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FOREWORD

Broadly stated, the purpose of the present study is to
describe and evaluate the work which has been and is -
being done in the United States in the collection and
analysis of statistics of farm costs of production. How
such data are collected, who collects them, what purposes
they have been intended to serve, how far they are suit-
able to serve these purposes: all these are topics of some
interest and importance, Not long ago agitation was com-
mon for the fixation of prices by government on the basis
of “cost of production plus a reasonable profit”; today
changes in tariff duties involve determination of the dif-
ference between costs of production at home and abroad;
for many years organized effort has been made to in-
crease farm efficiency through the study of farm costs of
production. It is desirable to examine the propriety of
employing farm cost data for important purposes like
these. ‘

A long-continued study of the literature of farm costs
has convinced the present writer that, if the possibilities
and limitations of farm cost investigation are to be clearly
recognized, more consideration ought to be given to the
general theory of cost-and-price relationships in agri-
culture. Those who have compiled and analyzed the sta-
tistics of farm costs have ordinarily approached their
problems from the point of view of accountancy. Pri-
marily they have sought accurate methods of expressing
costs; and too few attempts. have been made to synthesize
the existing doctrines of price theory with the statistical
material which they have gathered. It is perhaps more
proper to say that in many instances the theoretical doc-
trines have been misinterpreted. A major purpose of the
present paper is to point out these misinterpretations.
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Consequently a large part of the subsequent discussion is
of a theoretical nature.

The study is addressed broadly to farmers and legis-
lators as well as to professional students of economics
and farm management. The use of public funds to gather
data serviceable for increasing farm efficiency, for price
fixing, or for tariff making, is or ought to be a matter of
general concern. It has been the intention of the writer
to discuss some intricacies of the theory of prices in such
a manner that the general reader can follow the reason-
ing; and the writer hopes that this aim has been achieved.
But the study was not designed merely for popular con-
sumption. It is hoped that teachers of economics will find
material—historical, statistical, and theoretical—not else-
where available. It is hoped, in short, that any reader can
find herein a sounder and more thorough discussion of
the significance of agricultural costs of production than
he can discover in any other single source.

The investigation falls naturally into four parts.
Chapters i-iii include a generalized description of the
forms of statistical data to be found in farm cost studies
and of the sources of such data; a historical review of
farm cost investigation; and an analysis of the objectives
to which investigators have addressed themselves. Chap-
ters iv—vi provide a groundwork for the critical examina-
tion of the usefulness of cost study in achieving these
objectives—the matter with which we shall be chiefly
concerned. In these chapters are considered the methods
of collecting cost data, the significance of accounting
principles, the nature of variations in farm costs of pro-
duction, and the causes of the observed variations, with
special reference to the question as to how far these va-
riations are subject to control by farmers. Chapters vii-ix
deal with cost studies undertaken in furtherance of the
general objective of farm management—to increase farm
efficiency, or to provide farmers with a basis for making



FOREWORD vii:

the best possible choice of enterprises and methods.
Chapters x-xii deal with cost studies undertaken in gen-
eral to influence prices. Here the discussion is more
largely theoretical. The relation of agricultural costs to
agricultural prices is considered first, and thereafter the
theories underlying the use of farm cost data in price
fixing and in tariff making. _
Conclusions are summarized briefly in .chapter xiii.
An appendix deals with a technical aspect of farm man-
agement cost analysis, the recent proposal to apply the
multiple or partial correlation analysis to farm cost data.
Several topics of some importance are not considered
in the present study. The first is the subject of account
keeping for farmers. Agricultural educational agencies
have long been concerned to teach farmers how to keep
accounts—either simple financial accounts, by single or
double entry, or more involved cost accounts. This sub-
ject is excluded not because it is an unimportant type of
work involving cost data, but because it has had only an
indirect connection with the process of collecting and
analyzing statistics from groups of farms. :
The second excluded topic, closely allied to the first,
is that of the development of sound and usable princi-
ples of accounting. Accounting principles are considered
only from the point of view of their effect on cost data
which are to be used in cost-and-price comparisons. Much
discussion about appropriate accounting procedures has
raged in the past among farm management investigators,
and beyond a doubt changes in accounting procedures
have resulted in rendering useless, because incomparable,
data gathered chiefly by the route method from the same
farms in successive years. But recently farm management
cost investigators have practically abandoned attempts
either to gather or to compare complete and accurate data
on the money costs of producing particular products, so
that accounting principles play-a far smaller réle in farm
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management investigation than was the case even five
years ago. It appears desirable in this study to examine
the difficulties to be encountered in currently accepted
analytical methods, and hence to ignore methods now
abandoned and disputes chiefly of historical interest.

A third topic has not been given the consideration
which it perhaps deserves. Farm cost data have more
than once been employed in discussions of farm pros-
perity. But such utilization of data has usually been inci-
dental; cost data have never been collected from specific
groups of farms merely to afford comparisons between
different farming areas, between different years, and be-
tween farming and other pursuits; and one must extend
somewhat the meaning of the term “cost data” if one is
to include the data on trends in agricultural wages, inter-
est rates, and the like that have been employed in discus-
sions of farm prosperity. The subject of farm prosperity,
its measurement and causes, is far too broad a subject to
be treated in a study dealing chiefly with data on the
costs incurred by specific groups of farmers in producing
specific products, especially since these data have not
heen employed extensively in broad discussions of farm
prosperity.

Acknowledgments are due to Dr. Joseph S. Davis, of
the Food Research Institute of Stanford University, for
invaluable advice and suggestions. The study has been
made possible only by the fact that it was conducted and
financed as a part of the research program of the Food
Research Institute. Through the generosity of the Insti-
tute, the author was enabled in the fall of 1924 to visit
many organizations which were conducting farm cost
studies; and the information secured on this trip, largely
through the kindness of workers in the field too numerous
to specify, has proved invaluable. For careful reading of
the manuscript and many valuable suggestions, the writer
is indebted to Professors H. E. Erdman of the University
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of California, Bernard F. Haley of Stanford University,
George A. Pond of the University of Minnesota, and to
Dr. Carl L. Alsberg, Dr. Alonzo E. Taylor, and Dr. Hol-
brook Working, of the Food Research Institute. The

charts were prepared by Douglas L. King.
M.K.B.

STANFORD UNIVERSITY, CALIFORNIA
June 1, 1928
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APPENDIX

CORRELATION ANALYSIS IN FARM MANAGEMENT
RESEARCH

 §

‘Within the past few years there has been an increasing dispo-
sition among experts in farm management and agricultural eco-
nomics to employ elaborate forms of the correlation analysis as
the best method of conducting research in farm management. A
major aspect of the problem to which farm management investi-
gators address themselves is that of evolving certain generalized
statements respecting the factors affecting farm profits in well-
defined areas. Such investigation has been conducted for many
years, until recently by the device of “cross-tabulation” or “group-
ing and averaging”—that is, by carefully contrasting in tables the
variations in “profits” successively with variations in such factors
as the size of farms, yields, receipts from various crops, and the
like.

It is now proposed largely to abandon the older cross-
tabulation analysis, and to substitute multiple correlation analysis,
using either the older method which assumes linear relationships
between the variables, or a modified method permitting the use
of curvilinear relationships. There can be no question that the
methods of multiple correlation properly applied may yield much
information which cannot be obtained by the cross-tabulation
method. In particular, it permits a simultaneous determination of
the separate effects of several related factors where the cross-
tabulation method, like a simple correlation, attributes to a single
factor the effects of that factor plus a part of the effects of all
other factors that happen to be correlated with it.

But questions may well be raised regarding the usefulness of
the partial or multiple correlation analysis to serve the general
purpose of farm management research. This purpose is not merely
to explain last year’s profits on a specified group of farms, but also
to lay down generalizations valid over periods of years concern-
ing the relationship between profits and the factors affecting
profits, and further to point out specifically to farmers what they
ought to do to secure higher profits. The last is the true or ulti-

266
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mate objective. Obviously it cannot be attained unless the first
two steps in the analytical process are successfully undertaken.

Little has been written in criticism of the proposal to employ
the partial correlation analysis in farm business analysis surveys.
The literature on the subject has thus far dealt largely with expo-
sition of the method and development and testing of the device,
and it has emanated chiefly from advocates of the method. Yet
there are certain significant limitations on the general procedure
which might well be more clearly recognized, especially since
farm management is a field of investigation wherein standardiza-
tion of analytical methods proceeds rapidly through the influence
of the United States Department of Agriculture. The adoption of
the partial correlation analysis in farm management research has
been urged by influential members of the Department. But in the
judgment of the present writer it is a device at once too compli-
cated, expensive, and uncertain to justify its adoption generally
throughout the various research agencies, though it may well
prove to be the most satisfactory of available methods in the hands
of a few qualified investigators working on a mass of really ade-
quate data. It seems desirable here to point out certain of the
more obvious difficulties in applying the partial correlation analy-
sis to farm management data.

I

Although the systematic collection and analysis of farm cost
data began in 1902, correlation analysis was not proposed until
1917. In that year Tolley! urged its adoption in a publication
explaining, with illustrations, the methods of computing both
gross and net coefficients (linear). For several years the proposal
seems to have received little attention, but, beginning with 1923,
discussion and use of the correlation method became more com-
mon. Taylor,2 in a journal article, discussed a partial correlation
analysis of data from 965 farms in Jowa, and stressed the impor-
tance of employing partial rather than gross correlation because
of the inter-relationship usually existing between the factors af-
fecting farm profits. A few months later Ezekiel® discussed rather

2 heory of Correlation as Applied to Farm-Survey Data
on Faltll.u?i‘n;r ;1‘11;? ;'ehe; {U.S. ;’)ep’artment of Agriculture Bulletin 504), May 1917.

2C. C. Taylor, “A Statistical Analysis of Farm Management Data,” Journal
of Farm Economics, July 1823, V, 153-62.

3 M. Ezekiel, “The Use of Partial Correlation in the Analysis of Farm
Management Data,” Journal of Farm Economics, October 1923, V, 198-213.
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thoroughly, on the basis of the same data employed by Taylor, the
general problems of farm profits analysis by the correlation
method. He showed its superiority to the customary “grouping
and averaging” or “cross-tabulation” method, endorsed Taylor’s
contention that partial correlation was necessary, demonstrated
the need for careful definition of the variables, laid down general
rules for the use of the method, and indicated the need for some
means of handling partial correlations when relationships were
known to be not rectilinear, but curvilinear—a situation to be
expected in agriculture, where the law of diminishing returns
operates. Ezekiel and Tolley! toward the end of 1923 explained in
a technical paper a short method for computing the coefficients
of net correlation and the multiple correlation coefficient, thus
lessening the labor of computation to such a degree that the
‘handling of many variables became feasible. Linear relationships
were assumed.

Early in 1924 Ezekiel published a preliminary report on an
analysis of farm management data from a dairying region in
Pennsylvania; but although the author employed correlation
analysis, this preliminary statement made no reference to the
method. A few months later Tolley and Mendum again explained
the use of simple rectilinear correlation, laying particular stress
upon scatter-diagrams, lines of regression, and regression coef-
ficients.2 In September Tolley, Black, and Ezekiel outlined, in an
important bulletin, the uses to which partial correlation analysis,
both rectilinear and curvilinear, might be put and illustrated the
methods to be employed.® Particular stress was laid upon the use
of regression coefficients as forecasting devices, useful in the
problem of aiding the farmer to achieve the highest possible future
profits.. In December Ezekiel* developed (independently of Mills).
the index of correlation, and, employing it, demonstrated a
method for handling partial curvilinear correlation.

1 H. R. Tolley and M. J. B. Ezekiel, *A Method of Handling Multiple Corre-
lation Problems,” Journal of the Americant Statistical Association, December
1923, XVIII, 993-1003.

3 H. R. Tolley and S. W. Mendum, A Method of Testing Farm-Management
and Cost-of-Production Data for Validity of Conclusions (U.S. Departnent of
Agriculture Circular 307), March 1924,

* H. R. Tolley, J. D, Black, and M. J. B. Ezekiel, Input as Related to Output
in Farm Organization and Cost-of-Production Studies (U.S. Department of Agri-
culture Bulletin 1277), September 1924.

¢ M. Ezekiel, “A Method of Handling Curvilinear Correlation for Any Num-
ber of Variables,” Journal of the American Statistical Association, December
1924, XIX, 431-53. -
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Up to this point the development had been chiefly in
the perfection of a technique which permitted the appli-
cation of correlation analysis to a multiple-variable problem
wherein the relationships were curvilinear as well as recti-
linear, and in thé explanation of statistical methodology,
illastrated from farm management data. In 1925 direct applica-
tions of the method began to appear. In June, Crickman! pub-
lished a study of farm organization and management in Warren
County, Iowa, basing it upon surveys taken in 1916 (832 farms),
1919 (477 farms), and 1922 (231 farms). Partial rectilinear cor-
relation was employed, but the details of its use were not made
clear until November, in a separate bulletin.2 In QOctober Hitch-
cock?® applied simple linear correlation to survey data obtained -
chiefly from 189 farms in Vermont for the year 1922-23. In
November Taylor and Hurd4 employed rectilinear partial correla-
tion in analyzing survey data from farms in Tama County, Iowa
(965 farms 1913, 237 farms 1921; correlation was not applied to
210 records obtained for 1918). In the same month Vernon and
Ezekiel,s using both rectilinear and curvilinear partial correla-
tion, presented an analysis of records from 258 tobacco farms in
Virginia for the year 1922-23, but omitted any detailed explana-
tion of their analytical methods. In October Ezekiel, touching
upon a different problem, had employed multiple correlation to
demonstrate that operator’s earnings constituted a figure more
suitable as an index of financial success than labor income or per
cent of return on investment.® In April 1926, Ezekiel published in
final form the results of an analysis of 422 records obtained from

1C, W. Crickman, Farm Organization and Management Studies in Warren
County, Iowa (Iowa Agricultural Experiment Station Bulletin 229), June 1925.

2C. W, Crickman, A4 Partial Correlation Analysis of Farm Organization and
Management Data from Warren County, Iowa (Ilowa Agricultural Experiment
Station Research Bulletin 89), November 1925. .

33, A. Hitcheock, A Study in Vermont Dairg Farming (Vermont Agricultural
Experiment Station Research Bulletin 88), November 1925.

¢C. C. Taylor and E. B. Hurd, Farm Organization and Farm Profits in Tama
County, Iowa (lowa Agricultural Experiment Station Research Bulletin 88),
November 1925.

53, J. Vernon and M. J. B. Ezekiel, Causes of Profit or Loss on Virginia
Tobacco Farms (Virginia Agricultural Experiment Station Bulletin 241), Novem-
ber 1925.

8 M, Ezekiel, “A Statistical Test of Measures of Farmers’ Financial Success,”
Journal of Farm Economics, October 1925, VII, 399-413.
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farms in southeastern Pennsylvania.* In all these publications
there appears only one thoroughgoing attempt (Ezekiel, 1926) to
employ the partial curvilinear correlation analysis. The literature
consists chiefly of either (1) explanations and illustrations of
some form of correlation analysis, intended to show what can be
done with the various methods, or (2) thorough analyses, like
Taylor’s and Hurd’s or Crickman’s, which employ only rectilinear
partial correlation. But curvilinear correlation differs from recti-
linear only in so far as it accounts for relationships not rectilinear
in nature between variables (indisputably often the case in agri-
culture); the logical processes underlying the analysis, and the
_ interpretation of correlation coeflicients, are essentially subject to
the same principles. Since we are here concerned with some of
these fundamental principles, we may proceed without special
reference to the type of correlation employed. It is to be noted
that the correlation analysis, as employed in farm management
* inquiry, is applied to data for one year only. No attempt has thus
far been made to correlate time series. )

m

‘The difficulties in the use of the partial correlation analysis
in farm management research may be considered under four
heads: (1) The securing of adequate data; (2) The choice of
variables; (3) The imputation of causal relationships between
variables; and (4) The interpretation of low-value coefficients.

Adequacy of Data—The partial correlation analysis is one’of
the most intricate, detailed, and refined methods of statistical pro-
cedure, a device which may well be reserved for application only
to basic data which may be accepted as reasonably accurate.
Questions may be raised regarding the accuracy of the data which
are available to farm management investigators.

The first requirement is an adequate number of records, since,
broadly speaking, the validity of conclusions drawn from correla-
tion coefficients depends upon the size of the probable errors of
the coefficients and probable errors are larger as the number of
records is smaller. Even within a relatively restricted and fairly
homogeneous area farms vary widely in size, volume and type of
production, and natural endowments. On general principles it
may therefore be assumed that data from several hundred farms,
probably from 400 to 1,000, are required if one is to be assured

1 Mordecai Ezekiel, Factors Affecting Farmers’ Earnings in Southeastern
Pennsylvania (U.S. Department of Agriculture Bulletin 1400), April .1926.
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that a representative sampling has been secured. Investigators
who have employed correlation analysis have for the most part
secured an adequate number of records. Nevertheless the require-
ment imposes a significant limitation on the use of the device.

This limitation arises from the fact that so large a number of
records must be obtained either by a method yielding unduly
inaccurate data, or by a method involving prohibitive expense—
at least under present conditions.?

In order to obtain really accurate data on quantitative expen-
ditures the route method must be used, but it is likely that one
year’s data from as many as fifty farms would cost $2,000 or
$3,000 at a minimum. The expense of obtaining route data from
500 farms would be prohibitive. Consequently the survey methéd
is the only practicable one. This method is accurate in so far ds
the farmer’s memory is dependable and the field agent’s skill is
great in checking the farmer’s answers, one against the other.
Merely because of the number and kind of items which must be
remembered and checked, there is reason to believe that a good
deal of error must occur in the estimates given by individual
farmers. These errors are not so significant as entirely to discredit
the use of the survey method, but the liklihood of their presence’
is sufficiently great to give rise to the contention that correlation
coefficients calculated from survey data probably need to be-
accepted with considerable reserve. The data are by no means
strictly comparable with “errors of observation” in physical
measurements, or even with enumerations. Under the survey
method, of course, certain items are more trustworthy -than
others: areas and numbers of live stock, for example, are likely
to be reported more accurately than values or quantitative expen-
ditures. Even under the route method significant errors may
occur. One would suppose that it ought to be possible to account
for the disposition of wheat on farms with real accuracy. But
Table 1A (p. 272), compiled from route cost records obtained from
five farms in Jackson County, Kansas, in 1920, gives reason to ques-
tion the accuracy even of the route method. Discrepancies in the
recorded disposition of quantities of wheat produced are large,
and one cannot ascertain precisely where the errors of recording
occurred. This table, of course, is not presented as typical of the
data obtained from route cost investigation; it is intended merely
to show that the route method does not preclude errors, even

1Expense of gathering data would not be so serious a problem if more
farmers kept accurate records under a uniform system, or if the co-operative
service now operating in Illinois should come into gommon use,
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when conducted with care, as the investigation yielding these data
appears to have been.

If records err, memory may err also. The inexact quality of
survey data ought to be remembered by investigators employing
the correlation analysis. The danger is that refinement of the
analytical procedures will create a disposition to ignore the mat-
ter; statements regarding inaccuracies of data have always been
too uncommon in published studies.

TABLE 1A.—DiSPOSITION OF WHEAT ON FIvE FARMS IN JACKSON
’ CounTty, KaNsas, 1920*

(Bushels)
Opent Closing Oon- | Total

Farm No. | inven- | Pro- Pur- | Total | inven- | Sales | sumed |disposi- | Discrep-
tory | duced | chased | supply| tory lon farm| tion | ancies

45 909 954 1,188 1,188 4234

8 386 29 422 10 176 28 214 —208

876 876 874 120 944 +119

0 680 760 465 148 46 647 —103

604 604 246 250 2 616 | — 88

- * Compiled from original route cost data furnished the Food Research Insti-
tute by the Kansas State Agricultural College.

Even if accurate data could be secured by the route method,
the propriety of basing conclusions upon one year’s data may be
questioned. Farmers within a given area do not tend to maintain
their rank in labor income from year to year, but fluctuate widely
from high to low positions on the curve of incomes. The same
can probably be said with respect to other income figures—the
dependent variables in the correlation analysis—such as “opera-
tor’s earnings.” Now if investigators are seeking to develop per-
manently valid generalizations, it is clear that this inconsistency
of farmers in maintaining their rank in income gives rise to the
necessity of employing data for more than one year. Size of
farms, for example, would not show considerable change from
one year to the next, while labor income would change. Thus in
one year a high correlation might be found between labor income
and size of farms, while in the next year it might prove low.
Similar difficulties might appear in correlating acres in corn with
labor income, for, though acreage might remain constant, yield on
‘some farms might be high in one year, low in the next, on account
of soil conditions; and changes in yield might affect labor incomes
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so that the correlation of acreage in corn with labor income
proved quite different in the two years.

It would appear that a thoroughgoing correlation analysis .
ought to be based on data for several years, at least if investigators
seek to develop general principles of farm mainagement. Thus
far no such analysis has been attempted, for investigators have’
apparently been inclined to believe that farmers consistently
maintain their positions on the income curve. Until correlation
analyses have been run on three or four years’ data from the
same area, we shall have only an inadequate notion of the factors
usually significant in their bearing on profits in that area. In the:
judgment of the present writer, two or three such analyses (using
one year’s data at a time, with the same variables each year but
not necessarily data from the same farms; and comparing the cor-
relation coefficients so as to determine whether or not the same
factors are significant each year) ought to be undertaken in pref-
erence to many analyses of one year’s data. Such analyses of data
obtained in carefully selected areas would probably contribute
more definite and dependable knowledge of the factors affecting
farm profits than we now possess despite 25 years of farm man-
agement research. But only a few such inquiries ought to be con-,
ducted in view of their expense and of the paucity of capable
statisticians. :

Choice of Variables—The correlation analysis involves at the
outset a set of definitions of variables. Hypotheses must be formed
respecting the form of farm income which is to be analyzed, and.
the factors which may reasonably be supposed to affect it. Sum-
mary figures representing each factor must be compiled from the
raw data. Table 2A (p. 274) displays the summary figures which
have actually been employed in the more extensive correlation
apalyses. The table emphasizes the fact that the problem of ex-
plaining farm profits is a multiple-variable problem; the most
elaborate analysis includes 20 variables.

An analysis including variables defined as those of Table 2A,
however, constitutes scarcely more than an approach to the prob-
Jem in hand. Even after correlation coefficients or coefficients of
determination have been calculated, all that one knows is that,
roughly speaking, certain of the defined factors apparently bore
a closer relationship to profits than certain others. Most of the
variables are not simple, but complex. Thus “receipts” variables
are composites of volumes of produce sold and prices received.
Volume of sales may depend on acreage and yield; yield on soil,



TABLE 2A.—VARIABLES EMPLOYED IN SELECTED CORRELATION ANALYSES OF FACTORS AFFECTING
FarM PROFITS* .

Ezekiel, Taylor, Hurd
(1913 data)

Crickman
(1921 data)

Taylor, Hurd
(1921 data)

Ezekie]
(1922-23 data)

Labor income

Acres operated

Crop acres per horse

Acres in crops

Percentage of area in corn

Percentage of area in hay and
pasture

Percentage of area in small
grains

Productive animal units

Crop index

Live stock index
Percentage
dat

of receipts from

Percentage of receipts from
hogs
Percentage from

of receipts
cattle

Percentage from

crops

of receipts

Months of man labor

Total capital

Percentage of working capital
1s percentage of total capital

Profits

Acres operated
Acres pasture per animal unit

Acres of corn
Acres of hay and pasture

Acres of small grains

Productive animal units
Crop index

Live stock index

Percentage of receipts from
dai

ry
Pel:‘cemase of receipts from |
ogs

Percentage of receipts from
cattle

Percentage of receipts from
crops

Months of man labor
Value of real estate per A.

Profits
Acres operated

Percentage of area in corn
Percentage of area in hay
Percentage of area in pasture
Percentage of area in oats

Corn yield per A.

Oat yield per A.

Lbs. gork produced

Lbs. beef produced

Receipts from live stock per
0 acres

Receipts from corn per 100
Rexéipts from oats per 100

Rent charge per A.
Building charge per A.
Machinery value per A.
Hog price per pound
Cattle price per pound
Pounds of dead hogs

Operator’s earnings.

Acres In crops

Acres in pasture

Number of cows
Crop index 4

Receipts from dairy herd
Receipts from hogs
Recefpts from beef cattle
Receipts from shee

Receipts from pouitry
Receipts from crops

Labor {ndex

Percentage of dairy feed
purchased

* Sources: For Column 1, M. Ezekiel, “The Use of Partial Correlation in the Analysis of Farm Cost Data,” Journal of

Farm Economlics, V, 202; and

C. C. Taylor and E. B. H
Agricultural Experiment Station Rescarch Bulletin 88), November 1925, p. 321.
Correlation Analysis of Farm Organization and Management Data from '&a

For Column
rren County, lowa

Station Research Bulletin 89), November 1925, p. 12, For Column 3, Taylor and Hurd, loec.
Ezcklel, Factors Affecting Earnings in Southeastern Pennsylvania (U.S. Department of Agriculture Bulletin 1400), April 1926,

p. 66,

2 C. W,
(fowa Agricultural

urd, Farm Organization and Farm Profits in Tama County, lowa_(lowa

Crickman, 4 Partial
xperiment

For Column 4, Mordecai
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fertilization, precipitation, or cultivation, and others; while price
(aside from general influences) must be affected more or less by
time of marketing and quality, perhaps by bargaining ability.
That a high correlation is found between profits and receipts
from one source or another is therefore not a finding of great sig-
nificance in itself; the analysis must be pushed farther if one is
to point out specifically what factors affect receipts, and in addi-
tion indicate to farmers what they both ought and can do to in-
crease receipts.

When this stage of the analysis is reached (in the published
studies only those by Ezekiel have pressed so far) difficulties are
certain to arise in two directions: securing sufficiently accurate
data on details, and distinguishing controllable from uncontrol-
Iable factors. As a practical matter it is not feasible by any method
to obtain data on soil quality, precipitation, and temperature on
each of a large group of farms; and accurate data on feeding
practices and labor utilization are probably not to be bad by the
survey method. Consequently the correlation analysis must re-
main to some degree an inadequate analysis. It must remain so
unless very heavy expenditures are to be made in securing data
adequate to explain all that farm management investigators seek
to explain. Such expenditures ought not to be incurred in more
than a few instances, especially in view of cheaper alternative
methods of attacking the same problem. Hence the multiple cor-
relation analysis ought not to be regarded as an analytical device
suitable for general adoption in the agricultural experiment
stations.

If the correlation analysis is to render to farmers the sort of
services which investigators apparently contemplate, the defini-
tion of variables ought to be such that measurement is possible
of the extent to which factors that farmers can control influence
profits. To establish the proposition that yield as summarized in
“crop indexes” or “live-stock indexes” influences income to such
and such a degree is doubtless a useful contribution to knowledge;
but it is not a proposition of major interest to individual farmers.
The analysis must be carried farther in order merely to explain
yield, and farther still if farmers are to be informed precisely how
to increase yields and increase profits at the same time. Broadly
speaking, one might suppose that yield is dependent not only
upon largely controllable factors like seed selection, date and
depth of planting, fertilizing, closeness of rows, and methods of
cultivation, but also upon uncontrollable factors like precipitation,
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temperature, and chemical composition and texture of soils. Sup-
pose hours of labor per acre appears not to be correlated with
yield. Does this demonstrate that intensity of cultivation has no
noticeable effect; or does it mean that an hour of one man’s labor
is not the same as another’s for reasons of differences in physical
constitution and that this is the only cause of variation in hours
of labor per acre; or does it mean that farmers with low-lying
fields were forced to spend more time in soil preparation than
others of the group because of heavy rainfall, and yet secured
the same yields on the average? It is clear that what investigators
seek is to indicate procedures whereby farmers can increase their
profits if they will. But it is equally clear that only the most de-
tailed records will provide data adequate to permit the requisite
separation of controllable from uncontrollable influences; and one
may doubt if thoroughly adequate data could be obtained by any
means whatsoever.

Imputation of Causal Relationship.—Most writers on the the-
ory of correlation recognize that the process does nothing more
than to measure, more precisely than is otherwise possible, the
degree to which two variables vary with each other. The corre-
lation coefficient enables us to say with some precision how far
high, medium, and low orders of one variable are associated with
high, medium, and low orders of the other. Nothing but the pres-
ence or absence of association is measured. No light whatever is
thrown upon the nature of the association; it may be directly
causal and compulsory, or wholly incidental, or a mixture of the
two. Suppose farm profits were to be correlated with length of
farmers’ fingers, and a coefficient of +.4 emerged. Nothing in the
theory of correlation compels us to infer that the one is the cause
of the other; we are assured merely that, for the data in hand,
long fingers were associated somehow or other with high profits.
And if a high correlation is found between yield and profits,
nothing is proved but that a high degree of association exists; it
need not be a causal relation. That the relation is in fact causal
must be established on quite different grounds.

Yet to assume that high correlation proves high causal rela-
tionship is a tempting procedure in economic analysis, simply be-
cause economic inquiry is largely directed toward explanation of
effects by causes. This is, as we have seen, the chief object in farm
cost inquiry. We wish to determine what factors influenced
profits. We meditate upon the possible causal influences and fix
upon a list, say of twenty. Some of these we regard as more im-
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portant than others, but on account of the complexities of their
relationship, we are uncertain which to choose. On carrying
through a partial correlation analysis, we reach coefficients meas-
uring the net association of each independent variable with the
dependent variable. We scan the list; and at this point the chief
danger of the process arises. For, observing that certain coef-
ficients are of higher value than the others, we argue that causal
importance is shown by the rank of the coefficients; yet no such
thing is proved. We merely know that various degrees of associa-
tion exist. It might still be true that the factor with, say, the third
highest coefficient was in fact the one most important in its causal
influence on profits. The process of correlation provides no de-
pendable means for separating association of a causal nature from
association of an accidental nature.

The literature of correlation analysis of farm management
data is not free from this fallacy; and no writer seems to have
given specific warning against it. Vernon and Ezekiel list receipts
per acre of tobacco, area in fobacco, and receipts from other crops
as important in the order named for their causal influence on
earnings, and the conclusion is apparently based on the relative
size of the coefficients.! Crickman, clearly arguing from the size
of coefficients, says, “it is found that the most important fac-
tors, in order of importance, are the production per animal unit,
efficiency in the use of man labor, value of the real estate per
acre, . . . . crop yields, and the amount of pasture used to carry
one animal unit.”? Hitchcock, presenting a tabular statement of
correlation coefficients, says: “. . .. the relative size of the several
coefficients indicates the relative importance of the several fac-
tors.”s Almost every writer speaks of the independent variables
as causal, the dependent as resultant.

Correlation is in this respect a dangerous tool. It should not
be employed as an infallible means of discovering and measuring
the relative importance of causal relationship, for it leads easily to
what may be called the fallacious argument from association. It is
a particularly insidious method in a problem where the object is
largely to disentangle many obscure causal relationships; and
farm cost investigation is a problem of this sort. To attack farm

2 Vernon and Ezekiel, op. cit., p. 45.

2 Crickman, A Partial Correlation Analysis of . . . . Data from Warren
County, lowa (Iowa Agricultural Experiment Station Research Bulletin 89),
November 1925, p. 2. .

8 Hitcheock, op. cit., p. 46.
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cost analysis by guessing at factors likely to influence profits, cor-
relating these by any method whatever, and gauging the causal
importance of the factors by reference to the relative sizes of the
correlation coefficients is theoretically unsound, but tempting be-
cause it seems decisive. There is real danger that such a rule-of-
thumb procedure should gain adherents in a field where stand-
ardization of analytical methods is customary. Correlation is not
a mechanical substitute for logic. In the end it provides only a
statistical description. As Keynes says, “. . . . not unnaturally, the
more complicated and technical investigations become, the more
prone enquirers are to mistake the statistical description for an
inductive generalization.”® The evidence indicates that advocates
of correlation analysis of farm cost data have fallen into this error.

From another point of view, however, correlation bids fair to
perform a service not otherwise available. Tolley and Mendum
regard it as essentially a check “on the validity of data under
study . . . .2 In the light of our earlier remarks, it is clear that
hypotheses regarding causal relationships are not infallibly veri-
fied by the device. But it may nevertheless be argued that although
the presence of high correlation by no means constitutes certain
proof of causal relationships, its absence may be employed to
disprove hypotheses. Thus if very great causal relationship is
expected, and practically no correlation is found, there is good
reason to question the hypothesis. Use has been made of this
method of arguing to show that size of farm has less influence on
profits than has commonly been supposed. In this respect corre-
lation seems serviceable in curtailing the number of erroneous
conclusions which without it might gain acceptance. But it is
unwise, and indeed impossible, to press this use of the device
very far. If one expected a coefficient of +.8 and obtained no
correlation, then it could properly be said that a hypothesis was
disproved. But the same could not be said where coefficients in
the middle and lower ranges were expected, and only slightly
lower coeflicients were obtained. The disproof of the hypothesis
would here be no more certain than the proof of a hypothesis
would be when “some” causal relationship was predicted, and
“some” correlation was obtained.

Interpretation of Low-Value Coefficients—We have already
seen that the problem of explaining farm profits by correlation
analysis is a multi-variable problem. In such a problem we have

1J. M. Eeynes, A Treatise on Probability, p. 329.
2 Tolley and Mendum, op. cit., p. 13.
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every reason to expect that most of the coefficients obtained in the
analysis will be of low value. It is impossible that each of, say,
20 variables should show a large effect on farm profits. From
what evidence we have, it is clear that farm management investi-
gators must grapple with the problem of interpreting coefficients
of low value, or at least the problem of determining which coef-
ficients to dismjss from discussion as unimportant. Table 3A
(p. 280) displays the most elaborate published list of net coef-
ficients of correlation,! together with their probable errors.
Accepted statistical practice calls for the exercise of judgment
in determining when a coefficient of correlation is sufficiently
high to warrant the inference that it indicates a relationship of
real importance. This is true of any form of coefficient, whether
simple, multiple, partial, rectilinear, or curvilinear; and it is
equally true of the “coefficient of determination.”* Customarily
judgment is guided by calculating the probable error and by ascer-
taining whether or not the coefficient is appreciably larger than
its probable error. There appears to be some divergence of
opinion among authorities regarding the proper method of calcu-
lating the probable error of a coefficient of partial correlation,
much less of a coefficient of determination, though the formula

_ 6745 (1-r®)
PE= /N

gross correlation. Apparently farm management investigators,
when they have calculated probable errors at all, have employed
this formula. But it is a further query, with respect to the relation
of the coefficient to its probable error however calculated, which
concerns us here. ¢

Writers on statistics, when they discuss what size of coef-
ficient may properly be regarded as significant, are inclined to
say vaguely that relationship is established when the coefficient
is “appreciably greater” or “three or four times larger” or “at
least four times larger” than its probable error. It is true that they
are speaking of gross, not net, coefficients. Discussion of the sig-
nificance of partial coefficients as tested by their probable errors
is not to be encountered in any but the more technical statistical
textbooks. But presumably authorities would follow much the
same line of reasoning in adjudging the significance of a net

tIn U.S. Department of Agriculture Bulletin 1400, Ezekiel presents list of

coeficients of determination; the coefficients of correlation are not shown, and
hence cannot be presented in Table 3A.

aThe coefficient of simple correlation multiplied by the partial regression
coeflicient when expressed in standard deviations.

is accepted for application to coefficients of
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coefficient. or correlation or a coeflicient of determination as they
follow when speaking of gross coefficients of correlation; and we
may properly assume that if there is no generally accepted test of

TaBLE 3A.—NET COEFFICIENTS OF CORRELATION (RECTILINEAR) AND
THEIR PROBABLE ERRORS, OBTAINED IN SELECTED FARM
CosT CORRELATION ANALYSES*

Variables (965 farms in Variables (231 farms in
Iowa, 1913) r PE Iowa, 1921) r PE
LABOR INCOME? PROFITS®

Acres in crops........ weee| +.319 Total acres .......oeoe...| +.1394 | 4.0437
Acres not in erops........| +.04
Productive animal units | -—.089 Q Productive animal units | 4-.1479 | +.0434
Months of man labor....| —.276 s Months o man labor....{ —.4031 | +.0368
Total capital ........ veeef —.188 | ™ Value of land per acre...| —.2655 | =+.0412
Percentage working capi- A

tal is of total..........| +.141 -
Percentage of area in g Acres in corn........... .| —.0375 | £.0443

COTD ..cvvnunnnn veeessees| +.185 o
Percentage of area in a Acres in small grains....| —.0656 | -.0442

small graing ...........f +.154 ,S
Percentage of area in e Acres in hay and pasture | —.1569 | =+.0433

bay and pasture....... +.152 z‘
Percentage of receipts | Percentage of receipts

from dairy ........... J —.001 s from dalry ............ —.1919 | +-.0427
P t ot ipt: T} Per ge of ipt:

from cattle ............|] —.167 Iy from cattle ........ eees| —.0886 | +.0440
Percentage of receipts g Percentage of receipts

from swine .......oo0..| —.188 5 trom swine ........... | —.0074 { +.0444
Percentage of receipts Percentage of receipts

from crops ....c..oeee..| —.047 from crops ....... vavns| —.0620 | 4-.0442
Orop acres per horse.....| —.085 Acres of pasture per ani-
_ mal unit ........ ceseeas| =973 | +.0426
Live stoek index.. .| +.528 Live stock index......... +.6257 | +.0321
Crop Index .......... eese| +.800 Crop index ........ erenes| +.2438 | 0417

* Sources: For Column 1, C. C. Taylor and E. B. Hurd, Farm Organization
and Farm Profits in Tama County, Iowa (Iowa Agricultural Experiment Station
Research Bulletin 88), November 1925, p. 321; for Column 2, C. W. Crickman,
A Partial Correlation Analysis of Farm Organization and Management Data
from Warren County, lowa (lowa Agricultural Experiment Station Research
Bulletin 89), November 1925, p. 12.

¢ Dependent variables.

the significance of a gross coefficient, such a test for a net coef-
ficient is also lacking.

Some authorities (notably King, Jerome, and Day) following
Bowley, say that a coefficient of correlation ought to be “six times
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larger” than its probable error before significance can be attached
to it—not “appreciably larger,” or “three or four times larger,” or
“at least four times as large.” There is in fact no precise rule-of-
thumb method of testing the significance of a coefficient, either
simple or partial, by comparing it with its probable error. There
is rather a considerable difference of opinion. What one authority
might regard as a significant coefficient would presumably be dis-
carded as unworthy of attention by others. Day voices the opinion
that “coefficients under 30 give very little indication of any defi-
nite connection between the variables.”:

Now it is notable that out of 30 coefficients, only two run
above .5, only three ahove .4, only four above .3; only four out of
these thirty coefficients can be said to indicate an association
really worth considering. If four times the probable error is to be
the test, thirteen (or perhaps twelve) out of the sixteen in the
first column may be regarded as significant, and six out of the
fourteen in the second column—a total of nineteen out of thirty.
If six times the probable error be the proper test, the number of
trustworthy coeflicients is reduced to fourteen.

Evidently, then, the lack of a dependable rule-of-thumb test is
of some importance to farm cost investigators. There is always
danger of perceiving relationships, and discussing them, where
their very existence is doubtful and can be disputed. The danger
is particularly prevalent in farm cost analysis, not only because
the probable error test is often applied too blindly, but also be-
cause the emergence of so few high-value coefficients tempts one
to seek for significance in those of lower and more doubtful
values. It is easy, in the search for significant conclusions, to lean
too heavily upon the tangible coefficients so laboriously computed,
meanwhile forgetting the inherent inaccuracies of the original
data, and the uncertain nature of the probable error tests.

v

It is clear, then, that limitations partly of a practical and
partly of a theoretical nature must be encountered in any attempt
to establish the partial correlation analysis as the standard ana-

1 E. B. Day, Statistical Analpsis, p. 209. Dr. Day is speaking here of gross
coefficients of correlation, and it may be unfair to assume that he would say
the same thing of net coeflicients. He also suggests that the probable error test
is not properly applicable where the data do not constitute a random sample.
In the judgment of the present writer, farm survey data cannot strictly be re-

ded as d ples; but it is ry to ider the matter here.
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lytical device in farm management research among the agricul-
tural experiment stations. In view of these limitations of the
partial correlation analysis, it seems proper to urge that it should
be employed only by skilled investigators working with adequate
accumulations of data. The device is not a magical machine,
which, once set up, will turn out significant conclusions regard-
less of its operation, and at moderate expense. It is a better device
than the cross-tabulation analysis; but the co-operative farm
management Service is also a better device. This service widely
used, and supplemented by partial correlation analyses sparingly
used, would in the judgment of the present writer constitute a
more fruitful approach to the farm management problem than any
general procedures which have hitherto been employed. But no
method of analysis ought to be regarded in and of ifself as the
road to solution of farm management problems.
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equalization doctrine of tar-
iff making, 2471,

Efficiency, labor, measurement
of, 139 f.

Efficiency movement in indus-
try and agriculture, 221,

Elasticity of supply, differences
in, for various agricultural
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products, 201f.; expansion
of, more rapid than contrac-
tion, 2024

Elements of cost, 4547, 186 f.

Emergency Tariff Act of 1921,
240

England, cost investigation in, 4

Equalization of labor costs be-
tween countries as a basis for
tariff making, 25

Erdman, H. E., acknowledgment
to, viii

Expense of cost investigation,
21, 116 £., 124, 162 1., 167

Experimental farms, cost data
from, 3

Extension of economic investi-
gation, 22

Extension services, 5, 164

Extension work in agricultural
education, 24

Ezekiel, M. J. B., 267, 268, 269,
275, 277

Factors affecting profits, analy-
sis of as a type of farm man-
agement investigation, 120,
152-58; desirability of em-
ploying correlation analysis
in study of, 178 f.

“Fair price,” common view of,
as identical with cost price,
214-16; concept of, in theo-
retical discussions, 188 f.

“Farm bureau — farm manage-
ment service,” see Co-opera-
tive farm management serv-
ice

Farm Bureau Federations, 5

Farm business analysis, see Fac-
tors affecting profits

Farm management demonstra-
tion, 5, 24
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Farm management investiga-
tion, criteria for evaluating,
121-25; fundamental limita-
tions on, 125-32; types of,
120 f.

Farmers’ institutes, 24

Farmers’ record plan of gather-
ing data, 16, 42, 134, 141

Farmers, value of cost study to
practicing and prospective,
1221,

Federal Trade Commission, 5

Feeding experiments, 13

Fertilizer experiments, 13

“Flexible provision” of Tariff
Act of 1922, 25, 241 f.

Food Administration, 209

Food Control (Lever) Act of
1917, 209

Forecasting, difficulty of, as a
limitation on farm manage-
ment cost inquiry, 128-32,
147; as an objection to price
fixing, 216-19

“Forecasting farm manage-
ment,” 129, 131

Frequency series and time se-
ries of cost statistics, 9, 198

Fuel Administration, 209

Germany,
in, 4
“Greatest - profit combination,”

141
Growth of cost inquiry, 18-28
Guaranteed wheat prices, 27

cost investigation

Haley, B. F., acknowledgment
to, ix

Hays, Willet M., 18, 23

History of cost inquiry, 12-28

Hitchcock, J. A., 269, 277

Hogs, cost investigation of, 209

Hurd, E. B., 269
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Income-tax legislation, influ-
ence of, on cost study, 27

Increasing costs, see Diminish-
ing returns

Individual costs, see Differ-
ences in costs, Changes in
costs '

Inflation of costs, 60 ff., 223, 261

Interest on investment as an
element of cost, 47

Interstate Commerce Commis-
sion, use of cost data in tes-
timony before, 32

Journal of Farm Economics, 6

Kansas State Board of Agricul-
tare, cost investigations by,
14,16

Kentucky Bureau of Agricul-
ture, Labor, and Statistics,
cost investigation by, 15

Keynes, J. M., 278

King, D. L., acknowledgement
to, ix

Labor income, changes in on
identical farms, 92-98; de-
fined, 89; as evidence on slow
contraction of supply, 203 f.

Labor requirements, 134-41,
172-73

Land rent, see Rent of land

“Least-cost combination,” 141 £.,
149

“Local market” survey as a de-
sirable type of research, 179
81

Localities, differences in costs
between, 73

Long-time in relation to short-
time theory of prices, 190-94,
196, 215
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McKinley Tariff of 1890, 235

McNary-Haugen Bill, 217

Management, effects of in caus-
ing differences in costs, 100-
117

Manufacturing, causes of differ-
ences in costs in, 101 f,

Marginal producer and product,
187, 194 1.

Mendum, S. W., 268

Methods of collecting data, rela-
tive accuracy of, primary
data obtained from various,
4145

Milk, cost of production of, 26,
54-63, 81, 87; fixed prices of,
2111,

Money costs, abandonment of,
133 f.; computed, 9; per op-
eration, 8; per productive
unit, 8, 71; per unit of prod-
uct, 8, 691., 75-81; see also
Differences in costs, Changes
in costs

Multiple correlation, see Corre-
lation analysis

Natural conditions, effects of,
in causing differences in
costs, 100-117

New crops, use of cost data in
introducing, 12f.

New Jersey Agricultural Experi-
ment Station, cost investiga-
gations of, 14, 16

Nourse, E. G., 207

QOats, cost of production of, 15,
73, 84; seasonal distribution
of labor on, 136

Objectives in farm cost investi-
gation, 2940

Office of Experiment Stations,
119
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Office of Farm Management,
5n., 18

Opportunity cost, in relation to
principles of valuation, 50-54

Orange Judd Farmer, cost in-
vestigation by, 14 f.; 16

Overhead costs, see Allocation

Page, T. W., 242, 246

Partial correlation, see Correla-
tion analysis

Pond, G. A, ix, 35

Populist Party, use of cost data
by, 17

Potatoes, cost of production of,
76, 84; labor requirements of,
135

Price control, objects in cost in-
quiry directed toward, 31-33

Price fixing, history of, 207-15;
concrete difficulties of, 220-
28; general objections to, 216~
20

Price, relation of, to cost, see
Cost-and-price relationships

Prices, “equilibrium,” 184, 187;
“market,” 184; “normal,” 184,
187

Production problem of the
farmer, divergent views on,
37 ff.; fourfold division of,
33, 36

Production standards, erection
of, as a type of farm manage-
ment investigation, 120, 133—
49

Program for farm management
investigation, 168—81

Projects in farm management
investigation, classified, 20 f.

Prosperity, farm, reasons for
excluding bearing of cost sta-
tistics on, viii
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Purnell Act, increase in cost in-
vestigation due to, 21

Quail, line bob-white, cost in-
vestigation of, 232, 243

Quantitative costs, per opera-
tion, 8, 74, 83 f{.; per produc-
tive unit, 9, 73, 82; uses of,
133-49; see also Differences
in costs, Changes in costs

Questionnaire method of gath-
ering cost data, 14, 16, 20,
140, 150

“Ratio” basis for price fixing,
211

Regions, geographical, differ-
ences in costs between, 69-71

Rent, theory of, 100 {., 191-94

Rent of land as an element of
cost, 451, 186 f., 253 f.

Replanning farms for profit as
a type of farm management
investigation, 120, 158-64

Roosevelt, President, interest of,
in rural problems, 24

Route method of gathering cost
data, 18 f., 134, 140, 150, 152,
172 1.

Rye, cost of production of, 15

Sampling problems in cost
study, 43f., 270 {.

“Scientific tariff” movement, in-
fluence of, on growth of cost
inquiry, 22, 25 f.

Seasonal distribution of labor,
134, 136

Simple correlation, see Correla-
tion analysis

Smith-Lever Act, influence on
cost investigations, 25

Sorghum, cost of production, 14
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Standard requirements, see La-
bor requirements

Standardization of types of re-
search; 119

State boards of agriculture, 5

Statements, cost, from single
farms, 3, 13

States, differences in costs be-
tween, 70 f.

Statistical description, impossi-
bility of determining useful-
ness of, 1211.

Success in farming, measures
of, 154 1.

Sugar, cost of production of, 25,
239; use of cost data to en-
courage domestic production
of, 13

Sugar bheets, cost of produaction
of, 74, 80, 239; labor require-
ments of, 135

Supply, different conditions of
in agriculture and manufac-
turing, 102; relation of to
‘price and cost, 185 f.

Surface, F. M,, 210

Surpluses, disposition of, 217 f.

Survey method of gathering
cost data, 18 ff,, 134, 140, 150,
152, 173 1.

Switzerland, cost study in, 4

Tariff Act of 1909, 236

Tariff Act of 1922, 25, 232, 240~
42

Tariff Board, 5, 25, 238 f.

Tariff Commission, 5, 21, 25,
239 )

Tariff duties on selected agri-
cultural products, 237

Tariff making by cost determi-
nation, history of, 232-42; ob-
jections to, 245-57
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Taussig, F. W., 101, 184, 233,
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Taylor, A. E., acknowledgment
to, ix ]

Taylor, C. C., 267

Taylor, H. C., view of obiectiges
in cost study, 36

Taylor, Frederick W., 22

Teachers, value of farme¢ cost
studies to, 122 n.

Temporary and permanent as
related to controllable and
uncontrollable causes of vari-
ation in costs, 101f.

Texas Agricultural Experiment
Station, cost investigations, 14

Time series, see Frequency se-
ries

Tobacco, cost of production, 81

Tolley, H. R., 267, 268

Transportation costs, 3

Trends, usefulness of, to farmers
in restricted areas, 131

“True principle” of protection,
2321,

Types of cost data, 1-11; diver-
sity in, 10

Types of farming, need for fur-
ther knowledge of, 175

Unfamiliar machinery and
methods, description of as a
type of farm management in-
vestigation, 120, 149-52; in-
vestigation of as a desirable
type of research, 178

Uniformity in costs, fallacious
notions of, 67

Utilization of cost data by farm-
ers, impossibility of ascer-
taining extent of, 123

Utility, diminishing, 185; mar-
ginal, 185
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Value, theory of, extent to
which differences in costs are*
uncontrollable in, 100 ff.

Valuation of non-cash costs, un-
certain methods of, 50, 54,
114 f.

Variables, difficulties of defining
in partial correlation analy-
sis, 273-76; list of in selected
analyses, 274

Variations in costs, illustrated,
66-98; significance of to prac-
ticing farmers, 126 f.

Varying cost, meaning of in
theoretical discussion, 186 f.

Vernon, J. J., 269, 277

“Vexed question” of farm pros-
perity, early use of cost data
in discussing, 16

Wage rates "in different coun-
tries in relation to costs of
production, 241

‘War Industries Board, Price-
fixing Committee of, 209

Warren, G. F., 19

‘Wheat, cost of production of,
14, 69 1., 73, 77, 80, 851., 109,
232; fixed price of, 209 ff,;
labor requirements of, 135

Wheat flour, cost investigation
of, 232

Wheat millfeed, cost investiga-
tion of, 232

‘Wisconsin Bureau of Labor,
cost investigation by, 15 f.

‘Wool, costs of production of,
25, 238 f.

‘Working, H., acknowledgment
to, ix

Yield per acre, influence on cost
per unit, 108 ff.
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