ith commodity and r is the in-
dividual’s money income.

This proposition belongs to a category of laws which is
comparatively rare in the social sciences: It specifies quanti-
tatively definite relations which must exist between the indi-
vidual’s demand functions — if his behawior is rational. It
enables us, therefore, to test the extent of the agreement be-
tween theory and fact,

An analysis of the demand for beef and pork shows that
the assumption of rationality or consistency is realized ap-
proximately.

! Henry Schultz, The Theory and Measurement of Demand, Chicago,
1938, p. £99.
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Condition (2) can be generalized so as to take into con-
sideration the case when the expenditure on the commeodities
constitufes a large proportion of the income.

The process of recasting principles is not new to eco-
nomics, In fact, it is the natural outcome of any attempt to
define concepts so that they will have meaning in terms of
operations, and is not peculiar to economics.

Economic laws, however, have not the definiteness and
the universal demonstrability of physical laws. This is partie-
ularly true of the so-called dynamic laws of economics which
are simply empirical extrapolations of the present situation.

Although a theory of dynamic economics is still a thing
of the future, we must not be satisfied with the stafus guo in
statistical research. Many of the statistical researches that
are carried on in the social sciences lack the inspiration of
any theory — static or dynamic. Relatively few of us like to
perform the necessary mental experiments which should pre-
cede the assembling and the manipulating of the data, if the
results are to be significant. Relatively few of us pause to ask
ourselves, before embarking on the investigation: What are we
trying to prove or disprove? What propositions will have to
be established for proving or disproving our thesis? Can they
be derived from the statistics which we propose to collect? If
so, by what method of analysis, and to what degree of prob-
ability? It is not surprising, therefore, that much of what
passes as research in the social sciences is a more or less aim-
less distribution of questionnaires and a more or less mechan-
ical elaboration of erroneous data through the use of correla-
tion coefficients and other statistical devices. Research is not
good simply because it is mathematical or statistical, or be-
cause it makes use of ingenious machines. Research is good
if it is significant, if it is fruitful, if it is consistent with es-
tablished principles, or if it helps to overthrow erroneous
principles.
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Tuesdoy, July 26—Does Industrial Planning Involve Prede-
termination of Price Policy? DR, EZEKIEL,

As T indicated in my preceding talk, I am using “indus-
trial planning” to apply to plans for industry on the intra-in-
dustry and inter-industry level. By price policy I mean the
policies which govern such planning with reference to the level
and the movements of prices, both as a whole and for individ-
val commodities.

Economists have argued long as to whether a socialist
economy could operate effectively without the use of prices.?
That question does not concern us here, for, as I indicated in
my previous paper, I am dealing with planning activities with-
in our present capitalist economy, where prices will continue
to be the means of distributing income, determining profit and
loss, and influencing the choices of consumers and of pro-
ducers. .
Price-policy problems of many sorts would arise in draw-
ing up expansion programs, even for selected basic industries.
Here are some that would have to be faced: ,

1. Would the planning concern itself solely with produc-
tion quotas, or would it also cover the prices at which the pro-
grammed production was to be offered for sale?

2. If prices are covered, would the plans apply only to
the general price level, or to prices and price relations as be-
tween individual commodities?

3. Where costs of production are reduced by larger vol-
ume or by technological change, how should this gain be divid-
ed as between higher profits, lower prices, and higher wages?
Should higher wages be restricted to workers in industries
with such declining costs, or should they be applied even to in-
dustries where they will produce higher prices?

4. How will errors in planning production and prices be
corrected? Should errors in estimating the production-price-
consumption balance be reflected in changed prices or in
changed commodity stocks and inventories? Would the flex-
ibility of prices under a planned program differ as between
agricultural and industrial products?

1 See articles by Lerner, Dodd, and Lange in the Review of Economic
Studies.
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5. Will the price for labor (wages) and the price for
capital (interest and profits) be set on the basis necessary
to attract the needed supply of each into each industry? If
not, what basis should be used? A fair share in national pro-
ductivity, for labor? A fair return on reasonable investment,
for capital? What is “fair” in either case?

6. Will prices be fixed for all concerns in each industry,
or will a limited range of price competition between concerns
be possible?

So long as consumers are free fo purchase what they will,
at the prices charged, and so long as producers are free to
combine their elements of production at the price prevailing
for each material, machine, or labor skill, prices will obvious-
ly affect quantities used. Accordingly, I believe that no pro-
gram of planning production can work unless the relation of
individual prices to production and consumption is also given
due consideration. I would therefore answer to the first ques-
tion “yes,” and to the second question “both.” How that price
policy is to be developed will depend upon how the various
other questions stated above are answered. Differences in the
angwers would make great differences in the type of planning
which would result.

Wednesday, July 27—Periodogram Analysis with the Phase
a Chance Variable, EDWARD L. DoODD, Professor of Ac-
tuarial Mathematics, University of Texas.

In place of a set of harmonie constituents, each rigidly
periodic, Eugen Slutzky® considers random curves exhibiting
only a sor{ of gquasi-periodicity. Indeed, for over a decade, pa-
pers have been appearing which in some way abandon strict
periodicity. We may, in fact, think of a period of 8 years as
substantially existing when 4 cycles may take 33 years, even
when there is no more tendency to make up the lost year than

1“The Summation of Random Causes as the Source of Cyclic Pro-
cesses,” Fconomelrica, Vol. 5, 1937, pp. 105-146.
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to lose another year. As a rather slight departure from rigid
periodicity, I am here postulating a simple chance element in
the phase, to note what effect this has upon some functions
used in period testing.

Let z,, #z,, +-- 2,, --+ be independent chance variables with
the same symmetric distribution, so that for each z, the ex-
pected value E (z,) = 0. Let « be an initial phase. Suppose that
k is a quasi-period, where some multiple of % is equal to K, a
whole number. Let ¢ = 360°/k = 2a/k. Then, as a quasi-peri-
odic function y, write:

(1) Yyr=acos(drta42.), Z,=z-42+4---+2.

Suppose now that y. is tested for the period k by nsing K
consecutive terms y,. Withm = 0,1, 2, ... set { = mK ; and let

cos 7' s __sin 7

(2) Cr = —— *Yr ——
VE/2 vE/2
+K t+K
(3) Cm = 2 CY s Sm = 2 Sty Im — sz + sz.

r=f+1 r=t+1

Now, if in (1) the chance variable Z, had not been present
—that is, if each 2z, = 0—then the functions in (3) would take
their well-known gimple values:

(4) |

Cn=0a\K/2¢c0o8a, S, =—ayK/2sing, I,=Ka>/2.
But with these chance elements z, present, the expected values
E{(C»), E(S,), and E (I,,) each consists of a principal part

and a sort of remainder term, the principal parts approaching
Cn, Sn, and I, of (4) when each z, approaches zero. If we set

(5) ﬁZE(COSZ,—), H:1+q+1?2-—|_..._|_,?ﬂ’—1,

a = q —!— Zt+1 y
and ignore remainder terms, we may write:
(6) E(Cm):m, E(S.) . —aHsina ;
V2K V2K
2a2 K-1

(7) E(l,) =a2+—~K—-g(K—s)n*coszsﬂ-
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To illustrate (7) suppose that z, is normal with variance
of, then n = K (cos z,) = €% Suppose that ¢ = 0.2 radian
== 11.°46, making the probable error about 8°; then 5 =
0.9802. If now kt = 8, and K = 2k = 16; then from (7)
E(I,) = 7.28a? which is about 90 per cent of the value of
I, in (4). If however, we take 4 cycles, and set K = 4k =
32, then E(I,) = 13.09¢2, only about 82 per cent of the value
of I, in (4). If, as here taken, the chance element z, has a
probable error of about 8°, it would not indeed be unusual for
4 cycles of this 8-year “period” to take 33 vears.

From (6), (7), and similar formulas, we may estimate
to what extent various test functions will be damaged by a
chance phase element. It is obvious that the larger the vari-
ance o2, the smaller must be the set of K consecutive terms,
that we can profitably group together.

Wednesday, July 22—Problems Involved in Planning of Pro-
duction, Prices, and Wages in Industrial Planning, DR.
EZEKIEL. '

One set of problems in industrial planning will revolve
around the exact nature of the production function, for each
typical size of plant in each industry for which a program is
being prepared. In addition to the elements usually included
in the production function, this will lay especial emphasis up-
on the changes in real production costs (a) as output rises
toward the installed capacity of each concern, and (b) as new
technological methods are employed. The determination of
these relations will be especially important in the heavy indus-
tries where overhead costs bulk large and where, according
to the scanty information now available, direct labor costs per
unit fall rapidly as output rises.

A second set will revolve around the provision for capital-
goods expansion. Obviously any expansion program must pro-
vide for the capital goods necessary in producing the imme-
diate programmed expansion of consumption goods. But be-
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yond that, how rapid an expansion in underlying heavy indus-
try should be budgeted for? Population increases and other
physical factors aside, the answer to this problem will ulti-
mately involve the appraisal of the relative significance of im-
mediate increases in consumption goods versus provision for
future increases in such goods. How far individual savings
preferences can aid in reaching this decision is a related prob-
lem. To the extent that these problems can be resolved, the
present disorderly and erratic character of the flow of capital
goods and the creation of new capital goods may be made far
more rational.

A third set of problems will relate to the operating ques-
tion of how errors in plans will be corrected. Will prices be
changed within the pre-planned period ? Will production plans
be revised currently? Or will errors be allowed to show up in
carry-over changes, with the necessary adjustment to be made
in subsequent periods?

A fourth set of problems relates to the extent to which
planning will be substituted for competition. Should planning
be restricted to those industries where competition is ineffec-
tive, while other more competitive industries are left to be
regulated by market interactions as heretofore? That might
mean leaving textiles, clothing, and merchandising unchanged,
while planning is used for heavy industries. In such case,
would competition also be relied on to improve labor condi-
tions in the unplanned industries?

Fifth, what about the distribution of income? Would
planning definitely be directed to raising lower-bracket in-
comes, and holding down on upper-bracket ones? Or should
this phase of the problem continue to be handled by progres-
sive income and estate taxes and by relief payments?

How far statistics can aid in advance planning is an-
other fruitful field of consideration. Instead of attempting to
solve an infinite set of simultaneous equations, as Robbins has
suggested would be necessary, industrial planners can use sta-
tistics and statistical analyses of many types as guide posts.
These include past performances of production and sales un-
der various changes in industrial activity and national income,
past records of family expenditures at different income levels,
and analyses of the effect of price and income on consumers’
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demand. In interpreting those results of the past, it will be
necessary to allow for the fact that past periods of high pro-
duction have been periods of unbalanced production, with a
higher proportion of capital-goods production, relative to con-
sumer goods, than could be long maintained, Balanced pro-
grams for the future will have to be so constructed as to be
dynamically stable, as between capital goods and consumer
goods. It will also be necessary to allow for the effect that
altered prices may have in changing consumers’ choices under
previously prevailing prices, as shown by studies of consum-
ers’ expenditures.

Obviously, there are many balances that could be struck,
between production of each planned product and requirements
for consumption or capital expansion; between incomes to be
distributed and goods or services to be sold to consumers ; be-
tween capital expansion, and savings and credit formation;
between labor and raw materials available and labor and raw
materials required ; between regional production programs, re-
gional population prospects, and regional housing programs.
In the early stages of planning perhaps only the increments
introduced by the plan on each side of each balance can be con-
sidered. The minimum number of balances to be studied, and
the minimum number to be required to be fulfilled before a
program can be carried into action, is itself a problem to be
examined.

Thursday, July 28—Recursive Methods and the Analysis of
Time Series, MERRILL M. FLooD, Research Associate,
Princeton Local Government Survey, Princeton Univer-
sity.

One problem often met in the analysis of times series is
that of “predicting” the value of a time variable y(t), for
t=1,2,..-, N, in terms of its value y ({—1), ¥ (-—2), ---,
¥y (t—v) known for the preceding v time intervals. More gen-
erally, a prediction may be desired for several such series
y(t) forh=1,2,..., .
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In this paper it is assumed thai the expected value of each
series at time t depends linearly on the observed values of all
of the series at preceding ttmes. This is written more precise-
ly in the form,

(1) Elys(®)] =_§:z’rh,-ky,-(t—k) forh=1,2,--,n.
j=1 k=1

Since most of the essential difficulties are met in the case
s == 1 of a single series, it is convenient to illustrate the meth-
od and results by discussing this simpler case. Thus, the rela-
tion (1) becomes

(@) Ely(t)] = g iy (t—F).

The method of maximum likelihood provides the necessary
estimates 7 of the parameters 7. In particular, if

d(t) =y(t) —Efy@)]
and if it is assumed that d(f) is distributed normally with
mean zero and variance s?, the required estimates are:

1 _ _
v 2 W) —Sry (=1t T =58,

g

where

v v v
= E TwCy » S = 2 S;—keﬂ;, So = E S;wek.
k=1 k=1

i k=1

3

y
S =:2 y(t—75)y (I—k) for jk =0,1,-.-, v,
=v+1
and where ¢; and e;; denote the fundamental vectors and ma-
trices in a space of v dimensions; thus e;; denotes the square
matrix of order v with unity in the (j,k) position and zeros
elsewhere.

The relation (2), with 7 replaced by 74, now provides es-
timates ¥ (f) = 3 rw (t—k) of the variable y () in terms of
k=1

the preceding v observations y (¢—1), y (t—2), --- , y (I—2).
The question arises naturally concerning the possibility of ex-
tending the predictions more than one time interval by re-
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‘peated applications of the relation (2). This further extra-
polation requires the determination of the expected values

Efy(f)] and their variances Ely () — v (@) 12 at each step
as the relation (2) is iterated—and these quantities are next
determined.

To display this result it is convenient to define a matrix
M and vectors y; by the equations,

| v -]
M=kEfrkelk—|"kE O Yo = 2Y(E+1—7)e;,
=1 =2 Jj=1

and quantities di; by the relations,
die = €'y (¢ — M*y,4).

The variance at the kth step, under the assumption that
Eld, :5dy] = 0, is

k
Y= E[dktz] = 8% E (ethLlel) .

fi=1
If it is now assumed that the given time series is the re-
sult of sueccessive applications of the recursive relation (2),
with initial values y(0), y(—1), y(—2), ---, ¥ (1—2), then
estimates are required for these initial parameters—and an
explicit expression is obtained for these estimates. If this in-

itial vector is denoted by 4., then y, = LL,, where:

N v
L=23 3 (e.Me) (e'.Me) e,

k:fl fk=1

N v
= X2 Y(h) (e: M) e

k-1 k=1
Finally, these results are extended to the general case of
n > 1 {ime series and the methods are applied in the analysis
of actual time series, The time series used in the application
are daily high, low, opening, and closing prices and volume of
sales on the New York Stock Exchange of General Motors

common stock.
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Thursday, July 28—Statistical Hypotheses and Estimation in
Historical and Critical Light: A Scherzo on the Semantics
of the Modern Mathematics of Statistical Theory, I;
ARNE FISHER, New York City.

In the 1920’s there arose in the United States a new cult
of business statistics, and closely connected with it there came
to the fore a flourishing and influential sect, the “Normalites,”
who have been and still are exercising a dominant influence on
the development of statistical theory in this country. They
consider fundamental the concept of a normal for any economiec
phenomenon, and express actual values by percentages above
or below it. Yet few, if any, of them seem to know what their
occult “normal” really means. F. C. Mills, to be sure admits
that “such a normal value is essentially an empirical con-
struction” and “should not be assumed to possess any norma-
tive significance.”™
_ It would thus seem not at all unlikely that the “normal”

may even be abnormal. If so, the issue merely simmers down
to a question of semantics through the simple device of chang-
ing the meaning of words.

In contrast to this method, which fits trends and computes
seasonal variations, and ends with residuals representing cy-
clical and random fluctuations, the writer presents a method
which he has used for over twenty-five years.

This method, which is founded on the so-called quasi-
systematic error theory, rejects at the very outset the postulate
that long-term trends of social and economic phenomena over
a long period of years move in straight lines. Any force that
moves far and wide and with a moderate velocity does not fol-
low the proverbial flight of a crow, but progresses in a wave-
like formation. The underlying ideas of the quasi-systematic-
error theory, which is quite different from the ordinary error
or frequency-curve theory are: Observations when arranged
chronologically show inevitably large fluctuations from week to
week or month to month (as known for more than a century -
by writers on vital statistics). The sources of such errors,
which are usually correlated or bound together, may be classi-
fied under the following categories:

1Statistical Methods, Revised, New York, 1938, p. 229.



94 COWLES COMMISSION

(1) Periodically recurring forces which occur with de-
cidedly marked regularity and intensity over a constant period
of time.

(2) Purely fortuitous variations, or' chance errors, sub-
ject to the laws of the calculus of probabilities. Such variations
are considered independent of time.

(3) Evolutionary variations (or, as Lexis calls them,
symptomatic variations) of far less regular form that the peri-
odic fluctuations in the sense that their periods or phases are
not known a priori.

It will be noted that (1) corresponds to seasonal varia-
tions. Category (8) represents a blend of what the “Normal-
ites’” somewhat vaguely call “long-term trends” and “cyelical
variations” (business cycies). The writer contends that it is
rationally impossible to separate the two, because evolutionary
forces, moving over a long period of time, progress Invariably
in wavelike formation and not as simple straight lines or
curves of low parabolic order.

The distinction of the quasi-systematic-error theory lies
in the fact that it is applied directly to the original data, in-
stead of requiring prior corrections for seasonal variations and
long-term trends. Such corrections, together with the elimina-
tion of chance variations, enter automatically in the application
of the theory, with the result that the final trend is generated
as a smooth, undulating curve. A detailed description of the
method has been given elsewhere.?

The method has been applied to monthly averages of
weekly freight-car loadings from January, 1918 to December,
1927, and the results can be compared with the “normal” meth-
od as applied to the same data by Mills.? Mills’ analysis rests
or falls with the determination of the “normal” trend from
which all his subsequent results are derived. Yet this trend
is based on the relatively short period of 10 years: a straight-
line trend for the period 1918-1937 gives very different results.
Moreover, the straight-line trend method implicitly assumes
that the quasi-cyclical variations are to be regarded as chance
errors. An examination of the residuals resulting from Mills’

2Journal of Accountancy, September, 1937,
50p. cit., pp. 284-304.
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method, however, shows that they are systematic rather than
accidental.

On the other hand, when the quasi-systematic error theory
is applied to the data, a sinuous-shaped curve is produced with
relatively regular recurring seasonal variations around it. By
the application of what Thiele calls an “error critique” it is
possible to calculate the expected carloadings for each month.
The 120 percentage residuals given by the differences between
the observed and expected figures, resulting from the quasi-
systematic method, are found to show a neat frequency distri-
bution around a mean value of zero in much closer conformity
to the Gaussian error curve than Mill’ residuals, which give
a compound distribution with two pronounced maximums in
the neighborhood of —12% and 3% respectively. The dis-
persion (standard deviation) of Mills’ residuals is 7.5 against
3.8 in the residuals from the proposed method, which also
shows nearly ten times as great a correspondence with acci-
dental errors when judged by Helmert’s criterions of the al-
ternation of positive and negative signs. Again, an applica-
tion of the chi-square test gives a value of P greater than 0.86
for the quasi-systematic error method and of less than 0.01
for Mills’ method in relation to the observed frequency dis-
tributions of the respective values of his residuals.

These results, however, apparently are not convinecing to
some of the “Small Sampleites,” among whom a few have gone
so far as to claim that the above-mentioned high value of P
might be an indication, as they put it, “that the results were
rigged up to confound serious research workers in the theory
of sampling.” If this somewhat dubious criticism is to be taken
seriously, what is one to say about the numerous sets of care-
fully collected observations in plant physiology, notably by the
celebrated Danish biologist, Johannsen, with equally high
values of P, unless, of course, Le Bon Dieu in his inscrutable
wisdom created variation within the species with the sly pur-
pose of eonfounding future generations of statisticians. In the
writer’s opinion (and speaking as an amateur as it were)
much credence should not be given to hypotheses or theories
when the calculated value of P falls below 0.5. Yet many
“Small Sampleites,” Harold Hotelling among others, are ap-
parently willing to accept a theory or hypothesis when P may
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be as low as 0.05. Dr. T. Fry is even more optimistic. He seems
willing to accept a certain theory though P is less than 5 in
1000.*

To be sure, most people possess a germ of the gambling
instinet. But gambling is one thing and the testing of an al-
leged scientific method or theory is quite another, and even
the most enlightened of investigators may well tremble to en-
graft the fruits of small-sample theory upon the conduct of
trade and industry, lest the cross should prove too vigorous for
the aged vegetables. One also should recognize that a cloak of
scientific piety is not necessarily inconsistent with a certain
amount of nimbleness in mundane affairs. Yet, as compared
with the psychological attitude of Dr. Fry, whose faith in his
pretty theory remains unskaken, though empirically the odds
are against him in the proportion of 995 to 5, the tale of the
Scotchman, as reported by the late F, C. S. Schiller, “who was
willing to take his oath, his dying oath, to the truth of his as-
sertion, but shrank from betting saxpence,” is hardly an ex-
aggeration.

An examination of the at times puzzling attitudes of some
of our modern statisticians leads a disinterested observer to
three different conclusions:

1. That high values of P are often viewed with suspicion
by the “Normalites,” while extremely low ones are of-
ten accepted, contrary to the instincts of the ordinary
man. :

2. That, as Anatole France has pointed out in connec-
tion with the administration of baptism, it is only
necessary to consider who applies the chi-square test
and not the subject matter to which it is applied.

3. That the chi-square test probably is of little value in
testing hypotheses, since humerous numerigal illustra-
tions show that diametrically opposite hypotheses may
yvield egually high values of P.

0 ;éI‘ Fry. Probability and its Engineering Uses, New York, 1928,
p. . :
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Friday, July 29—Some Pitfalls in Applying Mathematics in
Economics, F. L. GRIFFIN, Professor of Mathematics,
Reed College.

There are several common types of errors or inadequate
discriminations in applying mathematics, instances of which
oceur in economic literature or discussion. They include: (1)
confusing necessary with sufficient conditions; (2) failing to
discriminate between distinet values, because of inadequate
definition or notation; (8) tacitly using additional postulates
besides those announced, or modifying the latter in the argu-
ment; (4) using symbols where they cease {0 be defined, and
regarding equations as equivalent which do not hold for ex-
actly coextensive situations; (5) neglecting to note conse-
quences of the nonintegrability of a differential equation; (6)
assuming invalid relations among partial derivatives, or
erring as to independence of variables; (7) making question-
able uses of various statistical procedures.

Several instances of (1)-(3) above occur in the two pa-
pers of Dr. O. Lange on “The Determinateness of the Utility
Function.”! Some of the instances in the first paper were noted
by Dr. Lange in the second. Two others may be considered
either as coming under (3) or as gaps in the argument. Im-
portant instances in the second paper vitiate both major steps
of the proof: (a) For a nonlinear function F the intermediate
point or value of ¥ would usually be different in equations (1)
and (8), and the argument does not exclude the possibility
that F'(p) might be negative—as an example makes clear.
(b) A similar criticism applies to equations (7a) and (7b),
with the result that there is no common factor de in the left-
hand member of (9), which blocks the conclusion that F'(g)
has equal values at the points in question. An instance of (1)
above also occurs, as shown by an example.

Instances of {(4)-(5) above occur in the controversy of
Professors Amoroso and Roos over Professor Evans’ use of

the dlﬂ"erentlal equation y = a - bp -}- h ap to study changes

1 Review of Economic Studies, Vol. 1, pp, 218-225; Vol, 2, pp 75-77.,
2Giornale degli Economisti, Vol. 44, pp. 69-70; Vol 46, pp. 3-4; Jour-
nal of Political Economy, Vol. 38, p- 502.
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of price p and demand y with the time ¢. (@) There are logi-
cal objections to regarding the above equation in its given
derivative form as equivalent to the differential form (y — a
— by) dt = h dp for a point-set in which ¢ is held constant:
indeed the derivative, and hence the given equation, are mean-
ingless there and no conclusion can be deduced from that
equation relating to such a point-set. (b) The second or dif-
ferential form is a nonintegrable equation. Thus the surfaces
alluded to by Amoroso as represented by this equation do not
exist. Moreover, special solutions such as were mentioned by
Roos, of the character p = p(¢) and ¥y = ¥ (%), have no con-
nection with the solution for a constant ¢, and do not imply
anything as to the latter. (The same is true of the substitute
differential equation proposed by Amoroso in his lectures, un-
less special conditions be imposed upon the coefficients.)

Another instance of (3) or (7) above occurred in an
address before a mathematical association, in which it was
stated that the teachers in a certain city had been proved to
be overpaid, by showing that their salary scale had risen since
1913 more than had incomes on the average.

A classic instance of (6) is to be found in the Cournot-
Bertrand-Pareto discussion of the problem of duopoly. Hum-
bler instances are available. Various instances of (7) are at
hand.

Friday, July 29—Statistical Hypotheses and Estimation in
Historical and Critical Light: A Scherzo on the Seman-
tics of the Modern Mathematics of Statistical Theory, 1I:;
MR. FISHER,

One cannot deny that in so far as the literature on “sta-
tistical method” is concerned we are richer for the period that
begins with the twentieth century ; richer but not better off, To
the historically inclined the old saying that there is nothing
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new under the sun seems indeed to be particularly appropri-
ate in some of the modern researches on mathematical statis-
tics. Merely in the way of illustration we may refer to Pro-
fessor Whittaker’s® pious mention of Lord Rayleigh’s formula
in connection with the scattering of Beta rays. As a matter
of fact, the formula was given nearly half a century before
Rayleigh by the late Danish minister of finance, Andrae, in in-
vestigating the vector-scatter of rifie bullets in target shooting.

It is no easy task to disentangle the high doctrine of mod-
ern statistical method from its heterogeneous accretions with-
in a learned literature which within two decades has reached
formidable proportions. The job is most disconcerting, nay
even distressing, so that the most diligent of disinterested
critics may well shrink from the appalling task in trying to
read the whole canon of novel dogmas in the gifted headmas-
ters’ peculiar prose. Weird terms like variance, optimum sta-
tistic, efficient stafistic, unbiased statistics, cumulants, and
mildly obscene Schimpfworter like lepturkosis, homoskedastic,
or posterior fiducial inference stand out like quills on the por-
cupine ready to impale even the most amiable of skepties.

Much of this high-sounding nomenclature is essentially the
pasting of rakish labels over old names, as for example, the use
of “variance” for the older term of “dispersion” (i.e., the
square of the standard deviation), or “kurtosis” for “peaked-
ness” (or “flatness”).

The claim has been made by some “Small Sampleites” that
this new demi-vierge nomenclature is necessary because of the
rise of an allegedly new theory of mathematical statistics and
statistical inference developed in England and America under
the leadership of investigators like R. A. Fisher, Neyman,
Wishart, Hotelling, Shewhart, and Wilks, and that, while the
older nomenclature took its root in the classical probability
theory, the modern dogmas with their posterior fiducial infer-
ences require a new liturgy by the division of statistical meth-
od into fwo separate divisions of descripfive and stochastic
statistics, respectively, the latter based on the concept of prob-
ability as a limit of relative frequencies subject to the vagaries
of chance.

1 Caleulus of Observations, London, 1924, p. 208.
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Traces of such a division are already found in the works
of the older Bernoulli. The idea was, however, first clearly
formulated by Thiele, long before the moderns began to play
therewith, in his distinction between “actual” (or observed)
and “presumptive” laws of errors (or frequency distributions)
which are identical with the “descriptive” and “stochastic”
statisties.

Thiele seems to have been the first to recognize clearly
that an adequate study of statistical samples should proceed
on the basis of the numerous types of algebraic symmetrical
functions which can be calculated from the sample itself and
among which the “moments” of Pearson represent only a par-
ticular type. Besides the “moments,” which Thiele called
“sums of the powers of the observations” and denoted by the
symbol s; around an arbitrary origin, he introduced also an-
other and more powerful type of symmetric functions the semi-
invariants, denoted by p; and related to the moments through
the following identity, first given by Thiele in 1889,

St = 2 Bt (’!:)8';_-1 Hivis

where B; (%) are the usual bionomial coefficients.

Moments can therefore be expressed canonically in terms
of semi-invariants and vice versa, a circumstance which Thiele
himself made use of in his 1889 Almindelig Iagttagelsesiagere
in expressing the presumptive (or stochastic) semi-invariants
in terms of moment coefficients. Of late, and apparently for
no good reason, Professor Hotelling has plastered the philo-
logically atrocious label of “cumulants” over the old semi-in-
variants. It is not for us to judge of such novelties, though to
follow an argument similar to that of Anatole France’s, if
semi-invariants are to be called “cumulants” what are we in
the future to call the cumulants themselves. :

A question which occupies a central position in modern
statistical method is that of sampling. Two distinct problems
seem here to face the investigator: one, the problem of spe-
cification, is largely of an a priori nature; the second, which is
more a problem of estimation, is closely related, if actually not
identical, to the a posteriori probabilities encountered in the
old Rule of Bayes over which the moderns quarrel so much.
The a priori problem is essentially that of the testing of hypo-
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theses in the sense that one examines whether a random sam-
ple meets certain a priori specified conditions. Thiele was the
pioneer in these investigations, and even Dr. Wishart admits in
the July, 1930 number of Biometrika that a mathematical pro-
cedure “which has been described as the method of ‘Student’
(1908) . .. is essentially the same as that employed by Thiele.”
One may even go further and add that the numerical tables by
Thiele from 1889 of the combinatory powers of the product
moments are simpler of application than the formidable loz-
enge diagrams employed by R. A. Fisher nearly forty years
later, so that Shewhart’s claim that “from 1733 to 1908 there
was nothing else that we could turn to but the old theory of
errors in observations’? does not, like certain fine vintages,
improve with the lapse of years.

The a posteriori problem, the estimation of the presump-
tive (stochastic) limits of the semi-invariants in an unknown
universe on the basis of the semi-invariants (or other para-
meters) as calculated from a sample of size n, is vastly more
difficult, though it is the one which is most frequent in prac-
tical work. If ’i; denotes the estimate of the unknown semi-
invariant 1; in the universe and p; is the sampled semi-invari-
ant corresponding thereto from a sample of n, one finds as
early as 1889 that Thiele supplied the following estimates:

e == e

e = n(n—1)" up ;

Az = Wus[n(n—1)] ;

= 13 [ta+ 6(n—1)" ] ¢ [(n—1) (W — 6+ 6].

The fact that Thiele thus anticipated the work of the
“Small Sampleites” by nearly 40 years is explicitly admitted
by Dr. Irwin who says that R. A. Fisher’s cumulants k,, &,
and %, “are identical with Thiele’s estimates.” Tt needed, there-
fore, courage of a rather droll kind for another disciple of
Fisher’s, J. Wishart, to maintain that “the first three of these
(Fisher’s) expressions bear a superficial resemblance to
Thiele’s formulae, a fact which has led recent writers into
erroneous criticism of the authenticity of Fisher’s recent and
highly important contributions to statistical theory.” To be

2 Bell System Technical Journal, April, 1926,



102 CowLEs COMMISSION

sure, remarks like Wishart’s are apt to happen in foggy
weather!

As to the fourth-order semi-invariant Thiele’s estimate
differs from the one by Fisher. Some “Small Sampleites” say
that Thiele’s estimate is “biased” while Fisher’s is ‘“‘unbiased.”
Again it seems to be a question of semantics since in any meth-
od of estimation bias in some form or another must necessarily
enter in the way of preference for some particular hypothesis
or method.

A closer investigation discloses, however, that an “un-
biased estimate” is but another rakish label pasted over what
Thiele and Tschuprow called “presumptive values” (or esti-
mates). According to Dr. Irwin “an estimate is ‘unbiased’
whenever its mathematical expectation equals the quantity es-
timated.” This is exactly the same as Tschuprow’s old defini-
tion of a “presumptive value.” Moreover, since the moderns
here express a rather prejudiced or biased preference for the
mathematical expectation (or first-order semi-invariants), the
followers of R. A, Figher have raised their prejudice to a meta-
physic, as it were, in considering their personal bias as un-
biased. .

1t is also well to bear in mind that some years prior to
Fisher the Danish actuary, Bertelsen, gave the identically same
formula as Fisher for ’1, (or k.). But Bertelsen showed also
that this formula was incompatible and in many instances
would not correspond to real values of the individual observa-
tiong in the universe. He supplied therefor another estimate
from which this defect was removed. A numerical example
verifies that the substitution of Fisher’s k, *cumulant” in the
rigorous a priori formula for the dispersion (or variance)
yields a negative result, or an imaginary value for the stand-
ard deviation, while Thiele’s and Bertelsen’s estimates yield
positive and hence compatible results.




ABSTRACT OF PUBLIC LECTURE

Wednesday, July 20—The Life of Augustin Cournot: His
Thought, His Philosophical Tendencies, and His Work,
RENE RoOY, Professor of Mathematical Economics, Uni-
versity of Paris.

Although economic thought has assumed in our times an
importance which it never had before, it had its pioneers
among the Greek philosophers, the scholars of the middle Ages,
and the Mercantilists of the seventeenth and eighteenth cen-
turies. It was only in the latter half of the eighteenth century,
however, that a true school of economists, was formed, the
Physiocrats, who conceived the idea of “economic laws.” Like
the Mercantilists, however, they were more occupied with solv-
ing concrete problems than with isolating abstract concepts.

Augustin Cournot, on the other hand, proposed to apply
to economic questions the methods which had been tested in
other domains, and it is for this reason that he may be con-
sidered the founder of scientific economics. His ideas were
fully set forth in 1838 in his Recherches sur les principes
mathématiques de la théories des richesses, of which we cele-
brate the centenary today.

The Intellectual Influences. Antoine-Augustin Cournot
was born August 28, 1801 at Gray, in Franche-Comté. He
studied at the Ecole Normale. He was secretary for ten years
to the Marshal Gouvion Saint Cyr, became a bachelor of law
in 1827 and a doctor of sciences in 1829, and published scien-
tific papers on astronomy, mechanics, and mathematics. He at-
tracted the approval of the mathematician Poisson who
Iaunched him on a brilliant educational career. After serving
at the universities of Lyons and Grenoble, he became in 1838
inspector general of studies and took up his residence at Paris.

In addition to his scientific studies, Cournot was widely
read in the philosophers, from Plato to Kant. The greater part
of his published works were treatises on philisophy, prepared

— 103 —
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with the same precision and the same dryness as a scientific
work.

Of all the subjects to which he applied himself, the most
striking was without doubt the theory of chance, on which he
published a treatise in 1848. This predilection for the phenom-
ena of chance had a great influence, not only on his philosoph-
ical concepts, but also on his ideas as to the social sciences. He
distinguished ‘“quantitative sciences” like physics, which re-
quired few experimental verifications, and “sciences of com-
binations,” like the social sciences, which required permanent
records of facts. Cournot thus seems to have been one of the
first thinkers who foresaw both the statistical orientation to
be given to scientific research since the middle of the nine-
teenth century and the possibilily of extending this concept to
sociology, which, in his time, was hardly considered a science.
It is nevertheless essential to note here that for Cournot the
notion of probability resides in the very nature of things apart
from any philosophic concept, while for Laplace, who, in his
works, had especially considered errors of observation, this
recourse to probability meant only the imperfection of our
knowledge; it seems that in this regard the evolution of our
ideas since that time has confirmed the view of Cournot, as
withesses the success of probability in all fields.

The Work of Cournot., After his early scientific papers,
Cournot devoted himself essentially, on the one hand to phi-
losophy, on the other hand to economic problems. As a link
between these two essential currents of his thought, we may
profitably choose the work in which he developed in 1848 his
concepts of the theory of chance, Exposé de la théorie des
chances et des probabilités. Moreover, in his philosophical
works he frequently reverts to economic problems and shows
their place among other social phenomena.

His intellectual culture was of a high degree of univer-
sality, and all his reading was enriched by long and profound
meditation, in the course of which he had the occasion to exer-
cise his eritical spirit with rare sagacity. Everyone agrees
that his most important contributions have been the Law of
Demand, the Theory of Monopoly, and Foreign Exchange.

The Influence of Cournot. In general the works of Cour-
not were far from meeting the success which was their due,
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and as we have already noted this disrepute may be attributed
in part to the dryness of his style and the barrenness of his ex-
position. The originality of his concepts, even their daring,
sometimes also repelled his contemporaries, and it is not sur-
prising indeed that Cournot suffered the disfavor of all inno-
vators.

In the economic field, in particular, the reception by his
contemporaries was singularly deceptive; the Recherches of
1838 appeared in the midst of general indifference, and twenty-
five vears later Cournot revealed his bitterness in the preface
of his Principes de la théorie des richesses, which, although it
used no mathematics, had hardly more success.

Nevertheless his work gradually made its way. Sooner
abroad than in France it aroused admiration and formed
the starting point of a new orientation of economic studies.
Although no French critic took account of the Recherches be-
fore 1878, it had already been quoted by Bocardo, Jevons, and
Walras. The influence of Cournot was therefore established,
and it showed itself very profound, since it was the sole gen-
erator of the series of publications using the new concepts
which gravitated around the Lausanne School. As to what
particularly concerns the tendencies shown by the develop-
ment of econometric researches, the influence of Cournot has
proved truly fertile, because the originality of his thought was
especially marked, in the first place by systematic recourse to
mathematical analysis for the presentation of economic phe-
nomena, and in the second place by the statistical concepts,
that is to say, precisely by the two kinds of problems with
which econometrists are concerned. In a more general way,
we may say that his name remains closely associated with the
modern scientific spirit, which constantly appeals to the idea
of probability, and which is opposed in some wise to the rigid-
ity of the ancient logic founded by Aristotle, In the mathe-
matical expression of scientific laws this distinetion appears
in a particularly clear way, when we note the growing use of
“stochastic” (probability) relations instead of functional re-
lations.

1f Cournot was not a builder of cathedrals, he personifies
on the other hand the accomplished type of modest and disin-
terested scholar who brings his stone to the edifice, and it is
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not surpriging that with time his influence in the scholarly
world has only grown.

Measuring thus the import of a work which, for a cen-
tury, serves as a guide to experts in scientific economics, we
may congratulate ourselves in concluding that at its birth sci-
entific economics had for its champion a thinker who, by the
universality of his culture and the depth of his insight, knew
how to bring to the study of economic phenomena the sense of
fine distinctions and geometrie rigor, both indispensable in
such a field.




