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PREFACE

PeruAPS in the social sciences more than in other fields of
learning there is the ever-present danger of a schism between
theory and practice—a dichotomy of ideas governing the activi-
ties of practitioners on the one hand and the intellectual models
of the academicians on the other. The development of such situa-
tions—at least temporarily—is no doubt to be expected in any
branch of study. But when the lack of intercommunication per-
sists for long there arises the probability of both serious error in
practice and unrelieved stagnation in theory. In the study of cost
of living index numbers it appeared to me that a situation of this
kind was perilously close at hand. My conviction was strength-
ened by experience during the war and immediate postwar period
when 1 served as an economist in the U. S. Department of Labor
and later the U. S. Department of Commerce, while at the same
time teaching graduate classes at American University. Circum-
stances in this period high-lighted the gap between theory and
practice—a gap which it is hoped this study will help to close.

To acknowledge one’s intellectual debts is a pleasant duty,
though likely to be interminable if completeness is required.
References in the body of this work fulfill a part of this task.
Special acknowledgment may be made here, however, of the more
imposing—and more recent—of these obligations.

My serious interest in problems of economic measurement was
first stimulated in the seminars of Professors Frederick C. Mills
and Wesley C. Mitchell at Columbia University. The keen in-
sights and critical comments of Professor Mills, who read the
typescript of this study, and of Professor William Vickrey of
Columbia, have done much to improve its clarity and significance.
Professors Arthur F. Burns and Leo Wolman of Columbia also
read the manuscript and provided numerous helpful suggestions.
In Chapter 2, in which I found it necessary to touch upon
the philosophical foundations of the approach to index number
construction, the advice of Professor Sidney Hook of New York
University proved an invaluable guide. It must, of course, be
noted that whatever deficiencies remain in this work are the sole
responsibility of the author.

M.]J.U.

WASHINGTON, JUNE 1048.
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CHAPTER 1
INTRODUCTION

It is the purpose of this study to explore the problem of meas-
uring changes in living costs over time with a view to determining
(1) an effective method for approximating these changes, taking
into consideration the limitations of data actually or likely to be
available; and (2) a method of estimating the reliability of such
measurements. The statement of this objective, however, raises a
question. For the subject of index numbers has often been dis-
cussed as a fully integrated unit, and the impression has lingered
in many quarters that the fundamental principles therein devel-
oped are generally applicable—regardless of specific purposes.

The basic question raised is one concerning primarily the nature
and rdle in scientific research of definitions—a topic discussed at
some length in the following chapter. Thus, when we speak of a
change in living costs on the one hand, or a change in industrial
production on the other, is the economic content of the phe-
nomena so different in the two cases as to require separate and
specific analyses, or can objectives be defined in such significantly
general terms that specific differences are confined to more or less
negligible details? If the latter were true, a consideration of the
problem of measuring cos? of living indices would be unnecessary.
The general problem of constructing index numbers would repre-
sent a sufficient approach to all particular cases.

It is the object of the following chapter, therefore, to demon-
strate that (1) it is the definition of what is to be measured which
ultimately limits the practical methods of approximation; and
(2) such definitions are meaningful and scientifically useful only
when (a) they are stated in operational terms and (b) they are
framed in terms of the specific economic phenomena the meas-
urable concept is known to comprehend. To define a concept in
specific economic terms does not mean here that generalizations
or “abstractions’ are ruled out, for neither one is in fact avoid-
able. It does mean that the economic content of the concept con-

II



12 COST OF LIVING INDEX NUMBERS

sidered must be faithfully preserved—for a concept which is
economically meaningless will remain so, no matter how precise
may be its mathematical expression.

But as already noted full discussion of this problem is reserved
for the following chapter. It is relevant to state now, however,
that one consequence of the present approach is that the results
achieved will have only narrow applicability; they will relate
specifically to measures of changes in living costs over time. It is
true, of course, that much of the analysis will apply with but
minor revision to the problem of measuring place to place varia-
tions in living costs, for the common attributes of both problems
are considerably more numerous than their distinctions. Indeed,
the basic theory of the two measures is essentially the same, al-
though their practical settings give rise to both statistical and
economic issues which in important respects require separate
consideration.

On the other hand, it is anticipated that this study will have
but little direct bearing on either the theory or construction of
index numbers of othe: types—viz., wholesale prices, industrial
production, wage rates, etc. For although underlying all statis-
tical enterprises there are bound to be certain similar activities,
such as collecting and classifying data, the objectives of each of
these indices in economic terms are basically different.

One other aspect of the approach taken in this study is worthy
of comment—viz., that the object is a practical one. This is not
designed to convey, in the vulgar sense of the term, that “theory”
is avoided. On the contrary, the entirety of this work is theo-
retical. But the purpose of this investigation is to arrive at con-
clusions which will enhance in the foreseeable future the useful-
ness, meaning, and accuracy of currently computed index num-
bers. This implies that consideration is confined to statistical
possibilities which—in the light of our current knowledge and of
data actually or proximately available—can be achieved. Nega-
tively, it implies that much of the work on cost of living index
numbers which is most interesting from the standpoint of the
pure theory of consumer choice has been given only secondary
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consideration. In this category are the pioneer efforts to obtain
statistical identification for families experiencing equal real in-
comes in different situations, for the methods proposed in this
connection are uniformly unadaptable to practical use in the
construction of current time series on living costs under present
conditions. Accordingly, although the practical limitations of
these methods have been briefly noted in Chapter I1I, full de-
scription has been confined to Appendix A.

The “practical’” approach also imposes an obligation to demon-
strate how results achieved may be put to use and how assump-
tions made in theory may be reconciled with fact. This is the task
undertaken in the final chapter, which in general attempts to
elucidate the relevance and implications of the principal conclu-
sions of this study which are presented in Chapter IV.

The nature of these conclusions may be indicated in summary.
In the first place it is demonstrated that Laspeyre’s formula,
which is a highly desirable one for reasons of expediency, may also
be accorded considerable theoretical significance when employed
as an approximation of the “true” (theoretically defined) cost of
living index. For it is shown that definite theoretical relationships
may be established among the differences, L — I,, I, — P,
I, — I, and L — P, where L is Laspeyre’s index; I, is the true
index based on the real income level of the base period; I is the
true index based on the real income level of the given period; and
P is Paasche’s index. Furthermore, two methods are presented
for estimating the magnitude of the difference to be expected in
practice between Laspeyre’s and the true index, and some evi-
dence is presented to indicate that this difference—the “probable
error” of Laspeyre’s formula—is very small.

It should be noted here that these conclusions may be expected
to hold only within certain limitations and only if the use of
Laspeyre’s formula is coupled with certain other rules of pro-
cedure employed in the actual construction of the index. These
conditions, along with certain other implications of the results,
are detailed in Chapter V. Suffice to note here that the conditions
limiting these conclusions are not so restrictive as to vitiate their
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importance for the purpose for which they were intended—i.e.,
for the practical month-to-month task of constructing cost of
living index numbers over time.

Finally, for those who are skeptical of the modern mathe-
matical theory of consumer’s choice as developed by Pareto!
and extended by Slutsky,? Hicks® and Allen,? it warrants mention
at this point that considerable use is made in succeeding chapters
of the notion of an indifference map and the principle of ‘“dimin-
ishing marginal rate of substitution.” Worth recalling, however,
is the view of its proponents that these fundamentals of the
theory are grounded directly in experience and are free of the
assumption of the measurability of utility and of the compara-
bility of the utilities of different persons.

1 Vilfredo Pareto, Manuel d’economie politigue (Giard & Briere, Paris,
1909).

2E. Slutsky, “Sulla teoria del bilancio del consumatore,” G. d. E,
July 1015.

3R. G. D. Allen and J. R. Hicks, “A Reconsideration of the Theory of
Value,” Economica, X1V, 034. J. R. Hicks, Value and Capital (Oxfor!
University Press, Oxford, 1939).



CHAPTER II
THE PROBLEM OF DEFINITION

I is a curious and paradoxical fact that the literature of index
numbers is replete with extended discussions of practical methods
of measurement, which are at the same time quite innocent of an
intelligible circumscription of what is to be measured. This is true
in particular of those works which adopt the “general” approach,
as previously mentioned. An obvious consequence of the practice
is numerous and persistent differences of opinion. For so long as
questions remain undefined, answers may compete with im-
punity and preferences must remain matters of personal pre-
dilection. It is relevant and perhaps comforting to recall at this
point that “science in general does not begin with precise measure-
ment any more than with clear and exact ideas.”? Hazy ideas as
well as inexact measurements are then to be expected. Progress
nonetheless rests on several props, and among them, on the
chance that ideas proven crude or mistaken will ultimately be
refined or replaced.

The key importance in the study of index numbers of the
problem of definition has, of course, been recognized previously.
Thus Keynes has complained that many analysts have not been
“sufficiently clear’” concerning “what they are trying to” meas-
ure.? Similarly, Frisch censures the frequent omission of state-
ments concerning “the question to which an answer is sought.””
Yet recognition of the problem serves only to expose further
issues. For the authors whose work Keynes and Frisch deplored

1 Morris R. Cohen, Reason and Nature (Harcourt, Brace and Company,
New York, 1931), p. 95.

2 John Maynard Keynes, A4 Treatise on Money (Harcourt, Brace and
Company, New York, 1930), vol. I, p. 100.

8 Ragnar Frisch, “Annual Survey of General Economic Theory: The
Problem of Index Numbers,” Econometrica, IV, no. 1, January 1936, p. 10.

15



16 COST OF LIVING INDEX NUMBERS

were surely convinced of the relevance of their own investigations.
The questions probed, in their view, were at least as lucid as their
answers. The core of the difference would appear, then, to turn
upon the content of a definition required to proviae a foundation
for measurement.

This latter problem is dealt with at greater length below. For,
as noted, the study of index numbers in general—and of cost of
living indices in particular—may be approached in several ways,
each capable of yielding distinctive conclusions. The choice of an
approach in turn hinges primarily upon the problem of definition.

REQUISITES OF A DEFINITION

In general terms, the requirements of a definition designed for
measurement offer little problem. None would deny that a
definition must be “clear,” or “meaningful” in the formal sense.
With respect to the problem of economic index numbers, it may
also be confidently agreed that a definition ought to be economic-
ally significant. But the actual implications of these requirements
are another matter. When is a definition meaningful?

Fortunately, so long as a definition is destined for measurement
there appears to be general agreement on this point, both in the
philosopby of science and in scientific practice. Briefly, a concept
is said to have meaning when it can be equated, at least in prin-
ciple, to a unique set of operations.* This condition makes it
possible for a definition to mean the same thing to all minds.
While in practice approximations may differ, this condition pro-
vides a standard for appraising their individual relevance and
accuracy.

It should be noted, however, that the “unique set of opera-
tions” required need not necessarily be physically realizable, for
they may comprise what have been termed ‘“mental experi-

4 See esp., Edwin Burtt, “ Two Basic Issues in the Problem of Meaning
and of Truth,” in Essays in Honor of John Dewey (Henry Holt and Com-
pany, New York, 1929), pp. 71-75; and also P. W. Bridgman, The Logic
of Modern Physics (Macmillan Company, New York, 1927), pp. 5-28.
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ments.”® Indeed, it may develop that because of practical diffi-
culties it is not possible—given the current status of our knowl-
edge and resources—to measure the concept at all. But so long
as the operations have been objectively and uniquely defined,
two consequences in particular are worthy of emphasis: (1) there
will be no doubt concerning the object of practical approxima-
tions; (2) it will be possible to identify only ¢ne measurement,
in principle, with a given definition.

For example, the height of a cliff may be defined in terms of
the number of times a measuring rod of given size, under given
conditions, might be placed end to end along a perpendicular
erected from its base to a point level with its peak. In principle, a
unique set of operations will thus have been established, although
obviously they would qualify more as a “mental experiment”
than as a literal program for action. In practice, a simple theo-
dolite and a knowledge of trigonometric functions would provide
approximations adequate for most purposes. Indeed, various
methods might be adopted, depending in part on the degree of
accuracy required for the problem in hand. Nevertheless, in the
light of the definition given no doubt could exist concerning the
object of approximation, nor would the reliability of any par-
ticular estimate be a matter merely for conjecture.

The second requirement of a definition is not so fundamental
as the first, for indeed unless the meaning of a concept is clear
its economic significance—or usefulness—cannot even be sen-
sibly argued. Furthermore, it is certain that there are no sure
stigmata for useful—as opposed to useless—tools, facts, or con-
cepts in science. Nevertheless, there is a sense in which the dis-
tinction may be fruitful for present purposes.

Thus, if a concept employed for measurement is already an
accepted component of the body of knowledge in the field in
which it lies, or if it is logically related to such other accepted com-
ponents, its economic significance—i.e., its usefulness in adding

5 Morris R. Cohen, A Preface to Logic (Henry Holt and Company, 1944),
p. 58, and John Dewey, Logic—The Theory of Inquiry (Henry Holt and
Company, New York, 1938), p. 303.
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to the store of knowledge or in serving as a pivot for the winning
of new knowledge—may ipso facto be considered as established.
While it may be agreed that this is a sufficient condition, it is not
argued here that it is a necessary one. Furthermore, it is acknowl-
edged that the existence of the identities and logical relations
referred to are not always easily determined. But neglecting the
borderlines, application of this standard appears reasonably
straightforward at the extremes, and an example should make
this clear.

Thus, the level of employment, marginal utility, and a demand
curve are all generally recognized concepts in economic theory.
Definitions of these ideas designed for measurement would of
course need to be stated in explicit operational terms, as indicated
above. But the usefulness of these operational statements—for
the purposes for which they were presumably devised—would
depend on whether the essentials of the meaning of these concepts
as found in theory had actually been preserved.®

The measurement of demand curves, for example, has been the
subject of numerous iuvestigations, perhaps the most ambitious
of which are those of Schultz.” To define a demand curve in
operational terms, however, requires what we have termed a
mental experiment—as recognized and acted upon by Schultz in
the work cited. This operational definition of a demand curve
may be stated as follows:

Definition I. If all consumers of commodity A were visited by
investigators at a given time of a given day, and confronted with
the alternatives of buying this commodity at all possible dif-
ferent prices, then the summations, af each of these prices, of the
quantities of this commodity which would have been purchased

6 Of course, there is no intention here to deny the possibility that the
analysis of theoretical concepts for purposes of quantitative expression may
result in their extension and refinement.

7 Henry Schultz, The Theory and Measurement of Demand (University
of Chicago Press, Chicago, 1938). See also his Statistical Laws of Demand
and Supply with Special Application to Sugar (University of Chicago Press,
Chicago, 1928).
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by these consumers would constitute the demand curve for com-
modity A. This definition may be summarized in the equation:

Zx = X = f(psy P11, P2, i3 - - - Riy T)

where X is the summation of quantities of commodity A pur-
chased at each of the alternative prices assumed by p., while
Pu, P2 . . . are the prices of all other commodities and R, the
size and distribution of consumers’ incomes, at the time (¢) of
investigation, and T'; represents any other factors which might
affect demand existing at that time.?

Now this definition is identical with the concept of a demand
curve as it is recognized in the major body of economic theory,
and it is clear that it refers to the relations between two variables
—prices and quantities of commodity A—considered entirely
apart from the influence of changes in all other relevant factors
such as other prices and incomes. This latter fact, indeed, con-
stitutes the core of the practical problem of estimation faced by
Schultz and all other investigators, and numerous methods of
approximation—with narrowly limited success at most—have
been attempted. But this fact constitutes an integral part of the
meaning of this concept as it has been employed in theory.

Now let us suppose that in place of Definition I above another
definition is proposed, as follows:

Definition I1. The regression obtained between prices and quan-
tities of a commodity, as these prices and quantities are actually

8 It must be emphasized that a demand curve refers to the relation be-
tween prices and quantities existing at a particular moment of time. As such
it denotes the amount purchased at alternative prices at that time. However,
if Definition I were modified so that: (1) consumers were informed that
each alternative price situation was an enduring one; (2) consumers were
accordingly asked to make purchases for their usual consuming period (say,
the week’s supply of meat, the season’s supply of suits, etc.), thereby
eliminating the speculative element; (3) the investigators divided the pur-
chase of each consumer by the usual consuming period noted, obtaining
(say) a daily rate of consumption; and (4) these rates of consumption
were summated for all consumers; then the modified definition would pro-
vide a schedule of instantaneous rates of consumption for the market as
a whole at each alternative price.
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observed over time, constitutes the demand curve for this com-
modity.

This definition has several serious defects, but initially atten-
tion should be directed to the fact that it has failed to prescribe
a unique set of operations. For regressions may be computed by
several methods, either of the two variables might be treated as
“independent,” while the data employed may consist (say) of
daily, monthly, or annual observations. Decisions on such issues
of method, experience shows, would affect results materially, but
nowhere in the definition does a standard appear for appraisal.
Let us suppose, however, that this defect is corrected and the
definition is revised as follows:

Definition I11. The linear least squares regression of quantities
on prices of a commodity, as these quantities and prices are
observed annually over time, constitutes the demand curve for
this commodity.

It may now be concluded that Definition III is operationally
meaningful.? It may even be granted that the operations therein
prescribed will under some circumstances—for example, for some
agricultural commodities during periods of fairly stable national
income—provide rough approximations of demand curves. The
definition is nonetheless a “useless” one as this term has been
described above. For it has lost all contact in meaning with the
original concept from which it presumes to derive. Indeed, em-
ploying this definition one would know, in economic terms, neither
what one has found nor what one is seeking—unless Definition I
were actually introduced sub rosa. Thus, following the prescribed
operations literally, relations between prices and quantities for
industrial commodities would be obtained, such as those secured

9 Strictly speaking, however, Definition III is not yet entirely intact even
in this respect, for it would be necessary still to specify the kind of prices
(whether spot prices, contract prices, or net realized prices, etc.) to be
used, the kind of quantities (whether amounts produced or amounts sold),
and certain other details. For simplicity, however, these other details are
omitted,
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by Moore,® which were demonstrably not even approximate
demand curves, and indeed contradicted the salient characteristics
of demand curves—here because of failure to eliminate the influ-
ence of fluctuations in income and other dynamic factors. But
such measurements nonetheless would satisfy Definition III.
Moreover, it is possible that demand curves might be approxi-
mated by methods other than simple linear least squares regres-
sions based on annual observations, but these methods would not
satisfy the definition. The important point is that Definition III
—as a definition—lacks economic significance. By analogy this
result is of considerable importance for the problem of defining
index numbers.

Somt INpDEX NUMBER DEFINITIONS

Fisher. The definition for index numbers formulated by
Fisher,1t for example, corresponds to Definition II above. In
Fisher’s view, the problem of constructing index numbers was a
general one, entirely divorced from considerations of purpose.
Accordingly, he contended that index numbers could be defined
in general terms with nevertheless sufficient precision and sig-
nificance to serve as foundation for measuring the composite of
“relative changes in any group of magnitudes’—prices, produc-
tion, wage rates, etc. An index number was defined in general

10 Obtaining positively sloping relations between prices and production of
pig iron, Moore actually believed at first that he had discovered a new
type of demand curve, contrasting with the “normal” type which he knew
prevailed at least for agricultural commodities. He wrote: “Our repre-
sentative crops and representative producers’ good (pig iron) exemplify
types of demand curves of contrary character. In the one case, as the product
increases or decreases the price falls or rises, while, in the other case, the
price rises with an increase of the product and falls with its decrease.” See
Henry L. Moore, Economic Cycles, Their Law and Cause (Macmillan, New
York, 1914), p. 114. Moore was the outstanding pioneer in the quantitative
study of demand, but his results in this case were obviously the consequence
of faulty interpretation.

11 Irving Fisher, The Making of Index Numbers (Houghton Mifflin
Company, Boston and New York, 1922).
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simply as a weighted average of relatives.!? Specifically, an index
number of the ‘“‘general price level” was a weighted average of
price relatives. The only change required in the specific case was
to provide a name for the variable of interest.

Now if we consider the latter definition, it may be noted at
once that, like Definition II above, it fails to provide a unique
set of operations. Prices might be weighted by base year weights,
given year weights, or quantities derived in some other manner.
Hence, each of an infinite number of different answers—many of
them contradictory—would satisfy Fisher’s question cxactly.!

12 Ibid., pp. 2-3.

13 As is well known, Fisher sought to escape indeterminacy through the
derivation of “tests” to determine the “best” form of weighting system.
But these tests were extraneous to his definition and furthermore their re-
sults were inconclusive. The “ideal ” formula finally recommended by Fisher
was selected from among those which passed both the “ time reversal” and
“ factor reversal” tests primarily on grounds of simplicity.

It should be noted that these two tests, considered most important by
Fisher, were essentially derived from analogy with the behavior of prices
and quantities of individual commodities. They were, however, not the only
tests that may have been so derived. The “circular” test advocated by
Warren M. Persons—which the “ideal” formula does not pass—would
appear to have at least equal claim to authority.

Of the 134 formulas tested by Fisher, 41 met the time reversal test, which
may be formulated as follows. If Py is the index number for the year 1 with
the year 0 as base, and Py is the index for the year o with the year 1 as base,
then P01P10= I.

Of the 41 formulas which met the time reversal test, 13 also satisfied
Fisher’s second chief criterion, the factor reversal test. This latter test
requires that if Pon and Qn are respectively indices of price and quantity
change for the year 1 on the base year o, then

_ Zpq
POIQOI = EPot]o

Although the “ideal” formula passed both the time reversal and fac-
tor reversal tests, it failed in the circular test, which requires that
Pon=PuP12Px... Payyn for any value of n.

It may be noted that the very notion of applying tests in the manner of
Fisher implies a “general” approach to index number problems—i.e., a
search for a “best” formula regardless of the purposes to which it may be
adapted. In the absence of this “ general” approach, however, the “tests”
may be employed in a different way—i. e, as revelatory of certain character-
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That Fisher’s definition provides no true guide to practice is
related to the fact that it provides no tie to the economic concept
of the general price level; no effort was made to express the
theoretical concept in operational terms. To have done so, for one
thing, would have required recognition of the fact that prices and
quantities are functionally related—a complicating factor for
price index numbers of all types.* That the task is not so obvious
as to be taken for granted is attested by the work of Keynes,'®
who denies that the concept of a “general level of prices”’—which
Fisher presumably sought to measure—has any meaning at all.
Like Definition II above, then, Fisher’s definition is devoid of
formal (operational) as well as economic meaning.

King. Definitions formulated by King' correspond to Defini-
tion III above. Thus King has suggested that each formula fulfills
a different ‘“purpose,” and that in any given case this purpose—
or definition—is obtained simply by verbalizing the operations
implicit in the formula. We would use a simple average of price
relatives if we wished to know the average price change for a
group of commodities, assuming that equal amounts of money
were spent on each commodity in the first period, and that the
same quantities of these commodities were purchased in the second
period as might have been purchased in the first under this as-

istics of formulas which may in some cases be of interest even though
“ success” or “failure” is not taken as a necessary qualification for a par-
ticular method of measurement.

14 The fact that the price of any commodity must be properly considered
as a function of the demand for that commodity and of the prices of all other
commodities was first stated by Léon Walras in 1873 in his Elements
d’economie politique pure (Lausanne and Paris, 4th ed., 1900), pp. V-Vii.
This concept of a system of prices and quantities in complex mutual rela-
tionship has been eloquently described by Wesley C. Mitchell in his Business
Cycles, Volume I, The Problem and Its Setting (National Bureau of Eco-
nomic Research, New York, 1927), pp. 109-116, and was employed as an
explicit frame of reference by Frederick C. Mills in his Behavior of Prices
(National Bureau of Economic Research, New York, 1927).

15 Ibid., Chapters 4-6.

16 Willford I. King, Index Numbers Elucidated (Longmans, Green &
Company, New York, 1930).
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sumption. Again, we would use Laspeyre’s formula if we wished
to determine the average price change for a group of commodi-
ties, assuming that the same quantities of these commodities had
been purchased in the second period as had actually been pur-
chased in the first.

Each of these “definitions,” of course, is uniquely satisfied by
the respective formula to which it refers. Like Definition III
above, they are meaningful in the strictly operational sense. But
like Definition III as well, they have failed to link operations to
an economic concept. The possibility can of course be granted that
useful results may arise from the operations prescribed in some
of King's definitions; after all, King would presumably fit a
definition to every conceivable formula. But whatever usefulness
may derive from measurements undertaken in response to King’s
definitions would arise from the fact that they approximated
measurements of concepts defined in some other way, just as in some
cases the operations of Definition III above might provide ap-
proximations of the theoretical formulation promulgated in
Definition 1. .

Stated alternatively, King’s definitions accurately describe
the assumptions implicit in various index number formulas. But
any practical investigation involves the question of which assump-
tions are best suited to a particular purpose—say to the measure-
ment of changes in living costs. An intelligible reply further re-
quires a statement of what is meant by a change in the cost of
living—which, of course, represents the actual problem of defini-
tion. For this problem King’s formula descriptions are irrelevant.

THE DIVERSITY OF DEFINITIONS

The fact that Fisher contended that there was one “best”
formula for all possible purposes and that King responded that
each formula had its purpose, has in the past tended to highlight
the contrast between their approaches. The foregoing discussion,
on the other hand, directs attention to an important similarity.
Neither King nor Fisher saw the necessity for denoting—in
economic terms—the objectives of index number eonstruction.
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Moreover, since King and Fisher are by no means alone in their
views,!7 it is apparent why both Keynes and Frisch, as previously
noted, were struck by what often appeared to be pointless dis-
cussion in index number literature—by what even suggested at
times the absurd reversal of answers seeking questions.

With respect to the present study, it follows from the foregoing
discussion that scientifically fruitful definitions must be framed
in terms of the particular economic concept it is desired to meas-
ure. Since the concept of a change in living costs is not the same
as that of a change in wage rates or in the level of production, the
need for different definitions for different types of index numbers
is apparent. A specific definition of this kind, stated in the follow-
ing chapter, provides the foundation for this study. That it is
framed in operational terms follows as a necessary consequence
of the explicit intention to employ it for purposes of measurement.

17 See, for example, John D. Black and Bruce D. Mudget, Research in
Agricultural Index Numbers (Social Science Research Council, New York,
1938).



CHAPTER II1
THE THEORY OF THE COST OF LIVING INDEX

HiSTORY AND DEFINITION

ArTtHOUGH wholesale price index numbers had for nearly fifty
years! enjoyed an accepted place in economic and business litera-
ture, it was not until near the close of World War I that there were
established regularly published indices purporting to measure
changes in the cost of living.? Earlier work had apparently been
discouraged by the difficulties of securing a representative sample
of retail prices and—above all—of securing prices for consumer
goods of standard quality over time. But during World War I
these obstacles were overcome—or ignored—almost simultan-

1 The first regularly published index of wholesale prices was that of the
London Economist, begun in 1869. At the outbreak of World War I there were
seven regularly maintained wholesale price indices in the United States alone.
See Wesley C. Mitchell, The Making and Using of Index Numbers (Bulletin
No. 656, U. S. Department of Labor, Washington, 1938), p. 8. This bulletin
was originally published in 1915 as Part I of Bulletin 284 of the U. S.
Bureau of Labor Statistics.

2 It is interesting to note, however, that the first index number known to
have been computed in America was intended to serve as a measure of
changes in the cost of living, but this index was relatively short-lived and
did not actually represent an effort to measure changes in living costs directly.
This was the index begun in Massachusetts in 1780 and designed to provide
a basis for equitably adjusting the payment of soldiers in the light of a
currency which had been depreciating rapidly throughout the War for
Independence. Only four commodities were included, and the index was
described as showing changes in the value of “ Five Bushels of Corn, Sixty-
eight Pounds and four-seventh Parts of a pound of beef, Ten Pounds of
Sheep’s Wool, and Sixteen Pounds of Sole Leather.” This description has
led some (cf. Irving Fisher’s The Making of Index Numbers, p. 458) to
believe that the index was of the weighted aggregative form. Actually, the
quantity “ weights” referred to in the description were simply the quanti-
ties of these commodities which could have been purchased at base year
prices, respectively, for 20 shillings. The formula actually employed was a
simple average of price relatives. (See Willard C. Fisher, “ The Tabular
Standard in Massachusetts History,” Quarterly Journal of Economics,
XXVII, No. 3, May 1913, pp. 417-451).

26
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eously in the major countries of the world in response to a com-
mon and powerful stimulus: a sharp and gencral advance in
prices, labor unrest, and industrial conflict threatening in some
cases to halt production of munitions and effective prosecution
of the war.

Between 1916 and 1918 regularly published indices were devel-
oped in Great Britain, Norway, Denmark and the United States.?®
Preliminary work had also been undertaken elsewhere, and by
1921 there were an additional thirteen nations similarly equipped,
including Australia, Austria, Belgium, Canada, Finland, France,
Germany, India, Italy, New Zealand, Poland, South Africa, and
Sweden.* Today from Iceland to Panama the construction of cost
of living index numbers, usually by Government agencics, has
become a virtually universal practice.

Since those responsible for constructing such measures are
naturally interested in making known, literally, what their prod-
ucts are, it has become common in official publications to describe
cost of living index numbers purely in terms of the formulas by
which they are computed. In all important cases the formula is
Laspeyre’s— ;—Z—%’ —where p; represents prices in the given

4o
year and p, and ¢, prices and quantities in the base year. Thus,
the U. S. Bureau of Labor Statistics index is officially described
as showing changes in the cost of a fixed bill of goods composed
according to the average purchases of urban wage-earners and
lower-salaried workers in the period 1934-1936.

Such descriptions are of course necessary and truly informative.
In the light of the discussion of the previous chapter, however, it

3 George E. Barnett, “Index Numbers of the Total Cost of Living,”
Quarterly Journal of Economics, XXXV, no. 2, Feb. 1921. Counted as “ cost
of living” indices here were only those which were composed of at least
three of the following groups of workers’ expenditures: food, rent, clothing,
heating and lighting, and miscellaneous. Thus, retail prices of foods alone
had been available in the United States since 1903.

4 International Labour Office, International Labour Review, VI, no. 1,
July 1922, p. 53.
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need not be emphasized here that labels of this kind by no means
represent definitions from a scientific point of view. For the defini-
tion of a cost of living index would indicate the object of approxi-
mation, not the particular method of approximation itself. Indeed,
whether an index computed by Laspeyre’s formula can even be
considered an approximation of a change in the cost of living, has
been seriously questioned by previous students of this subject—
but this is a question which will be examined at some length in
subsequent sections.

It is interesting to note that the underlying idea of a measure
of a change in living costs actually preceded by more than two
centuries the first systematic attempt to construct one. Writing
in 1707, William Fleetwood, Bishop of Ely, set himself the task
of determining the relative difference in money income which
would provide for a student at the University of Oxford the “same
Ease and Favour” in his day and 260 years before.® His actual
approach to the problem of measurement was of course crude,
consisting primarily of a “mental average” of price relatives,®
but his definition nonatheless was in essence the same as that
adopted by modern theoreticians. Thus Stachle declares that
“the problem of cost of living comparisons may most appro-
priately be described as that of determining money incomes
which yield equivalent satisfaction in two or more situations.””
Frisch defines the cost of living index as the ratio between money
incomes of persons who are equally “well off.”’® Keynes, Bowley,

5 Chronicon Preciosun: or, an Account of English Money, the Price of
Corn, and Other Commodities, for the Last 600 Years—in a Letter to a
Student in the University of Oxford (London, 1707).

6 For a convenient precis of the Bishop’s book see Wirth F. Ferger,
“ Historical Note on the Purchasing Power Concept and Index Numbers,”
Journal of the American Statistical Association, XLI no. 33, March 1946,
Pp. 53-57.

7 H. Staehle, “A Development of the Economic Theory of Price Index
Numbers,” Review of Economic Studies, XI, no. 3, June 1935, p. 163.

8 Ragnar Frisch, “Annual Survey of General Economic Theory: the
Problem of Index Numbers,” Econometrica, IV, no. 1, January 1936, pp. 11-13.
It may be noted that Frisch was apparently of the opinion that this definition
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Allen, Haberler, and others present equivalent definitions. From
the standpoint of operations the definition calls for either of two
(equivalent) procedures: (1) identifying persons (or groups of
persons) enjoying equal real incomes in two different situations
and comparing their money incomes; or (2) identifying two com-
modity incomes which yield equal real incomes in two different
situations and comparing their money cost. The meaning of terms
employed here and in the following sections, however, requires
some explanation. Money income is used throughout this work,
unless otherwise specified, as synonymous with money expendi-
tures. Commodity income refers to the goods and services pur-
chased with money income. Real income refers to the level of
satisfaction—or the income of utility—experienced from these
goods and services. Two commodity incomes are considered
equivalent when they provide equal real incomes.®

AMPLIFICATION OF THE DEFINITION

The definition above has thus far been stated in summary form
only. Amplification is required before application in either theory
or practice is possible. It should be noted, for example, that a
change in the cost of living is meaningful only when applied to a
particular real income level. Indeed, in principle there are as
many changes in living costs as there are distinguishable real

was generally applicable. Thus he wrote: “ This definition seems, indeed,
to be the only plausible one. It is applicable not only to cost of living
indices, but equally well to general indices of deferred payments, wholesale
prices, etc.” In this, however, Frisch appears to be wholly mistaken. The
definition above is framed with reference to consumers, who enjoy a given
real income level, possess roughly the same taste patterns, and are pre-
sumably endeavoring to maximize their utility. Wholesalers—those who
pay “wholesale” prices—are not consumers (in their capacity as whole-
salers), they endeavor to maximize their profits, and in most other respects
are highly heterogeneous. It is possible, however, that a definition of a
wholesale price index might be derived from the one above.

9 The distinctions made here follow those introduced by Gottfried
Haberler in his Der Sinn der Indexzahlen (Tibingen, 1927), p. 81, and
followed also by J. M. Keynes in his Treatise on Money (Harcourt, Brace
and Company, New York, 1930), p. 97.
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incomes. In practice the change in living costs for a given (usually
average) real income level may be representative of the change
for a considerable positive and negative margin about that aver-
age. But at the same time it is obvious that relative changes in
living costs would most likely differ substantially for a 100,000~
per-year business executive and a $3,000-per-year cutter of coats
and suits.

It must also be noted that changes in the cost of living—i.e.,
in the cost of maintaining a given real income—may be attrib-
utable to a variety of factors. The most obvious—and, over the
short term, by far the most important—is prices. The other
factors may be grouped under the two headings: tastes and
environment.

TASTES

Thus, the money cost of a given level of real income in two
situations in which prices are preciscly the same might vary
widely if tastes differ materially between the two situations. In-
deed, persons may consume precisely the same commodities and
yet expericnce widely different degrees of satisfaction if their
attitudes toward these commodities, i.e., the standards of living
to which they are accustomed, are at variance. Under such cir-
cumstances, obviously, commodities which are physically iden-
tical may, in terms of actual social experience, be palpably unlike.
The choice luxury in one situation—say the “honey ant” for the
aborigines of Australia—may elicit disgust in another.

Indeed, the very meaning of “equivalent commodity incomes”
when tastes differ is open to question. On the other hand, given
constant tastes, the operational test for this concept is simple.
Two commodity incomes are equivalent when there is an indiffer-
ence of choice between them. But this test implies that the choice
be made with reference to a single—i.e., a given—system of wants.
When tastes differ the problem becomes indeterminate in prin-
ciple, for equivalence or lack of equivalence of two commodity
incomes might be judged differently, depending upon which
system of wants was employed as point of reference.
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ENVIRONMENT

The cost of a given level of living may also be influenced by
environment—a term used here to embrace especially the variety
and quality of goods offered for sale, but also such factors as
climate, social services available, and geographical location. Thus
the abrupt and enforced limitations on the character of goods
marketed in the United States during World War II would have
resulted in an appreciable change in the cost of maintaining a
given level of living, even if prices had remained unaltered.
Similarly, differences in climate necessitate different types of
expenditures to maintain a given state of well being.

In the following theoretical discussion it will be assumed that
both tastes and environment are constant. For reasons already
noted, it is believed by the writer that the former is a necessary
assumption if the term ‘““change in living costs” is to be conceded
a definite meaning. The latter assumption is made for convenience
of analysis only. The practical implications of both assumptions
are discussed in the concluding chapter.

Tue Basic Tueory oF Cost oF LiviNG INDEX NUMBERS

In theoretical literature the concept of a cost of living index
as defined in the preceding section, has been referred to as the
“true” cost.of living index. As already noted, all the principal
measures of changes in living costs currently published are com-
puted by Laspeyre’s formula—and indeed the use of this formula,
or one similar to it, would appear to be dictated by the nature of
the data now available or likely to be available in the foreseeable
future. Expediency alone, however, is a patently deficient justifi-
cation. The persistent and all-important issue concerns the ques-
tion of whether any warrant exists in theory for viewing Las-
peyre’s index as an approximation of the true measure of changes
in living costs.

The basic theory bearing on this question—the bulk of which
was developed originally by Koniis and Haberler—will be pre-
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sented in this section.!® It will be noted, however, that from the
standpoint of the practical problem of providing a current meas-
ure of changes in living costs, the net conclusion of these investi-
gations is discouraging. More promising in the light of this prac-
tical objective is the further development of the theory presented
in the following chapter.

UNDER THE AsSUMPTION OF FIXep REAL INCOMES

For ease of exposition, and also to make possible two-dimen-
sional graphic representation, it will be assumed that there are
only two goods on the market—X and Y. It will be assumed
further that consumers tend to maximize their satisfaction, so
that at any time a dollar’s worth of any commodity yields the
same utility as a dollar’s worth of any other commodity, as indi-
cated by the expression:

1 U 1 U

— . —— T —— )

PO: aqo: POV 3‘]0:/

where oz, o= and poy, goy are prices and quantities of the com-
modities X and ¥ respectively at time o. And of course

Poﬂo: + Po.,qo', = Ro

where R, is the total money income (or expenditure) at time o.
The latter condition states only that expenditures are equal to
the sum of the products of prices and quantities.

10 It has been pointed out by Staehle that at least some aspects of this
theory appear to have been worked out initially by Pigou in his Wealth
and Welfare (Macmillan and Co., London, 1912). See H. Staehle, “ Inter-
national Comparisons of Food Costs,” International Comparison of Cost
of Living, Part 1 (International Labor Office Studies and Reports, Series N,
No. 20, Geneva, 1934), p. 75. However, Frisch calls attention to certain
material differences between Pigou’s approach and the theory subsequently
developed by Koniis in “The Problem of the True Index of the Cost of
Living,” The Economic Bulletin of the Institute of Economic Conjuncture,
Moscow, No. 9-10, September-October, 1924, pp. 64-71; and by Haberler,
op. cit. See Ragnar Frisch, “Annual Survey of General Economic Theory:
The Problem of Index Numbers,” Econometrica, IV, no. 1, January 1936,
p. 22.
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In Figure 1 let the indifference curve A shown represent a part
of the indifference map of a suitably defined group of wage-
earners sharing the same tastes. The indifference curve represents
the preference relations between these two commodities at a
given level of utility. Thus by definition every point on this curve

Y

FIGURE 1
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represents a bundle of goods of equivalent satisfaction. It is
further assumed that the utility function, or preference indicator,
increases directly with the quantities of these goods consumed,
so that curves relating to superior real income levels could be
shown higher on the X-V scales arranged in ascending order of
preference. The “normal” form of the indifference curve requires
that they be convex to the origin.

Lines ab and cd in Figure 1 are expenditure lines of the form
$:9: + P9, = R, tangent to the indifference curve at the points
Qo and Q, respectively. Now the point of tangency of an expendi-
ture line to an indifference curve indicates that combination of
purchases which will maximize a consumer’s utility at the given
level of money expenditure and the given prices. Since indifference
curves are convex and non-intersecting, an expenditure line can
be tangent to only one curve. Since the level of preference rises
as we move upwards to the right, the preference level at the point
of tangency will be higher than at any other point on the expendi-
ture line.

If commodity Y in Figure 1 is taken as the numéraire so that
$, = 1 in all price situations, then the numerical value of the

slope of an expenditure line will be given by %’ = p,, and the

v
total income for any line can be obtained from the Y-intercept:

i.e., R = g,. Accordingly, it is evident from the figure that if
we indicate the true cost of living index by the symbol 7, we may
write:

I = & = pIquz + Pl”qlv = zqul = -0—67
Ry pogoz + PosQoy  Zpoge  0a

where R, is the total value of the goods consumed at the situation
0, and R, is the corresponding value for the situation Q,. This
relation simply reiterates the definition of the index as the ratio
of the money cost of two equal real incomes.

Now in the same figure the expenditure line ef is drawn parallel
to ab, and through the point Q;. Since the slope of an expenditure
line is given by the ratio of the prices, the equality of slopes shows
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that ab and ef are characterized by the same price system. More-
over, since ef passes through Q, its intercept, oe, indicates the
total expenditures required to buy the commodities actually
purchased in Q; under the price system prevailing in Qo: that is,
oe = Zpoqs = Ry°

Clearly, however, a rational consumer with the income R,°
would not buy the budget of Qy, for it is evident that satisfaction
would be maximized by moving along the line ef to the point at
which it touches the higher indifference curve A'. It follows,
therefore, that the income R,® must be higher than the income
R,, for while the prices underlying these two expenditures are
the same, the former income can buy a combination of X and ¥
giving greater satisfaction than does Qo. In any event, it is evident
from the figure that oe > oa.

In the same way, if gk is drawn parallel to ¢d through the point
Qo, Wwe may write 0g = Zpigo = Ry, representing total expendi-
tures required to buy the commodities actually purchased in Q,,
under the price conditions of Q. It is likewise evident in this case
that Ro! must be greater than R,, for at the point of equilibrium
the former income can, at the same prices, buy a combination of
X and Y that will provide greater satisfaction than Q,. It is also
clear in the figure that og > oc. It follows, therefore, that:

0 oc
g5 9% and

oa oa

oc _ oc .

— < — since oe > oa.
oe oa

Substituting for these intercepts the expenditures they repre-
sent, we obtain:

ZP190 Zphqa
. L >T>
(3.1) Zpoqo Zpogx .
L>I>P
This relationship—that Laspeyre’s index is the upper limit

and Paasche’s index is the lower limit of the true cost of living
index—has been accorded considerable weight by Keynes, Bort-
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kiewicz, and Allen." It is occasionally referred to in research docu-
ments as a guide to practice.”? Yet, as initially pointed out by
Staehle, the principal assumption upon which this relationship
is based relieves it of any practical import. For these limits hold
only for a very special case—that for which real incomes are the
same in the two situations compared. But if it were known that
real incomes were the same, the construction of “limits” would
be superfluous; the true index could be computed exactly from
the ratio of the money cost of the two real incomes. Relationship
(3.1) in itself, then, is of no practical moment. It does, neverthe-
less, constitute a step in the derivation of other and more useful
relationships.

ALLOWING FOR VARIATION IN REAL INCOMES

Tt has already been noted that if the situations to be compared
are characterized by different real incomes, then the definition of
a cost of living index implies that there will be more than one true
index—indeed, one for each distinguishable real income level.
This, of course, is the condition actually encountered in practice
and the one which offers serious difficulty. Attention is therefore
called to Figure 2, where the problem is posed of comparing the
change in living costs between the situation Q, on indifference
curve A and the situation Q, located at a higher preference level.
The expenditure lines ab and ¢d are drawn tangent to the in-
difference curves at these points.

11 John M. Keynes, op. cil., pp. 109-111; L. von Bortkiewicz, “Die
Kaufraft des Geldes und ihre Messung,” Nordic Statistical Journal, 1V,
1932, pp. 1-68; R. G. D. Allen, “ On the Marginal Utility of Money and its
Application,” Economica, no. 40, May 1933, pp. 186-209.

12 Thus the relationship, Epige/Epeqe > I > Zpiqi/Zpoqs, is explicitly
taken as generally applicable in Henry Shavell, “Price Deflators for
Consumer Commodities and Capital Equipment, 1929-1042,” Survey of
Current Business, May 1043, p. 14.

13 “A Development of the Economic Theory of Price Index Numbers,”
op. cit., p. 170.
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Employing essentially the same methods as before, the line
gh may now be drawn parallel to ¢d but tangent to the indifference
curve A at point Q. Then the point Q, represerfits those quantities
of X and ¥ which would be purchased at the indifference level A
under the price system actually prevailing in Q,, for ¢d and gk
are parallel. Hence, the ratio of the total expenditures in Q, to

FIGURE 2

Y
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those in Q, would indicate one true cost of living index; i.e., the
change in money income required to provide under the price con-
ditions of Q;, a commodity income equivalent in satisfaction to
that received in Q. If commodity Y is again taken as numéraire,
then this true index may be represented by:

I, = 209 _ 08
0 = =
Zpogo 0a
Similarly, ¢f may be drawn parallel to ¢b and tangent to in-
difference curve B at the point Q;. Then the second true cost
of living index—the ratio of money expenditures in Q; and in
Qr—will show the change in money income between the price
situations Qo and Q; required to maintain a real income level equal
to that actually experienced in Q,, thus:

I, = 2P _ oc
| = =
Epoql oe

These two true cost of living indices are, of course, quite dis-
tinct, and it is easily shown that they do not necessarily lie within
the limits of Laspeyre’s.and Paasche’s indices.

Thus, if the line ¢j is drawn parallel to ¢d and through the point
Qo, the total income characteristic of this line will represent that
required to purchase the commodities actually consumed in Q,
at the prices prevailing in Q;: that is, Ry! = Zp,g, = 0. It may
then be observed that oi > og. Similarly, the line kl may be
drawn through Q, parallel to ab, and it will be observed that
Zpogr = ok > oe. Accordingly, we may write in summary:

ot _ o . .

% % Since 07 > og, and
oa  oa

oc _ oc .

—_> — since ok > oe.

oe ok

Substituting for these intercepts the expenditures they repre-
sent, we may conclude:

(3.2) M > Ep_lql’ and ZPIQ_l > 2?1‘]1’
Zpgo  Zpogo Zpodi  Zpoqu
(3.3) L>I, and I,>P.

or
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Considered alone, as other writers have contended, these rela-
tionships are of only very limited usefulness. Indeed, the con-
clusion would appear to be suggested that when account is taken
of changes in real income from one situation to another, then
Laspeyre’s index can in no sense be considered an approximation
of a true index, nor can Laspeyre’s and Paasche’s indices be em-
ployed in conjunction to any advantage. For (3.3) tells us only
that L is at some point above I,, and that P is at some point
below I,; the relationships between L and P and between I,
and I, are entirely unrestricted.

In the following chapter, however, it is shown that more fruit-
ful conclusions may be reached through further exploration of the
nature of these relationships—conclusions calculated to illumine
both conceptual and the practical quantitative aspects of the
problem of constructing cost of living index numbers. Before
describing this further development, it will be pertinent to note
the nature of an alternative approach taken to the comparison
of living costs.

AN ALTERNATIVE APPROACH

The measurement of changes in living costs by the method of
price index numbers of necessity presumes the objective of identi-
fying “equivalent” commodity incomes in two or more situations
and comparing their money costs. It will be recalled that two
commodity incomes are equivalent when they yield equal real
incomes, and that the test for equivalence is the indifference of
choice between them for persons of similar tastes. It is on this
basis that the preceding analysis was conducted and that the
further analysis in Chapter IV is pursued.

As mentioned previously, however, there is an alternative ap-
proach—that of identifying persons enjoying equal real incomes
in different situations and comparing their money expenditures.
That this objective would be fraught with numerous conceptual
and statistical obstacles is obvious, but the contributions in this
area are of importance aside from possible uses in the construction
of cost of living index numbers. Thus, the work of Frisch, Staehle,
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and Wald along these lines has substantially expanded the body
of knowledge bearing on the theory of consumer choice and—
in the case of Frisch—upon the concept and measurement of
marginal utility.

Nevertheless, this alternative approach—which is essentially
one of deriving cost of living indices from family budget data—
is subject to several limitations which, in the present state of
statistical and economic knowledge, would appear to preclude
its practical application. Details of the various methods proposed
which follow the ‘‘budget approach,” along with the basic theo-
retical work of Koniis, are described in full in Appendix A. The
practical limitations to which, in general, they are subject, how-
ever, are noted below.

In the first place, all the methods discussed here require for
their computation detailed family budget data providing informa-
tion on prices paid and quantities purchased by families classified
according to income size. Data of this kind are of course now
available for certain periods; in the United States the most recent
complete compilation iss for the years 1934-1936. It is possible
also—and surely highly desirable—that such studies will be con-
ducted more frequently in the future. But the budget approach
requires these data for each date for which an index is constructed.
Aside from the possible frequency of these surveys, it must be
noted that the collection and subsequent compilation of family
budget statistics comprise a long and arduous task. The lag
between actual construction of the index and the period to which
it referred, therefore, would inevitably be very substantial.
Hence, the maintenance of a current measure of changes in living
costs by means of the budget approach would, on this considera-
tion alone, be precluded.

More fundamental, however, are the serious limitations upon
the reliability of results imposed by assumptions inherent as a
matter of statistical expediency in these methods. For it has al-
ready been noted that the underlying objective is the exceedingly
challenging one of identifying families with equal real incomes in
two different situations. Theoretical criteria for this equality are



THEORY OF THE COST OF LIVING INDEX 41

by no means obvious, while problems involved in their statistical
translation have thus far proved overwhelming.

Thus, in the method proposed by Frisch it is held that persons
enjoy equal real incomes when the numerical value of their
“money flexibilities” is equal.* Money flexibility refers to the
relative change in the marginal utility of money corresponding to
a small relative change in real income. Frisch’s efforts to evaluate
this criterion in statistical terms have been path-breaking—but
still subject to an indeterminate and probably large margin of
error. Thus, among the assumptions necessary to his procedure
is that one “reference” commodity may be selected which has
“independent utility”: i.e., its utility is independent of the quan-
tities of all other commodities consumed. Whether it is possible
to discover a good answering this description is itsclf open to
question. In any event, experiments thus far have shown that
results differ substantially depending upon which commodity is
chosen for reference.’® Until this and related obstacles are sur-
mounted, therefore, cost of living indices computed by this
method would be subject to purely arbitrary variation.

14 Ragnar Frisch, New Methods of Measuring Marginal Utility (Mohr,
Tibingen, 1932) and “Annual Survey of General Economic Theory: The
Problem of Index Numbers,” op. cit., pp. 31-38.

15 For example, using meat, Frisch obtained the figure of 1.11, and using
butter 1.40, for money flexibility. [See Hans Staehle, “ Report of the Fifth
European Meeting of the Econometric Society,” Econometrica, V, no. 1,
January 1937, p. 95.] Frisch later introduced a modification calling for an
independent subset of commodities rather than one commodity—but in
principle this left the nature of the problem unchanged while raising addi-
tional technical problems of measurement, for experiments with subsets have
also yielded inconsistent results. See James N. Morgan, “ Can We Measure
the Marginal Utility of Money,” Econometrica, XIII, no. 2, April 1945.

Thus, William Vickrey comments: “ It is more than likely that the widely
varying results obtained with different commodity combinations indicate
that at most the independence criterion is satisfied only as between pairs
of commodities or groups of commodities. If so, the use of different pairs
of commodities would result in different utility functions even with complete
and accurate information. Thus the widely divergent results obtained may
not be entirely the result of the inadequacy of the data, but may be in-
herent in the method used.” See “ Measuring Marginal Utility by Reactions
to Risk,” Econometrica, XIII, no. 4, October 1945, p. 32I.
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This citation, however, was for illustrative purposes only, for
the practical pitfalls in Frisch’s as in the other methods of this
type are several—a condition characteristic of explorations at
the outer frontiers of knowledge in any field. Aside from such
distinctive limitations, however, attention should be called to
two assumptions common to all the methods proposed for de-
riving cost of living index numbers from family budget data.

As previously noted, the assumption of fixed tastes for a homo-
geneous group between situations compared is a necessary one
for all cost of living comparisons. In constructing indices from
family budget data, however, an additional assumption is neces-
sary. This is the postulate that the families included in the budget
statistics for any given point in time share common tastes despite
substantial differences in income levels. Thus, in illustrating his
own ingenious method Staehle was compelled to assume that
German families with incomes of 700 R. M. per person had tastes
the same as families enjoying incomes nearly five times as great.’
Indeed, all these methods—either for purposes of fitting Engel
curves or related measures—require comparable assumptions.

The vitiating character of this assumption becomes apparent
when it is recalled that similarity of income has been frequently
appraised as “undoubtedly . . . the best single criterion of similar-
ity of taste.”” For it is recognized that income itself is a taste-
determining factor,'s while perhaps most of the others—such as
social status and cultural background—are closely associated
with it.

It should be noted as well that the use of budget data for this

16 Op. cit., pp. 183-187.

17 W. Allen Wallis and Milton Friedman, “ The Empirical Derivation
ot Indifference Functions,” in Studies in Mathematical Economics and
Econometrics in Memory of Henry Schultz, ed. by Lange, McIntyre and
Yntema (University of Chicago Press, Chicago, 1942), p. 184. See also
James N. Morgan, op. cit., pp. 138-140.

18 But this should not be construed as implying that the tastes of families
in a given income class will necessarily change if the incomes of these families
change over time. Reference above is to families in different income groups
at a given time. For further discussion of this point, see below, pp. 61-63.
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purpose implies certain other assumptions notably contrary to
fact; e.g., that families in different income levels purchase the
same brands of goods and pay the same prices.® In the light of
these limitations it is obvious that the results of methods relying
on family budget data are liable to errors which may be very
substantial—and which at the present stage of technical develop-
ment are not subject even to rough approximation.

19 For further discussion of the limitations of family budget data when
employed for this and similar purposes, see R. G. D. Allen, “ Expenditure
Patterns of Families of Different Types,” in Studies in Mathematical Eco-
nomics and Econometrics in Memory of Henry Schultz, ed. by Lange,
McIntyre and Yntema (University of Chicago Press, Chicago, 1942);
James N. Morgan, op. cit., pp. 131-141, and S. Morris Livingston, “ Fore-
casting Postwar Demand: II,” Econometrica, XIII, no. 1, January 1945,
pp. 19-21.



CHAPTER 1V

A PRACTICAL DEVELOPMENT OF THE
THEORY

IN the previous chapter there were derived the inequalities
L> I, and I, > P—a relationship which has been generally
construed as fatal to conventional approaches to the construction
of cost of living index numbers. Nevertheless, it is worthy of
emphasis that the evidence borne by this relationship alone must,
from any point of view, be judged as inconclusive. For the ulti-
mate key to the significance of either Laspeyre’s or Paasche’s
formula is to be found only in the differences L — I,, I, — P,
L — P,and I, — I,. If the differences between these indices were
established as theoretically indeterminate, or if it were known
from experience that they all were capricious or regularly very
large, then the practical significance of both formulas would be
effectively destroyed. Fortunately, both theoretical and quan-
titative considerations lead to a contrary conclusion.

TaE RELATIONSHIP BETWEEN THE TRUE CosT oF L1vING INDICES
AND THE FORMULAS OF PAASCHE AND LASPEYRE

Attention may be profitably turned in the first instance to the
difference I, — I,. Assuming for convenience of exposition the
case of only two commodities, as in the previous chapter, these
two true indices may be defined as follows:

- 1= 1 =1
(4.1) o= 200 o PR EPG ang
Zpogo  Pogo + Pogo
2 ’ 7 + n_ 1
(4-2) I, = qu-l = Ptq-i P:/(grll’
Zpogr  poi + pon
where 25, pb', ¢b, g’ and pi, p¥’, ¢, ¢i’ are the prices and quantities
of the individual commodities purchased in the periods o and 1
respectively; and where o and ¢’ are the quantities which would
have been purchased by consumers experiencing the real income
level actually characteristic of the period o, under the price sys-

44
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=1

tem of period 1, while ¢{ and g1’ similarly are the quantities which
would have been purchased at the real income level of the period
1, under the price system of period o.

Now the quantities purchased at any time are of course func-
tions of the prevailing prices and real income level, and therefore
we may write:

(43) ¢ =q@,p",U) and ¢'=q"@t",?,0)

And since U represents the level of real rather than money
income, we may further note that:

, PII ) ' (P" )

4 =fls- U and = F| 5

(44) ¢ =1 ( ’ g P
Substituting (4.4) in (4.1) and (4.2) we obtain:

(4-5) I, = (
(
(G

Py
(46) I, = : 7"
(i) (o)

It is then obvious that I, and I, may differ for one reason only.
They may differ only if real incomes change between the two
situations compared, for when U, = Uy, it is clear that Iy = I.
Actual differences, however, will occur only insofar as the change
in real income results in altering the pattern of consumption be-
tween the two situations, relatively increasing (or decreasing)
consumption of items which have advanced most in price, and
relatively decreasing (or increasing) consumption of items which
have advanced least. Thus, if the change in real income itself gave
rise to 7o change in the pattern of consumption—i.e., if the elas-
ticity of demand with respect to income were the same for all
goods and services and equal to unity—then we could write:
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(ap) L [N —jj =,
DE(DNDND
f(po U°) (po o) T U o
and substituting in (4.6), obtain:

’V(ig )-FM%F(M:UO
I]'_ P '—I

- " " = 4o
(R

Similarly, if prices all changed by equal proportions between
the two situations we could write:

pr_p
(4.8) rialr = k, and
kpsf(k—p‘g-', U,) + kp{,’r(kp“ )
I, = ks —k=1

TEDRTCD

Thus, differences between Iy and I, are possible only if a change
in real income has occurred between the two situations. Such
differences will actually materialize only (1) if the change in real
income succeeds in altering the pattern of consumption, and (2)
if relative prices change. Let the letter D, represent this difference
between I, and I,.

If attention is now turned to differences between L and P, it
will be noted that these may occur for fwo distinct reasons. The
first is the same as that which accounts for any difference occur-
ring between I, and I,. If the difference D; occurred between
I, and I,, then L and P would also differ by D;, except insofar as
this difference might be diminished or enhanced by the play of a
second factor noted below. Thus, if relative prices and quantities
were independent variables—i.e., if the elasticity of demand with
respect to relative prices were zero for all commodities—then L
would equal I, and P would equal I,. For under these circum-
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stances quantities consumed are functions of the real income level
alone, and we obtain:

7, = 219 + p¥ (o) _ o
po¢(Uo) + po" ¥ (Uo) ’

_ pi¢(Uy) + p1"¥(Uy) =P
po(Uy) + pa (U,

Hence, differences between L and P and between I, and I,
would on this supposition be precisely the same, and in each case
would be due to the possible effects of a change in real income
upon the pattern of consumption. We have agreed to call this
difference D..

As the previous example suggests, the second factor making
for differences between L and P is the possible alteration in pat-
terns of consumption attributable to changes in relative prices.
It is that factor alone which accounts for the fact that L must be
greater than [,; the numerator of L is too large, as shown in
Chapter III, because it assumes that consumers do not alter their
consumption in response to relative price changes, buying rela-
tively more of cheaper items and relatively less of more expensive
items. It was also shown that for an analogous reason the de-
nominator of P is too large, and P is therefore smaller than 7.
As already indicated, if the elasticity of demand with respect to
relative prices were actually zero for all commodities, the differ-
ence between L and P would be D;, the same as that between
I, and I,. Let us represent by the letter D, the difference which
occurs between L and P as the result of alterations in the pattern
of consumption attributable to changes in relative prices. Then
the fotal difference between L and P may be represented by:

(4-9) and

(4.10) I,

(4.11)
L_P=[(L—Io)+(II"P)]+(Io—11)=Dp+Di=D:

The quantity D,, of course, is necessarily positive, since its
effect can be only to make L greater than P. The quantity D,

however, may be positive or negative, and may be numerically
greater or less than D,. Hence D, may be positive or negative.
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Now if the relationship (4.11) is combined with the inequalities
L > I,and I, > P, it is easily demonstrated that limits may be
derived for each of the two true indices, the practical importance
of which is indicated below. Since I, — I}, = D;ana L — P = D,,
we obtain by substitution:

L>Io and Io—D5>L—Dg
L>I1,>L~—-D:+ D;

(4.12) L>I,>L-D,
Similarly, we obtain for I, the limits:
(4.13) P<I,<P+D,

APPLICATION OF THE RELATIONSHIP

The limits (4.12) and (4.13) are of practical interest only inso-
far as they are susceptible to quantitative expression. It is obvi-
ous, however, that a direct measurement of D, is hardly feasible.
Indeed, if it were possible to measure D, directly, it would also
be possible to measure'/, and I, directly, and in that case pre-
occupation with limits, even as a first approach, would be
pointless.

Direct observation of D, would require, first of all, detailed
data on prices and quantities relating to the total expenditures
of an homogeneous group of families in two or more periods. From
these data, of course, it would be possible to compute the Las-

peyre and Paasche indices, 0o o nq 0y,

Zpoqo Zpor
first one of these periods as a base, it would be necessary to isolate
those changes in quantities purchased between the two situations
which had occurred only ‘as the result of changes in relative
prices; the effects of any other factors—particularly of a change
in real income—upon the pattern of consumption would need to

be eliminated. When this task had been completed it would be

possible to compute —2—;%’ = I,. Employing the second period
oyo

as a base—i.e., using the real income level of period 1 as a stand-

Then, employing
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ard—these derived relationships between prices and quantities

would also make possible computation of gfl—q—l = I,, and in

01
combination with the other indices, a measurement of D,

But derivation of price-quantity relationships of this kind for
each of the items in an entire budget is patently far beyond the
realm of statistical possibility now and in the foreseeable future.
Moreover, even if this enormous task could be accomplished
in a particular case, the value of D, thercby derived for one
period would provide no clue to its value at any other time.

Two indirect approaches are available to this problem, how-
ever, which are not only much simpler but more useful. These are
described below.

ArproacH I

It follows from definitions previously given that when D; is
positive, then D, is also positive and greater than D,. Since D, is
easily measured, this fact suggests the possibility of estimating
a probable upper limit for D,—and therefore a quantitative eval-
uation of the reliability of both the Laspeyre and Paasche indices
when used as approximations for the corresponding two true
indices of changes in the cost of living.

Thus it will be recalled from (4.5) and (4.6) that D, will differ
from zero only if real income changes. Furthermore, the sign
of D,, in the case of any given observation, depends only upon
the particular real income levels which happen to be involved in
that comparison and upon which of these levels is chosen as the
base. Given a particular choice of base, consecutive observations
of D, over a fairly long period of time would tend to yield an equal
number of positive and negative values. This is apparent from
Figure 3.

1 The results of this approach are substantially the same as those pre-
sented originally in my paper, “ On the Economic Theory of Cost of Living
Index Numbers,’ Journal of the American Statistical Association, XLI,
December 1946, pp. 530-542. The supporting argument has been revised in
several important respects, however, and proofs which were initially omitted
have now been provided.
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Figure 3 illustrates changes over time in five hypothetical true
cost of living indices, each applicable to a given level of real in-
come—A, B, C, D, and E, respectively. It is assumed that these
five levels of real income comprise the distinguishable levels
which from time to time are actually experienced by the group—
say urban wage-earners—for whom a cost of living index is being
computed. Thus, in the pit of depression a very low level—say E
—would be experienced, while in the best days of prosperity high
levels—say B or A—would be the rule. It should be pointed out
however, that the height of the curves in the figure do not indicate
the height of the corresponding real income levels, but rather the
magnitude of the true cost of living indices applicable to these
levels computed on a base of time o = 100.

For simplicity it was assumed in the figure that the higher the
real income level, the more flexible were changes in living costs.
Obviously the probable differences in magnitude of true indices
applicable to different real incomes was very greatly exaggerated
for illustrative purposes—particularly when it is considered that
the levels of real income have been restricted to those within the
range of experience of urban wage-earners. Time o, taken as 100,
is assumed to be an ‘“average” period midway between the peak
of prosperity and the trough of depression.

Now, if from time o to time 1 the level of real income for wage-
earners rose from C to B, then it is apparent from the figure that
D; = I, — I, would be negative. For in that case I, would be the
rise in living costs indicated by line C, I, the rise indicated by B,
and since B is higher than C at time 1, time o = 100, I} > I,.
Similarly, if the real income level changed from time o to time 3
from C to D, then D, would be positive. Conversely an alteration
in real income level from C to B would result in a positive D;, and
from C to D in a negative D, if changes were measured from
time o to, say, time 6.

On the assumptions of the previous discussion, then, it is ap-
parent that given any particular base period (such as time o
characterized by a real income level C), the chances of obtaining
a positive or a negative D, are clearly even. However, the same
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conclusion would follow regardless of special assumptions, with
one exception alone. The only circumstance under which negative
D.’s (say) would have a greater chance of occurrence than posi-
tive D/’s is illustrated in Figure 4.

In Figure 3 it was assumed that true cost of living indices
applicable to different levels of real income differed in flexibility
in the same way, both during upswings and downswings; whether
indices for upper real income levels were more or less flexible was
actually immaterial—so long as differences were consistent at the
various cyclical stages. Figure 4 illustrates an extreme example
of another hypothesis—namely, that the order of differcnces in
flexibility of these measures is reversed in prosperity and de-
pression.

Thus, it is assumed in the figure that the index applicable to
the real income level of the base period—C—is the least flexible
of all the indices in prosperity and the most flexible in depression.
Under this circumstance D; would necessarily be negative or zero
throughout the entire course of the business cycle, regardless of
what changes in real ircomes may have occurred. It should be
noted at once that there is no justification either in the theory or
in the known facts of the behavior of prices to justify the hypo-
thesis of Figure 4, while there is abundant evidence to demon-
strate its implausibility. Nevertheless, it is worth noting that
even if an extreme case of this kind were to arise, it would be
possible to establish a method of observation such that the D/’s
obtained would still possess an equal chance of being positive or
negative. This could be accomplished by observing D; throughout
the period covered from the vantage point of eack of the different
real income levels successively as described further on pages 58-59
below; i.e., D; would be measured throughout the period, first
using real income C as a base, then real income E as a base, then
real income D, etc. Even on this extreme assumption, then, the
probability of positive or negative D.’s would be even.

Now as previously noted, although neither D, nor D, can be ob-
served directly, D, can be easily measured. Furthermore, it follows
from the previous discussion that if D, were measured for consecu-
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tive periods over a fairly long period of time, the number of D,’s
obtained for which D,’s happened to be positive would tend to
equal the number of D,’s for which D,’s happened to be negative;
in any case, it is virtually certain that D; would be positive in a
substantial number of cases provided the time period involved
covered at least the full course of one or more business cycles.
If the number of observations were sufficiently large, then, it
would follow that (1) the highest value of D, obtained during the
period might be taken as an estimate of the highest value of D,
likely to be encountered in the future—an assumption which
can be continuously tested with the passage of time; and (2) that
the highest value of D, to be obtained can also serve as a con-
servative estimate of the maximum value likely to be obtained
for D,, since D, > D, when D; > o.

Conclusions (1) and (2), of course, follow only if it may be
reasonably assumed that the sample of D,’s obtained is unbiased.
If, for example, there were some reason to believe that abnormally
low values of D, were regularly associated with positive values
of D,, then the sample as described above would indeed be biased
and the results of dubious value. It is obvious from the nature
of the measures, of course, that the sign of D, in itself has no in-
fluence whatever upon the magnitude of D,. Nevertheless, there
would remain the possibility—which, however, does not appear
at all likely—that for a given choice of a base period D; was
regularly positive only at given periods of price cycles (say
throughout depression) and further that D, was rcgularly small
during such periods.

It will be recalled from the discussion of Figures 3 and 4, how-
ever, that this would remain a possibility—although a remote
one—only if measurements of D, were obtained on one base
period alone. If, on the other hand, D, were computed by obtain-
ing Laspeyre and Paasche indices throughout the period, using
first one and then another of the years as base, successively, a
representative sclection of D/’s (and of D;’s and D,’s) would be
assured. Referring to Figure 3, this procedure would be equiva-
lent to observing D; throughout the period first from the vantage
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point of real income A, then B, then C, etc., and positive values
of D; would be distributed equitably in the various stages of the
cycle.

Ex1sTING EVIDENCE

Thus, from successive observations of the value of D, it is
possible to obtain an estimate of the upper limit of D,, and since
L>I,>L—-D, and P <I, < P+ D,, an estimate of the
reliability of the Laspeyre and Paasche indices when employed
as approximations of the corresponding true measures of changes
in the cost of living. Available evidence indicates that the Las-
peyre and Paasche indices provide very close approximations,
for it appears that the values of D,—even at their greatest—are
probably very low.

TABLE 1

PER CENT DIFFERENCE BETWEEN OLD AND CURRENT COST OF
LIVING INDICES OF THE BUREAU OF LABOR STATISTICS

Indices
1935-89 = 100
Ol1d Index Current Index !’er cent
Date Difference,*
Fixed budget priced: | Fixed budget priced: g:i:ﬁt
1917-1918 1934-1936
average purchases average purchases
1985 Mar. 97.8 97.8 (1}
July 97.6 97.6 0
Oct. 98.0 98.0 0
1986 Jan. 98.7 98.8 1
Apr. 97.9 97.8 1
July 99.6 99.4 2
Sept. 100.0 100 4 4
Dec. 100.0 99.8 2
1937 Mar. 101.7 101.8 1
June 102.6 102.8 2
Sept. 103.2 104.8 1.1
Dec. 102.6 103.0 4
1988 Mar. 100.7 100.9 2
June 101.2 100.9 ]
Sept. 100.4 100.7 b
Dec. 100.4 100.2 2
1989 Mar. 99.6 99.1 5
June 99.2 98.6 [}
Sept. 100.4 100.6 2
Dec. 99.8 99.6 2

* Signs ignored.
Source of basic data: U. S. Bureau of Labor Statisti~
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The existing evidence is shown in Tables 1 and 2. Although
Table 1 does not actually present values of D,, it has supple-
mentary interest. In this table the two measures shown are both
fixed base (Laspeyre’s) indices. One of these measures of changes
in the cost of living, however, is based on average purchases of
wage-earners in 1917-1918; the other is based upon purchases in
1934-1936. Most notable is the fact that the percentage difference
between these indices during the period covered is at most 1.1
percent.

Now while the percentage differences in Table 1 do not throw
a direct light upon the magnitude of D, or of D,, they do suggest
something concerning the probable order of their values. For the
one index shown in this table employs as weights quantities which
reflect the real income level prevailing in 1917-1918 and the
general pattern of prices prevailing at that time; the second index
correspondingly refers to the real income level and price pattern
of 1934-1936. The maximum difference of 1.1 percent shows that
revisions in these two sets of quantities owing to differences in
real income and relative prices were of distinctly minor impor-
tance when measured by the differences in the total expenditures
they would give rise to under the actual price patterns which
prevailed in the months from March 1935 to December 1939.
On the assumption that the differential behavior of wage-earners
between 1917-1918 and 1934-1936 was typical, the data of Table
1 suggest that the maximum value of D, may indeed be very
small.

More pertinent evidence, however, is presented in Table 2,
which shows annual observations of D,from 192gto 1940,although
not of the kind ideally required for the purpose set forth in this
study. Ideally, D, should be computed from indices measuring
changes in the cost of living for some fairly homogeneous group
sharing a reasonably common standard of living; the cost of
living index in which chief interest lies, of course, is that for urban
wage-earners. The retail price indices of Table 2, however, meas-
ure price changes only for sales in retail stores, and of course cover
total sales of this kind in the United States.
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TABLE 2

VALUES OF D, BASED ON RETAIL PRICE INDICES
OF DEPARTMENT OF COMMERCE

Indices
1989 = 100

L P D,

Date® Fixed Weighted Variable Weighted
Index; Weights Index; Weights E
xpressed as
based on based on Per cent of Lt
Sales in Sales in
1939 given year

1929 181.8 129.9 1.4
1980 124.8 128.6 .6
1931 107.0 106.9 .1
1932 92.7 92.4 .8
1983 90.4 90.2 .2
19384 98.8 98.7 .1
1985 102.3 102.0 .3
1936 102.4 102 1 .3
1937 106 3 105.9 .4
1988 101.7 101.7 .0
1939 100.0 100.0 —_
1940 101.2 101.1 .1

* Index numbers for war years subsequent to 1940 are not suited to the purpose of this
table and therefore are omitted; see Chapter V.

1 The values of D, when expresscd as percentages of P are the same for every year except
1929. In 1929 the value of Dy, when expressed as a per cent of L, is 1.44; when expressed as a
per cent of P, it is 1.46.

Source of basic data: U. S. Department of Commerce, Office of Business Fconomics.

Nevertheless, until more precisely adapted data are available,
the results will remain of considerable interest. They show
notably low values of D,, with some evidence of a cyclical swing
in these values.? Indeed, taken in conjunction with Table 1, there
is the suggestion that cyclical swings in real incomes and relative
prices may have greater effects upon the pattern of consumption
than the secular changes over a period as long as 17 or 18 years.?

2 Cf. the remarks of Frederick C. Mills in John D. Black and Bruce D.

Mudgett's Research in Agricultural Index Numbers (Social Science Re-
search Council, Bulletin No. 10, 1938), p. 53.

3 That this is not a necessary conclusion, however, follows from the inter-
pretation of the two Bureau of Labor Statistics indices given above. The
particular price patterns prevailing in the years covered also affect the
differences between the index numbers, and the time span covered by the
Bureau of Labor Statistics indices and the Commerce Department indices
are different.
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Most of all, however, it is important to note that the maximum
value of D, attained during the entire period is only 1.4 percent.
Rounding this figure to 114 percent and inserting it in the limits
(4.12) and (4.13) derived above, we obtain:

L>1,>L — .015L, or
(4.14) L>1,> .985L, and
(4.15) P <I, < 1.015P.

Thus, applying these limits, if Laspeyre’s index in any given
year were 110, then the true index (7,), based on the base period
real income level, would lie between 110 and 108.4. Similarly, if
Paasche’s index stood at 109, then the true index (7,), based on
the given year’s real income level, would lie between 109 and
110.6.

As already noted, the data employed for computing these limits
were not ideally suited for the purpose. Limits (4.14) and (4.15)
are, therefore, not to be interpreted literally. Nevertheless, they
do suggest that the maximum errors for the Laspeyre and Paasche
formulas are most likely very small.

ArproacH II

In table 2 values of D, were obtained from two series of index
numbers computed on the base of 1939 = 100; weights employed
for the Laspeyre index were quantities sold in 1939, while weights
for the Paasche index of course varied, being derived from the
given year. Thus the formulas for these indices were:

— Zp.Q30
ZP39q3e

- 2P,
ZP3eqi

where 7 = the given year. Using the same data required for these
index numbers, however, additional sets of indices might have
been obtained simply by shifting the base. Thus the indices might
also have been computed by using the formulas:

and
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I = Zp a0
ZP40q40

EIM]&
Zpaoqs

Similarly, additional sets might have been computed by using
each of the other years—1929, 1930, 1931, etc.—as base. Further-
more, from each such set of indices additional values of D, might
be obtained. The total number of observations obtained in this
way for the 12 years shown in table 2 would be 11 X 11 or 121.
It should be noted also that these different observations of D,
would be truly independent (except for the usual limitations
which apply to any observations over time), in that both the D/’s
and the D,’s underlying the D,’s would in every case be different.
The advantages of these additional computations were previously
explained above, from the standpoint of avoiding bias and also
insuring an adequate representation of positive D;’s. For present
purposes, however, it is important to note how extensively the
number of observations are increased by this procedure.

Although it was not possible to obtain from the Commerce
Department, because of the shortage of clerical assistance avail-
able at this writing, these additional observations of D, which
could be computed from the data, the use to which such observa-
tions may be put will be briefly indicated. For if a large number
of obscrvations of D, were available, it would be possible to esti-
mate an average value for D, itself and also to obtain some in-
formation concerning the amount of variation to be expected
about this average.

This may be demonstrated as follows. Since D, = D, + D;, we
may write:

and

(4'16) 5[ = D-p + D‘{,

where D,, D, and D, are the arithmetic means, respectively, of
D,, D,and D,.

Now it should be recalled at this point that the sign of D;, as
explained in detail in the discussion of Figures 3 and 4 above, is a
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matter of accident, has no relation to its numerical magnitude,
and depends only on which real income level is chosen as base for
the computation of L and P. Hence, if an unbiased sample of
D/s were obtained, by the procedure described avove, the mean
of D; would be zero, and it follows that:

(4-17) Et = 5?

Furthermore, since D, is statistically independent of the sign
of D; we may note that the covariance between D; and D, is zero.
Hence the variance of D, is the sum of the variances of D, and
D,, and we may conclude:

(4.18) ot < ol and of course
(4.19) ap < 0y,

where ¢,? and ¢ are the variances of D, and D, respectively and
o, and ¢, are their standard deviations.

Thus it is not only possible to measure the average value of D,
with some precision, but it is also possible to obtain an estimate of
an upper limit to its standard deviation. This method, therefore,
obtains more highly refined results than those secured through
Approach I, described above, and would no doubt succeed in
narrowing the limits given in (4.14) and (4.15) appreciably.

In concluding this discussion it is relevant to note that data
directly suited to the methods of estimation described in this
chapter will soon be available. Beginning in 1945 the U. S. Bureau
of Labor Statistics inaugurated the practice of collecting detailed
data each year on consumer purchases among urban wage-earner
families in selected areas. These data, the first of which were
made public in 1948, will make possible the construction of a
series of Laspeyre and Paasche indices. Measures of D, relating
to the living costs of a reasonably homogeneous group of families
may be obtained annually, and estimates of D, more relevant to
the purpose at hand, therefore, may be derived by the methods
already described.

4 The argument immediately following was suggested by Professor
William Vickrey of Columbia University.



CHAPTER V
IMPLICATIONS

THE popularity of Laspeyre’s formula in cost of living indices
—as well as for index numbers of other types—has for long
rested upon the uncertain ground of expediency. In the foregoing
analysis, however, considerable theoretical justification for the
formula was presented. It was demonstrated that Laspeyre’s
index may be employed as an approximation of the ‘true”
measure of a change in living costs, and two methods for esti-
mating its maximum error when so employed were presented.
Evidence was also introduced which suggests that the size of this
maximum error is most likely very small.

In this concluding chapter attention will be devoted to the
implications of these results. For it was assumed throughout the
preceding analysis that an homogeneous group of persons—
persons sharing identical tastes—had in some manner been de-
fined, and that the tastes of these individuals remained un-
changed in time. It was further assumed that the environment in
which these persons lived was likewise constant. Obviously
neither assumption can qualify as a literal transcription of the
truth, and their relation to fact and to relevant questions arising
in practice must therefore be considered.

THE AssuMPTION OF CONSTANT TASTES

It is a commonplace that tastes differ among individuals, and
that they differ particularly according to income class, cultural
background, education, and similar factors. It is equally obvious
that because of biological similarities and numerous common
elements in the environment of persons living at the same time,
tastes of virtually all individuals are at least in some respects the
same. Morcover, the area of similarity may be expected to
broaden materially as the common environmental factors for
groups of people are extended. It is on such grounds as these that
it is believed that groups of persons with the same general occu-

61
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pational environment—say, wage-earners—living in the same
city or in the same type of city, and receiving approximately the
same incomes, possess generally similar patterns of tastes.! It
is obvious that such groups as this can be—and have been—
statistically defined.

Attention nevertheless should be directed, especially, to the
last criterion of common tastes noted—incomes. This is a par-
ticularly important one since income classes are correlated with
so many other relevant factors such as cultural background and
education. How narrowly must an income class be defined, how-
ever, in order to insure that the families it comprehends share,
at least roughly, common taste patterns? An examination of this
question is obviously beyond the scope of this work, but it is
relevant to note that the problem posed is by no means insoluble.
An important contribution to the discovery of statistical tests
applicable for this purpose may be found in the work of Allen
and Bowley,> and as the problem receives more attention no
doubt further progress may be expected.

Given an adequately .circumscribed “homogeneous’ group of
persons, as defined above, can we reasonably expect that their
tastes will remain the same over time, and if so, for how long?
In considering this question, attention may be turned initially
to the oft-repeated assertion that tastes change as incomes
change with the business cycle, since the principal basis for this
opinion appears to be a misunderstanding of what is meant by
the term “similar tastes.” A person’s tastes are to be considered
unchanged if his indifference map is unchanged—i.e., if he will
buy the same quantities of the same commodities when he re-

11t follows from this that, at least initially, separate cost of living indices
must be constructed for cach income group in each similar geographical
area. The question of whether such distinct cost of living indices may be
meaningfully combined into (say) a cost of living index for wage-earners in
large cities in the United States, or into a cost of living index for the
United States as a whole, is discussed in this chapter below and also in
Appendix B.

2R. G. D. Allen and A. L. Bowley, Family Expenditures (P. S. King
& Son, Ltd., London, 1935).
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ceives the same income and faces the same set of prices. Hence the
discovery that the distribution of expenditures varies as income
changes is no indication that tastes have changed.

This conclusion, however, should not be confused with the
preceding suggestion that tastes may be expected to vary with
“income class.” The term “income class” as employed above may
be equated with a relative position in the distribution of incomes
—rather than with a fixed number of dollars. Persons in the same
income class in this sense may regularly receive $1,500 per family
in depression on the average and $3,000 in prosperity, and there
would be no necessary reason for believing that their intrinsic
tastes would change with these cyclical fluctuations. There would
be considerable reason for believing, however, that the tastes of
these persons would differ at all times from those of individuals
regularly earning twice as much on the average—say $3,000 per
family in depression and $6,000 in prosperity. For the constant
differentials between these two income groups over time would
be conducive to constant differentials in consumption habits and
in basic attitudes toward commodities, and in addition might
reflect, indirectly, those differences in education, cultural back-
ground, occupation, etc., referred to above, which in part deter-
mine tastes.

Of course it must be conceded that a greatly prolonged and
severe depression such as that of the ’thirties may ultimately be
expected to influence intrinsic taste patterns—for practices
initially adopted out of necessity may in time become an accepted
component of the mode of living. Over the long term as well, edu-
cation, the impact of new products, the stimulation and cultiva-
tion of new wants, all result in changes in tastes. Observation
suggests, however, that neither cyclical nor secular factors ever
result in swift and radical alterations in the general patterns of
consumers’ wants and preferences. The persistency of common
needs, habits, and conventions at all times offers powerful resist-
ance. Tastes indeed change over time—but slowly. The sole
exceptions would appear to be periods of great national emer-
gency such as war.
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For the maker of cost of living indices, of course, the important
question is, when have tastes changed so much as to impair the
meaning of an index number series over time? Since such changes
are ordinarily gradual, however, it is obvious that there can be no
precise answer to this question. The suggestion that it may be
possible to name some specific “date” on which tastes have under-
gone a fundamental change has no connection with reality—
except, as already indicated, during abnormal periods such as
wartime.? It is possible ordinarily to say only that comparisons
of changes in the level of living costs have less and less meaning
as the time periods compared grow more and more distant.

In the light of these changes in tastes, howcver, and also be-
cause of changes in environment discussed below, it is necessary
to replace at relatively frequent intervals—say every five or ten
years—the content of the fixed budget priced in a cost of living
index. Such replacements may be conceived of as constituting
interruptions in the continuity of the index, reflecting the fact
that tastes change over time and that comparisons of levels of
living costs must be confined to fairly nearby periods of time.

Of course, even though the practice of replacing the fixed
budget priced every five or ten years were adopted, the present
practice of obtaining an overlap and “linking” such index num-
bers to provide continuous time series is clearly justified and use-
ful. For comparisons of rafes and the direction of change in living
costs may be legitimately made for periods widely distant, and
such comparisons are of obvious interest for many purposes.

3 It is perhaps needless to point out that during the period of a major
war—such as World War II—the conditions necessary for construction of
a cost of living index are in almost all important respects lacking. Funda-
mental alterations occur in the entire way of life for a large proportion of
the people. Tastes change—as well as the motivations for behavior in ordin-
ary economic situations. Products available for consumption vary widely in
quality, quantity, and character. The geographical distribution of the popu-
lation changes, etc. These and other changes occur with a speed and scope
possible only in time of war or other serious national emergency.
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THE ASSUMPTION OF CONSTANT ENVIRONMENT

It was stated above that a person’s tastes may be considered
unchanged if he will buy the same quantities of the same com-
modities when he receives the same income and faces the same
set of prices. This is the usual definition, but for complete ac-
curacy an additional condition should be added to it: viz., that
the person behave in the way prescribed under the same environ-
mental conditions. Thus, an individual whose intrinsic tastes are
unchanged may buy different quantities of the same commodities
under identical price and income conditions—in summer and in
winter. In the same way his preferences may differ if he moves
from Maine to Florida.

Throughout the preceding analysis it was assumed, however,
that environment remained unchanged. From the practical stand-
point, insofar as environmental changes are limited to the seasons,
this assumption presents no difficulty. For a change in living
costs from one month in one year to the same month in the next
will still refer to individuals with the same indifference maps,
and the fixed budgets employed may be designed to represent
expenditures over the course of an entire year. But there are
nevertheless, progressive changes in the environment which are
enduring rather than seasonal, and some mention must be made
of these.

As in the case of changes in tastes, it may be noted at once
that, except in time of war, alterations in environment are grad-
ual. Geographical shifts in population assume substantial quan-
titative significance only over the long term. Social services avail-
able to consumers also undergo gradual change. The variety and
quality of goods and services offered for sale likewise change
gradually.

These alterations in the environment, of course, constitute
additional grounds for the practice of periodically replacing the
fixed budget priced, as mentioned above, and also for the limita-
tions upon the interpretation of cost of living indices previously
noted. These observations, however, do not represent sufficient
grounds for dismissing the entire subject of environmental
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change, for some types of change—as a practical matter—require
a continuous, positive policy. This is true of those changes having
to do with alterations in the variety and quality of goods offered
for sale over time—probably the most important of all variations
in environment from the standpoint of index number construc-
tion.

Obviously as some goods disappear from retail markets and are
replaced by others, sooner or later responsive action of some kind
will be required by those who collect retail prices and construct
cost of living indices from them. In order to provide a rational
basis for these decisions it is necessary to recall that the fixed
budget priced under Laspeyre’s formula must be regarded as an
approximation to a bundle of goods providing a fixed real income
of utility rather than a bill of goods of physically identical com-
modities. Indeed the very problem of environmental change with
which we are dealing testifies that the goal of a physically iden-
tical bundle of goods is literally impossible as well as theoretically
incorrect.

Stated alternatively, the objective in introducing new commodi-
ties or replacing old ones must be to insure that environmental
changes do not distort the theoretical goal of measuring the rela-
tive change in money income required to provide equal satisfac-
tion over time. Suppose, for example, that a new product—nylon
stockings—ultimately replaces an old product—silk stockings.
Suppose further that the new product is more durable and more
attractive, but costs $2.00 per pair as against $1.00 per pair for
the old product. To link the new product into the index at a price
level 100 percent higher than the old would ignore entirely the
additional utility afforded by the new product, thus providing
an upward bias to the index. On the other hand, to link it in at
the same price level as the old product would imply the assump-
tion that the new product actually provided twice as much
utility—i.e., that it was worth exactly twice as much to con-
sumers as the old one; of course it might at the time of introduc-
tion into the index be worth only one and one-half times as much
to most wage-earners, or perhaps three or four times as much
and hence either an upward or a downward bias might be present.
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There is, to be sure, no direct way of measuring the utility pro-
vided by any commodity; even when it is possible to express
durability in precise quantitative terms, comfort, appearance
and other less tangible characteristics most often play too crucial
a role to be ignored. Hence policy must be based—insofar as
possible—on objective consumer behavior. This policy may be
considered in the light of what has been referred to as the ‘“nor-
mal” pattern of commodity introduction and growth.*

Thus a new commodity usually begins its life in an experimen-
tal stage—novel, imperfect, and considerably higher priced than
the old commodity which fulfills the same or a comparable func-
tion. In this initial stage, the product remains a luxury or novelty,
of inconsequential quantitative importance in the economy as a
whole and most likely of virtually no importance for the great
mass of consumers. As technical problems are solved and mass
production is introduced, however, prices are lowered and the
new product may compete vigorously with the old one. Eventu-
ally the “old” ones—the horse-buggics, gas illumination, and
hand-manipulated phonographs—may virtually disappear from
the market.

1t is during the second, or competitive stage, that action may
be profitably taken by the computer of cost of living indices.
It appears reasonable to believe, insofar as this normal pattern
is followed, that as the product is improved and its price lowered
a point may be reached at which it appears that for the mass of
consumers a choice between the new product and the old one at
the prices then prevailing has reached a condition approaching
indifference. If the index were computed for urban wage-earners
in a particular income class, then, quantitatively, this condition
would be determined when for families in this income class as a
group consumption expenditures were approximately equally
divided between the new commodity and the old. Annual studies
of consumer expenditures will make the determination of such

4 Saul Nelson and Walter G. Keim, Price Behavior and Business Policy
(Monograph No. 1, Temporary National Economic Committee, Senate
Committee Print, 76th Congress, 8th Session, Washington, 1940), pp. 109-110.
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points possible. In any event it may be assumed that at this point
of indifference a dollar spent on the new commodity provides
approximately the same utility as a dollar spent on the old one,
for wage-earners as a group. Hence, af that point in time, it would
be justified to link the new commodity into the index at the same
price level as the old one—half the relative weight of the old
commodity being given to the new one. Of course, eventually the
old commodity may be eliminated from the index entirely—if it
is completely displaced in the market—and the weight of the
new one increased accordingly.

This procedure is applicable only in one particular—though
perhaps the most important—case. Three other cases, for which
no objective method of solution appears possible at present,
must be mentioned. (1) A commodity may be introduced initially,
with quality so high and price so low that the old commodity is
displaced from favor without any transitional period of com-
petition. (2) A new commodity may be introduced which satisfies
an entirely new want. (3) A new commodity may be, in effect,
introduced “gradually,” through the steady improvement in
quality of an old commodity.? The first case would obviously
require some action on the part of the computer of indices. Since
the condition of the case leaves no choice as to wken the new prod-
uct is to be introduced into the index, the only question remaining
concerns the level at which the link must be made. Chief reliance
would clearly need to be placed upon judgment, framed, of course,
in the light of the theoretical goal described above. Some assist-
ance could conceivably be obtained from measurement of quality

5 Reference is here to gradual, long term changes in quality in one direc-
tion—upward. It may be noted in passing, however, that for some com-
modities cyclical changes in quality occur, periods of improvement being
followed by periods of deterioration. For a discussion of these and other
forms of indirect price changes see the author’s “ Indirect Price Increases,”
Monthly Labor Review, November 1942. Insofar as such indirect price
changes remain “hidden” from collectors of prices, price index numbers
will generally tend to understate the extent of both upswings and
downswings.
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standards® related to durability, in situations in which durability
is regarded as a major factor in satisfaction.

The other two cases—(1) commodities satisfying new wants
and (2) gradual alterations in quality—represent types of changes
which, like gradual changes in tastes, the computer of cost of
living index numbers must as a day-to-day matter ignore. In
changing the budget priced periodically and in limiting the inter-
pretation of cost of living index numbers as previously described,
however, recognition is given to these and to all the other de-
partures from theoretical conditions inherent in a dynamic
society.

OTHER IMPLICATIONS

In the preceding chapter evidence was presented which sug-
gests that the difference between Laspeyre’s indexand the true
index of the cost of living was most likely very small. A word may
be in order concerning the “reasonableness” of this finding. It
will be recalled that, theoretically, the Laspeyre and Paasche
index numbers would exactly equal the corresponding true cost of
living indices if (1) there were no changes in relative prices from
time to time, or if (2) the elasticity of demand with respect to
relative prices were zero for all goods and services. The first con-
dition means that all prices change from time to time by equal
relative amounts. The sccond condition means that goods and
services are consumed in constant proportions regardless of
changes in relative prices (although proportions may change in
response to variations in money prices and incomes). Obviously,
neither of these conditions is tenable.

However, the tentative conclusion referred to above was that
the Laspeyre and Paasche index numbers are close approximalions
to (though they are not identical with) the true cost of living
indices. Accordingly, the suggestion follows that the above con-
ditions are in some sense approximated rather than realized

6See Alice L. Edwards, Product Standards and Labeling for Con-
sumers (Ronald Press Co., New York, 1940).
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exactly. Thus, the aggregate amount of expenditures wage-
earners are required to make in order to maintain a given plane
of living is affected (A) by changes in money prices. It is also
affected by (B) changes in relative prices and the adjustments in
consumption patterns made by consumers in response to these
relative price changes. The effects of factor (A) are measured by
the true cost of living indices as well as by the Laspeyre and
Paasche index numbers. The effects of factor (B) are measured
only by the true indices. The evidence presented in Chapter IV,
therefore, indicates that the eflects of factor (B) are ordinarily
very small, probably most often negligible, when compared with
the effects of factor (A).

When the budget of the typical consumer is considered as a
whole, this conclusion should not appear surprising. Thus, the
force and persistency of common needs, habits, and conventions
obviously limit the extent to which consumers may alter their
consumption habits in response to relative price changes. Con-
sumption of a large portion of the items for which money is spent,
such as housing and electricity, cannot be readily reduced or
increased under any circumstances. Interchangeability among
commodities is obviously limited.

Furthermore, numerous factors tend to limit the extent of
changes which occur in relative prices. Thus, the multitude of
interrelationships in both costs and in demand make for consider-
able similarity in the behavior of most prices. Surely, for example,
the bulk of all prices respond to some extent to the major swings
of the business cycle. Moreover, though specific turning points
differ, there is a pronounced central tendency in timing. Simi-
larly, over periods not too extended there is a marked central
tendency in the distribution of price relatives.” It is a matter of
common observation that while relative prices, in detail, change

7 Unfortunately, because of the paucity of data available, no detailed
studies have been made of the behavior of retail price relatives. Numerous
studies, however, have been made of wholesale price relatives, the most
complete of which is that of Frederick C. Mills, The Behavior of Prices
(National Bureau of Economic Research, New York, 1927), esp. pp. 76-
140 and 223-226.
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constantly, the general order of relative prices remains always
about the same. For example, to the writer’s knowledge tender-
loin steak is at all times priced considerably higher than beef
liver and broadcloth higher than denim, even though the exact
differentials may and do change.

The reality of these similarities must not be obscured by the
fact that most analyses are designed to highlight differences
among commodity price and consumption changes, for it is these
differences which are of prime importance for the majority of
economic investigations and which in general provide insight
into economic behavior. For the present investigation the sig-
nificance of the broad similarities noted outweighs that of the
differences.

ADDITIONAL PROPOSALS

Earlier in this chapter several suggestions were made concern-
ing methods to be employed in constructing meaningful cost of
living index numbers—proposals which followed directly from
the preceding consideration of the factual and theoretical founda-
tions upon which cost of living index numbers rest. In conclusion
certain other proposals may be made within this framework
which emanate not from theoretical ‘“‘necessity” but from the
more flexible base of the apparent requirements of economic
analysis.

It has been noted in preceding discussions that a cost of living
index must apply to a particular real income level of a particular
group of persons sharing common tastes. The more narrowly
limited is the definitional group—the persons sharing the same
tastes and incomes—the more refined from a theoretical point of
view will the index be. The needs of economic analysis as well as
of government and business administration, however, may be
thwarted as easily by an excess of detail as by the lack of it. Ten
thousand different cost of living index numbers loom as useless
and bewildering, unless summarized in some way, as the im-
practicability of their construction from a purely fiscal standpoint.

Of course, neither the foregoing theory nor existing knowledge
of the behavior of prices suggests the need for a profusion of
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separate cost of living index numbers. It is probable, as noted
earlier, that the behavior of living costs for a particular defini-
tional group may represent with accuracy sufficient for all con-
ceivable needs that of “neighboring” definitional groups over a
considerable margin.

Thus, it has been pointed out above that the question of how
narrowly in practice a definitional group must be bounded with
respect to income range, geographical location, or other factors
bearing on tastes is essentially an empirical problem. Suppose
investigation demonstrates that wage-earners in the United States
with annual incomes ranging from $2000 to $3000 in a given year
represent a relatively homogeneous group and one which differs
in significant respects from wage-earners in both lower and higher
income classes. Further investigation even so may prove that
changes in living costs for the $2000-$3000 group are the same—
or very nearly so—as for all other groups of wage-earners. In that
case one index number would represent with sufficient accuracy
the experience of all wage-earners taken as a group.

As suggested, such questions require investigation, and it is
to be hoped that eventually a comprehensive study will be under-
taken to determine how many separate indices are required to
measure the cost of living experience of all the major (i.e. numer-
ically important) groups of persons in the United States. It is the
author’s guess that perhaps three or four separate vocational index
numbers might be required—one each (say) for urban wage-
earners and lower-salaried workers, farm workers, farm pro-
prietors, and business executives and professionals. Perhaps for
each of these vocational groups separate regional indices may be
required. The key to the extent of detail needed in any case would
be the actual magnitude of differences found from group to group
in changes in living costs. It follows that, at least experimentally,
separate index numbers for more than three or four vocational or
income groups in each of several regions ought to be computed,
in order to test these differences.

Now suppose that investigation proves that separate indices
are required for five vocational groups in each of four regions, as
shown in Figure 5, making 20 separate cost of living index num-
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bers in all. It is important to note that nothing in the foregoing
theory rules out the construction of combined index numbers as
shown in the Figure, although care must be employed in in-
terpretation.

Thus, the four regional index numbers for wage earners might
be combined in one over-all index number measuring changes in
living costs for all wage-earners in the United States. The result
would not be a “pure” cost of living index as the term has been
employed above, but it could nonetheless be defined within the
framework of that theory with precision. While the problem of
devising and interpreting such combinations is discussed more
fully in Appendix B below, it may be noted here that an index
of this kind would reflect the average change in the cost of living
for urban wage-earners in the United States, assuming that the
distribution of wage-earners among the four geographical regions
remained the same as it had been in the base period. The qualify-
ing assumption, of course, is a necessary one and would limit the
use of the measure.

Similarly, the sevural vocational index numbers in all regions
could be combined to provide a grand cost of living index for the
United States as a whole. As detailed in Appendix B, an index of
the latter type would be interpreted as measuring the change in
living costs for the people of the United States, assuming that the
distribution of real incomes, occupations, and geographical loca-
tion remained the same as they were in the base year. Insofar as
the conditions of this assumption are approximated—as they
would be, for example, during very short periods of time—the
measure will be of interest.

Thus, while ‘“combined” cost of living index numbers are not
precluded by the foregoing theory, the limiting assumptions
assignable to such measures are given explicit recognition. Of
course, the need for these qualifications does not spring—ulti-
mately—from the theory. It arises instead from the nature of the
economic events these measures comprchend, to which the theory
duly makes reference.
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APPENDIX A

THE DERIVATION OF METHODS FOR CON-
STRUCTING COST OF LIVING INDEX
NUMBERS FROM FAMILY BUDGET
DATA

THE methods discussed in this section all presume the existence
of budgetary data for two situations—two periods of time or two
places—showing the detailed purchases made, including quan-
tities and prices, by familics in each situation classified by income
groups. In general, their common objective is to identify two
families, one in each of the situations, enjoying equal real in-
comes. The ratio of the total expenditures of these two families,
then, would provide a true measure of the change in the cost of
living, at that income level. The limitations common to all these
methods, particularly when applied to the measurement of living
costs over time, are discussed above in pages 39-43. The details
of the derivation of these methods are provided below.

Koniis.! As was demonstrated above (pp. 36-39), Koniis proves
the following inequalities:

L>T,
IL,>P
Iy z1,
L2P

1 A. A. Koniis, “ The Problem of the True Index of the Cost of Living,”
Econometrica, vol. VII, no. 1, January 1939, pp. 10-29. This article was first
published in The Ecomomic Bulletin of the Institute of Economic Con-
juncture, Moscow, No. g-10 (36-37), September-October, 1924, pp. 64-71,
and was translated from the Russian for publication in Econometrica. For
criticisms of Koniis’ theory see Henry Schultz, “A Misunderstanding in
Index-Number Theory: The True Koniis Condition on Cost-of-Living Index
Numbers and Its Limitations,” Econometrica, vol. VII, no. 1, January 1939,
pp. 1-9, and Bruce D. Mudgett, “ Koniis Condition,” Econometrica, vol.
XI1I, no. 2, April 1945, pp. 171-181.
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and shows that neither /o, nor I, need lie between L and P. As in
previous discussions, L and P represent Laspeyre’s and Paasche’s
formulas respectively, and I, and I, represent the true cost of
living indices on the bases of the real income level of the base
period and the real income level of the given period respectively.
Assuming that the true index of the cost of living at any time is
a continuous and single-valued function of the plane of living, he
points out that there exists some plane of living ¢, such that:

I.SI.S 1.

From inequalities previously demonstrated, six possibilities
exist with respect to the relations among I, I, L and P:

L>1,>I,>P
L>1,>I1,>P
L>I,>P>1I,
I, >L>I,>P
. Li>L>P>1,
I,>P>L>I,

It follows from these inequalities that e may be so selected that
not only I, S I, S I, holds, but also L 2 I, 2 P. This may be
done by putting I, between the middle terms of the inequalities
in each case.

Now supposing that he has data from two investigations of
consumption, “these data being subdivided into groups according
to the quantities of total expenditure of consumers,” Koniis sets
himself the task of identifying consumers covered in the two
studies “having approximately the same standard of living.” It
follows, as already noted, that if such consumers were identified,
then the ratio of their average total expenditures would provide
a true cost of living index for their standard of living. Accordingly,
Koniis seeks to prove that if

(1) Zpqr _ 29190
Zpogo  Zpofh
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then

prql
L2212 p
(2) R g 3

Thus, he considers two possibilities:

L

then

and

But from (1)

Therefore

Zhiqu
—— <
Zpoqo

Eplql <

b2y 20
i e S <
Zpoq:

2Py _
Zpoqo

Zp1q0

Zpogo
Zp190

Zp190
Zpoqs

Zp1qo

-Zpoq1

Zp1qo

Zphqa < Zhiqa
Zpoqr  Zpogo  Zpoedo

p<id o
Zpuqo

Now if it is supposed that

II1.
then
and

Therefore

Zpin
—_ >
Zpogo
Eplql >

Zhqa
—_ >
Zpog:

Zpa

2p190
Zpoqo

Zp190

Zp1qo
Zpoq1

Zp190

2?090

Zpoqo

or

or

p> ey g
Zpoqo

. . ) .ps
Koniis thereupon assumes that since zp—lql under the condition

oJo
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specified falls between the same limits, L and P, as does I, the
standards of living to which Zp,g, and Zpq, respectively refer
are “approximately equal,” and hence the ratio between the two
provides a measure of the true cost of living index.

Serious deficiencies in this reasoning have been pointed out by
Schultz and Mudgett in the works cited. Nevertheless, because
of its historical importance, it may be in order to recall that the
basic relationships first developed by Koniis underlie all subse-
quent work in the theory of cost of living index numbers. How-
ever, Koniis’ study, which originally appeared in Russian in 1924,
did not become available in full translation until 1939. Prior to
that his work was known outside of his own country only through
a partial summary, which proved to be misleading, incorporated
in a review by Bortkiewicz.?

As shown above, Koniis attempted to derive a direct approxi-
mation of the true cost of living index. On the other hand, Bort-
kiewicz gave the impression that his objective was to obtain
limits for the true index, and he placed great emphasis upon the
so-called “Koniis condition.” But this condition was actually a
step rather than the end of Koniis’ analysis, and comprised only
a partial account of the important relationships he constructed.

Staehle’s analysis, given immediately below, was a further
development of the work of Koniis, as described by Bortkiewicz.
All the relationships employed by Staehle were contained in or
were implicit in Koniis’ study, but, unlike Stachle, Koniis did
not employ them for the purpose of constructing limits.

Staehle I.® Using relationships previously demonstrated by
Koniis and Haberler,* Staehle attempts to show how the limits

2 L. von Bortkiewicz, review of Gottfried Haberler's Der Sinn der Index-
zahlen, Magazin der Wirtschaft, vol. IV, no. 11, 1928, Berlin, pp. 427-29.

3 H. Staehle, “A Development of the Economic Theory of Price Index
Numbers,” Review of Economic Studies, vol. XI, no. 3, June 1935, pp. 163-
188.

4 Some of the results developed by Koniis in 1924, described above, were
developed independently three years later by Gottfried Haberler, who had
not see Koniis’ article. Haberler’s work appeared in Der Sinn der Index-
zahlen (Tubingen, 1927).
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to the true cost of living index may be obtained at various real
income levels. Thus, he notes that z—ig—“ > I, and also that if a
0

particular standard of living eo = Zpogo is chosen from the
budget data of one period, it is possible, theoretically, to deter-
mine a standard of living in another period e¢; = Zp1q1, such that
Zpogo = Zpeqr. The bundle of goods, Z¢,, obviously represents
a lower standard of living than the bundle Zg,, since the bundle
Z¢; could have been, but was not, purchased at p, prices at the
same total expenditure. Hence Zp,q; < Zp1go, where §, repre-
sents that bundle of goods providing satisfaction equivalent to
2qo, which would have been purchased at p, prices. Therefore,

IO = % > M
Zpogo  Zpodo

and also

Zpin
I, > =Pty
In the same way, by noting that I, > i;—lgl, by selecting a
oY1
standard of living, =¢,, and then determining a standard Zg, such
that Zpiq1 = Zpiqo, it is possible theoretically to determine
upper and lower limits of I,.

Wald.® Like Koniis, and also like Frisch in the method de-
scribed below, Wald seeks to obtain a direct approximation of the
true cost of living index. He considers two time periods, o and 1,
and assumes that Co and C, are the two corresponding Engel
curves “determined from budget data’ relating to these two
periods.

Given a point go = (g5, g0’ . . . ¢*) on Co, select two points g,
and ¢: on Cj, such that

(1) Zpog1 = Zpego  and  Zpfy = Zpigo

5A. Wald, “A New Formula for the Index of Cost of Living,”
Econometrica, vol. VII, no. 4, Oct. 1039, pp. 319-331.
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The trivial case of ¢, = § is ruled lout, for in that event, subject
to the condition (1), the true index sought, I,, would be given
simply by Zpg: /Zpogo.

Denote by § an arbitrary point on C, in the neighborhood of
go such that 2?1&0 # Zp1qo.

These points, along with the Engel curves on which they lie,
are shown in the case of two commodities in Figure 6. The line

FIGURE 6
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AB is the expenditure line p(go) = Zpog, tangent to the indiffer-
ence curve A’ at go. The line FG is the expenditure line p(g,) =
Zp1q, tangent to the indifference curve B’ at ¢;. The line DE is
the expenditure line p(§,) = Zp.g, parallel to FG but passing
through the point ¢, and, of coursc, tangent to the indifference
curve D’ at ;.

Wald assumes that Co and C; “are not very far from each
other”® and that the preference indicator U(g) may be approxi-
mated by a polynomial of the second degree in the tetrahedron
T, determined by the four points qq, §o, ¢1, §1- Since §, is arbitrary
and may be chosen as close to g, as desired, this assumption im-
plies primarily that the segment of C, between ¢; and ¢, may be
approximated by a straight line.”

From this assumption concerning the form of the utility func-
tion, the following equation may be deduced with respect to the
points ¢; and go:

@) U) - Ul = 55 (502 + 2200 qrt - 09

= 183 (wopo + w1p1)(q1 — qo),

where w, denotes the marginal utility of money at ¢.(t = o, 1).
Considering the points ¢, and ¢ we similarly derive:

(3) U(q) — Ulqy) = Y6Z(wipr + &1p1) (41 — q1)
== -: 612171(‘11 - q1)

where &, denotes the marginal utility of money in ¢.( = o, 1).
Deriving equations similar to (2) and (3) for the pairs of points
o and qo, ¢1 and §o and g, and ¢, we finally obtain:

6 In this connection it should be noted that C, will be close to C; only if
relative prices are much the same. Yet, if it were known that relative prices
were similar then there would be no doubt that any conventional fixed
weight index would provide a close approximation to the true index.

7 The assumption that the utility function is a polynomial of the second
degree implies linearity of the Engel curves.
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(4)  Z(w1p1 + wopo)(go — g1) + (wo + B0) Zpo(Go — o)
+ Z(wip1 + Sopo)(g1 — Go)
= 2{[U(go) — U(gq1)] + [U(go) — U(go)] + [U(q:) — U(§o)1}

= o’
and

(5) Z(wopo + wip1)(gr — o) + (w1 + &) Zp(qr — q1)
+ Z(wopo + &191)(go — §1)
= 2“U(‘]1) — Ulgo)] + [U(q)) — Ulg)] + [U(go) — U(Ql)”

From (1) and (4) we obtain

@1 _ Zpo(§o = ¢o)
6) wo  Zp1(do — ¢o)
and from (1) and (5)

& _ Zpo(gr — q1)
@) wo  Zpi(Gr — qv)

It has previously been noted that because of the assumption
concerning the form of the utility function, the Engel curves C,
and C, are linear functions of income in the tetrahedron T. This
is likewise true of the marginal utility of money. For the Engel
functions ¢; = fi(p,), . . . , ¢.» = fi"(p:) and the marginal utility
of money w(p,) are the solutions of the #» + 1 equations,

U oU
o TP T g T e Ebg= b
in the unknown quantities ¢/, . . ., ¢.", v, and since U(q) is a

polynomial of the second order in the tetrahedron T, U /d¢* is
linear in T.

Now from (1) and from observation of Figure 7, it is obvious
that
Ulgy) = Ulgo) = U@y).

Since U(g) is continuous, there exists a point §, which lies on the
straight line segment determined by ¢, and §, (all points of which
segment lie on C,) for which
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(8) U(g)) = U(qo)-

If, as previously suggested, Zp.¢, be denoted by p(g1), =141 by
p(¢1) and Zp§1 by p(¢1), then the marginal utility of money
w(p1) is a linear function of the income p, in the interval between
p(¢1) and p(g:). Hence we have within this interval

©) o) _ oy 45,
Wo

where o and 8 are certain constants. It should be borne in mind
that while w(p,) in this equation is a variable, w, is a constant
indicating the marginal utility of money in the situation ¢,. We
can calculate the values of « and g since the value of w(p,) /wo has
already been given above for p; = p(¢g1) and p; = p(§:). These
values may be written as

w[p(g1)] =% _

olo@)] _ & _

wo wWo

and

’

where A refers to the right-hand side of the equation (6) and
to the right-hand side of (7).
For a and 8 we obtain the values

—__ k—A
(x0) =G —slgy
B =x—plqr) £ =)

(1) — plg1)

Denoting the marginal utility of money in the situation ¢, by
w1, we get

ap(g) + 8 =22 =1,
wo
A a
(11) W@Hw=i=m

asl@) + 6= 2

0
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Since (3) depends only on the two points involved being on
the same Engel curve, it will still hold if we subststute § for §,
and &, for &;; with the aid of (2) and (8) we have

Z(wopo + @ip)(qr — qo) + (w1 + @) Zpi(Ga — qu) = 0
and therefore on account of (1)

(12) Zpilgr — qo) + (1 + o Zpi(@i — q1) = o.
wy
From (11) follows
(13) ‘f’-_! - O‘P(‘il) + B8

wi  ap(q) + B

If we substitute in (12) for @, /w; the right-hand side of (13)
we get

Zpi(gr — qo) + (1 + gz—g—g—j_'—g) (p(q'l) - p(ql)) = o.

This is an equation of the second degree in p(§:), the roots of
which are

~

—B * \/[ap(ql) + B2 — aD

[

(14) p(q) =

where
D = [ap(gy) + BIZpi(gs — ¢o).
From (14) we obtain

f’ = ap(q) + 8 = £ Vlap(g) + 8] — aD.

0

Since @, /wy is a nonnegative number, we have

= = +ap(qy) + BF — oD,
and 'hence

& _  (laolg) + 8 — oD _ | _ aD
@y [en(gy) + 8] [ep(q1) + BI?

- \/1 _ oZpig — ¢o),
aP(‘]x) + 8
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Since, according to (1), Zpige = Zp1s = p(§1), we get on
account of (10) and (11)

(15) %:JI_&[}L%)_)‘:_@

=\/I_u=\ﬁ.
) )

If we substitute in (12) for @, /w, the 'value Vi /A, then we get

from (12),
"
g 2 ‘(q" + ‘[Xq‘)‘

= > = — y
Pogn 2?0(%) + \/% q1>

recalling from (1) that Zpoge = Zpog.
This formula is further transformed by Wald as follows.

Consider the Engel function ¢o* = ao’po + Bo’. Multiplying
both sides of this equation by po* and summating for all com-
modities we obtain:

Zpogo = Zpoeaope + ZpoBo.
Recalling that py = Zpogo, it is obvious that Zpoas = 1 and
zPoBo = O.

Similarly for the Engel function ¢:* = a:’p1 + B:° it may be
shown that

(16) I,

Epla; =1 and 2[)131 = O.

Denote Zaip; by a,; and Z8,p; by by;. Then a1y = @oo = 1 and
bn = boo = 0.
We get from (6) and (7)

a I o
(17) A="2=—  and u=-2=a,.
dor AGn a1

Because of (1) we have

(18) Zpogo = Zpog1 = p(qo).
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Since Z$,¢: is equal to p(g;) and therefore
gi = aip(g) + 61, - - . , 1" = er”(q1) + 81,
we get on account of (1)
0109(91) + by = P(Qo)-

Hence

(19) olg) = £9)=bro _ 50,
Qo

Also

(20) Zp1go = @01p(go) + dar.

If we substitute in (16) for \, g, Zp1go, ZP1¢1, ZPoqo, and Zpegy,
their expressions from (17), (18), (19), and (20), then we get

1
a1 + — Vailo . bor — ;"\/001010

(21) 1o = 2 + . !
1+ Vamam P(QO) I 4+ Vaoa

or

bio
bor — —Vanao

Qo1 I 2l
22 I, =
(22) ° Qo + p(qo) 1 + Vet

This is Wald’s final formula. The magnitudes in (22) would be
known if the « and 8 coefficients for the Engel curves were sta-
tistically determined.

Frisch.®

Let r(U) = p.'((llJ]))

8 The “ flexibility method” given below is described in Ragnar Frisch's
“Annual Survey of General Economic Theory: The Problem of Index
Numbers,” Econometrica, vol. IV, no. 1, January 1936, pp. 31-38. In this
article Frisch also describes the “ double expenditure method” which re-
sults in the derivation of relationships similar to those obtained by Koniis
above. For criticisms of the flexibility method see Abram Burk “Real In-
come, Expenditure Proportionality, and Frisch’s ‘ New Methods of Measur-
ing Marginal Utility, ” Review of Economic Studies, vol. IV, no. 1, 1936,
Pp. 33-52, and R. G. D. Allen, “ On the Marginal Utility of Money and Its
Application,” Economica, vol. XIII, 1933, pp. 186-209.
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where r represents real income, p, represents money expenditures,
and P, represents a deflation factor, all variables being a function
of the utility level, U, and p, and P, further depending on the
price situation ¢. Then

= po(U) = p(U) = p«(U) =
(1) r(U) = PD)—PO) RO T
dlogp: dlog P, I
dlogr ' dlogr dlog P, and
I _——
d log Pt
dp: _ dlog P,) .
2) dr'P‘(I+dlogr
Frisch then defines nominal money utility as
w =
‘ dPt
and real money utility as
aU
w(r) = o
Hence
_ wn) _ w(r)
(3 wt_i‘!‘_—P(1+d10gP‘)
dr ‘ dlogr

Frisch then assumes that “equivalent expenditures,” or the
receipt of equal real incomes, may be identified by the equality of
“money flexibility,” which he defines as

v\ _ dlogw(r)
w(r) = dlogr

Suppose that an “independent reference set” of commodities
may be discovered. This subset of goods, which may in fact con-
sist of one commodity only, has the following characteristics:
(1) the utility derived from these commodities must be inde-
pendent of the quantities of all other commodities; (2) the supply-
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price functions for these commodities are independent, so that
given the total expenditures for this independent set of commodi-
ties, adaptation of prices and quantities within the set is com-
pletely determined without reference to prices or quantities of
goods outside the set. Denote the aggregate quantity of these
independent goods by X, the marginal utility of the aggregate as
p(X) and the price of this aggregate at H,. Thus in analogy with
(3), he writes:

(4) wiir)l P\ #()2)1 H(X)
0g L'\ og ., .
P,<r>(x+ dlogr) H'(X)(I+_——dlog . )

Since under a given ¢, X is a function X = E,(r), Frisch writes:

(5) w() = alr)n(X), where
d log P.(r)
Pt(") [I + —_d log 7 ] P‘(r) - }VI‘(X)

RS R

6) alr) =

where H, and P, are the logarithmic derivatives of prices with
respect to the corresponding money expenditures, that is

o, = dlog H(X)
dlog &,
and
oot
where
£= X H(X)

The price index at the level U between situations o and ¢ can
also be written

P(U)

PAU) = 5 @y
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and similarly

H,U)
H,U)

From (5), Frisch says, a,(r) becomes an observable function
provided “the relative price indices, P, and Hy., are determined
by some approximation method . . . and one of the P functions, for
instance P,(t), and one of the H functions, for instance H(?),
are chosen conventionally . . . ”

In any event, if values were obtained for a,(r) and for r, it
would be possible, under the stated assumptions, by choosing
ro and 7, in o and 1 close together and such that X, = X,, to
obtain an approximation of a point measurement of w, since
from (3),

Ha‘(U) =

log w(r,) — log w(r,)
log 79 — log 7,

(7) o (approx.) =

_ log ao(ro) — log au(ry) Gf Xo = X))
logro — logr, ’ '

Similarly, by choosing 7. and 7; in 2 and 3 in the same way,
an approximation may be determined for %,. Now from (3) there
may be derived

. dP,
. % P dlo
8) =2 + -t g P d taken along the #-path
® %, TG by ( g the ¢-path)
where
vo_ dlogw, .
we = d log Pt

By defining #(U) in such a way that P, is a constant, Po = o
and %o = &o. Further if %(s) is a monotonic function of 7, then
if we find points in o and 2 for which w, = s, these two points
will have the same real income. Using (8) we may then derive the
following relation between the nominal money flexibilities & of
pairs of equivalent points on o and 2:
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dlog P
14 & d log p.
— + v
1—Po (1 — Py)?

The process of obtaining the cost of living change between
o and 2—P,—from the above equation is described by Frisch
as follows:®

“Pys in (g) is not known but will be so as soon as equivalence
between points on o and 2 is determined. And this, in turn, is
defined by the fact that the equation is fulfilled. Consequently,
it should be possible to determine equivalence by an iteration
process. ‘

“If there is expenditure proportionality between o and 2, (9)
gives

(9) I+ &=

(IO) &')‘ = (:)2

“The point correspondence between o and 2 defined by (10)
seems, therefore, a plausible first approximation. Let Py,® be
the index to which it leads. Inserting this in the right member
of (g), we get

d lOg P oz(l)
(II) QW = I +v6‘:‘] + d lovg p2
1 — Pop® (1 — Poe®)?
‘which may be computed in any point along 2. Next consider the
point correspondence defined by

(12) 1+ @ = Qoz(”.

It leads to an index Py which, inserted in the right member
of (g), gives a function of 2y,® that may again be compared with
I + &o, etc. If the process converges, we get the indifference

index between o and 2.”
Staehle I1.1° Let

9 Original references in the following quotation have been altered to con-
form with the numbering of equations employed here.

10 H. Stachle, “A General Method for the Comparison of the Price of
Living,” Review of Ecomwomic Studies, vol. XIV, no. 3, June 1937, pp.
205-214.
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z 9—‘)
(1) 0 (QO Qobo _ 01 Zqpe

Qo Zqopo go  Zqopo
represent the deviation of the quantity ratio (g1/¢o) from the
weighted average of the quantity ratios for all articles. Each such
deviation, taken relative to the average Zqipo/Zqopo, may be
represented by:

@ Ewo) _
(@) QO( Zq1po '

Then the weighted average of the absolute values of the rela-
tive deviation (2) is, using the gopy’s as weights:

() D= 3@t Zqb0 _ | GoPs _ 5| q1Po _ Gobo
go Z¢1p0 Zqopo Zqipo Zqopo

Staehle suggests that the value of D be computed for each pair
of income groups in the two situations compared. He assumes
that the value of D secured for any pair of quantity sets belonging
to different situations will arise from two types of factors: (a)
differences in tastes, milieu, and prices; and (b) differences in
real incomes. Of all the values secured for D, Staehle further
assumes, the smallest value will represent an “irreducible mini-
mum dissimilarity’’ reflecting differences in tastes,!! environment,
-habits, prices, etc., and the two income groups for which this
minimum value occurs may be considered as enjoying equal real
incomes. The ratio of the average money incomes of these groups
would therefore provide a true cost of living index.

11 The meaning of “equal real incomes” as between groups with different
tastes is not elaborated by Staehle. See p. 30 above.
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ADDITIONAL PRACTICAL IMPLICATIONS:
THE INCOME AND SPACE DIMENSIONS
OF COST OF LIVING INDEX NUMBERS

Space

Some of the problems relating to the statistical definition of a
homogeneous group—i. e., a group of families sharing the same
taste patterns—for cost of living index number construction,
were discussed in Chapter V. Suppose that such a group were
defined—for example, wage-earners in a particular income class
in a particular city. Suppose also that this income class was wide
enough to embrace the bulk of all wage-earners, that a cost of
living index was computed for this group and that similar indices
were computed for corresponding groups defined in a representa-
tive selection of other cities in the United States. Could these
separate city indices be meaningfully combined into a grand cost
of living index for urban wage-earners in the United States?

In approaching ‘this problem attention should be focused
initially on the type of question one would expect to answer with
this nation-wide index. In analogy with the definition employed
in the body of this work, one may expect to determine what
change in money-income would be required to maintain the real
income levels which had been experienced in the base period.
This objective would be satisfied by a weighted average of the
individual city indices, provided the indices were weighted by the
total monetary expenditures of the wage-earners in each of the
cities.! In general this is the approach dictated if interest lies in
determining the change in the total wage bill required to balance
a change in living costs, or in the problem of deflating the mone-
tary value of a bill of goods consumed by wage-earners.

1 Of course, in a practical case if a particular city were presumed to
represent within the sample a group of other nearby cities, then the weights
employed would be the estimated total monetary expenditures of wage-
earners in all the represented cities.

94
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An alternative approach would be suggested by substituting for
the question above one asking what is the average change in the
money incomes required to maintain the real incomes experienced
in the base period. Here attention is focused on the average
wage-earner family rather than on the total money incomes of
wage-earners, and accordingly population weights rather than
money expenditure weights for each city are called for.?

Whichever of the two methods is employed, however, it is
assumed that for each of the cities quantity weights relate to the
consumption of wage-earners in the same period in each city—
say the year 1940. For it is only in this way that the real income
level priced nationally can be given useful meaning—as a com-
posite of the levels actually prevailing in these cities at a par-
ticular time. If weights were derived at different time periods in
each city, the average of cost of living indices computed in this
way might have only nebulous meaning if any, for the real in-
come levels priced in each city would relate to different periods
and incidentally might differ rather widely.?

Income
Let us assume that a cost of living index has been constructed
for urban wage-earners on the basis of the real income level

2 This is the method employed in the Bureau of Labor Statistics Con-
sumers’ Price Index.

3 This is especially worth noting because of plans recently proposed for
revising weights in the Bureau of Labor Statistics Consumers’ Price Index.
According to this plan, data will be collected each year on the purchases
of consumers; for any given year, however, only from three to seven of the
thirty-four large cities included in the index will be covered. It is planned
on the basis of these collections to revise weights annually, but only for
those cities covered in each year’s survey. In the course of time, were this
plan actually carried out, the index would reflect a conglomerate of planes
of living—relating to that typical in from five to ten different years and
differing among the various cities.

In connection with the proposals made in the text above, it should be
noted that a simultaneous revision of weights in all cities at (say) five year
intervals need not necessarily require even a study of consumer purchases
every five years simultaneously covering all cities; the basis for revising
weights throughout the index may be derived from a study of consumer
purchases in a carefully selected sample of these cities.
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experienced in a particular year. It is further assumed that the
real income level is that experienced by the modal group* of wage-
earners in each city included, for this would appear to be the
most meaningful choice for practical purposes. Since typical real
income levels vary with the business cycle, however, it does not
follow that the experience of the modal group of any one year
will necessarily be of topmost interest in every other year of a
business cycle. Even if analysis is confined to wage-earners,
therefore, there is the possibility that it may be desirable to price
more than one plane of living—one typical of a year of prosperity,
perhaps, the other typical of a year in depression.

Whether only one or more than one index is required for wage-
earners, however, can be answered only by experiment. If the
cost of living index differed very widely for groups separated only
by small differences in income, the number of separate measures
required might be high. Available evidence, as indicated earlier,
suggests that the contrary is true—i. e., that only one cost of
living index may be sufficient to represent the experience of the
entire group of urban wage-earners throughout the course of the
business cycle.

Suppose, however, interests were broadened and in addition to
a cost of living index for urban wage-earners separate indices
were computed for farmers, salaried workers, and other occupa-
tional and income groups. Whether such separate measures were
actually needed, of course, would again depend on the magnitude
of differences in cost of living experience found by experiment to
prevail among the several groups distinguished. Would it be
meaningful, in any event, to combine these various index numbers
into one grand cost of living index number for the United States
as a whole?

As in the problem of combination discussed above, this might
be accomplished effectively in either of two ways. If interest
were in the change in money income required to provide the
people of the United States with the same planes of living as had

4 The question of how broad an income range may be included in the
modal group was discussed above, on p. 62.
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prevailed in the budgetary year, money expenditures would be
used as weights in combining the separate cost of living indices
into an over-all average. If interest were in the average change in
money income required for the people of the United States under
the same circumstances, population weights would appear to be
in order. In either case, however, the grand cost of living index
would record the change in the cost of a set of planes of living
typical of a particular time—that of the base period—and would
reflect (through its weights) the pattern of income and occupa-
tional distributions as well as the geographical distribution of
persons typical of that time.

Thus, it may be observed that any ‘“combined” cost of living
index—as opposed to a ‘“pure” cost of living index which refers to
the experience of a single homogeneous group—may be inter-
preted only in “hypothetical” terms and its usefulness is accord-
ingly limited by the assumptions upon which it is based.



APPENDIX C
A NOTE ON WARTIME EXPERIENCE

IN several nations, and particularly in the United States, the
accuracy of cost of living index numbers became a matter of
public debate! during World War II. In substantial part these
controversies were political rather than technical and bore at
least as much upon the objectives of wage control as they did upon
the meaning and reliability of the measures concerned. Because of
the widespread interest aroused in the questions raised, however,
brief attention will be given here to certain underlying theoretical
considerations.

At several points previously it has been noted that during the
period of a major war the conditions necessary for construction of
a meaningful cost of living index are largely lacking. There are
numerous reasons for this, though they all converge upon one
principle, fundamental to the entire foregoing analysis and indeed
to the meaning of the measure under discussion: cost of living
index numbers rest ultimately on the twin assumptions of con-
stant tastes and constant environment. Insofar as environment
changes, the accuracy of a cost of living index diminishes. Insofar
as tastes change, the very concept of a cost of living index loses
validity. Substantial changes in environment inevitably alter the
effective tastes of the community.

1 The most important published reports dealing with or touching upon
technical aspects of the subject in the United States were: President’s
Committee on the Cost of Living, Report of November 1o, 1944 (Wash-
ington, 1944). This publication includes the report of June 15, 1044 of the
technical committee (Wesley C. Mitchell, Chairman) appointed by the
chairman of the President’'s Committee on the Cost of Living, as well as
comments upon this report. American Statistical Association, “An Appraisal
of the U. S. Bureau of Labor Statistics Index” (prepared by a special
committee of the American Statistical Association, Frederick C. Mills,
Chairman), Journal of the American Statistical Association, vol. XXXVIII,
no. 224, Dec. 1043. Philip Murray and R. J. Thomas, Living Costs in World
War II, 1941-1944 (Congress of Industrial Organizations, Washington, D.C,,
1944). It should be noted that none of these reports approached the problem
within the theoretical framework of the present study.
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At most, over a relatively short span of peacetime years, the
assumptions of constant tastes and constant environment are
roughly approximated; exceptions at the fringe are always present.
During a major conflict as extensive in time and in degree of
economic mobilization as World War II there appears little
doubt that changes in environment represented fundamental
revisions rather than exceptions at the fringe, and it is also highly
probable that fundamental revisions occurred in tastes as well.

During World War II the variety and quantity of goods sold
were profoundly altered, for the most part by Government fiat,
with consumers’ durable goods, for example, disappearing almost
entirely from the market and the supply of numerous other basic
commodities strictly limited. Because of material shortages and
also as a reaction to price control?, the quality of goods offered for
sale changed rapidly and in bewildering variety; nor was there
any way of obtaining a quantitative evaluation of these changes.
The geographical distribution of the population shifted and for a
considerable sector the conditions of living were significantly
revised.

There seems little doubt that tastes (as defined above) of the
populace were affected, not only by the environmental changes
noted but also by the mass psychological impact of the war itself.
Workers, in many cases, lived in different places, held new and
unaccustomed jobs, faced expenses for transportation, work
clothes, housing, etc., often quite different from those experienced
before. Families were separated; wives, children, and the retired
often worked, and in numerous other ways the fundamental
factors affecting the operation of households changed.

Moreover, conditions determining the environment as well as
those which might conceivably affect tastes were themselves
dynamic. The needs of war and the conditions imposed by them
upon civilian life were in an almost constant state of flux.

The important practical difficulties of collecting accurate
prices under wartime conditions have been examined at length

2 See my “Indirect Price Increases,” Monthly Labor Review, November
10942.
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elsewhere, and surely in the light of price control the task of
obtaining prices at which goods were actually sold must not be
underestimated. But even if perfection had bern achieved on this
score, it is important to note that the foregoing alterations in
environment, as well as their probable effects upon tastes, would
have vitiated any attempt to measure changes in the cost of living
for wage-earners in the sense in which the term has been defined
in theory.

At best, then, a “cost of living”’ index during World War IL
could have provided only a rough indication of the direction and
pace of changes in retail prices. Strictly interpreted, the magn:-
tude of changes recorded by these measures could have had only
tenuous meaning, if any. That they failed to provide measures of
the change in living costs, within the economic meaning of that
term, was an inevitable result of the nature of wartime conditions.

These remarks should not be construed as implying that it is
impossible to define objective standards for wage control during
a war period. In order to examine this latter question it is nec-
essary to know precisely what the goals of wage administration
are. Wisely selected goals, however, would be framed in terms of
standards which are applicable to a war period and by this token
the measures analyzed in this study would be ruled out.
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