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THE 1940 CONFERENCE

Although the offices of the Cowles Commission were
moved from Colorado Springs to the University of Chicago in
September, 1939, the Sixth Annual Research Conference on
Economics and Statistics was held at Colorado College, Colo-
rado Springs, as in former years. The Conference opened on
Monday, July 1, and continued through Friday, July 26. Two
lectures, followed by discussion periods, were scheduled each
morning, the sessions beginning at 9:30 and closing about
12:30. In addition, two evening public lectures were given,
by Carl Snyder and by Irving Fisher. Afternoons, Saturdays,
Sundays, and July 4 were left free for recreation.

The scientific program was supplemented by a variety of
entertainment. A picnic supper was held for those in attend-
ance on the opening day. Teas for those attending the Con-
ference were given by Professor and Mrs. Harold T. Davis at
their home and by Headmaster and Mrs. Francis M. Froelich-
er at the Fountain Valley School of Colorado. Swimming,
horseback riding, golf, tennis, and other sports were enjoyed
by many, and a number of hikes and picnics were arranged.
Points of interest visited on afternoon and week-end trips in-
cluded the Garden of the Gods, the summits of Pikes Peak and
Cheyenne Mountain, the Royal Gorge of the Arkansas River,
Cripple Creek gold camp, Rocky Mountain National Park
(Estes Park), and the presentation of The Bartered Bride
in the opera house of the old mining town of Central City.

The number of people participating in part or all of the
sessions of the Conference was 204, including 101 from out of
town.

PARTICIPANTS FROM OUT OF TOWN

BARTKY, Professor WALTER, The University of Chicago, Chicago, IlL
BurGess, Dr. RoBerT W., Western Electric Company, 195 Broadway,
New York, N. Y.

—__
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CaMP, Professor and Mrs. BurtoN H., Wesleyan University, Middle-
town, Conn.

COFFMANN, Mrs. A. L., 1010 North Zangs Boulevard, Dallas, Texas.

CowLES, Mr. ALFRED, Cowles Commission, The University of Chicago,
Chicago, IlL .

Davies, Dr. MAURICE B., The Denver and Rio Grande Western Railroad
Company, Denver, Colo.

Davis, Professor and Mrs. HArRoLp T., Northwestern University, Evan-
ston, IlI.

DEAN, Professor JokL, Cowles Commission, The University of Chicago,
Chicago, 111,

DEMING, DR. W. EDWARDS, Bureau of the Census, United States Depart-
ment of Commerce, Washington, D.C.

Dobpp, Professor and Mrs. Epwarp L., The University of Texas, Austin,
Texas.

DougLAs, Miss ELINOR, Training School for Southern Illinois, Carter-
ville, T11.

DrescH, Dr. and Mrs. Francis W., University of California, Berkeley,
Calif.

Fi1sHER, Dr. and Mrs. ERNEST M., American Bankers Association, Wash-
ington Building, Washington, D. C.

FisHER, Professor IRVING, Yale University, New Haven, Conn.

Froop, Dr. and Mrs. MERRILL M., Princeton University, Princeton, N. J.

GEIRINGER, Dy, HiLpa, Bryn Mawr College, Bryn Mawr, Penn.

GOLDENWEISER, Dr. E. A., Board of Governors of the Federal Reserve
System, Washington, D. C.

HaaveLyo, Mr. TRyYGveE, University Institute of Economics, Oslo, Nor-
way; present address, ¢/0 Rockefeller Foundation, 49 West 49th St.,
New York, N.Y.

INGRAHAM, Professor MARK H., The University of Wisconsin, Madison,
Wis.

JOHN, Miss ALICE, Commander Hotel, Cambridge, Mass.

Joy, Miss ARYNESS, Bureau of Labor Statistics, United States Depart-
ment of Labor, Washington, D. C,

KREPS, Professor T. J., Temporary National Economic Committee, Wash-
ington, D.C., and Stanford University, Calif.

KRUPP, Miss SARAH, 3849 West Grand Avenue, Chicago, Il

LANGE, Professor OSKaR, Cowles Commission, The University of Chi-
cago, Chieago, Il

LAURSEN, Mr. and Mrs. SvEnDp, Harvard University, Cambridge, Mass.

LEAVENS, Mr, and Mrs. DicksoN H., Cowles Commission, The University
of Chicago, Chicago, Ill.

LEONTIEF, Professor and Mrs. WassiLy, Harvard University, Cambridge,
Mass.

LeEwis, Mr. H. GREGG, Cowles Commission, The University of Chiecago,
Chieago, 11l.

LUsHER, Mr. and Mrs, Davip W., Bowdoin College, Brunswick, Maine.
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MCEWAN, Professor and Mrs. GEORGE F., P. O. Box 109, La Jolla, Calif.

MCFADDEN, Professor JOEN R., Kansas Wesleyan University, Salina,
Kansas.

MCINTYRE, Professor and Mrs. FraNcis, Indiana University, Blooming-
ton, Ind.

MACNEILLE, Professor H. M., Kenyon College, Gambier, Ohio.

MATCHETT, Dr. GERALD J., Indiana University, Bloomington, Ind.

MAYER, Dr. WILLIAM E,, 636 Church 8t., Evanston, Il

MENDERSHAUSEN, Dr. and Mrs. HorsT, Colorado College, Celorado
Springs, Colorado; present address, National Bureau of Economic
Research, 1819 Broadway, New York, N. Y.

MITCHELL, Miss CrLAUDIA, Calhan, Colo.

MoriNa, Mr. and Mrs. Epwarp C., Bell Telephone Laboratories, 463
West St., New York, N. Y.

MOoRE, Mr. WILLETT 3., 801 Humboldt St., Denver, Colo.

MouLToN, Professor and Mrs. E. J.,, Northwestern University, Evan-
ston, T11.

MYERS, Dr. Howarp B., Work Projects Administration, 1784 New York
Avenue, Washington, D. C.

ONGUN, Mr. M. SAHAP, Department of Statistics, Ankara, Turkey; pres-
ent address, International House, 1414 East 59th St., Chicago, Il

PAYNE, Professor CHARLES K., Washington Square College, New York
University, New York, N. Y.

PETERSEN, Mr. and Mrs, KAARE, University of Norway, Oslo, Norway;
present address, ¢/o American-Scandinavian Foundation, 116 East
64th St., New York, N.Y.

QUIRIN, Mr. and Mrs. E. L., Babson’s Reports, Inc., Wellesley Hills, Mass.

RASHEVSKY, Professor and Mrs. N., The University of Chicago, Chicago,
Il

REID, Professor and Mrs. WILL1IAM T., The University of Chiecago, Chi-
cago, Ill,

RoLL, Professor and Mrs. ERICH, University College, Hull, England.

RooS, Dr. CHARLES F., The Institute of Applied Econometrics, 405 Lex-
ington Ave., New York, N. Y.

SAMUELSON, Mr. and Mrs. PAUL A., Harvard University, Cambridge,
Mass.

SELAND, Mr. JOHAN, University of Norway, Oslo, Norway; present ad-
dress, ¢/o American-Scandinavian Foundation, 116 East 64th St.,
New York, N.Y.

SKAUG, Mr. ARNE, Central Bureau of Statisties, Oslo, Norway; present
address, ¢/o Rockfeller Foundation, 49 West 49 St., New York City,
N.Y.

SMmITH, Mr. and Mrs. JouN H., Cowles Commission, The University of
Chieago, Chicago, IlL _

SNYDER, Mr. CARL, 33 Liberty St.,, New York, N.Y.

SPEEKER, Professor and Mrs. Guy G., Michigan State College, East
Lansing, Mich. '
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SWED, Miss FRIEDA S., University Experiment Station, University of
Wisconsin, Madison, Wis.

SWED, Mr, MoRRIs F., Water Street, Princeton, Wis.

TILLOTSON, Professor LovAL G., Bradley Polytechnic Institute, Peoria,
IilL.

TORGERSEN, Miss MAYME, 306 North Parkside Avenue, Chicago, Ill.

TRIFFIN, Dr. and Mrs. ROBERT, Harvard University, Cambridge, Mass.

VAN Dyk, Miss PHvLus, Cowles Commission, The University of Chi-
cago, Chicago, Ill.

WaLp, Dr. ABRAHAM, Columbia University, New York, N. Y.

WALDER, Dr. O. E., South Dakota State College, Brookings, South Da-
kota.

WESTPHALIGER, Miss PAULINE, 2049 Atred Avenue, St. Louis, Mo.

WORKING, Mr. D, W., Denver, Colorado.

WORKING, Professor and Mrs. E. J., University of Illinois, Urbana, Iil.

WORKING, Professor and Mrs. HOLBROOK, Food Research Institute, Stan-
ford University, Calif.

YNTEMA, Professor THEODORE O., Cowles Commission, The University
of Chicago, Chicago, Ill.

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 after
the meeting of the Econometric Society at Colorado Springs
on June 22-24 of that year. At these gatherings various pa-
pers were presented and discussed by economists who re-
mained 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 | 19838 | 1939 | 1940

Number of conference lectures 8 32 40 38 38 38
Number of lecturers i 20 27 27 32 37
Average attendance per lecture 15 27 36 47 51 32
Participants from out of town 5 55 67 98 | 112 | 101
“ local 20 24 41 99 {122 | 103

“ total 25 79 | 108 192 | 234 | 204




ABSTRACTS OF CONFERENCE LECTURES

Monday, July 1—Dynamies of the Business Cycle, HAROLD T.
Davis, Professor of Mathematics, Northwestern Univer-
sity, and Research Associate, Cowles Commission.

The theory of monopoly in mathematical economics is
based upon certain deductions which follow from the maximi-
zation of the profit function

= yp—Qu),

where y is demand, p is price, and Q(u) is the cost of manu-
facturing « units. This concept of static economics has been
enlarged in recent years by C. F. Roos and G. C. Evans
through the introduction of the profit integral

. 5
I= | [yp—Qw)]dt,
g

where y and u are now regarded as linear functions of p (%)
and ' (¢), and where Q(u) is assumed to be a quadratic fune-
tion in . From the postulate that the monopolist always
strives to maximize his profits over fixed periods of time, let
us say between annual meetings of his stockholders, it is pos-
sible to set up a dynamic theory which describes the move-
ment of prices by means of the differential equation:

p" () +mp(l) =mp,.

But if IT is to be maximized, then a realistic defermina-
tion of the parameters shows that m is essentially a negative
number, from which we see that the solution of the differential
equation is exponential in character. Hence, the possibility of
explaining the existence of the business cycle by this analysis
seems to be excluded. A realistic study of the demand for
steel by R. H. Whitman (Econometrica, Vol. 4, 1936, pp. 138-
152) shows clearly that demand, although it is influenced in

—_11 —
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part by price and its derivative, is more powerfully affected
by a term measuring business activity. |

The present paper is an attempt to give a new basis for
the problem of dynamic prices, retaining, however, the attrac-
tive feature of the older theory that some extremal property
18 involved.

The main thesis of this paper asserts that an economy at-
tempts to maximize the following integral:

t
J = (U—«xA—uB) dt,
to
where « and p are constants and U, 4, and B have the follow-
ing meanings:
U=U(#x, 2, -, &) is the utility function of classical

economics. We assume, at any point of time, the equilibrium
conditions

0

X

(1) == lph

QI

T

where p; are the prices of the goods z;, and where 1 is the
marginal utility of money.
The quantity A is defined by

A == E x’i p'i ’
and measures the effect of shocks upon the economic system.
Erratic shocks have long been recogmzed as important fac-

tors in economic variation.
The quantity B is defined to be

B:E (xi""ui)zs

a function introduced to measure the effect of carry-overs and
inventories upon the business cycle.

If we limit our analysis to one primary variable, perhaps
a dominating commodity like steel, and if we take account of
(1), then the first necessary condition (Euler’s equation) that
J be maximized leads to an equation of the form

p" () +mp(t) =1(),
where m is positive and proportional to the marginal utility
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of money, and where I(f), measuring the difference between
production and consumption, may be assumed to correlate
highly with the index of business.

This equation, under proper specialization of I(f), ac-
counts for the major changes in the price structure, as meas-
ured by the price of common stocks, since 1900. It agrees with
the statistical observation of the existence of a 40-month cycle
in stock prices, and with the fact that normal price movements
do not show damping. By introducing the concept of me-
chanical resonance, the equation also accounts for the infla-
tion of 1929 and the subsequent decrementary movement of
the price series. On the somewhat doubtful assumption that
m is directly proportional to the velocity of money (V), and
inversely proportional to money supply (M), the period in

prices is shown to be proportional to v (M/V).

Monday, July 1—Some Observations on Business-Cycle
Theory, CHARLES F. R00s, Director of Research The In-
stitute of Applied Econometrics.

The choice of the starting point of a theory of business
cycles is arbitrary, but there are advantages in choosing one
at which the flow is simple and can be expressed in terms of
an over-all slowly changing variable such as national income
and some other such as price. The demand for semi-durable
consumption-goods -which satisfies these conditions can be
shown to depend upon national income, consumers’ stocks, and
price changes. It can therefore be written in the form:

(1) U(t) = A@)a,

where o is the elasticity of income and A (£) depends to some
extent upon the distribution of income, but more upon recent
purchases or consumers’ stocks and price changes.

The retailer and wholesaler in turn will have a demand
which is related to U(¢). It will depend upon their estimates
of U (t) and their opinions regarding price changes. It can be
taken as:
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(2) u(t) = (A.88pY B, dp/dt) U (1),

where A, and B, are empirical constants or functions of time
which reflect physiological factors, g is the elasticity of stocks,
and y is the elasticity of price p. The quantity dp/df is the
derivative of price with respect to time, or rate of change of
price, and U () is given by equation (1) above.

This fundamental demand develops in the form of hew
orders on the books of manufacturers who are motivated by
the urge to seek profits. These manufacturers would like to
be able to maximize their profits over a period of time. But
they actually are in control of only a few of the factors which
determine profits.

The expected profit of each manufacturer may be repre-
sented by the integral

(3) 1= ["pu—QuIB, tat,

where E(f,, 1) is the force of interest, Q{u) is the cost of
production as an explicit function of production # and an im-
plicit function of such factors as wages, technological develop-
ments, costs of materials, power costs, and the like. The fac-
tor y is defined so that each entrepreneur deduces his expected
price by multiplying present price p, by the psychological fac-
tor ».

The economiec process which actually takes place may be
described as follows: Individual retailers and wholesalers,
sometimes with and sometimes without the help of the sales
representatives of the manufacturers, make estimates of the
probable consumer demand, that is, of national income to
which this demand is closely related, and of the effects of this
expected demand upon supply and price. If their expectations
are larger than their expectations of supply, i.e., manufactur-
ers’ expectations, they usually order in sufficient volume to in-
duce a price rise, which in turn creates a speculative demand.
While this speculative demand is developing, each buyer thinks
he is among the few smart enough to see the ‘“‘coming” ad-
ditional price rise. Thus, in ignorance of the true state of the
. market, the wholesalers and retailers after a time have made
sufficient commitments to cause stocks S to rise substantially.
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Some then withdraw from the market and hope that others
will be able to buy sufficient quantities to keep up the price
while they correet their own speculative mistakes. But such
orders do not develop, because demand cannot immediately
rise fast enough, i.e., Say’s law does not hold over the short
term., The result is a downward turn in orders, followed by
price weakness and then a further decline in orders. This
downward spiral continues until prices are lowered sufficient-
ly to attract purchases as a price speculation or until an in-
flationary outlook is presented. The upturn is likewise eumu-
lative.

Examples of this process in automobiie sales, residential
building construction, and the demand for capital goods were
described.

Tuesday, July 2—The Organization for National Defense,
THEODORE O. YNTEMA, Professor of Statistics, The Uni-
versity of Chicago, and Director of Research, Cowles
Commission, on temporary leave with the Advisory Com-
mission of the Council for National Defense.

Mr. Yntema spoke informally, discussing the administra-
tive and economic problems involved in industrial mobiliza-
tion for national defense. He also outlined the economic dif-
ficulties facing the United States as a consequence of German
domination of Europe.

Tuesday, July 2—The Demand for Steel, H. GREGG LEWIS, In-
structor in Economics, The Universgity of Chicago, and
Research Associate, Cowles Commission.

The importance of steel in the national economy has for
years invited questions concerning the effect of steel pricing
policy on national economic welfare. In recent discussions of
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cyclical and long-run pricing policies, several economists have
proposed that:

(1) Steel prices be made more flexible in the short run,

(2) Steel prices be considerably lower in the future than
they have been in comparable situations in the past. Both
proposals are directed at “stabilizing” and increasing steel
output. Both are based on assumptions concerning the price
elasticity of demand for steel.

These proposals have led to two general questions:

(1) What has been the range of values of the short-
period price elasticity of demand for steel in recent years?

(ii) What has been the range of values of the long-run
elasticity in recent years?

This is a preliminary report of an investigation to deter-
mine the answers to these questions. The price elasticity of de-
mand corresponding to a price change at the beginning of a
period of adjustment is defined as the ratio of:

(1) the percentage change (from the beginning to the end
of the period of adjustment) in the time rate of steel sales

to (2) the given percentage change in price, other factors
remaining constant.

It is thus clear that elasticity of demand is a dynamic con-
cept, in the sense that time is involved explicitly. “Short peri-
ods” are periods of adjustment approximately up to one year
in length. The “long run” is a period of adjustment long
enough for all the effects of the given price change to work
themselves out in the above ceferis paribus sense.

In measuring these elasticities of demand three comple-
mentary approaches have been used:

(A) What Professor Tinbergen calls the “common sense”
approach.?
(B) What has been rather unhappily called the “substitu-
tion” method.
(C) Multiple correlation of economic time series.
(A) The Common Sense Approach.
This “literary” method of analysis is that used in most

t Except to the extent that changes in other factors are caused by
the price change.

2 J. Tinbergen, “Econometric Business Cycle Research,” Review of
Economic Studies, Vol. 7, No. 2, February, 1940, p. 87.
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current surveys of business conditions. It consists of reason-
ing from “a careful cataloguing of facts and of the month-to-
month fluctuation in a number of economic times series.”?
Careful analysis by this method of the four years 1936-1939
led to the conclusion that in recent years the short-period elas-
ticity of demand for steel has probably been very small—al-
most certainly less than unity, and that for very short periods
there may actually be a positive relation between steel sales
and steel prices.t Thig latter phenomenon arises in major part
from price speculation in the short run,

(B) The Substitution Method

The ratio, R, of the cost of the steel used in the production
of a unit of product-made-from-steel to the price per unit of
the product was computed for each of several major steel
products. Estimates were then made of the short-period elas-
ticities of demand, E, of these products-made-from-steel. As-
suming reasonably that in the short run the elasticities of
substitution between steel and substitute materials are neg-
ligible, the quantities of B X E are fairly accurate measures of
short-period elasticities of demand for steel by major consum-
ing industries.

The values of R were found in most cases to be consider-
ably less than 0.5, and in many cases less than 0.25. The cor-
responding values of E have probably in recent years not been
greater than 2.0 or 3.0. This evidence helps substantiate the
conclusion that the short-period elasticity of demand for steel
(R X E) has been less than unity.

(C) Multiple Correlation of Economic Time Series

Linear demand functions were fitted to annual data, with
steel bookings or steel shipments as the dependent variable,
and the composite price of steel and one or more of the fol-
lowing as independent variables:

(1) Supernumerary national income,
(i1) Corporation profits,
(iii) Link relatives of the composite price of steel,
(iv) Link relatives of supernumerary income,
(v) Time-trend.
3 Tinbergen, op. cii.
4 See the author’s An Analysis of Changes in the Demand for Steel

and in Steel Prices—1936-1929, United States Steel Corporation, New
York, 1939.
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These multiple regressions yielded short-period price elastic-
ities varying from —0.1 to —0.8. This evidence by itself was
not accepted as conclusive.

Taking all the evidence, however, there is considerable rea-
son to believe that over short periods the demand for steel is
quite inelastic. Thus far attempts to measure the long-run
elasticity have not been very satisfactory.

Before conclusive answers can be given to either of the
questions studied, more adequate data must be found, and
more satisfactory dynamic demand models developed for time-
series analysis.

Wednesday, July 3—Tests of Sampling Error Applicable to
Market Analysis and Control, MAURICE B. DAVIES, Statis-
tician to the Trustees, The Denver and Rio Grande West-
ern Railroad Company.

From the standpoint of business management, “market
analysis” refers to the process of research by which the sales
manager (or the railroad traffic manager) obtains the facts
necessary for the intelligent mapping out of his sales strategy.
It includes studies of customers and their preferences; of the
geographic flow of present goods or services; and of the prob-
able location of potential demand for future goods or services.

Since situations change rapidly, the management cannot
be content with static facts which have become obsolete. Con-
tinuous observation is also needed, so that sales strategies may
be shifted quickly at the first moment when the need for a
shift can be discerned. This continuing statistical analysis of
the current sales picture is a phase of “sales control.”

The simplest test of significance usable by the market
analyst is the application of Bernoulli variance to a frequency
distribution where conditions of random sampling are known
to have been fully met. This is illustrated by analysis of re-
plies to a questionnaire, where the persons questioned were
randomly selected.
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Almost any static survey of market conditions may be
adapted to “pure sampling” procedures—at least in part. The
appropriate tests of significance are well known, so long as
we deal with “pure frequencies,” or “pure values,” and so
long as we analyze a static situation rather than a time series.

Following is an example of a more complex problem:

Consider the manufacturer of a single commodity which
is sold at prices ranging from $10 to $30 per unit. Assume
that this manufacturer sells through small retail dealers, on
a franchise basis. If some expense is involved in the relation
between manufacturer and dealer, both parties will be alert
to discover if their relationship is ceasing to be fruitful. The
performance during a few weeks or months is for this pur-
pose taken as a sample of the long-time rate of performance.

Our problem arises from the chance fluctuations in num-
ber of sales from month to month. Where the number of sales
expected in each month at any specified location is very small,
we should expect the frequencies to fluctuate according to the
Poisson distribution—the same distribution that is observed
in biological cell counts with a haemocytometer. With larger
frequencies, the chi-square distribution may be expected. That
is, the variance of the number of sales in a month is equal to
m, which is the expected number of sales per month.

By reference to a “confidence belt” chart, such as that
presented by W. E. Ricker in 1937, the upper and lower limits
may be estimated for the hypothetical universes from which
the observed sample might have been drawn. These upper and
Iower “universe limits” are then respectively projected to an
annual basis, by a factor which allows for the normal season-
ality of the time interval at which the sample was taken. The
result is an estimate of upper and lower limits of the annual
rate of sales at this locality. If the sales are recorded only in
dollar volume and not in frequencies, it becomes necessary to
combine the variance of the frequency with the variance of
the dollar value per unit sale; the two variances are combined
by a first approximation for the variance of a product.

The foregoing discussion assumes that each unit sale is
an event independent of every other unit sale. In certain lines
of business, this assumption is almost perfectly correct.
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In the railroad business, the techniques described above
are adaptable wherever the assumptions can be maintained;
as, for example, in studying the day-to-day fluctuations in
number of passengers on a given train. A rough measure of
variance can be made on the assumption that each passenger’s
presence is an independent event. A more accurate estimate
could be made if it were known what percentage of the pas-
sengers traveling are in groups of two, three, four, or more.

In studying carloadings, the Bernoulli and Poisson con-
cepts are useful where the analysis is extremely detailed so
that very small numbers are used. With increasing size of
sample, the Lexian aspects of the day-to-day distribution be-
come relatively more important, and when the fluctuations of
whole railroad systems are compared, the most helpful ap-
proach seems to be through an extensively adjusted analysis
of variance and covariance.

Even where we are not yet able fo identify the units
which constitute truly independent events, a worth-while esti-
mate may be computed from a constant ‘‘variance per thou-
sand carloads” applicable concurrently to large and small sam-
ples in a comparative study.

Wednesday, July 3—Certain Aspects of the Theory of Genetic
Equilibrium, MARK H. INGRAHAM, Professor of Mathe-
matics, The University of Wisconsin.

At times certain characteristies of an individual plant or
animal make it more probable that it will not mate or that it
will mate to another individual of the same or different type.
The probable number of offspring may also be affected, One
among many mathematical approaches to the subject is given
in this paper through the study of iteration of a single trans-
formation of variables. This approach may prove fruitful, es-
pecially in certain applications to the social sciences. The
discussion falls under three headings:

1. Genetic hypotheses and their mathematical formula-

tion. |
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II. Mathematical theory and methods suggested by the
hypotheses.

IIT. Possible extensions of the theory and their applica-
tions to social problems.

I. If a given characteristic such as color in rats having
two aspects, for example, black and white, which are dominant
and recessive, is determined by a single gene, subject in its
behavior to the Mendelian law, an individual may be consid-
ered genetically as purely recessive, mixed, or purely domi-
nant, both the latter two types appearing with the dominant
characteristic. We assume that in preferential mating and
reproduction the difference is determined by the apparent
rather than the genetic type. Let the proportion of purely
recessive to mixed be represented by z and the purely domi-
nant to mixed by v and let " and ¥ be the proportions in the
next generation. Then ' and % are given in terms of x and ¥
where the parameters of the transformation are determined
by the degree and character of the preferential mating and
reproduction. There are essentially four cases. In the first the
population becomes purely recessive; in the second, purely
dominant; and in the third the population tends to a fixed pro-
portion of the three types. In the fourth the end result depends
upon the initial proportions. In this case, except for special
initial proportions, the population becomes either purely
dominant or purely recessive. There is, however, an invariant
point and a curve through the point dividing the plane be-
tween values of 2 and y from which the population becomes
purely recessive and points from which the population becomes
purely dominant. Along this curve under iteration a given
point approaches the above-defined invariant point. The equi-
librium is unstable, however, and any accident which changes
the proportions would make the end result tend to one pure
type or the other. This process may be slow since for many
initial proportions the tendency will be to approach the in-
variant point and stay near it through a long period before it
becomes apparent that the proportion will approach one pure
type or the other. If there is no preferential mating or repro-
duction after one generation, an invariant proportion is
reached which depends upon the original proportions.
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II. 'The above leads to a study of the convergence of the
product of sequences of linear transformations. This study
should be extended to the case of sequences of transformations
whose parameters are determined only to within knowledge of
their gistribution functions.

ITI. The case of more than one gene acting independently
in a probability sense is developed. The case of dependence
should be studied. From the theory of this paper the incorrect-
ness of a common assumption that a preferential birth rate for
the groups of lower intelligence would necessarily lead to the
degeneracy of the race can be shown. This assumption ap-
pears to be valid when the birth rate increases monotonically
from genius to moron. It is probably true, however, that the
highest reproductive rate, that is, reproduction of adults, is at
a point somewhat above the lowest end of the mental scale,
For such a case the assumption seems to be generally false.

Irriday, July 5—A Comparison of Several Statistical Forecast-
ing Methods, MERRILL M. FLOOD, Director, Statistical Sec-
tion, State and Local Government Section, School of Pub-
lic and International Affairs, Princeton University.

Satisfactory budgeting depends on the accurate estima-
tion of anticipated revenues and expenditures. Where rev-
enues are derived from business sources it is essential that
forecasts of the general course of business be available for
use, This is the situation in governmental budgeting, for ex-
ample, when a fixed system of business taxes must be depended
upon for revenue. A similar need exists in the case of certain
governmental expenditures, particularly those for unemploy-
ment relief.

Whenever practicable, it is simpler to establish a rela-
tionship between each of the several revenue and expenditure
series and a single “indicator’” series, then to be forecasted,
than to extrapolate for each budget item separately. If the
individual budget series lag behind the indicator series the
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time interval for which ¢(?¢) must be extrapolated is thereby
reduced with consequent improvement in the forecasts. The
yield of a personal net-income tax during 1940 may depend,
for example, on business done in 1939. It is much easier, in
general, to relate the separate budget items to a single indica-
tor series than to forecast the indicator series ¢(¢) selected.

This paper examines certain of those methods which may
be used to forecast values of i(f) fort —=¢, -1, {,+2, t, 4
3, ..., using only the previous observed values for ¢ = %, , t, —
1, t,— 2, --. Three methods were applied to monthly sales
data of a large mail-order company to obtain extrapolations
one to four months in advance. The average percentage devia-
tions for these various forecasts made for each of the months
from January, 1937, through December, 1939, are shown in
the table following,

AVERAGE PERCENTAGE DEVIATIONS

Method Number of Months Extrapolated
1 2 3 | 4
A 2.82 3.03 3.24 3.27
B 2.87 2.26 3.62 4,72
C 4.42 5.83 661 | .97

Methods A and B were very much alike and gave very
similar results. Each depends on the determination of a
smoothed trend curve, fitted to the known observations, which
is then extrapolated to yield forecasts of the trend curve. To
these trend forecasts are applied the monthly seasonal correc-
tion factors to yield the desired monthly forecasts. The two
methods differ principally in that the trend curve of Method
A is simply the centered 12-month moving average extrapolat-
ed freehand.

The forecasts obtained by applying Method C were much
less satisfactory. In this case the method of autocorrelation
was applied, using data prior to 1936, to determine the para-
meters a, and b, in the estimating stochastical difference equa-
tions

m(t4-r) =am{{—1) 4 bm({—2)
forr =0,1,2, 3, where m(f) =1(¢) —¢(f —12).
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It seems a fair conclusion that the essential differences in
the results of this experiment are due to the methods used in
eliminating the monthly seasonal variation more than to any
other cause. For forecasts of less than six months in advance
the accuracy is good enough for the practical problems of
budget control.

A somewhat different approach is suggested for further
empirical analysis, based on the use of the linear difference
equation, which might aid in extending forecasts beyond six
months. It consists essentially in the examination of the
changing amplitudes and phases of each component of the
solution of the difference equation selected for use, as the
initial points change with time. An application to a monthly
capital-goods orders series was made and the result, shown
graphically, suggests that the phase of the three-year cycle is
essentially a step function but that the phase of the shorter
cycle remains essentially constant,

The computation of the phase and amplitude functions is
reduced, through a simple application of matrix theory, to the
determination of the inverse of a matrix which is written ex-
plicitly in terms of the roots of the characteristic polynomial
of the difference equation.

Friday, July 5—Alternative Statistical Methods for Estimat-
ing Marginal Cost Functions, JOEL. DEAN, Assistant Pro-
fessor of Statistics and Marketing, The University of
Chicago, and Research Associate, Cowles Commission.

The growing interest in the economics of the individual
firm, together with the crucial role of cost behavior in de-
termining a variety of optimum adjustments to the firm’s
kaleidoscopic environment, have resulted in clearer recognition
of the importance of empirical cost functions for business ad-
ministration, for economics, and for public policy.

The cost of the individual firm is a complex function of
many variables, the nature and relative importance of which
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is dependent upon the character and policies of the enterprise
as well as upon the particular cost component concerned.
Many of these determinants, moreover, have several significant
aspects; output, for example, because of lack of homogeneity
of product is rarely uni-dimensional. Isolation and measure-
ment of the net relationship of each to cost is managerially
useful not only for cost control but also for marginal calcula-
tions in determining optimum adjustments.

Marginal calculations involved in equating expected ad-
ditional cost to expected additional revenue need not be con-
fined to determination of traditional output and price optima,
but properly apply also to the entire gamut of managerial
decisions. The concept of marginal cost should, therefore, be
expanded to embrace increments of expense with respect to all
cost determinants and all policy decisions. The caleulus of
marginal equating of cost and revenue has universal applica-
bility in business management.

There are two major alternative sources of data for es-
timating these various kinds of marginal cost by statistical
methods: (1) successive observations of a single enterprise
during a period characterized by variation in cost-determin-
ing operating conditions, (2) simultaneous observation of
many enterprises variously situated with respect to the values
of the cost determinants. Despite the difliculties encountered
in statistical analysis of serially correlated successive observa-
tions, the first source is more promising than the second, be-
canse of the heterogeneity of firms with respect to product
lines, technology, size, degree of integration, monopsony, man-
agerial skill, and accounting methods.

Traditional theoretical models are not entirely satisfac-
tory for statistical cost analysis. For example, the simple
dichotomy of short run vs. long run must be displaced by a
hierarchy of short runs, depending upon the number and im-
portance of factors that are fixed, and the limits within which
they are fixed. Moreover, cost observations may reflect shifts
from one member of this hierarchy to another, rather than
movement along the same short-run curve. Although firms
and observation periods were selected with a view to obviating
or minimizing this difficulty, the statistical cost curves ob-



26 COWLES COMMISSION

tained are not precise empirical counterparts of theoretical
functions. Furthermore, comparability of cost observations
with respect to input prices, which is usually assumed in
theoretical cost curves, is more difficult to attain statistically
if either monopsony or substitution among factors as a result
of changes in their relative prices exists. When these problems
could be avoided by selection of observations, rectification for
changes in input prices was accomplished simply by deflation
or by use of input price as an independent variable.

To determine marginal cost functions the rectified cost
observations can be statistically manipulated in several alter-
native forms: average cost, total cost, differential cost, and
first differences in cost. Moreover, an estimate of combined
marginal cost can be obtained either from combined cost ob-
servations or by means of separate analysis of observations of
its components. These alternative methods, when employed in
several case studies of marginal cost behavior, yielded re-
markably similar results. Samples of these findings were com-
pared in a series of slides and the alternative procedures
evaluated.

Monday, July §—Sampling in Production Inspection, WALTER
BARTKY, Associate Professor of Astronomy, The Univer-
sity of Chicago.

This report is limited to the sample inspection of large
outputs or lots of pieces of product, the pieces falling into two
classes: standard pieces and defective pieces. The simplest
form of inspection procedure is to accept or reject the lot on
the basis of the number of defective pieces found in a random
sample. The errors encountered in this single-sample method
of inspection, as well as other more complicated procedures,
are:

A. The rejection of lots containing a low fraction (say
p less than p,) of defective pieces.

B. The acceptance of lots containing a high fraction (p
greater than p,) of defective pieces.
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In an investigation of the cost assignable to a method of
sample inspection, it is necessary to congider the cost of errors
A and B as well as the cost of sampling. If it is assumed that
for a given size of lot, costs A and B are functions, 4 (p) and
B(p), of the fraction p of defective pieces, then the expected
cost assignable to sampling is for a lot containing a fraction:

(a) plessthan po: I +A(p)[1 —P(mM1;
(b) p greater than p,: I+ B(p) P(p);

where P(p) is the probability of accepting the lot and I is the
cost of examining the sample.

If the frequency distribution of the fraction p of defects
is known for a set of lots, it is possible to determine the samp-
ling procedure so that the expected cost for the set is a mini-
mum. In practice only a crude estimate of this distribution is
obtainable on the basis of past performance, but a preliminary
study of the effect of varying the distribution indicated that
crude estimates were adequate for practical purpose. For this
reason it was considered worth while to determine the sampling
procedure that minimized the cost for the hypothetical case
in which a set of lots could be classified into two groups: lots
containing a fraction p, of defects and lots containing a frac-
tion p,, where p, and p, are fixed and p, < Po < P, . If the cost
of selecting and examining a sample is proportional to the
number of pieces involved, then it can be demonstrated that
for large lots the sampling procedure corresponding to mini-
mum cost is one permitting the removal of more than one
sample. For very large lots these additional samples become
essentially equal in size, in fact, for a theoretical infinite lot
the sampling plan is as follows:

Examine 7, and accept lot if 0 defects are found in sample
and reject lot if more than d defects. If number of defects is
more than 0 and less than d + 1 continue sampling, taking
additional samples of # until the total number of defects is
either equal to the number of additional samples or greater
than d plus the number of additional samples. In the former
case the lot is accepted, in the latter case it is rejected. For
such a sampling scheme it can be demonstrated that the prob-
ability of either passing or rejecting approaches unity as the
number of additional samples increase. By an application of
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matrix theory, comparatively simple formulae were obtained
for the probability of passing a lot containing a fraction p of
defects as well as the expected number of additional samples,

Monday, July 8—Cost Functions in Merchandising, PHYLLIS
vaN DYK, National Bureau of Economic Research and
Cowles Commission.

Certain managerial decisions require analysis of account-
ing information by techniques which will yield uscful bases
for estimating effects upon cost of any given change in operat-
ing condifions. Statistical analysis constifutes one of the most
effective of these techniques. In the case of merchandising
problems, statisfical cost functions are potentially useful in
cost control, in sales-promotion policy, and in decisions of
price policy.

There are several outstanding problems in the study of
department-store costs which are either peculiar to, or es-
pecially accentuated in, merchandising cost analysis. Of prime
importance among these is the instability of the unit of out-
put. If sales volume is the measure of production, then the
output unit, one dollar of sales service, may be a funetion of
many factors, notably rising standards of service over time,
competitive conditions, and the rate of output (particularly
at the higher levels of sales volume, where service standards
are apt to be lowered). It may thus ocecur that as the depart-
ment approaches capacity, the volume ynit changes and the
cost function does not describe the same phenomena observed
at the lower-volume levels.

The distinction between fixed and variable costs is par-
ticularly difficult to make in a department store. This is true
not only because of allocation problems, but also because
neither the plant nor the personnel of a given department is
highly specialized. Both the equipment and the employees are
easily interchanged, within limits, between various capacities.
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It is also difficult to distinguish between production and
promotion costs. There is, of course, not complete agreement
concerning the correct theoretical criteria for making this dis-
tinction. But even if one of the conceptual schemes is accept-
ed, it is almost impossible to make the division in practice.

A further problem is introduced, in any attempt to siudy
a given department within a store, by the incomplete isolation
of department units from each other. This interdependence,
partly attributable to common services, is reflected in plan-
ning activities and in the accounting records, resulting in
many problems of allocation and data rectification, some of
which are insoluble.

The study described in this paper is a statistical analysis
of the costs of a medium-priced dress department in a large
metropolitan department store. It is one of a series of inves-
tigations of merchandising establishment expenses in which
the central preblem is the measurement of the relationship
between various elements of cost and the factors affecting
these costs.

The general procedure in all of these studies is elimina-
tion of certain influences by careful selection of department
and time periods, and measurement of the effect of other im-
portant quantitative variables by means of data adjustments,
graphic correlation analysis, and multiple least-squares corre-
lation analysis.

The costs studied in this particular department were sell-
ing salaries, nonselling salaries, buying salaries, advertising
expense, and the total of these four components., Separate
analyses were made of first differences in advertising and in
combined costs.

A rather large number of potential independent variables
was considered. Some of them were found inoperative on the
basis of a priori knowledge; others had to be discarded because
of insufficient or nonquantitative information. The remaining
variables were subjected to graphic analysis, and on the basis
of this analysis, tempered by logical considerations, a limited
number of series was retained for the least-squares solution.

There are, of course, many limitations on the interpre-
tation and use of cost functions obtained by statistical meth-
ods. To mention only a few: accounting records are not de-
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signed for calculations of marginal cost, many important cost
influences are immeasurable, and the use of statistical meas-
urement for management decisions is posited on the stability
of the determined relationships and certain fundamental con-
ditions. Nevertheless, statistical analysis, despite its inade-
quacies, appears to have distinet advantage over alternative
approaches and to be definitely superior to orthodox account-
ing procedures.

Tuesday, July 9—Elementary Analysis of Variance: The
Theoretical Background, BURTON H. CAMP, Professor of
Mathematics, Wesleyan University.

This is mainly an expository paper; the discussion per-
tains to the simple case of a rectangular table containing 7
columns and s rows. The notation is indicated in the diagram.

4 A—Z3Z¢t2 - g — A
7 I/ IT] = | Sums| (Sums)2 i rs s —1
T : 1 T2
1 B—=—-282—— jpbs— B
| s rs r—1
i 1 T2 C
I { | C=-ZR2—— o¢r—
e - r rs §—1
y EGOF D=A—BoC d—=— 2
2 e el e el S ~ (r—1) (s—1)
i E—A—B . E
|-=-—'—— - o —
Sums I' S T =R Fed_C r(s—1)
_ ) F
— | .
(Sums)? ’ ‘I SR T> T—3Rp=3g ’ T s(r—1)

The six quantities at the right are, in random samples from
a normal universe, unbiased estimates of the variance ¢ of
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the universe. Also, a is called the “variance of the whole
table,” b the “variance of the column means,” ¢ the “variance
of the row means,” d the “variance of the deviations,” or “er-
ror,” e the average within-column variance, f the average
within-row variance, From these six quantities any pair may
be selected and the ratio between the two members of this
pair may be used to test the hypothesis that the table was
obtained by chance from a single normal universe; for the
probability distribution of each of these ratios may be found.
This distribution is Fisher’s z distribution only in those cases
in which the two members of the pair are independent of
each other,

Now there are fifteen such pairs, and the question nat-
urally arises: Which of these fifteen should be chosen? In
discussing this guestion we shall now consider only the spe-
cial case in which the ultimate aim is to discover whether
there is “significant” stratification by columns. One measure
of such stratification is b, the variance of the column means.
The question whether the observed b is large or small de-
pends on the ratio bs/s?, and on its probability distribution.
This is a Type 111 distribution, and the probability that bs/¢?
would be as great as observed can therefore be computed easi-
ly whenever o2 is known. Unfortunately it is usually dnknown,
and so we commonly put up with the ratio between bs and
some other one of the six estimates of o%.

We proceed therefore to consider next the relative merits
of bs/a and bs/d as estimates of bs/o*. Consider first bs/a,
and suppose one proceeds always on the theory that the nor-
mal hypothesis is to be rejected if the probability of obtain-
ing a value for bs/e as large as the one observed is as small
as ¢ (e.g., ¢ = 0.01). We may now show that the proportion
of these vases in which bs/e® > k (e.g., k = 2) is independent
of ¢* and can be tabulated. Similar remarks apply to bs/d.
The information thus obtained is valuable, but in the practi-
cal case, the choice between these two ratios will often depend
on other considerations, external to the data. We may know,
for example, or at least be willing to assume, that columnar
stratification, if it occurs, will have been brought about by a
redistribution of what would otherwise have been a random
sample. In such a case the use of bs/a is indicated. Or we
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may know that such stratification may have been brought
about by the addition of different constants to the different
columns or rows or both. This is the common situation in
agricultural studies. Then the ratio bs/d is to be preferred.

Tuesday, July 9-——Mathematical Aspects of Some Sociological
Problems, NICOLAS RASHEVSKY, Associate Professor of
Mathematical Biophysics, The University of Chicago.

The behavior of an individual in a population is to some
extent determined by the behavior of every other individual
with whom he comes in contact. A given activity of an indi-
vidual may either enhance or inhibit the same activity in an-
other individual. When such influences are expressed by linear
relations, the activity of a very large number of different in-
dividuals is described by integral equations, in which the ker-
nel is determined by the distribution function of the individ-
ual personal characteristics.

For the case that an individual having a given personal
characteristic is willing to associate only with such other in-
dividuals as do not differ too much from him with respect to
that characteristic, it is shown that a sufficiently large group
of different individuals will split into two or more “social
classes.” Expressions for the sizes of such classes are derived.
For some simple hypothetical cases it is shown how some of
the parameters which enter into the equations governing the
structure of the social group can be determined by means of
those equations from actually observable data. Furthermore
some general properties of the variation with respect to time
of the fundamental distribution function which enters into
the equations are derived.

Further, an abstract mathematical theory is developed
for the interaction of several social classes, of which one in-
fluences and controls the behavior of the others. In some cases
such interaction results in the existence of two configurations
of equilibrium for the social structure, characterized by dif-
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ferent types of behavior. Each configuration corresponds to
one definite type of behavior. The transition from one config-
uration to the other, in other words, the transition from one
behavior to another, occurs rather rapidly. Equations govern-
ing these transitions are given. In other cases, namely when
the efforts of the individuals to influence others into a given
behavior lessen as the success of this influence increases, there
is only one stable configuration characterized by a mixed be-
havior. Because of the dissimilarity of parents and progeny,
the composition of each social class changes with time, as gen-
erations change. This results in the appearance of instabil-
ities of the social structure and in relatively sudden social
changes. Possibilites of quasi-periodic alterations of different
social structures are discussed. Finally, the developed equa-
tions are applied to the case of physical conflicts between
groups of individuals, such as riots, wars, and the like. Pos-
sible factors in addition to mere physical force which may de-
termine the outcome of such conflicts are investigated.

Relations are also studied between two classes of popula-
tion, of which one is characterized by a much greater ability
to organize and supervise the productive activities of the
other. Under some special and rather simple assumptions, it
is shown that this kind of interaction results first in an in-
crease of the ratio of the cumulative results of productive ac-
tivities for the two classes in favor of the first. With time,
however, this ratio reaches a maximum and declines. An ex-
pression for the “life span” of such organized classes is ob-
tained.

Wednesday, July 10—A New Foundation of the Method of
Maximum Likelihood in Statistical Theory, ABRAHAM
WALD, Lecturer in Economics, Columbia University.

Let f(x, 8) be the probability density function of a ran-
Eiom variable x involving an unknown parameter ¢ . Denote by
g, the maximum-likelihood estimate of ¢ calculated from a
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sample of »n independent observations on x. It is known that,
under certain restrictions on f(z, 8), 6, is an efficient estimate
of 6, Ai.e., it satisfies the following two conditions: (1)
vV (8,—86) is in the limit normally distributed with zero mean
and finite variance; (2) For any sequence {{,} (=12, ---,
ad inf.) of statistics which satisfies (1) we have

where, for any random variable u, o, denotes the standard dev-
jation of u. The justification of the use of the maximum-likeli-
hood estimate has been mainly based on its efficiency. How-
ever, the restriction to statistics which are normally distribu-
ted in the limit is a serious one. It is conceivable that a statis-
tic ¢, exists which is not normally distributed in the limit and

such that for any positive ¢ the probability that |v/n(f,—8) |
< ¢ converges with n —> « to a value greater than the limit
value of the probability that vn(6,—6)| <e.

In this paper a property of 8, is given which is stronger
than efficiency and which seems to give a satisfactory founda-
tion for the use of the method of maximum likelihood in statis-
tical inference based on large samples.We shall denote a region
of the n-dimensional sample space by a capital letter with the
subscript n. For any region U, the symbol P(U, | §) denotes
the probability that the sample point will fall in U7, under the
assumption that ¢ is the true value of the parameter. For any
region U, we denote by ¢g(U,) the greatest lower bound of
P(U,|8). For any pair of regions U,,T, we denote by
L(U,,T,) the least upper bound of P(U,|6) — P(T,|4).

Definition I. A sequence {W,}(n=1, 2, ---, ad inf.) of
regions is said to be an asymptotically most powerful test of
the hypothesis 6= 6, on the level of significance a if P(W,|8,)
= a and if for any sequence {Z,} of regions for which P(Z,|6,)
— o we have

limsup L(Z,., W,) =0 .
Definition II. A sequence {(W,}(n=1, 2, --., ad inf.) of
regions is said to be an asymptotically most powerful unbiased
test of the hypothesis =10, on the level of significance o if .
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P(W,|6,) =limg(W,) =a, and if for any sequence {Z,}
of regions for which
P(Z,]0,) =limg(Z,) =a,

we have
limsup L(Z, ,W,)=0.

Let W', be the region defined by the inequality /7 (§.—6,)
>¢,, W', defined by v n(8.—0) < ¢”» , and let W, be de-
fined by |7 (8,—86,)| 2 ¢,. The constants ¢'», ¢"», and ¢,
are chosen so that

P(W,|6,)=P(W.\8)=P(W,|6)=qa.

It has been shown that under certain restrictions on f(x, 6)
the sequence {W’,) is an asymptotically most powerful test of
the hypothesis § = 6, if 6 takes only values = 6¢,. Similarly
{W”,) is an asymptotically most powerful test if 4 takes only
values < ¢,. Finally {W,)} is an asymptotically most powerful
unbiased test if ¢ can take any real value.

On the basis of the above results it can also be shown that
in large samples the confidence interval for estimating ¢ de-
rived from the maximume-likelihood estimate will be “shortest”
in the sense of Neyman’st theory of confidence intervals.

Wednesday, July 10—Telephone Trunking: A Problem in Eco-
nomics, EDWARD C. MOLINA, Switching Theory Engineer,
Bell Telephone Laboratories.

A telephone company is building two central-office ex-
changes in a certain city. How many trunk lines should the
engineer specify to handle the anticipated traffic from one ex-
change to the other?

If this were merely a problem in physics two alternative

1J. Neyman, “Qutline of a Theory of Statistical Estimation Based

on the Classieal Theory of Probability,” Phil. Trans. Roy. Soc. London,
Series A, Vol. 236, 1937, pp. 333-380.
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solutions would suggest themselves ; the minimum of one trunk
or a maximum of, say, 2000 trunks which would make it pos-
sible for all members of the subscribers of one exchange to
talk simultaneously with their friends in the other.

The obvious absurdity of these extreme solutions indi-
cates that the engineer is interested in something more than
pure physics. He must consider the economics of the situation
confronting him. The real problem is: How many trunks
should be installed in order that adequate service be given at
o price which will yield a foir return on the investment?

A few comments on typical curves showing traffic fluctu-
ations during the 24-hour day and during the so-called “busy
hour” precede a short discussion of a simple “straight mul-
tiple” trunking problem. This discussion introduces the math-
ematical theory of probability and the solution of the simple
problem is obtained in terms of the incomplete binomial sum-
mation

< n r n-r
S( ) )rra—m,
where ¢ is the number of trunks serving a group of (n+1)
subscribers and p is the proportion of time an individual sub-
scriber converses during the busy hour. For certain ranges
of values of the variables involved in the trunking problem
recourse may be had to Poisson’s exponential limit to the bi-
nomial, namely,

=00 (are-a\

() 7

a=mnp.

A Poisson “efficiency” table giving the average number
of simultaneous conversations which can be cared for per
trunk in terms of the number of trunks forming a group is
presented. The bearing of such a table on the economic de-
sign of a telephone switching system is emphasized by some
historical comments on the evolution of the dial system in use
in our larger cities.

The earlier systems were such that the automatic switch-
ing apparatus functioned on the same numerical basis as that
in accordance with which subscribers’ numbers were desig-



1940 RESEARCH CONFERENCE 37

nated. Today the automatic switches function on a nondeci-
mal basis which capitalizes the greater efficiencies of large
groups of trunks. But the subseribers are not deprived of the
privilege of dialing decimally. A ‘“translation” scheme takes
care of the transition from one scale of enumeration to the
other.

Without attempting to explain their forms, the more com-
plex trunking arrangements confronting the engineer, such as
the “graded,” “random slip,” “primary and secondary trunk-
ing,” are mentioned, together with the mathematical tools to
which recourse must be had: Laplacian generating functions,
Erlang statistical equilibrium methods, complex function
theory, and the like.

Thursday, July 11-—The Probability Theory of Compatible
Events, HI.DA GEIRINGER, Lecturer in Statistics and
Probability, Bryn Mawr College.

The classical Bernoulli-Poisson problem of repeated trials
considers » independent trials with the probabilities of “suc-
cess” equal pv(v = 1, --- , n). We ask for the probability
P(z) of exactly x successes and n—uz failures, or for obtain-
ing x times the result “1” and n—=x times the result “0”; thus
P(z) is the probability distribution of the sum .

Laplace was the first to consider the asymptotic beha-
vior of P(x). Introducing the mean value a,, the variance
$,?, and the cumulative distribution V(y) = 3 P(x), he

a3y

found that
_. 1 ¥
(1) }E&V(%b]—?jsn V2) =-\—/;qu e di = ¢ (y).

But if, as »n tends towards infinity, @, tends toward a finite
value ¢, we obtain the Poisson formula

r

(2) lim P (x) = & e = (2).
A x!
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Far-reaching generalizations of these problems have been
dealt with. Instead of n alternatives we consider n fairly gen-
eral probability distributions V.(z),---, V.(2) where V.(z)
indicates the probability of getting a result = 2, (—w < 2
<+ ). If, as before, V() gives the probability that the
sum of the n results is = «, it has been shown, in a series of
valuable contributions (Tchebycheff, Markoff, Liapounoff, P.
1évy, Feller, and others), that, under very general conditions,
V(x) converges toward a normal distribution (““Central Limit
Theorem™).

In another very important generalization of our problem
rather arbitrary statistics, i.e., a certain general type of func-
tions of the % results F (2, ---, ), so-called “statistical fune-
tions,” have been introduced instead of the sum (z, + z, + -
-+ @,) of these results. If V(z) denotes the probability that
F(x,, -, #,) = 2, then V(z) converges (of course under
certain restrictions) towards a normal distribution (von
Mises).

In all these investigations the n trials are assumed as mu-
tually independent. An important problem, leaving this as-
sumption out, is given by the “Markoff chains.” Here the
probability distribution V. (x) (1 < » <n) depends—in the
most simple case—upon the result of the (»—1)th trial.

In another conception of dependence (“arbitrarily linked
events’”), p, denotes the probability of success in the »th of
n trials, p, that of success both in the uth and »th trials,
-+ Pr2..n that of success in all the » trials. Denoting by P(z)
the probability of x successes and by V(z) the probability of
= x successes within » trials, the author has investigated the-
orems, generalizing the results of Poisson and Laplace: If
@, and s, are the mean value and the variance of P(x) we
can indicate sufficient conditions for the validity of (1) and
(2).

The conception of arbitrarily linked events is convenient
in problems where the order of the n trials does not matter,
and where the p., ps., +-- are the data given by the very na-
ture of the problem. In other problems (like that of the
“chains”) the introduction of the pv, v, --- would be arti-
ficial and other groups of probabilities have to be considered
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as the given data of the problem (cf. 8. Bernstein, P. Lévy,
and others.)

A very general problem, which comprises all those quoted
above, is the following: Let V{(x,, ®:, -, &n) (—o0 < 24
< + oo} be the (n~dimensional) probability of the first results
being = «,, the second = z,, the nth = z,. We perform n
trials and ask for the probability V(z) that a “statistical
function” F(x,, -+, z,) of the n results might be == « ; the
study of the asymptotic behaviour of V(z) is a problem which
is far from being accomplished. But a less difficult question
which forms a particular case of this problem deals with the
different forms of the so-called law of large numbers. This
theorem, in its original form, asserts that (under general con-
ditions) it is to be expected with a probability converging {o-
ward one, that the observed average (2, -+ -----aa) /n differs
from its theoretical value (p, + --- 4 P.) /n by as little as we
please if n is sufficiently large. Thus the law of large numbers
does not settle the exact asymptotic behaviour of V(x); it
states merely a particular feature of it, though the most fun-
damental one. Now this law of large numbers can be extend-
ed to the case indicated above, where the n distributions are
linked in the most general manner and where we congsider, in-
stead of the sum, a statistical function of the n results. To
use a modern term we can say that—under very general as-
sumptions—a statistical function F(x,,:--, x,) ‘“‘converges
stochastically” toward its ‘““theoretical value.” Some of the
above-quoted new results may be of a certain importance for
current problems of statistics.

Thursday, July 11—Sampling Problems of the 1940 Census,
W. EDWARDS DEMING, Mathematical Adviser, Bureau of
the Census, United States Department of Commerce.

1. Introduction. The preliminary planning for taking
a part of the census by sampling methods, involving decisions
concerning the information to be asked on the supplementary
schedule, the sampling ratio, and the style of schedule to be
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used, were carefully thought out over a period of many months
by Drs. Truesdell and Hauser in conferences with other mem-
bers of the census staff and with commitees from other inter-
ested government and private organizations, The solution of
the relatively simpler problem of choosing the “sampling line
numbers” on the population schedule is to be discussed in this
paper, and the solution that I shall present is the result of a
joint study carried on mainly by Messrs. F. F. Stephan and
Morris Hansen, assisted by the author. Since for administra-
tive reasons it is not feasible to atfempt a random selection
of sampling line numbers in the field, they must be designated
in advance.

As a background it is desirable to have in mind the popu-
lation schedule used by the enumerators. This is a so-called
“line schedule”; each line contains a name and the informa-
tion associated with it, and there are 40 lines on each side of
a sheet. Out of every 40 lines, 2 are designated “supplemen-
tary,” which means that ordinarily, cut of 40 people enumer-
ated consecutively, 2 are included in the sample. For them, in-
formation is obtained not ounly for the main schedule, but also
for certain additional supplementary questions. It will be ob-
served that the sample is highly stratified.

For tabulation we may think of two sets of cards, A and
B. There is an A card for every person enumerated, and it
contains the information on the main schedule. There ig a B
card for every person in the sample, and it contains not only
most of the information from the main schedule, but also the
supplementary information for that person. The sample serves
three purposes: (i) the B cards, being only 1/20th as numer-
ous as the A cards, can be cross-tabulated at less expense, thus
permitting more studies to be carried out with the same funds
than would be possible with the A cards; (ii) they can be tab-
ulated quicker, permitting early estimates, months ahead of
the A cards; (iii) they supply the only source of tabulation
for the information on the supplementary schedule. Our job
is to get a good sample, one that when tabulated will show
agreement with the subsequent tabulation of the A cards. In
the Shewhart sense of the word, we have agreement when the
results of the sample will not lead to action different from
that which would be taken on the basis of complete tabulation.
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2. Two Kinds of Sompling Errors. There are two kinds
of errors in sampling, i.e., there are two main sources of dis-
agreement between the sample and a complete count, and
these can be classed as follows—

I. Process biases. _

(a) Order of enumeration in blocks and within house-

holds.

(b) Varying sizes of the enumeration districts.

(¢) Miscellaneous variation in the distribution curves of

characters plotted against line number.
II. Statistical fluctuations.

The latter are easy to control—we need only refuse to cross-
tabulate the B cards to a point where they get too thin. On
the basis of experimental runs with the 1940 sampling scheme
applied to the census of 1930 and the Special Census of In-
diana in 1989, it is clear that for studying patterns in cross
classifications we may deal with as low as 250 persons per
cell, but that for estimates of proportions depending on a
single cell alone, we require about 1000.

8. Bias Arising from the Order of Enumeration. Studies
conducted with the object of learning how such household
characteristics as rent, value of home, number of children,
number of lodgers, etc., vary from one household to another in
city blocks, have given quantitative measures of corner influ-
ence and the bias that would result from an overrepresenta-
tion of corner houses in the sample. Within any one household
there is, moreover, a variation in such personal characteristics
as age, sex, education, etc., from one member to another. With
the sampling line numbers fixed in advance, a specified order
of enumeration is thus apt to introduce a bias. But sample or
no sample, an enumerator must be systematie; he must com-
mence at a corner house and work around the block; and with-
in a household the members must be listed systematically —
head, wife, oldest child, etc. At a corner, the corner-infiueace
and order-of-enumeration biases therefore operate in phase:
line 1 of an enumerator’s first schedule always lists a head—
more than that, the head of a corner house if the corner is
occupied; line 2 lists the wife (except in the 8 per cent of
households oceupied by one person), ete. Now heads of corner
houses deserve to be represented in the sample, but they do
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not represent the population ; and similar remarks hold for the
persons on lines 2, 3, 4, ete.

If it had been feasible to use 20 styles of the schedule, the
problem of giving each line its 1-in-20 representation would
have been simple; but to keep the number of styles at a mini-
mum and still get a representative sample is another matter.
A satisfactory solution was worked out with five styles (see
table). Lines 1-6 (the lines of greatest variability) get their
1-in-20 representation through the W, X, Y, and Z styles, each
of which is used in 1 out of 20 enumeration districts. The oth-
er lines in these styles take care of secondary effects at the
middle and end of a sheet, arising from the possibility (it
turned out to be a reality) that some enumerators would mis-
understand the instructions and fail to use the bottom lines,
preferring to commence a new family or new block at the top
a sheet (lines 1 or 41).

Caleulations based on corner influence, and on tables pre-
pared to show what proportions of the heads, wives, etc., of the
1st, 2d, 3d, ete., family will fall on various lines of the popu-
lation schedule, showed that line 14, if used in 16 out of 20
enumeration districts, would balance the characteristics ob-
tained on lines 1-6 in the other 4 distriets, and this accounts
for the presence of line 14,

4. Bias Arising from Different Sizes of Enwmeration
Districts and from Miscellaneous Variation. When the enum-
erators’ records for an entire city or state are pooled, and the
total frequency of some characteristic, or ratio, or other func-
tion of frequencies is plotted against line number z, it is found
that after the line numbers of styles W, X, Y, Z have been de-
leted, a cubic in # will give a good fit. By a scheme that I
choose to call the Stephan method of unbiased abscissas, it is
possible to find three companion lines to line 14 in the V style,
such that no matter what be the shape of this cubic, the four
lines in style V will give the average ordinate under the cubic.
These companion lines turned out to be 29, 55, and 68, as seen
below. The line numbers of the five styles, combined with a
distribution system that preserved the 16:1:1:1:1 ratios with-
in counties, cities, and states, eliminate the process biases and
should give a sample representative of the population in the
characteristics that are to be studied.
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TABLE OF LINE NUMBERS FOR SAMFLE
Style 14 w X Y zZ
Proportion 16 1 1 1 1
14 1 2 3 4
29 5 6 39 40
Line numbers
b5 41 42 44 46
68 75 ™ 79 80

Friday, July 12—Some Results of an Empirical Study of the
General Equilibrium, WASSILY LEONTIEF, Associate Pro-
fessor of Economics, Harvard University.

This paper presented the results of the author’s study of
interrelationships of American industries in the years 1919
and 1929. The analysis is based on a simplified theory of gen-
eral equilibrium (interdependence). Factual data are obtained
from a detailed statistical table of interindustrial and house-
hold payments. Price changes and output variations of indi-
vidual industries are computed on the basis of various “pri-
mary changes.”t -

Friday, July 12—The Stability of Equilibrium, PAUL A. SAM-
UELSON, Society of Fellows, Harvard University.

It is the task of comparative statics to determine the
equilibrium values of given variables (unknowns) under pos-
tulated conditions (functional relationships) with various
data (parameters) being specified. Changes in these para-
meters result in changes in the equilibrium position. The

1 A complete analysis of the subject will be presented in the author’s

forthcoming book, Structure of American Industries, 1919-1929, to be
published by the Harvard University Press.
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fruitfulness of the method of comparative statics depends
upon the knowledge it can give of the direction of change of
the equilibrium quantities, even though it is not concerned
with the period of transition or the path from one equilibrium
state to another.

Too often the older economists neglected to pluck the fruit
before them and contented themselves with verifying the de-
terminateness of equilibrium by counting variables and inde-
pendent, consistent equations. While no doubt a necessary
preliminary step, such a procedure stops short of the deriva-
tion of operationally meaningful theorems. Only by an exam-
ination of the quantitative and qualitative properties of the
equilibrium equations can useful information concerning the
direction of change of the equilibrium position be derived.

In the absence of precise, detailed, empirical quantitative
information—such as we do not have nor are likely soon to
have-——our knowledge of the structural properties of the eco-
nomic equilibrium functions is usually derived from two some-
what distinet sets of conditions: (1) maximum conditions
within the firm or household; (2) stability conditions relating
to the interaction between economie units. Although inade-
quately explored until comparatively recently, the first set of
conditions are best known and are not separately discussed
here; from certain points of view, however, they can be fitted
in as special cases of the second set.

Upon examination it will be found that the definition of
stability of a comparative statical system rests implicitly
upon the introduction of dynamical considerations, however
rudimentary they may be. We are faced with this paradox: I'n
order for the analysis of comparative statics to be useful, it
must be generalized to include the determination of the dy-
namical path of the system in and oul of equilibrium.

As an example one may consider the determination of
price (P) and quantity (@) in a particular-equilibrium com-
modity or service market. The two unknowns are determined
by the interaction of supply and demand. By itself this does
not tell us how the system will behave if (say) demand in-
creases. If any of these well-known alternative dynamical
systems are assumed, however, the following noneguivalent
propositions become true (at least in the small):
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(1) Price must always rise; quantity may fall or may
rise by any amount.

(2) Quantity must always increase; price may fall or
may rise by any amount.

(3) Price must always rise; quantity may fall or rise
although it cannot rise by as much as it would from an “equi-
valent” increase in supply.

The first conditions arise from the Walrasian stability
conditions in contrast (sic) to the second or so-called Mar-
shallian stability conditions. The third represent the cobweb
phenomenon. Each is derived respectively from the following
assumed dynamical systems:

iP

(1) S = (a—b) P,
Q 1 1

) L — ot

3) @ =2Qui+-

where ¢ = slope of demand curve at equilibrium point re-
ferred to the price axis, and b = slope of supply curve at equi-
librium point referred to the price axis.

One could easily multiply ad infinitum analogous alter-
native dynamical assumptions and corresponding stability
conditions. More generally, the approach outlined above ad-
mits of generalization to systems of the wide type

da; .
'—d7t—':f1(m1 s Ly 500 ;xﬂ)f

or
x,(t—|—1) :gi[xl(t),"':xn(t)] (?::1,-”,?1),

and to still more general systems.

Among the results suggested are: (1) The attempt to uni-
Ty diverse stability conditions for a single market necessarily
must fail. (2) The Marshallian supply curve, forward-falling
because of external economies, is not a supply curve in the
sense that it defines the amount forthcoming at a given price
at which all can sell without limit; it is, however, a supply
curve in the sense that it is traced out by shifts in (sufficiently
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steep) demand schedules. (3) The stability conditions of
Hicks (Value and Capital, p. 315) do not seem to be either nec-
essary or sufficient under the envisaged dynamical setup. (4)
Stability in the dynamical sense guarantees uniqueness in the
statical sense, at least in the small. (5) Where dynamical sys-
tems are related to ordinary maximum and minimum prob-
lems, symmetry and definiteness in certain quadratic forms
are involved, so that stability is guaranteed under broad condi-
tions. (6) Differential equations derived from variation prob-
lems display interesting stability properties. (7) The tech-
niques outlined here are of even greater interest when applied
to preblems of business cycles (e.g., when applied to the
Keymnes-Lange model).

Monday, July 15—Measuring the Social Performance of Busi-
ness, THEODORE J. KREPS, Professor of Business Econom-
ics, Graduate School of Business, Stanford University,
and Economic Adviser, Temporary National Economic
Committee.

The raison d’étre of private business is its ability to
achieve certain social objectives. Under competition these were
traditionally thought to be achieved automatically. They are
uniformly recognized by business men to be valid. The United
States Chamber of Commerce and the National Association of
Manufacturers have publicly gone on record repeatedly even
defining business in social terms. Thus the National Indus-
trial Conference Board in its volume Studies in Enterprise and
Social Progress states:

Enterprise may be broadly described as a way of collective life in
which the arrangements and processes of making a living are based upon
unconscious, voluntary cooperation of individuals in producing, exchang—
ing and consuming the greatest posgible amount of the goods and services
they want with the least aggregate loss or sacrifice to themselves,
through their experimental, competitive efforts to utilize available nat-
ural resources and develop potential human ecapacities.

Six tests have been applied, namely, employment, pro-
duction, pay rolls, dividends and interest, consumer funds ab-
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sorbed, and consumer effort commanded. These six tests have
been utilized to measure the social performance of 22 indi-
vidual industries, The results are shown in the accompanying
table. |

The table gives two sets of ratings, one on the narrow
but important basis of three criteria: production, employ-
ment, and pay rolls; the other on the broader basis of seven
criteria.! In terms of the first, chemicals and canning and pre-
serving stand clearly at the top of the list. Petroleum refining,
knit goods, agricultural implements, baking and confectionery,
and electric light and power belong in the next highest group.
Paper and pulp, slaughtering and meat packing, oil and gas
producing, boots and shoes, woolen and worsted manufactur-

Indusiry Composite Rating Based on Three Criteria

Cumulative Cumulative
Increment Rating Rank Rating
Baking and Confecfionery + 3.16 6 21 6
Knit Goods + 4.02 4 18 5
Canning and Preserving +10.19 1 5.5 2
Agricultural Implements + 3.56 5 17.5 4
Petroleum Refining + 5.40 3 15 3
Automobile — 1.95 14 38 14
Boot and Shoe 4 0.47 11 32 11
Slaughtering and Meat Packing + 1.86 9 25 7
Cotton Goods — 3.26 16 44 15
Woolen and Worsted Goods — 1.30 12 25 13
Chemical +10.03 2 4 1
Eleetric Light and Power 4 2.83 7 26 8,9
Iron and Steel — 1.62 13 33 12
Paper and Pulp + 1.64 8 26 8,9
Flour and Other Grain Mill Products] — 4.43 17 47 17
0il and Gas Producing + 1.18 10 31 10
Furniture — 999 20 61 20
Metal Mining — 5.93 18 52 18
Tobacco — 2.47 15 45 16
Coal Mining — T7.00 19 56 19
Lumber and Timber Products —11.36 21 64 22
Railroad —11.55 22 63 21

ing, iron and steel, and automobiles belong in the average-to-
medium-lower class. Tobacco manufacturing, cotton goods,

1 Because of the limitations of space, only the ratings based on three
criteria are shown in the table herewith.
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flour and grain milling come in the definitely-below-average
category while metal mining, corn milling, furniture making,
manufacture of lumber and timber products, and steam rail-
roads are conspicuously low in performance.

On the basis of seven criteria there are one or two no-
table shifts, chemicals in particular going down from first to
tenth place. But the five industries at the bottom of the list
are identical.

Concerning these measurements the fact should be noted
that social performance shows no correlation with the amount
of government regulation or the durability of product or the
nature of the market. Nor does such a general factor as con-
fidence afford an explanation for such extraordinary differ-
ences in behavior among the individual industries.

The usefulness of such measures is seriously limited at
present by the lack of comparable data. It is also limited by
the fact that in the main only general figures are available
covering the nation as a whole. Obviously detailed figures are
necessary giving performance by type of product, by geo-
graphical area, by company, and so forth.

The importance of such measurements is their potential
usefulness to a Bureau of Industrial Economics. If suitably
developed, they might furnish economic tests of superior util-
ity in the enforcement of antitrust legislation to the present
excessive reliance on the legal doctrine of conspiracy, If in-
dustries are steadily creating more employment, producing
more product at lower prices, and increasing their disburse-
ments in the form of pay rolls, such facts as the number of
producers, whether one, few, or many, or the meeting of minds
to determine sales, prices, and production, become of minor
significance, if not irrelevant.
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Monday, July 15—“Wage Stop,” “Deferred Pay,” and the
Traditional Methods of War Finance, HORST MENDERS-
HAUSEN, Instructor in Economics, Colorado College (now
Research Associate, National Bureau of Economic Re-
search).

Money 1s not the sinews of war. Contemplating the
treasures of King Croesus of Lydia, the Athenian statesman
Solon remarked poignantly that he could not consider Croesus
powerful on that ground; somebody having more iron might
come and take his gold away. The real sinews of war are man
power, raw materials, industrial equipment, and an efficient
organization. War finance is instrumental for the most effec-
tive mobilization of these resources.

War finance has two tasks: (1) to divert a considerable
portion of purchasing power from individual consumption and
private investment to the acquisition of war materials by the
government; and (2) to distribute the economiec burden of war
over the various social classes in some justifiable manner.

The traditional methods of war finance are taxation, bor-
rowing, and inflation. Direct taxes, such as our income
taxes, make a rational distribution of the burden possible.
Bach individual is hit by them according to his capacity to pay.
Indirect taxes (customs and excise duties) provide a less
transparent distribution of the burden. TFinaneing the war
from taxes helps to acquaint people with the fundamental
truth that the bulk of the war burden is borne by the genera-
tion waging the war. This generation has to make most of the
sacrifices. People who like to deceive themselves over the mean-
ing of war finance may oppose taxation on that ground. There
are, however, also reasonable objections. At the beginning of
the war taxation may be too slow in bringing in sufficient
revenue; it is difficult by means of direct taxation to reduce
the consumption of the lower income classes sufficiently.

In the past, loan finance has played a larger role than
taxation, mainly because governments were afraid to put a
definite burden on the people. In general, borrowing does not
make it possible for the generation waging the war to shift
the burden to future generations; but it renders the distribu-
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tion of the burden less evident. War loans open up a period
of protracted haggling about how to levy the taxes necessary
to service the war bonds. Whether the original subscribers to
the bonds will carry the burden or whether they will be able
to shift it to other persons of their generation depends on how
these taxes are levied and on whether the government does
not decide to default on its debt. However, loans are a way
of raising revenue quickly, particularly from the wealthier
classes.

Currency inflation is the least equitable way of war fi-
nance. In wartime the nation’s resources are likely to be
Tully employed after a short period of transition. If then more
money is put into circulation prices will rise. Hence, all people
living on fixed incomes such as salaries, annuities, and inter-
est from capital will suffer. Inflation may take place by issuing
additional paper money or by allowing an expansion of bank
credit. In the World War loans and inflation were the pre-
dominant instruments of finance.

In the present war a few new techniques have been used
or proposed. They aim mainly at the avoidance of inflation
and a stronger reduction of the purchasing power of the lower
income classes.

In Germany a general wage stop has been decreed. While
workers are compelled to produce more, their incomes are kept
constant. In addition, consumers’ goods have been rationed
and their prices fixed. Hence many people find themselves with
money on hand which they cannot spend on consumption
goods. An increase of “voluntary” saving ensues. Simul-
taneously, employers’ profits are taxed away or invested un-
der government supervision. Thus the purchasing power of the
lower income classes is kept down, their income is partly
pumped upward to corporations and wealthier individuals and
then taken care of by the government.

In England, Professor Xeynes proposed an extension of
the income tax to the lower income brackets by means of a
system of “deferred pay.” A proportion of income rising
(with income) from 8.5 to 85 per cent is proposed to be levied.
For the lower income classes all of the levy is considered as
compulsory saving, not as a tax. Their payments are placed in
blocked savings accounts. Except in cases of emergency
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people cannot withdraw these savings; they are at the dispo-
sition of the government. As income rises the percentage of
deferred pay declines and that of the income tax proper rises.
This system makes it politically easier to restrict the purchas-
ing power of the lower income classes, It is particularly suit-
able for a democratic society. Furthermore, it can be used for
bringing about a more equal distribution of incomes after the
war. Finally the freeing of the blocked accounts after the war
may be timed in such a way as to help combat an eventual
postwar slump.

A difficulty in the operation of such a system as Keynes
proposes is to prevent people from compensating for their
compulsory savings by decreasing their voluntary savings, or
by drawing down their savings accounts. So far the system
has not found application in England.

Tuesday, July 16—Kconomic Developments in the Northern
Countries since 1930, KAARE PETERSEN, Research Associ-
ate, Central Statistical Bureau of Norway.

The Northern Countries, Norway, Sweden, and Finland,
are all small countries. They are dependent on an extensive
foreign trade, and their exports are of a highly specialized
nature. In Finland more than 80 per cent of the exports con-
sist of wood products; in Sweden 40-50 per cent of the exports
are wood products; and in Norway, where the export trade is
of a less specialized nature, 25-30 per cent are wood products.

As the Northern Countries are all so dependent on their
foreign trade, naturally economic developments in those coun-
tries are closely bound to the developments in their customer
countries. The main features of the depression and business
revival following the crisis of 1929 are well known to all stu-
dents of economic theory. The great depression was followed
by an almost complete change in the economic policy in the
leading European countries. Self-sufficiency has been one of
the aims of the new commercial policy. Consequently the na-
ture of international trade has undergone a rapid change un-
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der pressure of restrictions on trade. The tendency to build
up key industries in a protected home market has been one of
the outstanding features in several of the more important
countries of Europe. This policy of course greatly affected
world trade, and the final result was a steep decline in imports
and exports. The Northern Countries were most vulnerable to
this commereial policy, on account of their extensive foreign
trade, and it should therefore be expected that the foreign
trade of Norway, Sweden, and Finland would be more severely
affected by this resirictive trade policy than the other coun-
tries in Europe. The depressing effect of modern commercial
policy should easily be traceable in the economic system of the
Northern Countries,

The fact is however, that the economic development in
the Northern Countries has been far more favorable than in
any other country in Europe or in America. In Norway the
index of industrial production went up from 94 in 1930 to
120 in 1987. In Sweden the figures were 83 and 121, and in
Finland 80 (in 1929) and 124. In England on the other hand
production went up from 94 (in 1929) to 116 in 1937. In
France there was an 18-per-cent decline in the same period,
and in United States the index fell from 132 (in 1929) to 122
in 1937. The same main features can be found in the foreign-
trade figures. While the volume of the world trade fell 3 per
cent, the volume of the foreign trade of Norway rose 35 per
cent from 1929 to 1937, the exports and imports of Sweden
rose about 40 per cent, and in Finland there has been a 50-
per-cent rise. In view of the restrictive trade policy followed
in Europe during the period, these figures are most astonish-
ing.

The foreign-exchange policy in Norway, Sweden, and
Finland has been of great importance as a stimulating factor.
In 1931 when the English pound went off gold, the situation
in the Northern Countries became one of extreme gravity.
England was one of the main export markets of the Northern
Countries, and maintaining the gold standard after England
had adopted a paper standard could not have been done with-
out adjusting prices and wages to a much lower level. Such an
adjustment would no doubt have been followed by unemploy-
ment and labor unrest. The only thing for the Northern
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Countries to do, therefore, was to follow the pound sterling.
This later proved to be a very fortunate step. While the prices
in the gold countries fell during 1932 and 1933, the prices in
the sterling-bloc countries were firm or moved upward. The
undervaluation of the currency in the Northern Countries
after 1933 helped them to maintain their foreign trade, and
even develop new markets.

Beside the monetary policy we may regard the interna-
tional economic trend and its effect on exports as being the
most important factor in the economic revival of the Northern
Countries. The financial policy of Norway, but especially that
of Sweden, has been credited with turning the economic tide
in the years after 1981. The financial policy of Sweden has
no doubt been of great significance. We must remember, how-
ever, that the upswing started in 1932, while the new financial
program was put into action as late as 1934. An inquiry leads
up to the conclusion that the Swedish unemployment policy
and new financial policy have played a secondary role only, in
bringing about the upturn in 1932-33. In Norway, a new fi-
nancial policy was put into action by the government in 1935-
1936. At that time however, Norway was well out of the
economic depression.

Tuesday, July 16—The Use of Weighted Regressions in the
Analysis of Economic Series, JOHN H. SMITH, Research
Associate, Cowles Commission.

When the relationships among a set of economic variables
are to be determined statistically, one approach to the prob-
lem of estimation is to apply the method of maximum likeli-
hood on the basis of a simple statistical specification. In gll
cases considered the k observed series constitute a closed set,
except for an independent normally distributed random dis-
turbance or error component in each variable, and all rela-
tions are linear. Variables are expressed in deviations from
the mean in units proportional to the standard deviations of
their respective disturbances. Coefficients of the homogeneous
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linear equations which describe the relationships among the
systematic parts are then estimated by the method of maxi-
mum likelihood. Correlated errors are considered as effects
of neglected variables and it is shown that in such cases it is
impossible to set limits to the value of any regression coef-
ficient which would exist in the completed set of variables.

The case in which the systematic parts of the & observed
series satisfy k—1 linear relationships is an extreme case of
multicollinearity in which these relationships determine a line
in k-space. Maximum-likelihood estimates of the direction co-
sines of thig line are proportional to the elements of any row
or column of the adjoint of the characteristic moment matrix
based on the largest characteristic root. These can be ob-
tained most easily by applying Hotelling’s iteration method
to the moment matrix, with units chosen as above, instead of
to the correlation matrix as in Hotelling’s method of principal
components.

When the systematic parts satisfy only one linear rela-
tionship, which is called the weighted regression, maximum-
likelihood estimates of the coefficients are proportional to the
elements of any row or column of the adjoint of the charac-
teristic moment matrix based on the smallest characteristic
root. Numbers proportional to these coefficients are most
easily obtained by applying Hotelling’s iteration method to the
moment matrix after first subtracting from each diagonal en-
try a number greater than half the sum of the largest and the
smallest characteristic roots.

In order to be able to make an intelligent choice among
available statistical techniques, it is necessary to have solu-
tions for problems of estimation in connection with simple
specifications. The mere presence of “errors” in all variables
is not sufficient justification for the use of weighted regres-
sions in preference to ordinary elementary regressions. The
nature of economic problems which may profitably be identi-
fied with the estimation of parameters in weighted regres-
sions should be carefully studied before making such a choice.
In general it would seem that the relevant relationship is that
which expresses the variable in which changes are to be pre-
dicted as a function of controllable or observable components
of related series. This is true even when the relationship is
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better described as a probability distribution than as a single-
valued function.

Sampling variance of weighted regression coeflicients are
infinite when the systematic parts satisfy two or more linear
relationships. This fact has often been cited by those who
argue that the ¢-test is invalid in such cases. Such an argu-
ment is not good evidence, however, because it can be shown
that multicollinearity among the systematic parts is not suf-
ficient in itself to change the sampling distributions of the
usual test criteria. Thus the techniques of confluence analysis
which serve a useful purpose in the study of multiple rela-
tionships should be sharply distinguished from tests of sig-
nificance.

Like all other scientific constructs, statistical specifica-
tions must always be more or less unrealistic, In the case of
economic time series, attempts to make more realistic speci-
fications have often resulted in specifying important problems
out of existence. Statistical tests are designhed to be useful in
the problem of making a choice among a certain set of alter-
native hypotheses. To the extent that the set of hypotheses
among which the test is an effective aid in making a choice
does not coincide with the set of hypotheses which are plau-
sible alternatives to the one which is tested, the statistical test
is ineffective and often misleading. In the attempt to devise
specifications consistent with serial correlation, some statisti-
cians specify that only the deviations from regression are ran-
dom. To an economist whose alternative hypotheses are chief-
ly concerned with changes in relationships among components
identified statistically as systematic parts, the exact test of
significance based on such a specification is practically useless.

Wednesday, July 17—The Velocity of Circulation of Money,
IRVING FISHER, Professor Emeritus of Economics, Yale
University.

The question of whether the velocity of circulation of
money is a constant or a variable is of great importance both
for monetary theory and monetary policy.
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As to theory, if velocity is substantially constant, the
so-called quantity theory of money has very definite validity;
for then, according to what I have called the “equation of ex-
change,” an increase in the quantity of the circulating medium
can not express itself by a change in the velocity of the circu-
lation of money, as has sometimes been claimed, but must af-
fect the price level or the volume of trade, or both.

So far as monetary policy is concerned, if the velocity of
circulation of money is simply a cushion for changes of quan-
tity, any attempt to control the price level or volume of trade
by controlling money would be futile.

R. H. Hemphill, formerly credit manager of the Federal
Reserve Bank of Atlanta, has criticized the present Board of
Governors of the Federal Reserve System and especially its
chairman, Mr. Eccles, for maintaining that monetary control
is almost futile because of velocity variations, although the
board took office with the idea of monetary control uppermost.
Mr. Hemphill claims that the statistics of velocity are so in-
accurate that the conclusions of Mr. Eccles are incorrect.

Apparently the first figure offered for the velocity of cir-
culation of money—which was for “pocket-book money,” was
one based on turnover of cash by Yale students in my classes.
The figure found was 45 times a year which undoubtedly is
much too high owing to the fact that the students were not
representative of the country as a whole and that the larger
the purse of an individual the more rapid his turnover. More-
over the figures were too meager to be very reliable. After-
wards, Professor Kemmerer obtained similar results; likewise
now known to be too high. Still later, with the aid of certain
statisties for one day in 1896 and another in 1909 which had
been worked out at the office of the Comptroller of the Cur-
rency and a special study of the Aldrich Monetary Commission
and by means of a new formula, a series of figures for velocity
between 1896 and 1909 was worked out by me and published
in the Purchasing Power of Money showing the velocity to be
between 18 and 22. These are believed to be at least approxi-
mately correct.

Apparently no other statistics for velocity of pocket-book
money have been offered up to date.
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On the other hand, for “check-book money” that is, de-
mand deposits, figures for velocity have been increasingly
abundant.

The first known figures are those of Pierre des Hssars
who in 1895 published the veloeity of circulation of the demand
deposits of special banks namely, the state banks of France,
Germany, Belgium, Italy, Spain, Portugal, and Greece. He
found enormous differences between the various banks but less
important differences from time to time for any one bank.
The figures were for the years 1884-1894 inclusive. He found
that in “crisis” years the velocity at the Bank of France was
at a maximum and in “liquidation’” years, at a minimum ; these
years being selected according to those of Juglar. The results
are similar to those found later in this country.

The next studies in this line were those of Professor Kem-
merer in his book Money and Prices in 1907 and the next in
my Purchasing Power of Money in 1911.

The next, and far more comprehensive studies, were those
made by the Federal Reserve Bank of New York, and showed
a velocity in the neighborhood of 30 times a year for the coun-
try as a whole. W. R. Burgess reported these findings in the
Quarterly Publications of the American Statistical Associa-
tion, 1922, He found great differences between different lo-
calities, some seasonality, and other interesting relations.

Carl Snyder, also of the Federal Reserve Bank of New
York, made important contributions and showed that there
was apparently no trend in velocity. He also showed that ve-
locity varies directly with trade and that, consequently, the
price level corresponds to the money supply even more than
if velocity were perfectly constant. James W. Angell of Co-
lumbia University and Harold T. Davis of Northwestern Uni-
versity also made important contributions.

Careful study shows that comparison between predepres-
sion and the postdepression velocities exaggerates the appar-
ent drop in velocity because of the differences in the methods
of collecting statistics. Up to the stock-market crash in 1929,
many of our demand deposits were misclassified as time de-
posits, to take advantage of the lower requirement for reserve,
while after the ‘“bank holiday” in 1933 such misclassification
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was no longer tolerated. The sudden drop between these two
dates, October, 1929, and March, 1933, is largely due to the
fact that banks were mending their ways on this subject,

There was also a similar change in practice in regard to
“deferred credit.,” Prior to the stock-market crash, it was
common to give immediate credit on all checks deposited des-
pite the good intentions of the banks to require a waiting
period during which the check travelled from the bank in
which it was deposited to the one on which it was drawn and
word of its receipt was sent back. This rule of deferred credit
is now much more generally enforced.

There are other reasons of a somewhat sumlar nature to
explain the drop between 1929 and 1933 which was probably
much more apparent than real. If we had comparable statis-
tics and accurate statisties, there are strong indications that
we would find a greater degree of stability in veloeity particu-
larly if speculative transactions were eliminated. In specu-
lative transactions whether in securities, wheat, cotton, or
other commodities, the turnover is many times as fast as in
any ordinary checking account, and for this reason very little
money 1s required to finance these speculative accounts.

The final conclusion is that velocity of circulation differs
between individuals and banks enormously, but is fairly con-
stant for nonspeculative accounts. Consequently a control of
the quantity of money would not be futile through any inverse
change in velocity.

A

Wednesday, July 17—The Problem of Testing Economic Theo-
ries by Means of Passive Observations, TRYGVE HAAVEL-
MO, Research Associate, The Unlvermty Institute of Eco-
nomics, Oslo, Norway.

Suppose that, in order to “explain” a certain group of
economic variables, we construct a system of hypothetical
equations between these variables, the equations being of
specified form but containing a certain set of unspecified pa-
ramelers, say a,, o, ---, ax, or for shortness a, where o denotes
a point in the parameter space o,, @, ---, ax. For any par-
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ticular parameter point « let S (o) be the set of all value sets of
the variables satisfying all equations simultaneously, and for
each single equation (say No. i) let S;(a) be the set of all
value sets of the variables satisfying this equation. S(a) is
a subset of any S; (a). Now suppose our “observation material”
consists of the set S(a°), where «° is a particular parameter
point. The problem is: Can we find from S(a°) the parameter
point «® ? This problem is equivalent to the following: Is
S(a) £ S(a°) for any a = o° ? This depends upon the form of
the equation system. In broad economic terms the meaning of
the problem is this: Can we measure economic structure rela-
tions (e.g., individual indifference surfaces or other “behavior-
istic” relations) by means of data which satisfy simultaneously
a whole network of such relations, i.e., data obtained by a “pas-
sive watching of the game” and not by planned experiments?
To bring out the main ideas we neglect here the statistical as-
pect of the problem and deal with exact equation systems.
Let

(1) fi(xl,xaa'”,xm:x-mﬂ,“'y xn ;alsa“zy"',ak) :0 )

:=1,2,-..,m,

be a system of m equations between n > m variables, z,, «.,
v, &, , involving k parameters, a;, og,---, 0x. And let S(e°)
be the “observation material.” Let it be known that, for all
values of the o’s, the system (1) can be solved uniquely with
respect to m variables, say the first m ones:

(2) xi:¢i-(xm+1sxm+25"';xn; [11,(12,"-,(1;;) S

i=1,2, .-, m,

and assume that %&- {(i=1,2,--,m; =12 ...,k)
7
are continuous functions of the z’s and the o’s. “All” o's may
in practice mean: all a priori possible o’s. Still the question of
nontrivial necessary and sufficient conditions for the unique-
ness of the o’s with respect to the set S(a°) is of a delicate
nature. However, it is possible to give certain sufficient con-
ditions for a unique solution—at least locally—and certain

sufficient conditions for nonexistence of a unique solution,



60 COWLES COMMISSION

which are of practical value. We shall mention two such ones:
I. If the % sets of m functions each,

O 0p; O )
sae — =1, 2, cen m ’
(3) aal ) aaz b H aak ! ? 1

are linearly independent for all values of the o’s, i.e., if, what-
ever be the parameter point g, it is not possible to find %k num-

bers ¢,, ---,¢; independent of the 2’s and not all zero such
that

ngi aqbi a¢1 .
4 ‘! I- I .a.‘l- - o} {' == E: L) '}}Z,
(4) o, c“aa.,, ¢ Dot ’ t=12, ’

for all values of %u.y, -+, &, , then there exist at most a cer-
tain number of different isolated sets of o’s, which produce the
same set S(a°).

II. Ef there exists a positive integer, % , such that, what-
ever be the o’s, a relation of type (4) holds among any r of the
k sets of functions in (8) when & > » > k, while there are k
sets of functions in (3) for which 7o relation of the type (4)
exists, then there are, even in a small neighborhood of a’, in-
finitely many sets of o’s for which S(a) =8 (a°).

The question of linear dependence of functions may be
studied by means of Gramian determinants. This eriterion
may be extended to functions of several variables.

Analogous rules for systems of functional equations
(dynamic systems) were given in the lecture, and also ex-
amples.

i

Thursday, July 18— Britain’s International Accounts, 1924-
1939, ERICH RoOLL, Professor of Economics and Com-
merce, University College, Hull.

- An empirical study of Britain’s international economic
position during the fifteen years of armistice which preceded
the outbreak of the second World War offers many attractions.
It should supply material for testing certain current theorems;
it should illuminate the final phase in a long trend of develop-
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ment of the metropolis of the world’s greatest empire; and it
might also produce useful evidence for an analysis of the pres-
ent position of economic imperialism. This paper provides
merely the beginning of such a study.

The period under review is not entirely suitable for the
application of the methods used by Taussig, Viner, Graham,
Williams, and White. A test of certain aspects of the classical
international trade mechanism is not easy to undertake when
the number of significant variables is greatly increased and
when none of them can legitimately be assumed at rest for the
purpose of simplifying the analysis. A mere enumeration of
the respects in which this period differed from that examined
by Taussig shows the difficulty of a rigorous quantitative and
realistic treatment. Moreover, the greater complexity of the
period makes adequate statistical material more than ever in-
dispensable. But, as is well known, much information is en-
tirely lacking and much is seriously deficient. This is all the
more regrettable, since the theory of international trade has
been greatly refined in recent years and since, on a number of
points, controversy is still acute. One has only to think of the
different views on the effects of capital movements on the
terms of trade to realize how helpful the evidence of figures
would be.

In this paper, I have, therefore, attempted to survey
briefly some of the outstanding features of the period to indi-
cate some of the possible theoretical conclusions that seem to
suggest themselves, and to show the directions, statistical and
analytical, in which I hope to continue this study.

The paper begins with a survey of the general character-
istics of the period and an analysis of the trend which these
characteristics reveal. Against this background of uneven
economic development, of the increase of monopolistic devices,
of the intensification of inter-imperial rivalries, the changes
in Britain’s international economic position are sketched. A
brief summary is given of the developments of merchandise
trade in its relation to business fluctuations, infensification of
inter-Empire trade, and rearmament. Similarly, the move-
ments of several significant series are described, including
capital and gold movements, gold holdings, exchange fluctua-
tions, and others. The trend of Britain’s balance of payments
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~—and with it, the changes in the position of sterling — be-
comes the most important single symptom of the profound
structural changes in Britain’s international position. This
trend is described and analyzed also in relation to certain dis-
puted points in the theory of international trade. Special at-
tention is algo given to changes in the terms of trade during
the period. A concluding part touches briefly upon some war-
time problems, particularly in the field of exchange control.

Thursday, July 18—Perpetual Turbulence versus Equilibrium,
ROBERT W. BURGESS, Statistician, Western Electric Com-

pany.

In many economic discussions there is a concentration of
interest and argument on what will ultimately be true when
abrupt changes no longer disturb the even flow of events and
when all the tendencies actually observed, or believed for the-
oretical reasons to exist, will have reached an equilibrium.
The fundamental thesis of this paper is that the mode of ac-
tion of abrupt changes, and the rate at which each tendency
acts before the ultimate state of equilibrium is reached, are
also important questions requiring careful analysis and, in
fact, in many practical problems, are more important than the
ultimate state of equilibrium from the point of view of under-
standing the real cause-and-effect relationships and the prob-
able effect of proposed changes in laws or customs.

The American economy is characterized by frequent in-
troduction of new inventions and new organizations, the crea-
tion of new industries and new companies, and the disappear-
ance of old units. Changes frequently occur in the relative
importance of different industries and in the relations between
Government and industry. New products and new designs of
old products and new methods of manufacture have come in
an irregular stream. All of this process of change is properly
described as continual rather than continuous: that is to say,
it proceeds in hop, skip, and jump fashion rather than just
rolling along.
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This characteristic of American industry is not fully de-
scribed by using the word “dynamic” in contrast with “static”
because of the fact that many of the changes are discontinu-
ous and abrupt rather than gradual and subject to definite
laws expressible by simple mathematical formulas. In the
terminology of mathematics, the first and second derivatives
are discontinuous and the ordinary procedures of infinitegimal
calculus do not apply.

If this description of the economy is accepted as substan-
tially correct, many orthodox economic concepts are unrealis-
tic or inadequate at a number of points. For instance:

1. The idea that in any industry there will be certain
concerns which can be recognized to be marginal, that is to
say, to earn on the average at the same rate as earned by in-
dustry as a whole. Conditions often change sharply before
they have been stable long enough to produce an adequate rec-
ord for selecting marginal companies,

2. The idea that the rate of profit earned in different
industries will tend to be the same if conditions are stabilized
for a considerable time, This idea is inadequate without some
analysis of the strength of this tendency towards uniformity
and of the rapidity with which it works.

3. The idea that a manufacturer or dealer can usually
Torecast pretty accurately what the demand for a particular
product will be, and even that he ean forecast accurately how
the demand will vary as price to the consumer is changed.

4. The idea that the demand for capital goods results
largely from growth in population or purchasing power,
whereas in the main it actually results from changes, that is
to say, the creation of new industries or new or improved
products, the economic rise of certain geographic regions at
the expense of others, and new inventions and new industrial
processes in old industries,

5. The idea that maximization of the excess of income
over cost can be used as the fundamental economic principle,
ignoring the fact that this principle applies only in the long
run and after due allowance for the elements of uncertainty
in the business man’s forecasts of probable income and costs.
Such forecasts are known to be uncertain because of the prev-
alence of turbulence.
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Fridoy, July 19—Some Uses of Iso-Outlay Curves in Econom-
ic Analysis,* FRANCIS MCINTYRE, Assistant Professor of
Economies, Stanford University, and Research Associate,
Cowles Commission (now Assistant Professor of Eco-
nomies, Indiana University).

This paper undertakes a summary and appreciation of
recent developments in the pure theory of production., In-
debtedness to the works of Schneider, Carlson, Hicks, Allen,
and Frisch will be noted by all who have read in this field.
Considering the production of a single commodity by a single
unit of control employing varying quantities of several fac-
tors of production, we may suppose the product demand hori-
zontal or negatively inclined, the factor supply horizontal or
positively inclined.

Since the generalization for N factors appears merely a
simple extension of the two-factor case, diagrammatic sim-
plicity may be had without real loss. If product X is obtained
employing variable factors A and B, the total-product surface
will yield contour lines whose projections upon the two-factor
plane constitute loci of factor-quantity combinations provid-
ing equal output. These projections are called isoquants, are
always of negative slope, and generally convex toward the
origin, though they may be linear (infinite elasticity of sub-
stitution) or concave toward the origin (¢ < 0). The total-
outlay surface contour-line projections will be loci of factor-
quantity combinations providing equal total cost. These loci
may be called isocosts or iso-outlay curves. The optimum com-
bination of variable factors is obtained for the production of
any given output at the point of tangency of the isoquant for
that output with the lowest possible (leftmost) isocost. A
line connecting such points of tangency on the several iso-
quants is called an expansion path, since increases in output
will be obtained by increasing the employment of factors 4
and B along that path.

* I owe much to Mr, R. W. Jastram of Stanford University (now at
the National Burean of Economic Research), with whom the ouiline of
this paper was drawn up and plans for its joint presentation made.
Since the pressure of other duties prevented Mr, Jastram's participating
in the actual preparation of the manuseript, I must agsume full re-
spongibility for the paper and its abstract.
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A concave isoquant is incompatible with fixed factor
prices unless the employment of one factor be abandoned, but
it is compatible with factor supply schedules sufficiently steep-
ly positively inclined to insure greater curvature of the iso-
outlay curve than of the isoquant. Negatively inclined supply
schedules of the factors are even possible. If the negative in-
clination is moderate, the iso-outlay curves may still be con-
cave to the origin, which presents no new problem. If the iso-
outlay curves are convex to the origin, they must be less so
than the isoquants.

It some factor exists in such lumps as to make plant ca-
pacity discontinuous, the long-run average-cost curve may
still be continuous, but will not have a continuous first deriv-
ative. The isoquant in this case may be represented by dots,
connected by dashed straight lines. The dots will arrange
themselves in vertical lines (if the diserete variable be meas-
ured along the base axig) above the quantities of factor A
(say) which it is possible to employ. The isocosts will simi-
larly consist of relevant dots and connecting dashes. The dot
in any isoquant which is coincident with the dot of the lowest
possible isocost will indicate the appropriate factor quantities
for the production of the given output.

If an isoquant is drawn for each possible unit of output,
and the appropriate isocost for each isoquant is extended to
the B-axis, the intercepts will mark off intervals which are
simply MC/p, (if the price of B is assumed constant). Thus
these intervals are proportionate to marginal cost. The addi-
tion to plant of a lump of factor A will generally make MC/p,
quite small at first, but the numerator will increase as this
lump is used more intensively with each increase in output.
In the discontinuous case above considered this will give rise
to a recurring, telescoping pattern of isocost intercepts on the
B-axis.

Assuming only that a given output will bring one and only
one price, each isoquant is also an isoincome curve. Successive
isoincome curves may be drawn for each dollar of possible
gross revenue. If the relevant isocost is drawn for each iso-
income curve, the intervals hetween intercepts on the axis of
the factor fixed in price would be proportionate in length to
the (marginal) cost of securing an additional dollar of gross
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additional unit of output. Should the entrepreneur face per-
fect competition, only the factor of proportionality would
revenue, rather than to the (marginal) cost of securing an
differ,

Subject to the limitations of partial-equilibrium analy-
sis, it may be possible to investigate the effect of pay-roll taxes
or other factor-cost-increasing devices upon employment, us-
ing these tools, Expansion paths might be drawn before and
after the imposition of a tax, which would show the burden
each factor would sustain in any reduction in output.

Friday, July 19—The Study of Business Fluctuations by
Means of Economic Models, FRANCIS W. DRESCH, Instruc-
tor in Mathematics, University of California.

The mathematieal models of the present paper constitute
a second step in the program of model building directed
towards the construction of a sequence of such models each
more complex and more realistic than its predecessor yet sim-
ple enough to serve as a basis for theoretical and empirical
investigations into macrodynamic economics. As in a previous
paper,’ we are concerned with the general economy and with
variables of aggregative type such as national income, price
indices for capital and consumption goods, corresponding in-
dices of production volume, etc. The assumption of equality of
supply and demand, however, has been abandoned and new
relations purporting to describe equilibrating mechanisms
have been introduced. This generalization permits fluctuation
in inventories and in unemployment somewhat after the fash-
ion of the cobweb patterh and thus brings the model into closer
conformity with the observed movement of relevant economic
variables. Of much greater significance, however, is the fact
that the present model nets one additional equation. Whereas
one price had to be left indeterminate as numeraire in the

1 Francis W. Dresch, “A Simplified Economic System with Dynamie

Elements,” in Cowles Commission, Report of Fifth Annual Research Con~
ference ., ., 1939, pp. 18-21.
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previous model, a determinate solution i now obtained for
each variable. This result is due to the fact that from the
possibility of variation in commodity stocks there follows the
possibility of variation in hoarded credit balances (invest-
ments in liquidity) and further of a disequilibrium between
the supply function for savings and the demand function for
investment funds. An extra relation (involving the rate of
interest) is thus desirable to govern the above divergence and
this relation does not depend on the other relations of the
system. In the earlier model the absence of inventory varia-
tions required that income be either invested or consumed so
that the supply function for investment funds was determined
by the demand function for consumption goods and conse-
quently an equation of demand and supply for consumption
goods implied an equation of demand and supply for savings,
In the new model savings enters as an independent variable
but a demand function for liquid funds (or alternately a
supply function for savings) enters as a new relation to com-
pensate.

In its present form the system consists essentially of 15
equations (some involving time derivatives) on 15 independent
variables. To facilitate comparison with data, the necessary
empirical functions have been taken in certain convenient
forms involving altogether 23 empirical constants. Given a
set of values for these 23 parameters, it would be possible,
save for exceptional cases, to solve for each of the 15 variables
as a function of time. On the other hand, being given the
appropriate time series for the variables, it would be possible
to estimate the parameters and to test the mode! for consist-
ency. Unfortunately it is very difficult to obtain data for the
complete set of 15 series. Consequently an indireet approach
has been adopted. Certain parameters have been taken ar-
britrarily as zero yielding a system for which it happens
supply is constantly equal to demand, corresponding roughly
to an infinitesimal period of adjustment. This system may
be regarded as a description of a long-run situation and
the parameters involved in it may be determined from avail-
able time series. The general system is then freated as a per-
turbation of the long-run system and may be transformed into
a set of equations on ratios of deviations from trend to trend.
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A second application of available data permits estimation of
the remaining parameters. This procedure, however, depends
on a tedious process of successive approximation and the em-
pirical resuits are as yet very incomplete.

Monday, July 22—The Theory of Technological Unemploy-
ment, OSKAR LANGE, Associate Professor of Economics,
The University of Chicago, and Research Assoelate,
- Cowles Commission.

The purpose of this paper is to analyze the effect of tech-
nical progress on employment in relation to monetary and to
wage policy. The analysis is based on the following model of
s simplified economic system. All production is divided be-
tween produetion of consumption goods x, and production of
investment goods x.. Consumption goods and investment
goods are regarded each as one homogeneous eommodity. Only
two factors of produaction are used, i.e., labor (¢) and capital
services (b), which are measured in physmal terms.

The production functions of consumption goods and of in-
vestment goods are:

(1) | 2= (s, by, T),
(2) mi’:q!)(az’ b2’ T2)9

where @, is the labor employed in producing consumption
goods, ¢, the labor employed in producing investment goods;
b, and b, have a similar meaning with regard to capital
services. Aill variables are flows per unit of time. 7, and 7
are paramefers.

Total employment is

(3) a =0, + &,

and the total supply of available capital services is assumed to
be given, Thus

{(4) b, 4 b. = constant.
The value of the marginal product of labor is equal to the
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wage rate. Denoting the wage rate in the consumption-goods
industry by w, and in the investment-goods industry by w, we
have:

(5) W = [,
(6) w2 = ‘}”apz ’

where p, and p, are the prices of consumption goods and of in-
vestment goods respectively.

Similarly the value of the marginal product of capital
services is equal to their price. Denoting the price of capital
services by # we obtain .

a — fbpl y
= @pPs -

Since, however, the price of an investment good is the dis-
counted value of all its future services, we have:

7 f et dt = p,,
0

where ¢ is the rate of interest and 1 is the average durability
of investment goods. Denoting the integral above by k we ob-
tain

(7) P2 = kfbpl 3
(8) P2 = KpyDs .

The total demand for consumption goods (propensity to con-
sume) is a function of the real income:

(9) 2, = F (2, 4+ x;f; .

The argument of this function is the real income measured
in terms of consumption-goods prices.

These 9 equations determine our system which consists of
the 9 variables: ¢, , %;,¢,, @ ,a, by, by, Py, P2

Equations (5) -— (8) can be reduced to the following two:

(58) 2 ;j— = ifo |

a
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(6a) 1= ko,
and (9) consequently can be written:
(7a) &, — F (2, 4 22kf3),

where A = w./w,. Thus all the physical variables in the sys-
tem are found to depend only on the ratio of wage rates and
not on their absolute level. The number of equations and the
number of variables are reduced to 7. The system contains
T,, T,, 1, and & (which depends on ¢ and on f) as parameters.
Technical progress is treated as a change of the para-
meters T, and T.. Its effects, as well as those of wage policies
and of monetary policies, are obtained by differentiating the
system totally and by expressing the differentials of the vari-
ables in terms of the differentials of the parameters. Using
logarithmic differentiation we obtain from (1) and (2):

dlogxl—E——-dlo o +

s L d log b;—]—ETldlong,

E'bl

_Ex]_ m2
dlogxg—Ea dlogaz—[——mm;- +E’T2 dlog T, ,

2

where Ez,/Ea,, ete., are partial elasticities. Taking into ae-
count these two relations we obtain from (4) and (5a)—(7a)
three linear equations of the type:

Aidloga,+ B,dloga,+ C,dlog b, = P,,
B.dloga.-+C.dlogb, =P,,
As;dloga, - Bsdloga, |- Cydlog b, = Ps.

The coefficients of these equations are:

As—Xl(l-—~1")]';;Xjl F’qi{;’l,
Bi=— gt Bi=—, B=Fap®,
o=l _Th  h b g,
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_ X . Efb ’ b]_ EX2 )
Co = a1 — F) - — F'¢ =+ a5 5
P, =dlogK—dlogi— (Efa — E}:b—) dlogT,
! ET. ET,
Eg.
-+ BT, dlog T, ,
_ E ¢y
Pg-——dlogK—E,—T-;dlong )
EX, Ef,

= [FqdlogK — X, (1 —F') ——1dlogt,

BT, — V4T,

EX,
+FqET2 legTz.

All the terms in the coefficients have an economic interpre-
tation. Thus

Ef. Efy _ E(f./f)

—_—

Fea, Ea, Fa,

18 the elasticity of the marginal rate of substitution of a for b,
F' is the marginal propensity to consume and 1 — F’ is the
marginal propensity to save, ¢ stands for z.p./p, which is the
value of gross investment expressed in terms of consumption-
goods prices. The technical progress in consumption-goods
production is defined as labor saving, neutral, or capital sav-
ing, according as to whether

Ef.  Efe E(fu/fh) <

ET. ET, BT, SV

Solving the three equations we obtain the effects of tech-
nical progress and monetary policy (monetary policy acts via
the rate of interest) and wage policy on employment of labor
in consumption-goods and in investment-goods production. The
effect on total employment can be obtained from (2). Putting
dlog K = 0 and d log 4 = 0 we obtain the effect of technical
progress when no compensating monetary and wage policy is
present. Putting d log @, = 0 and d log a, = 0 we can find the
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monetary and wage policy, or any combination of them (i.e.,
d log K and d log i) which will exactly compensate the effects
of technical progress on employment.

The system presented is intended to serve as a skeleton
model for an econometric analysis of the problem of techno-
logiecal unemployment.

Monday, July 22—The Foreign-Trade Multiplier, SVEND LAUR-
SEN, University of Copenhagen.

The “multiplier” analysis is usually undertaken under
the assumption of a closed economy. In recent years there has,
however, been a tendency also to introduce foreign trade in
this analysis. Apart from minor differences in formulation
there are two fundamental ideas underliying the approach. In
the first place, exports are treated in the same way as private
investment or a government deficit, i.e., they are introduced
in the multiplicand, which tells us how much is to be multi-
plied in order to get the total inerease in national income. In
the second place, imports are dealt with as a “leakage” in the
same way as savings. This can be done either by subtracting
“induced” imports from the value of exports which enters the
multiplicand, in other words taking the export surplus, or by
reducing the multiplier by an amount corresponding to the
propensity to import.

The essence of the approach is to consider exports as one
of the determinants of the national output, and it stands in
this respect in sharp contrast with the classical theory of in-
ternational trade which is based on the assumption, mostly
tacit, of full employment. One important aspect of the dif-
ference in assumption is seen in the treatment of the equilib-
rating international mechanism in case of a disturbance. The
classical explanation puts the emphasis on price adjustments,
while according to the multiplier theory the essential part of
the mechanism is changes in total production and employment.
Both explanations follow logically from their different as-
sumptions about the utilization of the productive factors, but
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the multiplier theory seems to be the more realistic and
straightforward under modern conditions.

The usual formulations of the foreign-trade multiplier
have, however, certain shortcomings and limitations which
make extensions in various directions necessary:

(1) The most important limitation is perhaps the def-
inite static character of the theory. This either implies an in-
stantaneous adjustment to fluctuations in exports, or that the
adjustment period is of minor significance. Neither of these
conditions is likely to be fulfilled. A brief analysis shows us
how, with given propensities to consume and import, a change
in exports will give rise to a dynamic process involving na-
tional income, savings, and imports. It also permits a more
precise formulation of equilibrium conditions. One conclusion
we draw from this analysis is that, contrary to common be-
lief, there is no necessity, within the framework of the multi-
plier theory, for the national income to continue to rise in
case of an export surplus until this has led to an elimination
of the export surplus through increased imports. The expla-
nation of this is that the export surplus in the equilibrium sit-
uation is offset by the leakage through domestic savings which
is induced by a higher national income,

(2) The analysis must be carried a step further to in-
clude the case when prices and costs are rising with expand-
ing exports and production., We can here apply various ele-
ments from the classical theory to show that under certain
circumstances this facilitates an international adjustment.

(3) Furthermore, the liquidity of the banking system
in our country is almost bound to change. This modifies again
the multiplier theory in so far as it leads to a credit expan-
sion or contraction.

(4) Finally, the dynamic process will probably have an
impact on the domestic investment, thus further impairing
the validity of the ceteris paribus clauvse on which the whole
theory is based.

There is room for discussion as to how much is left of
the original theory, but it is my view that it still contains a
significant truth, largely because it stresses the volume of
employment as an important variable in the international
equilibrating mechanism.
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Tuesday, July 28—The Problem of Assigning a Length to the
Cycle to Be Found in a Simple Moving Average of Chance
Data, EDWARD L. DobD, Professor of Actuarial Mathe-
matics, The University of Texas.

In The Annals of Mathematical Statistics, Vol. 10, 1939,
pp. 2564-264, I described methods for assigning a length to
cycles produced by most forms of linear graduation in common
use when applied to independent random data. Such methods
I found unsatisfactory for the cycles produced by simple
averaging or summing, because of chaotic features which sim-
ple averaging does not remove,

Examination of Slutzky’s figure on page 110 in his article
on cycles in Econometrica, Vol. b, 1987, and several similar
figures based upon considerable more data has suggested to me
rules for determining objectively the initial and terminal
points of individual eycles or waves which appear in the mov-
ing average or moving sum of random elements.

Such averaging is often applied to monthly prices which
frequently exhibit a seasonal cycle. To find the trend, we may
use a twelve-month moving average to eliminate this seasonal
cycle. However, if individual prices involve additively a strong
chance constituent, this twelve-month averaging may implant
an unwelcome fictitious cycle. This cycle is of length some-
thing between 30 months and 42 months—if cycles are counted
by the method which I will now explain.

The method is briefly as follows: From the undulations
found in a plot of a moving average, we must throw out of
consideration insignificant “ripples.” As the plot of the mov-
ing average is the same as that of the moving sum—with suit-
able change in the vertical scale—we use the moving sum for
convenience. Now an undulation is usually lopsided—with
vertical descents from the summit to the adjacent troughs un-
equal. As the height of the undulation, I take the least of
these two vertical descents. A vertical height  is now selected
as a minimum height for waves. If the height of an undula-
tion falls below this k, the undulation is regarded individually
as a ripple. A wave starts at a minimum and ends at another
minimum, and between the two minima is a maximum higher
than bofh minima by at least 2. Some further conditions are
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needed—such as a condition to prevent two waves being count-
ed as one.

Now if the chance elements are independent and have the
same standard deviation o, then the sum of » of such elements

has the standard deviation ov/n. For my count of waves, I

took h = 1.50v/n. In Slutzky's figure on p. 110, this is just
about the distance between the horizontal rulings; and for this
k there are just five waves in the 126 sums plotted. This agrees
with my intuitive count of these waves. These waves, then,
have an average length of about 25, which is 2.5%, where n is
the number of items in an individual sum—here n = 10.

For a certain series of averages by threes, I found an
average wave length of about 12—that is, 4n. But for other
series, with n taken as 9, 12, 20, 27, 40, and 80, the average
wave length lies between 2.5n and 3.5n,

The waves are not all of equal length—that is, there is
not true periodicity. But I find that usually the distribution of
the dividing points of minima is decidedly closer to that for
periodicity than that for randommness. This same feature, I
found in waves produced by the Spencer 21-term formula, the
waves counted from their crests or maxima-—see p. 260 of my
1939 paper cited.

Moreover, I have now a formula for the variance, V, of
the sum of the squares of the segments formed by the dividing
random points upon the range, E. The number of segments
being N,

4(N—1)R*

Ve T DRIy T

Tuesday, July 28—Dynamics of Labor Supply, HOwARD B.
MYERS, Director of Research, Federal Works Agency,
Work Projects Administration.

The question of labor supply, particularly in its dynamie
aspects, has been curiously neglected by economists and by
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the public. It is generally assumed that, except for the opera-
tion of certain long-run factors, the supply of labor is sub-
stantially a fixed quantity.

As attempts are made to deal with the staggering un-
employment of the thirties it becomes increasingly evident
that the membership, characteristics, and status of the labor
force are far from stable. Neither abstract economic theories
nor occasional censuses provide sufficient basis for the direc-
tion of programs of public assistance, unemployment compen-
sation, or other types of social legislation. There is need for
current analyses of changes in the labor supply during periods
of time, which describe and evaluate the labor force in terms
of the ebb and flow of actual market conditions. Thus far few
such dynamic studies have been made.

To illustrate types of information which these continuing
studies may provide, some findings from recent WPA studies
are presented. These indicate that the labor supply under-
goes large and rapid seasonal fluctuations. The labor force in-
creased by approximately 3 million workers between March
and June, 1940, the greatest change occurring in rural areas.
As a result of this influx an increase in employment of about
384, millions during the period resulted in a net reduction in
unemployment of less than 1 million. Sample studies in urban
areas suggest that considerable numbers of both workers and
nonworkers change their labor-market status from one month
to the next. The unemployed group is most mobile; nearly one-
fourth of those unemployed and not on the Works Program in
March, 1940, had secured employment or retired from the
market one month later.

The size and composition of the labor force is also affected
by cyclical changes in economic conditions. Little is known
of these changes, but it is clear that they are more complex
than is usually assumed.

Changes in the nature of unemployment and the charac-
teristics of the unemployed are as important as changes in
total volume. The experienced unemployed who are actively
seeking jobs may be classified roughly into three groups, ac-
cording to the duration of their unemployment: a high-turn-
over group, unemployed for 3 months or less, which consti-
tutes about one-third of the total: a low-turnover group, un-
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employed for 12 months or more, including approximately two-
fifths of the total; and a transitional group with 4 to 12 months
of unemployment, forming about one-fourth of the total. The
needs of these three groups require specialized treatment by
agencies providing relief and rehabilitation.

Two other large groups may be identified among the un-
employed. Workers who are temporarily inactive include
from one-fifth to nearly one-fourth of the workers unemployed
at any one time. Most of these workers are temporarily ill
or disabled. Inexperienced workers, most of whom are youth,
constitute another fourth of the unemployed. The youth years
represent a period of very rapid shifts in labor-market status.
Sample studies indicate that while 95 per cent of urban yvouth
18 to 25 years of age have been in the labor market at some
time since leaving school, only half have remained continuously
in the market since their first entry. The data further suggest
that such factors as the influence of relatives and the financial
status of the father are more important than innate ability in
securing jobs.

The discussion has been restricted primarily to changes
in the supply and composition of the labor force. Other dy-
namic aspects of labor supply, such as geographical and
occupational mobility, are equally important. Adequate infor-
mation concerning the dynamic aspects of labor problems is
a prerequisite to effective action in dealing with these
problems. '

Wednesday, July 24—The Gold Deluge and Its Effect upon
Monetary Theory, CARL SNYDER, for many years with
the Federal Reserve Bank of New York.

Seven years ago, this, the richest and for long years the
most prosperous country on the face of the earth, was in dire
straits, despite our wealth, our industry, the extraordinary
mechanical equipment of the country, our vast scheme of
transportation; greater than all other countries combined.
The nation was in the throes of profound depression, with un-
parallelled unemployment, a violent fall in prices, a tremen-
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dous decline in industrial production, apprehension and gloom,
banks failing everywhere.

The doctors were called in, apparently every variety. The
first product was the N.R.A.—regimentation and “share the
work”; a dire failure. Then came other doctors—and econom-
ists; in foremost line what I have called the “auropaths,” the
“gold curists.” According to this doctrine there was a great
dearth of gold. Hence prices were low, indusfry paralyzed.
This country had only four billions of gold, twice that of any
other nation, one-third of the world’s total ; not enough, never
enough!

S0 the idea was to turn this four billions of gold into sev-
en, by fiat, overnight. Then there would be plenty of gold,
prices would rise, food and everything would be dear, every-
one happy, and the nation again prosperous; a process that
once had an ugly name, “debasement of the currency.” It has
been a favorite trick of sovereigns and finance ministers from
the beginning of coined money. What matter if plain-spoken
people called it plain theft (which, of course, it was) if the
treasury could be replenished and prosperity restored.

But this time (perhaps as usual) the trick did not work.
Prices rose a little—not much: industry recovered a little—
not much ; unemployment scarcely decreased at all. Next came
a colossal dole, creating a colossal debt, the greatest this coun-
try has ever known. And now, after seven years, still a blind
faith that some other trick, faddery, or nostrum will turn
the tide and restore prosperity; an amazing illusion, and a
painful revelation of the degree of economic understanding
among our rulers and guides. What actually has happened?

Raising the price of gold by seventy per cent has in-
creased world gold production from half a billion dollars in
1933, to nearly two and a half times that figure. Most of this
new gold and much from former hoards elsewhere has come
to this country, until we have close to twenty billions, nearly
three-quarters of all the monetary gold in the world. Yet—in
the face of this the price level does not rise, bank credit does
not greatly expand. Industry does not seek huge sums for
normal expansion and improvement as in former days.

Consider the situation: Under normasal conditions an in-
crease in the money supply should mean, other things being
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equal, rising prices and increased business activity, wider em-
ployment, and higher money wages. What then is the trouble?
Is there anything wrong with monetary theory? An endless
number of answers have been given ; sound,orthodox, economic
and monetary theory and finance have seemed to be utterly
discredited. But not for long.

These disastrous, bewildering ten years—ten years, not
merely seven-—have taught us a great deal. The world over,
financial and monetary systems are credit systems; giving
credit to purchase goods and pay debts, and having credit,
faith in the soundness and honesty of our monetary systems,
and those in control thereof. Destroy this confidence, this
faith, this credit, and the system goes to pieces, just as it did
in 1929, just as it always has. Confidence, especially, flew out
of the window when the New Deal came into power. And that,
as I see it, is the whole story, the entire explanation.

If, as I have predicted elsewhere, there is a change in
national administration at the end of the present year, we may
hope for a return to sanity, a revival of industry and business
activity, a return to full employment, and therewith an end of
vicious and disastrous taxation. This will mean a renewal of
our normal industrial growth, our normal increase in wealth
and wages and well-being.

But there is grave danger that this may come too sudden-
ly, inaugurating a new speculative boom, and then another
crash, If i{ should come, as a sequel to this collapse, the country
will not go “New Deal” again; it will go Fascist or Communist
or Totalitarian. It will be the end of democratic government,
of Free America, of the splendid economic advance of these
United States.

To avoid it, we must not forget the lesson that the foun-
dation of all our prosperity, all our well-being, is not alone
intelligent and sound economic procedure, but that illusive
thing we call Confidence, Credit, Faith. Destroy this, and this
wondrous and fertile scheme of capitalistic industry breaks
down.

We cannot undo what is past. But we need have, I believe,
no fear that this prolonged depression has had any lasting and
profound effect upon the American character or the American
system. The only real danger is from the loss of Faith, the
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loss of confidence, from the artless and arrogant ignorance
which has ruled this country now for seven years.

I do not believe that our great gold stock is in itself a
danger, nor do I believe that this flood of gold threatens our
economic stability—if only it can be managed and directed
with sufficient intelligence, courage, and understanding.

Wednesday, July 24—War and Commodity Prices,* HOLBROOK
WORKING, Economist, Food Research Institute, Stanford
University.

The historical observation that great wars have commonly
been accompanied by great advances in commodity prices has
perhaps fostered a mistaken impression of uniformity in the
relation between wars and price advances; yet the facts admit
no doubt that a significant relation exists. The irregularity of
the relation between the scope, severity, and duration of war
and the magnitude of the associated price advance, however,
suggests the hypothesis that war has little direct effect on the
general level of commodity prices, but that it ereates a con-
dition favorable to the generation of independent forces tend-
ing toward great price advances.

Many statistical and theoretical analyses of changes in
the general price level have been devoted to intensive exami-
nation of the effects of particular influences. At the present
time it seems especially appropriate to take a broad view of
price changes in time of war and to attempt to estimate quan-
titatively the magnitude of the price effects of each of the
major influences. To this end, I undertake first to appraise
the effects of several major influences associated with price
advances at the time of the last great war.

In order to measure roughly the effects of different price
influences during the last great war, resort is had to a form

* The analysis of price developments of the last great war presented
in this lecture followed the lines of a paper published under the same
title in the Journal of the American Statistical Association, June, 1940,
pp. 309-824,



1940 RESEARCH CONFERENCE 81

of differential analysis. Using price index numbers computed
for each country from prices of the same 40 “basic” commodi-
ties, with like weighting for all countries, the differences be-
tween price movements are studied in relation to the differen-
ces between price influences operating in the several countries.

It appears from this analysis that strategic governmental
controls of individual commodity prices, supported by some
regulations on consumption, are capable of preventing large
advances in the general price level so long as the political and
financial position of a government remains strong. So far as
the evidence on monetary influences goes, it tends to support
the contention that in the absence of extreme currency infla-
tion, the money and credit situation is a conditioning factor
rather than an active causal influence on the general price
level. Several specific influences appear to have had appreci-
able effects on the general price level in at least one of the
countries studied. Those influences included changes in costs
of ocean transportation; weather, in connection with its effects
on crops; and special demands for war materials,

Price movements during nearly eleven months of the
present Kuropean war have on the whole reflected tendencies
similar to those of the last great war, but there have been two
noteworthy differences in the important causal influences, both
springing from experience in the last war. Governmental price
controls in the belligerent countries were in this war not de-
ferred until great price advances had occurred but were im-
posed promptly. And popular expectation of great price ad-
vances led to sharp upward movements of prices in most spec-
ulative markets immediately after the outbreak of the pres-
ent war, although conditions seem generally not to have war-
ranted such advances.

! Index numbers computed by Warren and Pearson and published
in World Prices and the Building Industry, New York, 1937.
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Thursday, July 25—Problems Confronting the Federal Re-
serve System, E. A. GOLDENWEISER, Director of Research
and Statistics, Board of Governors of the Federal Re-
serve System.

It is difficult in the midst of radically changing world
conditions to define the problems that confront the Federal
Reserve System or any other economic, political, or social
institution. It seems futile to look at the future in terms of
problems of the past, and it is beyond the powers of most to
visualize in realistic terms the vital problems of the future,
even of the near future.

Teaking for granted that this group is familiar with con-
ventional central-bank considerations and techniques, one may
ask how much of this is still relevant, particularly in the next
few years. Discount rates and discount policy are almost
obsolete terms in the face of immense excess reserves. Open-
market operations have been demoted from an instrument of
positive action on the supply of reserves to the status of a
gyroscope functioning as a mild stabilizer in the market for
Government securities and indirectly in the capital market
as a whole.

Problems of gold and silver, of currency and foreign ex-
change, of Treasury finance and taxation have crowded the
usual central banking functions off the field. It is only those
who seek for the solution of fundamental economic problems
by manipulating mechanical devices that still look for panaceas
for national and international ills in the monetary or central-
bank field. Some still believe that the root of all good and all
evil is in gold or in silver, others that all depends on currency
in circulation, still others that it is pivoted on bank deposits
or their turnover. With my nose to the grindstone, I am unable
o see any vital problems of today that can be solved by mone-
tary magic.

I think that for the present perhaps the greatest service
that the Federal Reserve System can render the country, aside
from purely routine functions in supplying currency and
check-clearing facilities, is to utilize its contacts, its authority,
and its staff to analyze and diagnose the country’s economic
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needs. The System has 37 contact points in its banks and
branches; it has 260 directors drawn from different fields of
activity, and 11,000 officers and employees scattered over the
country, many of whom have valuable training and experience.
This equipment can be used to collect and interpret currently
information on our economic life—-and to help formulate a
rational program for the country to cure its ills and to meet
its current needs. This might look like a novel central-banking
function—but it is the most vital one today. Beside it the
others seem much less urgent.

Nevertheless there are more direct problems that we must
face. We must find new means of regulating the volume of
bank reserves—when, if, and as a runaway situation should
develop. Existing means are not adequate. We must also
study means of more direct control of speculative expansion
in various directions lest another boom and crash should once
more shatter our economic life. We must find means to equalize
the status of different groups of banks—national, State mem-
ber, insured nonmember, and uninsured. We must also devise
means for consolidating or co-ordinating the numerous agen-
cies of bank supervision, State and Federal, and we must be
informed and competent on the monetary phases of gold, sil-
ver, foreign exchange, and fiscal policies.

And that leads us back to our starting point. With little
direct authority over economic forces that determine monetary
developments today, the Federal Reserve System at present
must seek to serve the country chiefly by analysis and diag-
nosis, by competent interpretation and by courageous advice.
If it can do that effectively, then the time may come when
more direct and conventional monetary action will once more
become the central function of our central-banking organiza-
tion.
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Thursday, July 25—Statistics of Employment and Unemploy-
ment, ARYNESS Joy, Assistant to the Commissioner,
Bureau of Labor Statistics, United States Department of
Labor.

The European War and the rapidly developing American
defense program have, for the time being, taken unemploy-
ment off the front pages and out of the minds of many people
as the nation’s leading problem. But it is still a grim reality
to millions of people; and it is clear that the defense program,
because of its specialized character, will by no means complete-
Iy eliminate unemployment. In order to plan effectively, the
need for realistic information on unemployment and employ-
ment is even more pressing, if possible, than it has been for
the past decade. It is of the utmost importance that we cease to
think and talk of unemployment as one great, homogeneotis
mass of people represented by a round figure of 9,000,000-
10,000,000.

A variety of information is needed. For industrial plan-
ning, and for an analysis of the general unemployment situa-
tion, it is important to know how many people are not work-
ing who are able and willing to work, and who have certain
skills, as well as where they are. For planning policies of re-
lief, public assistance, and unemployment insurance, addi-
tional information on industries laying off workers and on
sources of support for workers other than public aid is need-
ed. We should know how many are sick or otherwise not
equipped to enter the labor market, Separate data for urban
and rural areas are a prime requisite.

For these varied purposes, the mass totals of unemploy-
ment, such as the estimates of the American Federation of
Labor, the Congress of Industrial Organizations, and the Na-
tional Industrial Conference Board, are not adequate, al-
though they are very valuable in reminding the public con-
stantly of the gravity of the unemployment problem, For
May, 1940, they show a range from roughly 8,830,000 for
the National Industrial Conference Board to 10,670,000 for
the Congress of Industrial Organizations.

All are subject to considerable error both as regards the
totals of and seasonal variations in unemployment, because
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of the unavoidable lack of certain basic statistics. All use
essentially the same procedure and materials, with slightly
varying assumptions. They start with the now long outdated
Census of Population for April, 1930 as a benchmark.

First, a base employment figure is obtained by subtract-
ing the number unemployed in 1930 from the number “gain-
fully occupied,” and monthly changes in employment to date
are then estimated, by industries, to obtain total employment
for subsequent months. Since necessary Census data and cur-
rent indexes of employment to bring them up to date are sat-
isfactory for only about 40 per cent of the working population,
an error of 1 to 2 million in these figures is not unlikely in the
direction of understatement.

Although the Censuses of 1940 will provide up-to-date
bench marks, and new reports from the Social Security Board
will give comprehensive current employment fotals for many
industries for which data have been unavailable, so many
gaps will remain that any figures of total employment can
only be approximate, even in the future.

Second, changes in the total number “gainfully occupied”
are estimated on the basis of the increase in population since
1930 for specific age-sex groups, assuming the same ratios of
workers to total population in each group that prevailed in
1930 except for the very young and the very old, for whom
reduced employment is assumed. The estimates show a growth
during the ten-year period ranging from 5,294,000 as reported
by the American Federation of Labor to 6,057,000 for the
National Industrial Conference Board. None take full account
of the women whom depression has forced into the labor mar-
ket, which might give an increase of more nearly 7,000,000.
They may include, however, many workers not actively in the
labor market, and the resulting total of 53,900,000-55,900,000
in the labor supply may be high by as much as 1,000,000.
These estimates may be seriously criticized because they
assume seasonally unvarying labor supply. A sample survey
conducted by the Work Projects Administration shows a
seasonal increase of 3,000,000 in the labor supply from March
to June of 1940 alone, as school children and others enter the
labor market.

Finally, employment estimates are subtracted from the
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estimates of the number “gainfully occupied” to obtain a fig-
ure called “unemployment.” The possible errors of 1 or 2 mil-
lion in each of the two principal components represent 2-3
per cent, and are permissible in such large totals. Combined,
however, they make too wide a possible error— (2 to 4 mil-
lion) in unemployment, amounting to 20-40 per cent on a total
of about 10 million. This disregards the large error in seasonal
fluctuation.

Partly for these technical reasons, but chiefly because
any total, however accurate, would not give an indication of
the nature of the problem, we need not one total, but a com-
prehensive balanced current analysis of the employment and
unemployment situation, providing statistics descriptive of
several segments of the total. An enlarged statistical program
along the following lines is suggested:

1. A direct sample survey of unemployment, employ-
ment, and the labor supply for urban and rural areas sepa-
rately, giving certain characteristics of the unemployed such
as the proportion which is ill, not active in the market, etc.
The Work Projects Administration has recently been conduct-
ing valuable experiments in this field.

2. More adequate use of reports from state Unemploy-
ment Compensation agencies on the number unemployed who
are either waiting for or receiving unemployment insurance
payments, in the several states and the United States as a
whole. These reports will never measure all unemployment,
because the insurance systems do not include workers in agri-
culture, domestic service, and casual occupations, or propri-
etors, ete., nor do the reports on unemployment cover work-
ers who have exhausted their benefit rights. These statistics
are administratively significant, however, and they are simi-
lar to many of the measures of unemployment used abroad.

3. More detailed statistics of employment, by industries
and industry subdivisions, stated in terms of number of em-
ployees rather than index numbers, and by states and large
industrial areas wherever possible, supplemented by indica-
tions of the intensity of employment as measured by man-
hours. This involves the not very difficult extension and im-
provement of monthly reports to the Bureau of Labor Sta-
tistics, used in conjunction with employers’ reports to the
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Social Security agencies on the number of employees on their
pay rolls.

With these new tools, it should be possible to make a
much more realistic analysis of the unemployment problem
which recognizes its complexity, an analysis directed toward
effective programs for many groups which make up the so-
called “unemployment.”

Fridoay, July 26—The Problem of Stabilization of the Residen-
tial Construction Industry, ERNEST M. FISHER, Director
of Research in Mortgage and Real Estate Finance, Ameri-
can Bankers Association.

1. By “stabilization of the residential construction in-
dustry” is meant a reduction in the amplitude of cyclical fluc-
tuations in the annual volume of residential construction,
measured by number of dwelling units constructed or by
amount of expenditure for labor and materials.

2. The construction industry as a whole has been sub-
ject to wide fluctuations; no segment of the industry probably
more than the residential. Measured by number of nonfarm
dwelling units, the amplitude of the fluctuation in the last two
decades is represented by a decline from an estimated 900,000
dwelling units in 1925 to some 55,000 in 1933.

3. These fluctuations influence the condition of the whole
national economy, the rise in volume contributing to pros-
perity and wide employment; the decline, conversely, reducing
employment and exaggerating the depths and prolonging the
period of depression.

4. Reduction in the amplitude of the fluctuations in resi-
dential construction would probably tend to reduce both the
amplitude and duration of general business cycles.

5. But residential building proceeds as a means of meet-
ing demand for (a) increments to the supply of dwelling fa-
cilities or (b) the replacement of portions of the supply with
units of different quality.
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6. The demand for increments to the supply may arise
from (a) changes in the number of households or (b) migra-
tion of households.

7. Demand for replacement arises from (a) changes in
the composition of households or (b) changes in the standard
of living.

8. Both migration and rise in the standard of living are
in large measure a function of changes in income or prespects
for earning income. Demand is, then, in some measure de-
pendent upon general prosperity.

9. Supply, on the other hand, is relatively fixed and
fluctuates, generally speaking, only in one direction, that of
increase.

10. The largest annual increment to the supply was in
1925 when between 800,000 and 900,000 units or something
less than 4 per cent was added to the “stock.”

11. A reduction in incomes may easily cause a shrinkage
in demand by as much as 4 per cent through “doubling up,”
migration from urban to rural areas, or postponement of long-
term expenditure on durable goods. Thus the whole of the
demand for increment dries up.

12. But with shrinkage in volume of building, costs usual-
ly decline, and the opportunity for investment in building for
a long-term return is enhanced; the prospect for immediate
Treturn vanishes.

13. The more important the expectation of immediate
(speculative) return, therefore, as the objective in building,
the more likely is volume to decline. Substitution of long-term
investment as the objective will tend to encourage building
during periods of low costs and to discourage it in periods of
high costs. It would tend, therefore, toward stabilization.

14. To the extent that publie funds go into construction of
housing facilities, like all other public-works programs, hous-
ing-construction programs should be timed so as to be at a
peak in depression and at a low point during periods of pros-

perity.
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Friday, July 26—The Economic Interpretation of History,
HAROLD T. Davis, Professor of Mathematics, Northwest-
ern University, and Research Associate, Cowles Com-
mission.

The first suggestion that the principal variable in the in-
terpretation of historical movements was economic, rather
than one depending upon some current ideology, is found in
H. T. Buckle’s History of Civilization (1857) and in the
Misére de la philosophie (1847) of Karl Marx, later repeated
and given currency in the third volume of Das Kapital (1894).
Unfortunately neither of these writers, nor their interpreters,
have been able to establish a statistical basis for this thesis.
But the recent accumulation of reliable data, particularly as
they relate to price movements over long periods of time, af-
fords some possibility of making a test of certain aspects of
the economic interpretation of history.

The data published in 1934 by E. J. Hamilton on Spanish
prices over the period from 1500 to 1650, combined with re-
liable data on the importation of treasure into Europe from A.
Soetbeer’s estimates (1891) and those of Hamilton, make it
possible to explain and interpret the historieal events of that
century and a half, Moreover, the comparative sterility of
Europe from the time of the fall of Rome to the discovery of
America is explained by the low and almost unchanging level
of prices as revealed by J. E. T. Roger’s classical study of
agricultural prices in England. ' '

The sudden expansion of literature and science in Europe
at the end of the sixteenth century is explained by the great
increase in economic well-being which took place during that
period. This well-being is not to be attributed to the rige in
prices, but rather to the increase in trade which is revealed by
an application of the equation of exchange, namely, MV = PT.
In this equation M is money, defined statistically by the data
on treasure, V is the velocity of money, assumed to be nearly
constant since the lack of a modern banking system restrained
circulation to a hand-to-hand exchange, P is price defined by
Hamilton’s data, and T is trade, computed in the form of a
relative from the equation of exchange itself. From this sta-
tistical stndy it was found that the effect of the defeat of the
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Spanish Armada upon Spanish trade was relatively unimpotr-
tant, but that the ultimate decline of the Spanish empire be-
gan with an economic collapse around 1624 of a magnitude
comparable with that of the American depression which fol-
lowed the stock-market break in 1929. There is also evidence
from historical sources that political experiments similar to
the AAA, the NRA, and the sales tax were attempted during
this period of Spanish history.

One method suggested for the statistical investigation of
the economic factor in history is a study of the equation ob-
tained by the differentiation with respect to time of the equa-
tion of exchange, namely,

aM av drP aT
irdr i L

Major wars are always attended by dP/d¢ , and an index
of the intensity with which wars affect individual economies
was suggested by this consideration, Also great inflationary
movements not related to wars, such, for example, as the
tulip mania in Holland around 1637, the South Sea Bubble in
England in 1720, the Mississippi Bubble in France in 1720,
and the American speculation in 1929, are accompanied by a
positive value for dM/dt , or by a positive value in 4V /dt,
without an increase in d7/dt. The first is illustrated by the
experiment of John Law, father of the Mississippi Bubble,
and the second by the stock-market inflation of 1929.

Golden ages in history are not caused by increasing prices,
but by increasing trade. These increases appear to be logistic
in character. In Spain during the sixteenth century and in
Europe and the United States in the nineteenth and twentieth
centuries, these trade logistics appear to have been about one
hundred years in length. The Spanish logistic was occasioned
by expanding commerce with the new world: the recent
American and European logistics were caused by the indus-
trial revolution brought about through the development and
application of scientific discoveries,

American political history was interpreted in terms of
the price index from 1797 to the present time. The thesis was
advanced that violent reactions to the political party in power
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occur when dP/dt is strongly negative. No real exceptions
are to be found to the proposition that the party in power is
re-elected when the derivative of price is strongly positive.
The American presidents, Van Buren, Buchanan, Johnson,
and Hoover, suffered severe repudiation in periods of violent
down-swings of the price index.
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Tuesday, July 16—The Cost of the New Deal and Its Ap-
proaching End, CARL SNYDER, for many years with the
Federal Reserve Bank of New York.

We live in a strange era, unique in the history of this
country. Following a thirty-year period of prosperity and
advancement never surpassed and perhaps rarely equalled by
this nation or any other nation in the history of the world, we
have had, since 1930, the longest and undoubtedly the most
severe depression which this country, at least, has known,
characterized by the largest number of unemployed and peo-
ple on relief yet recorded, even percentagewise. This is in con-
trast to the steady growth during the 140 years previous,
broken, it is true, by recurrent depressions sometimes severe
but always followed by fairly rapid and sustained recovery.

In the midst of this severe depression the American peo-
ple seemed deliberately to vote to continue the economic and
political policies which were responsible, The “New Deal,” of
course, was not accountable for the collapse following 1929,
but rather the “New Era,” and the unrestrained stock-market
speculation of that period. The “New Deal” policies were not
in the platform of 1932 but were originated after the party
came into power. The cost of these policies, in unrealized in-
dustrial gain, in the last ten years, has been prodigious, and
almost unbelievable. The writer’s estimate {8 of the order of
one hundred and fifty billion doliars. Mr. Leon Henderson, of
the Securities and Exchange Commission, has similarly esti-
mated the cost of the depression as one hundred thirty-five
billion dollars. Although the “New Deal” did not originate
the depression, the fabulous cost seems largely due thereto,
for if there had been a strong recovery in ’33-34 and a re-
sumption of normal industrial growth, as was the usual course
of events after past depressions, this would soon have made

- 92
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up the deficit of the preceding four, five, or six years. In other
words, incredible as it may seem, we should now have a na-
tional income or, if you please, an income per capita, twice
that of the present year and one-half greater than that of
1928 or ’29. |

What was the underlying cause for this prolonged and
baleful blight? Practically all the wealth, the comforts, the
conveniences, and, mainly, even the enjoyments of this mod-
ern world are due to machinery. These machines and contri-
vances and means of transport and all the rest are the prod-
uct of a rare race of inventors, discoverers, contrivers, enter-
prisers, and organizers, who constitute perhaps less than one
per cent of the population. In the last six or eight years we
have not exterminated this race, but we have so utterly dis-
couraged it that we have had no net gain in total product, no
increase in goods and enjoyment and wealth. This has been
due chiefly to cutting off of the lifeblood of the nation, indus-
trially and economically, that is, the capital supply. There has
been little opportunity for unfettered, free private enterprise.
—How long is this to last?

On the basis of statistical studies of political contests and
of national elections, through the last 60 or 80 years, the end
may, with high probability, be predicted at the next election.
This method is based on the observation of recurrent political
cycles of twenty years each, and on a study of the rate of
change of votes in the Congressional elections intermediate be-
tween the Presidential contests. By this method the Republi-
can success in 1896 could have been predicted, as could even
the curious result in 1912, By it the following predictions
were made privately to friends, but not published, in Novem-
ber, 1934:

1, That in 1936 Mr. Roosevelt would be re-elected Presi-
dent by a plurality as large as or larger than in 1932. It was
actually slightly larger.

2. That in 1938 there would be one of the heaviest
swings in the opposite direction since 1894. This was statis-
tically a fact.

3. That if this swing took place it would undoubtedly
mean the return of the Republican party to power in 1940.
This last predietion I still hold to.
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Supposing these prophecies fulfilled, what may we rea-
sonably expect within, say, the next ten years in an economic
way? Probably, a period of great prosperity, tempered by
endless strikes and labor controversies, in a last {yrannical
struggle of the labor magnates to continue their deadly and
throttling hold on American industry and therefore upon the
whole life of the nation. If the political domination of this
element is reasonably curtailed, we may have years of indus-
trial peace. Labor, it seems, has yet to learn that the only
possible way to increase wages is through an increase in the
product per worker.

There is a yet more ominous sign, the danger of wild and
unrestrained speculation, such as characterized the 1920’s and
led directly to the disastrous collapse of 1929, and therefore
to the “New Deal” and its great cost. We know now that
speculation can be controlled easily and simply, without in-
jury to trade and enterprise, by sole control of credit. Unfor-
tunately, the political heads of our financial administrations
have not in the past ever evidenced the slightest understand-
ing of this simple but all-important problem. Let us hope that
we may now have a more inteiligent financial and eredit pol-
iey, that will not be under the malign notion that successful
treasury policy is to keep down the Government interest rate.

Granting then some small hope that labor domination of
industry may be duly curbed and that crazy speculation will
likewise be reasonably restrained, we may, I think, look for
such an economic expansion as we have not had, for more than
very brief periods, in a hundred years or more. Immediately
the forces of industrial progress and well-being are released
from the fetters of the last eight years, all the splendid tech-
nical advance of the period—much of this resulting from cor-
poration expenditures on scientific research, made because
such expenditures offered some relief from income tax, will
bear magnificent fruit.
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Monday, July 22—Which Way to Peace? IRVING FISHER, Pro-
fessor Emeritus of Economics, Yale University.

Today it is more true than ever before that the world is
full of wars and rumors of war. Yet few want war. Why,
then, these wars in East and West? Why any war? How can
we rid ourselves of the terrible recurrent curse of war?

Like every other event, a war is the result of many causes.
Some are very superficial. Some are very fundamental. Some
are intermediate in importance.

Among the superficial causes is “Hitlerism.” But this
word does not explain how Hitler came to power, nor how,
after this Hitler is stopped, we are to prevent some new Hit-
ler from coming to power.

Among the intermediate causes of this war are the world-
wide depression and the monetary deflation which largely
caused the depression. The most neglected and hidden influ-
ence operating in human history is undoubtedly fluctuating
money, i.e., inflation and deflation. Inflation raises prices so
that people complain of a “high cost of living” and blame it
on the “profiteer.” Deflation lowers prices so that employers
lose money, stop producing, and discharge their workmen,
who then complain of unemployment and blame it on the em-
ployer. Just as deflation put Roosevelt into office in America
in 1932, it put Hitler into office in Germany in 1930.

Another intermediate cause of war is restriction of in-
ternational trade. So far as there was any substantial justi-
fication for Germany’s wars, it was to cut herself loose from
interferences with her international trade which, she rightly
felt, bound her hand and foot.

We should at least try to understand Hitler and also un-
derstand why the German people applaud him. We must do
both if we are ever to act intelligently about their misbeha-
vior. Had we understood them better ten and twenty years
ago, there might have been no such misbehavior today nor
any Hitler.

In 1918 Germany laid down her arms in accordance with
an agreement for which President Wilson’s fourteen points
were the essential bases. She trusted America to carry out
this pre-Armistice agreement. But it was a promise which
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America did not and could not fulfill. Instead came the Treaty
of Versailles which Germany, after being rendered helpless,
was forced to accept as a dictated peace instead of the negoti-
ated peace she had been led to expect. An impossible repara-
tion bill was drawn up and handed to Germany. Her colonies
were taken away. Nevertheless, at first and for some fifteen
years, Germany, even in her resentment at what she felt to be
injustice and perfidy, tried to carry out policies of “fulfill-
ment,” appeasement, conciliation. She even joined the League
of Nations. But Germany’s neighbors cut off her trade. So
did the United States.

Germany’s desperation culminated in 1930 when the acute
world-wide depression of that year reached Germany. This
blow was largely due to our American “deflation,” following
the stock-market crash of 1929. In a like position, we should
probably have been as resentful as Germany was.

To destroy Hitlerism is a military problem. To destroy
unstable money and trade restrictions are economic problems.
But to destroy war as an institution is a political problem. 1t
consists in substituting law for war. Law and war are the
two great alternative methods of settling disputes.

Disputes are inevitable. But war is not, as long as there
is another way that men like better to settle disputes. The
history of civilization is the history of the development of law
as the preferred method of settling disputes and so obtaining
peace. |
The earliest peace group was the family, where the patri-
arch laid down the law and enforced it, thus keeping peace
within the family group. Then came the village community,
a cluster of families with its government and justices of the
peace. Then came the state, a cluster of communities. Then
the nation, a cluster of states.

The process of the enlargment of the peace group from
one stage to another has always consisted of four steps. First,
isolation gave way to more frequent contacts. Next, contacts
led to disputes, especially over trade. Disputes led to fighting
as the only way available for settling them. Finally laws were
set up and observed, after the futility of war was recognized.

This substitution of law for war was either because one
party defeated the other and thereupon set up its own laws,
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oF because both parties agreed voluntarily to observe certain
conditions to keep the peace and to provide machinery for de-
ciding disputes by submitting them to a disinterested third
party as a tribunal.

After the World War of 1914-1918, we made a noble at-
tempt to substitute law for war through the League of Na-
tions and the World Court. But Wilson, just because he was
the greatest statesman of his time, was ahead of his times,
and his efforts were defeated by Clemenceau and Lloyd George
and by our own Senate. The United States never joined the
League, and the dominant members of the League refused to
give effect to Article 19 and make needed revisions in the
Treaty. Oppressed Germany turned to Hitler.

It was a ghastly tragedy that the world was not ready in
1918 for a world organization. Had it been, had Wilson’s great
idea had the enthusiastic support it deserved, there would be
no peace problem today. Perhaps the world is not ready even
yet. But we are making progress. The isolationists today even
in the United States are few and hesitant.

But again we ask: After this war, what? I have no doubt
that in some form the fourth step or some attempt at it will
be taken. The present wars in Europe and Asia are, like all
wars, temporary expedients. They can’t go on forever.

Now the fourth step, the substitution of law for war,
may be taken, as it has been taken in the past, in either one
of two ways.

Rither the victor will annex the vanquished and impose
his laws on the vanquished, or there will be voluntary agree-
ment, through some sort of a League of Nations, as after the
last war.

It is time for us to see clearly that isolaticn 1s no longer
possible, and that we merely have the choice between being
a member of a voluntary world organization, on an equal foot-
ing with other members, or an involuntary member of a world
empire as a conquered nation.

I cannot see any third permanent solution of our presernt
problem of peace and war. No “balance of power” is likely to
stay in balance long. All nations must eventually unite. We
may unite with other nations voluntarily or involuntarily;
that is all. Unite we must in any case. And if we are to avoid



98 CowLESs COMMISSION

the wrong way of uniting, we must not delay too long finding
the right way.

Herbert Spencer was right in saying that the economic
organism bears some analogy to the biological organism. The
whole world is now well developed economically, i.e., in what
corresponds to the body’s circulatory system. But its regu-
latory system has not caught up. War represents the growing
pains we suffer until it can catch up.

As long as the growth of the regulatory system lags be-
hind that of the circulatory system, one of the symptoms of
this maladjustment is the race in armaments. This race can-
not be avoided as long as we have no international organiza-
tion to prevent it. The pacifist who advises us to “set a good
example” is not facing facts. His advice amounts to asking
us to bare our breast to the foreigner’s dagger.

It would be far better, of course, for all concerned, if all
would disarm. But as long as others will not, we cannot. The
only practical disarmament is by agreement—we will if you
will.

We may put this whole problem of disarmament and its
relation to an international organization to keep the peace
into an aphorism: Either we must compete with the rest of
the world in armament or combine with the rest of the world
in disarmament.

At present we must accept the first alternative, Later,
when the economic burden of keeping up this insane compe-
tition sufficiently gets through the heads of the public, includ-
ing the followers of Hitler and the other dictators, that ter-
rible burden with its taxes and debts will act as a powerful in-
centive toward a world organization as an escape, providing
as it will a cheaper, surer, and better way to keep the peace.

Our own immediate concern is the military problem of
preventing Hitler from possibly including America in his
scheme. Next will come the great economic problems of world
money and trade. But we shall not finish until we have solved
the great political problem of world peace through world or-
ganization. A world governmental organization is the most
fundamental principle for the establishment of permanent
peace. Tennyson foresaw this a hundred years ago in “Locks-
ley Hall”:
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Till the war-drum throbbed no longer, and the battle-flags were
furled
In the Parliament of man, the Federation of the world.

There the common sense of most shall hold a fretful realm in
awe,
And the kindly earth shall slumber, lJapped in universal law.
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