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Préface

INDEX NUMBERS ARE TOOLS OF ECONOMIC MEASUREMENT AND ARE

already vererable. One of the earliest puzsles that oecupicd men’s
minds in the dawning days of modern industrislism was what made
prices inerease. We know now that silver poured into Europe from
_ the Americas for several centuries after Columbus’ famous (vayage,
and we also know that by the mid-eighfcenth century there- was much
concern over the great increase in prices on the European “tontinent.
The question how much prices had increased demanéed an answer,
As the pages of this study will tell, an Ttalian, Carll,\p{-ov1ded the first
answer. When he found prices of three commguities st two dates
separated by 250 vears and then took an average of the three priece
relatives, he had a mcasurement of the n&ntage change in price
levels from the year 1500 to the year 1790 This is probably the first
index number on record in the modern.senge of the term.

Interestingly enough, progress 1n~50th the theory and the practice
of index numbers has seemed always to be related to periods of rapid
upheaval in price strueturcs. “dn the history of Europe and North
America since 1492, severalgach radical price movements can be traced.
There were the silver, imipprts into Europe referrcd to above; there
were gold imports 1ntb\\Europe from California and Auatraha after
1848; there were thé Jong-continued decline in prices in both Europe
and America froha3865 to 1895 and then the gradual increase in price
levels “after 1895“ culminating in the worldwide inflation of World
War I an f&lowed by post-war deflation; and, still later, there has
been the p}ce inflation of World War II.

The\fact of price change brought the need for measurement; and,

“association with each of the price upheavals listed above, develop-
' monts oceurred in the theory of index numbers. Of modern writers,
the first was Jevons, who sought a measurement of the effects of gold
imports on price levels after 1848, Marshall and Edgeworth wrote
in the 1880's, when the problem of bimetalism and its relation to price
levels was a political issuc of great importance in hoth England and
the United States; Mitchell wrote for the United States Bureau of
Labor Statistics when the accuraey of its measurement of the whole-
sale price level was brought into question at the end of the first decade

v
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of this century. Irving Fisher's book of 1923 was an avowed effort
to establish standards of aceurate measurement and to evaluate results.
Through all these times, the development of theory and method has
"moved in a direct way toward better measurement. To illustrate
only by the growth of practice in the United States, one of our first
important index numbers, the wholesale price index of the U. S
Bureau of Labor Statistics, was established on & permanent basis in
1902 and was then a simple unweighted average of relatives. Ttg
accuracy was questioned befors many years, and the bureau then
sought the assistance of Wesley Mitchell in a revision. The Mitchell
bulletin of 1915 established the principle that weighting was neets-
~8ary, and its most important single effect was the introductiprbo‘f the
fixed-weight aggregative formula, Thig formuls is almost, uxﬁversally
used today in the United States. N
The end of World War I brought widespread diséission of price
levels and extended arguments over index number ’measurements.
Fisher’s book in 1923 probably represents the Beak of this develop-
ment, which was characterized by a feature @ad%ally at, varianee with
eurrent, practice: an emphasis upon the nagdifor using eurrent weights.
This method ¢ontrasts with that of fixed Welghts (to be revised maybe
once in ten years), which had been recetpmended in the Mitchell bulle-
- tin and which had by then become general Practice. - Though the crities
_Of lf‘isher’s book were most seve;"{é.ih some of their condemnations, it

'It must he emphasized, finally, thgt
Wzthbanother, and a vitally important, part of the problem of index
zs;ﬂ tf;‘ rréea;suregeng, namely; the accuracy of the original price and

Ly data. No hogl has been Wwritten on thj i
8 subjept ag yet, al-
though muych prugress has been made by government bureaus that

I have not dealt in any way



PREFACE vii

specialize in the construction of index numbers of national scope. The
subjeet deserves a book written by specialists in this field, and I hope
that some of the able technicians now working in government offices
on this problem can be persuaded to write such a book. The follow-
ing pages will never compete with it; I hope they may be a complement
to it. '
_ Eruce D. MupgeTT
Undversity of Minnesota
April 25, 1951
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CHAPTER 1

Introduction

Q"
11. WIDE USE OF INDEX NUMBERS A
g N

Price and quantity indexes have in recent years becomé tools of
daily use in the interpretation of current economic condltmns Changes
in price levels are watched cagerly by cmployers, a,nd by laborers.
Wages have becen tied to cost-of-living indexes many}fears in England.
The same has been true in the United States in\fefent years, and the
bractice has been increasing. The index of indistrial production of the
Federal Reserve Board is published a few.days after the close of each
month and is awaited eagerly by a natiehal audience of husinessmen
and students of the national economy,for the “information” it furnishes
on the current position of natlonal productlon—baswally, productive
activity in the mining and manuiacturm;s fields. Farmers in the United
States, with equal eagerness, ayateh the index of parity prices, for there
1s now a national law th:%l,’r»,l"«equu'@1 government support of certain farm
prices in order to mail qu a specified parity relationship with a farm
price situation that h%d many years ago—one of those comparison
bases that is presumed to represent normal conditions, or at least con-
ditions more g c,rally acecptable than others to thme groups whose
influence brottg'l\c about the passage of the parity law.

12 MEASUREMENT DISTINGUISHED FROM POLICY

he use of index numbers to measurc certain magnitudes in an
e(}nomy must be rigorously separated from any justification of par-
ticular economic policics which their use is intended to implement. If
2 businessman decides to tie his wage policy to living costs, an accurate
index of living costs iz a hasic element in carrying out such g policy.
Or, if Congress passes a law requiring that farm prices shall be main-
tained on a parity relationship with other priccs such as existed at some
earlier time, it becomes an essential feature of the operation of the law
that the parity relationship be measured, and this measurcment pro-
duces an index number of priccs. Of course, changes in the direction

3



P! INTRODUCTION

-of policy will oceur from time to time both with respect to firms and
individuals and with respect to governments. But there will prebably
be no lessening in the demand for measurements of various elements'of
our ecanomy; indeed, cvery indieation is that there will be greatly in-
creased demands for measurements of econcmic magnitudes, Among
these demands it is to be cxpected that index numbers of prices and
guantities will be prominent items,

1.3. NEED FOR MORE REFINED MEASUREMENTS

It is therefore not amiss for the technicians to take stock of thei\r
tools from time to time and to consider whether the tools can be tefihed
and made more cfficient. 1t has been said that the greatest aclmnces in
sclence come only under the pressure of need, and exampleg gan be cited
in economies to give some support to such a generaligation. Indeed,
the history of index numbers would seem to bear it.qut” Particularly
today, with many of the most important indexes\gonstructed by gov-
ernment bureaus, severe criticism may be neg@d to force change in
established and accepted methods. L&

Price index numbers originated * in 1763, wwhen Carli attempted to
messure changes in the purchasing pqwér" of mMoney consequent upon
the importation of silver from Amerien > Prices had gone up; the ques-
tion was: How much? Carli supplied the world with the first price
‘index number formula, a simple™arithmetic average of price relatives.
The United States Bureau“Qf Labor Statisties used this formuls for
measuring wholesale prices in the United States in the early years of
the current century, a:n}k\he shift in 1915 to a different and hetter
formula came only aftdr much critieism of the bureau’s index in those
carly years, In #he/course of World War 11 many objections were
raised to the médsurement of industrial production in the index of the
Federal Reserve Board, and these eriticisms must have played their
‘minor parb.in the revisions of the early 1940%s, along with the un-
doubted: desire of the board’s technical staff to improve the index
whenever it was possible, Indeed, such eriticisms may often be the
fillip” needed to stir bureau directors or Congress or the American
people to increase their financial support of this sort of scientifie work.
There was an extended argument between the AFL-CIO labor repre-
sentatives and the U. 8. Bureay of Labor Statistics over the cost-of-
living index of the hureau, and although this argument did not bring

1 Dutoi in 1738 had compared sums of prices at two periods. Tt could be claimed

. {from this fact that first credit for the idea'of index numbers belongs to Dutot,
But see Mitchell, Bull, 284, p.7.



TENTATIVE JUDGMENTS ON CURRENT METEODS 5

about an immediate revision of the index it did produce an exterided
investigation of the criticisms by an imposing committee of experts.

1.4. TENTATIVE JUDGMENTS ON CURRENT METHODS

Present methods of constructing index numbers of price and quan-
tity can be very inaccurate. The charge that the federal bureau’s eost-
of-living index failed by a considerable percentage to messure the true
change in the cost of living may well be true; and inaceuracies of this
sort are likely to show up in times of exceptional economie change such
a8 oceurred during World War II. It is further believed that semdes
of the tasks which index numbers are expected to perform can be dt\ane
very effectively, such as the measurement of year-to-year chahges in
price levels, whercas sometimes index numbers may produce, mheasured
' results that have no counterpart in reality and that should'bé' discarded.
An example of the latter results is the measuremegt(@f price level
‘changes from colontal times to the prescat. It isctle purpose of this
study to give conerete embodiment to these general notions. It is too
much to expect that there will be immediate a dgé'neral acceptance of
all the ideas developed in the pages to follew, but it can at least he
hoped that they will receive the serious ‘eonsideration and criticism
that the author believes they deserve,:fifc}m competent students of the
subject. - \y '

<



CHAPTER 2

The Meaning of Price
and Quantity Change ~

O\
2.1. SOME REAL PROBLEMS OF A CHANGING' WORLD

Consider the following topies, each of which has‘at some time, per-
haps often, been a matter of serious study in thé éeonomies of modern
nations: (1) the purchasing power of money, 2) inflation or deflation,
(3) growth of or change in real-goods produttion, (4) total value pro-
duction, or consumption (or the measuretdént of the national income),

As stated above, one of the first index numbers of which we know

- Was constructed in 1764 by Carli, who was Interested in discovering
the effect, upon the purchasing .pbﬁwer of money, of silver imports into .
Furope after the discovery ofSAmerica. Carli had only three com-
modities, grain, wine, and oil, available to compare prices at two dates
separated by 250 yearsibut, such as it was, he got an answer to his
question ahout purchgding power by calculating the bercentage change
in price (price relative) for each of the three commoditics between
the years 1500 &nd 1750 and then taking a simple average of the three
ratios, This Was his measurement of the price change that had oc-
curred. Wewould now say that its reciprocal measured the change in
th? pLﬁ}}hBing power of money, aver this 250-year interval. Character-
lstlc,al‘ ;- 1t was this problem of money purchasing power that first
op\g‘qpled .students of index numberg and that is responsible for the main

oty of 1nc_Iex number literature down to practically modern times—
ot least until the beginning of World War L. Jevons’ study, “A Serious

Fall in the Valye of Gold Ascertained” {1863), falls in this category.
One of Alfred Marshall’g early manuseri

1887) dealt with the problem and wit -
Ir\:rmg Fisher's The Purchasing Power of Money, published in 1911,
points elearly to the overwhelming emphasis, up to thig date, on the

purchasing-power concept, as does Walsh's The Measurement of Gen-
eral Exchange Value (1901).

6



SOME REAL PROBLEMS OF A CHANGING WORLD 7

It is not, of course, implied that inflation and deflation are basically
different from purchasing power of money. They might be said to
represent the other face of the coin, Inflation means high prices, and
they, in furn, mean low purchasing power. But the index pumber
literature since about 1914 has used the terms inflation and deflation
much more than the term purchasing power. The reason for this change
in emphasis 15 that in recent times we have heen more interested in
inflation applied to some partial segment of the whole economy,
whereas the literature of “purchasing power” was concerned with gen-
ceral purchasing power or with the problem of the relationship of all
money for exchange and all goods seeking exchange. Neverthcless,the
thread of a common idea runs through all our index number Iiteratire —
the notion of a price level, or a plateau of prices, applying td the total
or to some segment of the economy. The problem is to wieasure the
difference between the height of the plateau at one period*of time and -
that at another. If a solution is found, it will bevealled an index
. number. \

The origin of the idea of changes in the quan‘ﬁt} of real-goods pro-
duction {or consumption) doubtless goes béck to the beginning of
thinking about the theory of value, buf' Jhe thought of measuring
. ¢changes in preduction In quantltatlye,.rather than in value, terms
probably camc much later. Tt is diﬁcult to say just when the idea
of a guantity index first appeared n the literature; but it is a fact,
nevertheless, that it did not piay ‘an important part in index number
literature until after the beg"hnmg of the twenticth century. As im-
plied earlier, long-eonti uc—;d elements of instability in prieces brought
disecussions that produeed the literature of index numbers. The writ-
ings of Jevons cama(dt the end of a peried of rising prices; Edgeworth
and Marshall weote' during the long price decline from the 1860’s to
the 189('s. Adter the nineties a period of increasing prices sct in, and
during thls\rh'lod index number literature began to accumulste in great
volume. SFurthermore, from this time on, more and more attention
wasopgiiﬁ' to index numbers of limited scope, for example, regional price
indexes, wholesale, retail, cost-of-living indexes, and the like,

Indexes of production are an item in this speeialization. The out-
standing literature of the period, which provides the source of the above
statements, includes, first, Mitchell's study for the U. 8. Bureau of
Labor Statistics (Whoelesale Prices, Bull. 173, 1915, revised as Bull.
284 in 1921), which definitely pointed to the importance of specialized
indexes; Pigou’s Wealth and Welfare (1911} ; a huge volume of periodi-
eal Hterature after World War I, especially in the United States and
England; and finally the publication of Fisher's The Making of Index
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Numbers (1923). Throughout the last part of this period, say from
1910 to 1925, the literature discussed how to. measure changes in real-
goods production, as well as price changes. A new problem arose at
this time, the measurement of the national dividend or national income,
The problem is discussed at length by Pigou in his Economics of Wel-
fare. The National Bureau of Economic Research, organized in New
York in 1920 for pure research, set this topic as ome of its earliest
extensive studies and published its first volume on the subject in 1923.

It is therefore not too wide of the mark to say that index number
literature is an answer to the demand for particular kinds of mghg-
urement; that this demand is great when great price change has pro-
duced instability in the economic system; and that, in the histery of
index numbers, problem and solution have gone hand in hanf,)

22. THESE PROBLEMS GENERALLZED

This brief reference to cerfain economic problemig the solutions of
which have created index numbers was desighed o introduce some
real-life examples that have concrete meajn’(ng for everybody. The
purchasing-power toncept may escape many persons; hut few have
escaped the inflations of the later 1940’s,\and everyone who deals with
a family budget knows what the vgo‘fa inflation means. Stretching a
limited family income over the Deeessities of decent living at a time
v_;rh‘en prices are advancing much-faster than family incomes threatens
living standards. The termrinflation hag to do, of course, with a et
Or group of prices concm;fﬂ&i in their entirety, not with individual
prices.  For some prideg might have gone down although it might
appear to the housekglder that prices have gone up. We now accept
.such terms ag n:&t’mﬁal inecome (a value or dollars concept) and real
mccy:ng ‘(a phy&cal_-goods concept, from which the element of price
variability 1§ Absent) ag meaningful expressions applicable to the eco-

nomie lif€ et nations op peoples. If, the i ;
: . . T, there is such
inflatiafMthere shoyld be some way 1 o & thing as

Atnd{ 1} American workmen today
t10nthan formerly (that s,
“'rort.h)_, there should he means of measuring this more ;



THESE PROBLEMS GENERALIZED 9

comparison; then follows the comparison in series. The two situa-
tions in the binary eomparison may be two time periods, such as
1940 and 1941, or they may be two places, such as Detroit and
Warsaw.* We say that the comparison may be in time or in space,
but, actually, most index numbers do involve comparison in time.
2. The basic material of the two-period comparizon is two sets
of data (in theory completely known, in praetice often very diffi-
eult to secure} referring to all the economic goods in each period—
the facts of acfual quantities and prices of each commodity in
each period. This means that there exist prices, p, and quahti-
tles, g, of two sets of commodities; whether we ean obtam the
complete record is another matter, From these facts smaplé Thulti-
- plication (of price by quantity) followed by snnplc addition {of
- such values figured for each eommodity) producesj;wo gets of total
monetary values, one for each situation in thg{gérhparison. The
ratio, V, of these two monetary aggregates igavwalue ratio, and in
general it will have a magnitude other than unity. It will be
referred to frequently as a value chax{ge since in real life it is
never equal to unity and sinee what ‘ollows would be in no way
affected by such a eireumstance anyway
3. Finally a generalization about the components of this ratio is
formulated. Since the detaﬂéd c¢omponents are prices and guan-
tities it becomes conceptuaily possible to formulate an ides of
total price influence and total quantity influence and then to say
that they jointly wduce the value ratio. Herein lieg the index
number pmblenb %h which this book is concerned. If we use the
terminology: ',

V = salde ratio
£ 3 measure of the total price influence in ¥
. Q\-—_ a measure of the total quantity influenec in ¥

e

" ‘th‘e relationship of these three clements becomes
A% V =PQ

This is an analytical statement about the facts of historical record,
namcly, the p's, ¢'s, and V, and it involves a concept of the total

tIn the late 1020's Henry Ford wanted to fix wages in his European offices to
provide the same standard of consumption ss enjoyed by his employees in
Detroit. Study of the technical problem brought s report by the U. 8. Bureau
of Labor Statistics (sce Monthly Labor Rev,, June 1930) and a number of studies
originating in the International Labour Office in Geneva.
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‘price influence P and the total quantity influence € that arises out
of these facts,

1t must be stated, finally, with the greatest of emphasis that for any
index number of prices or quantities that hag relevance to a real-life
change from one specified situation to another (that is, to any of the
problems referred to above, such as purchasing power, inflation, de-
flation, changing production, and eonsumption) one must obtain the
objective facts for messurement of this change from the prices and
Quantities of the actual goods that are involved. If in any such com-
parison one goes outside these two sets of price and quantity data }o
seek a solution to the price or quantity index problem, it must be
recognized at once that he is dealing with approximation and dither
the approzimation must be Justified or iis accuracy tak@g}dﬁder con-
sideration. This point of view will recur frequently in~tfhe"succeed:ing
pages. . A\

The measurement to0] that is needed in thig situatlon is one applying,
not to single comimodities, but to groups of commodities. The result
in one case is a price index and in the other'\é;quantity index, and it
will, if effective, separate the valye changd. of a specified set of com-
modities (the ratio above) into two paljté or elements, one a measure-
ment of the overall influence of changﬁ'n'g Drices, the other 5 measure.
ment of the overall influence of changing quantities, The two elements
together explain the tots] chapge 'value, The next problem is how to



CHAPTER 3

The Problem of Measurement

Q"
3.1, A SPECIFIED FIELD OF COMMODITY STUDY

In the first place an index number of price or quantity musb ?}'f\neces—
sity refer to an enumerable set of commodities, This i doubtiess what
some of the literature refers to when it states that thé, pirpose of an
index number must first be clearly defined. Thus LﬁL’Q;iahell in his study
for the U. 8. Bureau of Labor Statistics speaksof a general-purpose
index and of special-purpose indexes. Mitehell\has been eriticized for
this statement, especially by Fisher, who Qﬁfy} that the purpose of an
index is fixed once the set of eommoditiefthas been decided upon.’ The
argument{ of the previous chapter is of .péui"se in agreement with Fisher's
position. If the task of an index np’r;hber is to measure that part of a
historical change in valuc which38"due to price change (or quantity
change), then purpose ean mean Mothing except as it applies to a speci-
fied set of commodities. Lefls consider possible examples, If Fisher's
cquation of exehange, PCT"= MV 4 M’V’, is concerned with cstab-
lishing a relationship Between all money of exchange and all goods for
exchange,? then the fency values and the quantities of goods represent
the raw materig§@ut of which index numbers are to be constructed.
So the purpogélere is the completely general one of measuring the
change inthe)level of all prices. And with equal emphasis ¥ must be
said that(this index number ean have no narrower purpose (such, for
examr{i}:;"as the measurement of wholesale prices) so long as we are
talking of a precise measurement and not of an approximation. Of
c&rse, all prices in an cconomy are interrelated and there are high
correlations between certain groups, and so in the absence of exact
measures in a defined field it has often been necessary to accept ap-
proximations from a rclated field. So it was that before we had ‘special

1 Bull. 284, pp. 23-25.
21n this form of the equalion of exchange, P and T are symbols, respectively,
for price level and for quantity lovel or trade ; M and M’ refer to money and
money substitutes, and V and ¥V’ to their respective velacities of circulation.
11



12 . THE PROBLEM OF MEASUREMENT

farm 'price index nurnbers the special subindex for wholesale prices of
farm products was used as a ‘substitute. That this substitute is no
longer needed since the specific indexes are now available is cloar
evidence that the students of farm prices considered the substitute to
be inadequate. . )

All indexes today are therefore special indexes in the sense in which
the term is here used; that is, there is a specific list of commoditics
involved for which prices (or quantities) have been measured. Thus
the U. 8. Bureau of Labor Statistics wholesale price index applies to
all wholesale prices in the United States s the term wholesale has bcc}
defined by the bureau, The U. §, Bureau of Labor Statistics costof-
living index (new name: index of consumer prices) applies omly 4o a
particular income group (wage earners and eclerical Wgr!géi‘s) in =z
special list of thirty-four large cities in the United Stategs NThe Federa)
Reserve Board index of industrial production covex&‘f.ihanufacturing
(fifty-three scries) and mining {eighteen series), smdl3t is thercfore not.
& measure of overall production because of the signiﬁcant fields of pro-
duction omitted, for example, wholesale and.{étail trade, construction
industr_y, and agriculture, There gre industPy indexes (the fertilizer
Drice index), regiona] Indexes (many 's«tsite' farm price indexes), ete.
The list could be extended by many ditems before being in any sense
complete, And completeness would'he ‘almost unattainable, since many

firms construct price and some§imes'quantity indexes for their own use
and do not make them availa&le to the public.
3.2, DATA: H‘ISTdRICAL RECORDS OF PRICES
LOAND QUANTITIES
Once the set offg

AS
\edmmodities for which index numbers are to be con-
stl.'ucted\ has :hgen decided upon, it must he recognized that a set of
prices and ,\f\quant-it-ies of these commoditieg exists for each and every
s1tu§,t1qn that is to be compared. The p-g price-quantity notation and
t‘h(? 1ndex number notation thag have been practically standard in the
litgrature are, with some additions, ag given herewith:

gﬂce‘z t?’} .'p"; ""’ p® (fgf N commodities,

Valz:i;sl- ;‘is' q’;q'},’ t 47 for N commodities,
V= p'g’ ate,

Subseripts: 0,1,2 ...
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P: to a given-year priee, ete,; similarly for quantities and values.
In some instances it will be convenient to refer to 1 as the base
vear, 0 as the given year. This will cause no confusion, as the
context will make the meaning clear,

For index numbers:

- In gencral: Iy, means (some) index for the year 1 on the 0 year
as base without specification ag to whether it iz a price or a
quantity index. :

For prices: Pyq.
For quantitics: Qgy. ~
(Additional notation will appear when needed.)

Now it is necessary to reecognize that s defined zet or group\’bf}onm
modifies is not always a constant list and that this inconstancy is
almost universally met with in practice. We are alwajfﬁ‘.comparing
at least two situations (two years); the set of all foéd® at retail, for
example, will include one list, say N, in the baséperiod but another
list, Ny, in the given period, and many commgdjties may be present
in both years if the years are consecutive, but/nét so many if the two
years are far apart. Thus, if one listed gtk ¥oods at retail in Boston
markets for the years 1947 and 1948, host ibtems would be found in
hoth yearly lists, but there would ket few exceptions. On the other
hand, if the two years in question were 1776 and 1948, the propertion of
items common to the two listsfpould undoubtedly be smaller. The
greater the field of commodities involved, the greater the diserepancy
is likely to be. This disprbpancy has importance for index number
measurement and theréfore must be stated with precision and in sym--
belie notation: >

Year /A" Prices Quantities
" 3
..0\";’\ po’y P07, ey pog”} ga', qo’’, - -, Q’D::n)
\]: 4 Pl’: 'Plnx R ! gl’: Q‘}_”, oy g1 »
4+ &
L -
\; k oy Py -, peP o'y "y e, ™Y

T'rom this basic and complete set of data, since by hypothesis it repre-
sents all the prices and quantities of all commodities existing {or in-
volved) in these several years, it ig possible to obtain several value
totals with which we will be concerned in index number construction.
For example, there is a complete value total for each year, obtained by
multiplying each guantity by its price and adding all such items. A
second total may be found for a given set of commaodities (Ny,) that
are found in both of the years 0 and 1; and a third and still smaller
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total (ne) items may be used as a sample to represent the whole set,
No. This third set iz almost universally the one with whicl} the prolb—
lem of price and quantity measurement is concerned, f(?r in pracjuce
it is almost never possible to obtain complete information on prices
and/or quantities of all commodities in any defined group. In symbols
the above statement would be:

L. Total values for periods 0, 1, 2, etc., are

Ng N1 N
2P0 P D g ete. ~
2. Values of all goods ecommon to two periods, 0, 1, are O\
Na Nu] 7"\ r

2 podo; P D

3. Values for a sample of # goods common to two pgr{oﬁs, .0, 1, are

Aol Figr

Z Poto; E "

It will be well to introduce special terms, rﬁ& emphasize these dis-
tingtions. Thus, ¥ 0, N1, Ny, ete,, refer to all Mmodities of the several
periods 0, 1, 2, ete.  Noy and ng, refer to commodities found in both of
the two specified periods 0 and 1; andpn conformity with a term that
has been common to the literature for a long time, these commodities
will be called binary commoditie\A third term is needed to designate
those commodities found in either of the two lists of a binary com-
parison but not in both, Thhy will be called unique commodities,

Thus for comparison Q{f\’periods 0 and 1 we have:

1. All commcdi,t.ie:s’ include Ny and Ny
2. All binary(';oﬁmodities melude only No,.

3. The samiple’ of binary commodities include No1.
4. All Qﬁﬁ’e commodities include
'\

3.3. STATEMENT OF THE PROBLEM

From the above information we can at on
ratios which will be useful in later work
Vor (T}, Vm(N); and Vor(n). When Vor i
in parentheses it will generally refer to

ce caleulate three types of
They will be referred to as
8 not followed by g symbol
he last of the three ratios,
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Each of these ratios is a comparison of two value aggregates for the
periods O and 1, respectively; the comparisons could be for periods 0
and k or O and ¢t wheret = 1,2, - -+, k. The symbol Vo (T) is the ratio
of the complete sum of values in onc period to the corresponding eom-
plete sum in a second period, that is, the total Ny commodities in
period 0 and the total ¥y eommodities in period 1; Vo, () is a ratio of
two sums of values, involving all those eommodities that are common
to the two periods. Thus, if the two periods are 1776 and 1946, flint-
lock muskets are included in 1776 and radios are included in 1946 for
the ratio Vo; (T') ; but for Ve (N¥) neither are included sinec the muskets
were not in the market in 1946 and radios were not there in 1776. \But
both Vo (T) and Ve1(N) include potatoes, which were present/in the
markets of both years. Furthermore, ¥y (n) will include fotal values
for petatoes in both numerator and denominator but m@yiwell not in-
clude values for, say, paprika sincc, although papril\(fi existed in both
periods, either it 1s unimportant enough to theMotal to be omitted
with rcasonable safety or its situation as a SI{iQe may be sufficiently
represented by some other spice. More detaillon this matter of sample
representation of a subgroup will appeasy latér. Ho we have the his-
torieal fact of value change from onc'spfpc'iﬁed period to another, and
we can define it () with respect to alhgoods in both periods, (&) with
respect to all goods commeon to hgbh periods, or (¢) with respeet to a
sample of the b list. D _

The next step in the statep{ent of the problem is to set up an explana-
tion of the change indiq@téd by any onc of these value ratios. Any
" value ratio measures %@e”diﬁercnce (in a ratio scnse) between two
sums or aggregates Ofyvalue, such as 3pig: and 3peqo; and the stand-
ard explanation igdhat this value change occurs in part as a result of
price change gnd- in part as a result of quantity change. So we con-
ceive of su{{jx?crall measzure of the price clement and call it Py; a
similar measure of the quantity influence in any Vg is given the symbol
Qoa. E.‘m'ally, since all influences operating on the value ratio are com-
prehended within these two terms, price and quantity change,' we de-
fine’the index number problem as the problem of hreaking up a value
ratio into its basic components—factors Py, and Q.

The argument of this scetion thus reduces to the following statement
of the problem:

1. The fact of value change:
Vo1 (T} with respect to all goods in two periods.

! Remember that the terms here refer to a group phenomenon and not to
individual commodities.
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Vo (N} with respect to all goods common to both periods.

Vo1 {n) with respect to a sample of the common goods in Vo (V).
2. The hypothesis:

Poy, a factor of change due to prices.
o1, a factor of change due to quantities.
3. The definition of the problem of index numbers:
Voo = Pp1-Qor.
(Here the value ratio may be any one of the three abave.)

.\1’?“
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CHAPTER 4

Price and Quantity Variation

41, DEALING WITH FACTS OF HISTORY ,\:\

With the acceptance of the propositicn that the mdex number
problem is to be solved by separating the value ratio intg 1t§ two com-
ponents Py and Qgq, an important first step in the olutlon has heen
taken. Whatever the form in detail which the soludion may take, it is
irretrievably tied to the historical record. IndexNinmbers as here de-
fined are measures related to the purchasing’power of money or to
inflation and deflation, and inflation and dc_ﬂ}tt_ion are matters of his-
torical ehange. The tocl that measuljeé:them, therefore, should be
fashioned to deal with the historieal Jmdterial, and its ultimate effi-
cleney as an instrument of measuremmt should he judged by reference
to the actual reecord of prices, quantztles and values with which men
have been facedl As a first si:(,p in fashioning the tool with which we
are going to be concernedy lt is important to review some significant
facts about the variationg'of prices and of quantities which have come
to light as a result of the work of students of this problem in the past.
For it is true that these facts, or some of them, have had great influence
on the developml‘mt of modern notions about how to construct index
numbers of pfice and quantity. Hemembering that the index number
prohlem vnﬂ\ e solved if and when a measure is obtained which iso-
lates the(pmce influence or the quantity influence from the value change
in & defined commodity group, we see that the immediate problem then
is how to construct such a measure.

* This statement is intended in no way to deny the validity of the common practice
of modern statistical theory of setting up mathematieal {i.c., conceptual) models and
_ of interpreting factual observations by their conformity to these models. Of course,
since such models serve only for so long as they correctly interpret sbeervations they
must be replaced or revised when their failure to interpret has been ascertained.
P -Qo = Voo a8 here defined may be Jooked upen as a mathematical model with
which to interpret concrete reality.

17
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42. PRICE AND QUANTITY VARIATION FOR
INDIVIDUAL COMMODITIES

1f we are to keep close to our historical materials we must recognize
that there is no group cffect, until there are individual effects; that is,
a price influence for the group must be in some way & combining or
summing of individual price effects.

With 71, Po, ¢1, and o veprescnting the prices and quantities of a
given commodity in the periods 0 and 1, any variation in price or
quantity for this commodity may be defined in either ectual or relative
terms. Define:

{¢) Actual changes & \)
N P(]I =P — PO . }‘ N
Jor = ¢ ~— o \:
{b) Relative changes 'S
' n

2 and & N
Do 0 L™

The poy and ¢o; measure the actual t:}_mﬂ‘ge‘fsx in priee and guantity for
the commodity, and these magnitudegiare expressed in the same unit
in which price or quantity is stated ~whereas p/po and gi/go are mag-
nitudes in ratio or percentage,jtﬁ{’fns o¥, a8 they are usually called,
relatives. Thus there are twopossible ways of measuring price (quan-
tity} influence for individdal commodities. Now how shall the same
influence be measuredx&éﬁ'the whole group?

43. MEASURING THE TOTAL PRICE AND QUANTITY
EFFECES BY SUMMING ACTUAL PRICES AND
A\ QUANTITIES

L Diﬂi@ies in Summing Actual Prices

onijsider the price influence first. The problem is to find a way of
ombining or totaling the individual price influences or elements in
order to obtain an overall measurement of what has happened to the
group prices, In terms of an earlier discussion we wish to know
whether the price plateau in period 1 is at the same level ag that of
peri?d 0. It will be recognized at once that there are difficulties in
t{e&lmg with actual prices. Ope may perform the arithmetical opera-
tllJI'l of summing actual variations in prices, that is, 3poy, but this is a .
sermu_sly defective procedure for meaguring the total price influence.
One single fact is sufficient to condemn it, namely, that the result is
affected by the units in which the prices are quoted and therefore that
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different answers can be obtained merely by ehanging the unit in which
the price is quoted. Thus, for example, a summation including the
price of steel is onc figure if steel is given in price per ton and quite a
diffcrent figure if steel is quoted at price per hundredweight or per
pound. Consider a simple and somewhat absurd example:

_ Prices (dollars) Prices (dollars)
Commaodity Unit, Unit
0 1 0 1
N\

Steal Ton 40.00 | 50.00 | Pound 0.02 ¢ \0y025
Darning needles | Package | 0.25 | ¢.40 | Gross of packages | 36.00°'57.60

Sums 40.25 | 50.40 téé[.’tm 57.85

(W

The market information is identical in the two ages, but the eom-
parison of the two “groups” is dominated in thze{ﬁr‘st case by the steel
unit and in the second ease by the needles unif, ¢

The obvious answer to this defect is to; itroduce weighting so that
each price entors the summation with ar,l;iﬁﬂuence such as it had in the
actual market situation. So far, so,gopad. But another complication
1s encountered immediately. It isneeessary to avoid any process that
will lead to Epoge in the base poriod and 2p1gy In the given period,
since any eomparison of the§e'\‘two aggregates gives a measurement of
the influence, not of changifg prices alone, but of changing prices and
guantities together, Cleﬁt} , we want a weighting factor that comes
from the aectual market situation but one that will at the same time
give us an aggregaté\Jn which the quantity element, so to speak, is held
constant while thé)price element varies. Let us recognize at once that
the last st-at;{qiaﬁt involves & basic contradiction since price variation
n the market is always associated with quantity variation. However,
if there g to be any solution, there must apparently be a compromise
on vérying weights in order to obtain a measurcment of price variation
by its€lf. At onee, one sort of compromise is logically rejected whereas
another descrves at least a certain amount of exploration.

The compromige to be rcjected is one that is widely accepted hy
students of index numbers, namely, to weight prices (both p; and pg)
by a set of normal quantities (say q,). Suppese that the price index
were to measure eost-of-living changes for a certain group in the com-
munity (for example, wage earners and clerical workers in g large
city), The g, might then be a set of quantities hypothetical in char-
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""J:-i'eter but of course not too far removed from the amounts actually
consumed by these people for the periods in question. The quantiFies
might even be those which this group had eonsumed in some fairly
recent period, being therefore real consumption for them though not
@1 or go. The weights could; in fact. have been taken from the actual
budget study of the U. 8. Bureau of Labor Statistics, 1934-35-36. The
reason why this set of weights g, must be rejected on logical grounds is
that the weights ¢, are, by hypothesis, neither ¢, nor ¢, and therefore
do not reflect the importance of the P or po prices faced by the group
in question in periods 1 and 0. By this reasoning, if quantities aid\to
reflect the importanes of p; or p, they must not go beyond the historical
record of the actual quantities which thig group of persons,purehased
at the prices of the market, It must not he forgotten thatthis argu-
ment is stated as the exact logical position. It doeg ot deal with
_.approximations, nor with the difficalty that is often et in real life
in finding the actual quantities associated with,alglven set of Prices,
The position taken here is that g logically exact solution must first be
sought and that approximations should be ‘gonsidered later only in
those situationg where, for adequate reagansy, the logically exact solu-
tion is unobtainable, Doubtless the abdwe rejection will be challenged
by some students of index numbers,’sﬁnce 1%t runs contrary to almost
universal practice, but; the bositionls still logically unassailable.

The above argument hags saidthat we reject ¢s a8 weights for either
D1 Or Py when the period a refers neither to 1 nor to 0. Exact welghts
for expressing the imporf;-gmbe of prices must be either g1 Or gy because
these ¢’s are the only O, which are causally related to these p’s. Con-
sider then the set of\quantities of the bage period (g} as weights

- measuring the impgrtance of Do and {approximately) of p1. The g¢4s
are the actual qentities that the group of consumers purchased in the
base period a4} base prices Do- Now caleulate 2page, and the result is
the actualeost of the base-year budget (the historical record). Next
pricg flc.};’le"same base-hudget Quantities at prices P1. To be sure, these
Quantities were not purchased at prices p, sinee D1 reflects the change
(Boto py) 1In the prices at which 90 were purchased. This new value
ggregate is %P:l?o or the hypothetical cost of the base-year budget at
gIven-year brices. The conecept is not 400 far afield from our problem,

| gTsiiZJEiﬁ 2::9 two Vaiuef-aggr?g&tes, namely 3p;qo/3poqo, does
0 to perion 1) 1o itsurenl:t’en t;l the influence of' price change (period
budget, Tt is I’:herefor app f;es the t-wg sets of prices to the base-year
ﬂuenee‘ Ve e a firat 'tenta.mt-we measurement of the price in-

o1 Lhe above ratio will be referred to hereafter as Ly,
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second measurement, and one logically similar to Ly, can be obtained

by using the budget quantities ¢,, this time obtaining two sets of

aggregates 3p1gr and 3pegy. Then the ratio Sp1g1/Spegr (now called

Py; after Paasche, its originator) takes a position of equal status with .
Ly a3 a measurement of the price influence in V. In general, Ly

and Pyy will not have the same numerical value, and the question arises

which is to be preferted. The answer is: Neither. One rests on just

as solid a logical foundation as the other. What is to be done under

the cireumstances? Two alternatives present themselves:

1. If Ly and Py do not differ too greatly, accept etther or some: 566
of compromise between them (such as an average) as the best obtain-
able measurement of the price influence in a value ratio Vo,. L&)

2. If Ly and Py, differ widely, it may be necessary to rejett/hoth as
measurements of price change. This alternative is equitalent to ad-
mitting that the problem cannot be solved in terms of €hic procedures
developed above. The book will later develop thié’p’oint in grester
detail and clarify the circumstances in which it Way be necessary to
reject such methods as thesc on the ground,{Bal they are too inac-
curate for practical use. N\ \

2. Difficulties in Summing Actual Qnaﬁtities

When the problem is that of meaqurmg quantity variation for the
whole group of commoditics, thendifficulties with unw eighted sums are
even greafer than with prlc . For, whercas significance can some-
times be attached to a su of prices, Zpg, since the items added are
always moncy, it cannof\s\j easily be attached to a sum of quantities
since quantities have @b common unit. Tt is impossible to add tons,
yards, flasks, squarefeet, etc. But, as with prices, a solution may be
aftempted by w«eightmg, if it is possible to find a measurement of the
importance fqerght) of a given quantity. The truth is, of course, that
the 1mport,an§e of ¢ is measured by p and we are dealing with the same
prohlem\fa,s before only approaching it from a different angle. Thus
we£in measure the quantity of goods consumed (in a family budget,
for :Lnsta,nce) by measuring it in value terms; Zq¢.p, measures the value
of the budget in the basc period, and Sgipe measures the value of the
given-year budgeb at the same base prices po. Lét Loy = Sg500/3q0po0,
the symbol Lo here referring to quantity variation, being the same
symbol as used above to represent priee variation. This is then a
‘measurement of the factor of quantity change (the Qu) in Vg when
the quantity change is determined. by valuing both base- and given-
period quantities by base prices. The analogy with prices may be eon-
tinued by caleulating a quantity ratio Py by valuing both base- and
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given-year' quantities by given-year prices; thus Pe = EQ"%PI/ 2q0p1,
and in general Py, will not be equal to Lys. Again as with prices, there -
are two alternatives: (a) if Loy and Py do not differ too widely, accept
either or some sort of cross between them as a measurement of the
quantity factor in Vor; (b) if they do differ widely, consider that this
kind of solution of the problem has failed and abandon it.

The preceding pages have attempted to ferret out possibilities of
measuring the separate but total price and quantity elements cof a value
ratio by a summation process. And no acceptable solution was found,
in terms of direct and simple summation, for either prices or quantities
alone. But if weighting is introduced and if the prices (or quantitaés)
in each period are weighted by a logical weighting factor thatdn-@ffect
holds quantifies constant while allowing prices to vary {or vige versa),
the result is a pair of total value figures the ratio of whieh gives an
answer of sorts to the question asked: What has beegl:the part of the
value change Vo attributable to price influence aléne’ {or to quantity
influence alone)? That the answer is not too gampletely satisfactory
has been emphagized, for In each comparison One’element has involved
multiplying the price of one period hy theguantity of the other period
and these two magnitudes arc not caudally identified in the market.
Nothing particularly novel lies in what has been said above, unless it
is the emphasis placed on certain lagical relationships between the cle-
ments used in the golution, thzﬁ;'oié, the p’s and ¢’s. The refusal to
accept as weights the p and’y values of any other period so long as
the solution refers to pex:ipd}s*f} and 1 is & case in point.

&
44. MEASURING, THE TOTAL PRICE AND QUANTITY
EFEECTS BY MEANS OF PRICE AND
/" QUANTITY RELATIVES

1, Sepalia‘{iilg' the Price and Quantity Effects

Singe};pl/pa measures price change without any quantity infiuence
a,r@ @:/9o measures quantity change without any price influence, and
singe both are expressed in percentage terms, it follows that some zort
of summation or averaging process applied to a set of these relatives
should provide a measurement of total price or total quantity effect.

2. Obtaining the Total Price or Total Quantity Influence by Simple
Averages of Relatives
Yarious metheds of averaging these relatives have been used to
raeasure the t-otftl nfluence, that is, the new price or quantity platean
of the given period relatively to that of the base period. The question
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what average to use is, in the writer’s judgment, of much less im-
portance than the question whether it shall be weighted or unweighted.
Index number literature, however, has given a great deal of attention
to the question whether to use the arithmetic mean, median, or geo-
metric mean in averaging relatives, But much of the basis of choice
between them has disappeared with respect to many of our modern
index numbers. When an index number is baged on anywhere from one
bundred to several hundred different commodities, the choice between
these three averages is largely a matter of indifference. The arguments
in support of each of the three averages can be indicated in a few words,
and any detailed discussion will be avoided. Edgeworth ! wag the'wost
famous and persistent champion of the median, and his strongesf de-
fense related to the fact that the relatives averaged are & 3gmple of
the total number possible and that the median is less aff,octed by irreg-
ular and unusual relative values than are other avergges.” The index
numbers he had in mind usually comprehended a sma]l’list of commodi-
tieg, and his argument had pertinence in such a@ibiation, but it would
lose much of its cogency when applicd to an index number of 800 items,
such asz the U. 8. Bureau of Labor Statigtiés wholesale price index,
The choice between arithmetie and geomebric means has hinged on the
nature of the frequency dlqtrlbutmn, ofprice relatives. In defense of
the geometric 1s the thought thate the ‘distribution is skew with mini-
mum values of zero and maxm}mn values unlimited. There is also the
thought that variations in price relatives are variations in percentages
and as such they follow ageometric law. This idea no doubt influenced
Jevons ? fo use a geo eﬁgle mean for his famous index number in 1863,
The arithmetic avgragé is associated in thought with symmetry of
distribution formy @hd in particular with normality of distribution. But
these argument\ﬂver which average to use have had no prominence in
the literature Since at least the mid-1920’s, prebably because of gen-
eral ac-qu&cence in the view that the arithmetic and geometric aver-
ages afedof about equal stability when applied to index number rela-
tiue\é.:,\ The result is, at least in the United States, that the arithmetie
évefage is almost universally employed.

New as to unweighted averages. Carli’s index number® in 1764 was
constructed as a simple average of the price relatives for three com-
modities, grain, wine, and oil, and the result was used to measure the
total price effect over the 250-year period from 1500 to 1750. In

1'See, for example, Papers Relating to Political Economy, Vol. 1, Paperz H
and E.

2 Bee Inuestigations in Currency and Finance.

3 Bea p. 4.
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3
present terminology his formula was Py = 14 2. (p1/po) where p, is
1750 prices and py those for 1500. Interestingly enough, the history of
index numbers shows a number of applications of Carli’s procedure,
Probably the most important example of it was the wholesale price
index number of the U, 8. Bureau of Labor Statistics as it was compiled
from the early days of the century until it was revised as a result of
Mitehell’s study for the bureau in 1915.2

Nevertheless, a simple arithmetic average of relatives has not held
- unchallenged sway as the appropriate form of average. In fact, one
of the first important index numbers on record was constructed by
Jevons in 1863 to measure the fall in the value of gold after the-gold
discoveries in California and Australia around 1850. And, Fevons
not only used the simple geometric mean of price relgjgivé’s, that is,

RiT o

Py = \/H (P1/po) but also stoutly maintained the Heeessity in this
instance of using the geometric rather than the ~éi:}thmetic average.
Jevons had the average yearly prices of thirt{-nine commedities for
the years 1845 to 1862 inclusive. His base/price p, was the gimple
arithmetic average of the six yearly price-fipures 1845 to 1850 inclusive,
. Then the price for each of the eighteen years in his study was taken as
a relative to this 1845-50 average,@i»ﬁd the geometric mean of these
relatives was finally taken. Jevong procedure, especially with some
refinements to measure importanee ( weights), has been strongly recom-
mended since his time and has, been used for published index numbers,
notably. by the British B’qm:d of Trade.2

X
3. Weighted Averages of Relatives
Simple averaged’of relatives ean by their neglect of weighting be

very wrong. Gomsider again an example of steel and darning needles:
."\:.
’§ .
R \ Prices (dollars)
() “Commodity Unit, Price relatives
@) 0 | 1
—_—
8teel Ton 40.00 | 50.00 125
Darning needles Package .25 .50 200
_
Bem 325
Average 162.5

1 Bull. 284, 2 Ibid., pp. 68-69.
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The simple average of relatives indicates that there has been a 62.5
per cent increase in the price level of these two commodities, but it is
clear that darning needlcs have influeneed this result out of all pro-
portion to their influence in any real market, because the value of all
darning needles produced in a year would be at most & few hundred
dollars, whereas the value of a year’s product of steel would run into
milliens, Of course, no competent index number maker would make
this particular error; and index numbers constructed as unweighted
averages of relatives have often introduced weighting indirectly by
their selection of commodities. For example, to increase theQim-
portance of semifinished steel in the index there could be twg price
relatives instead of one—one for plates and one for shapes. \But it is
generally agreed among students of index numbers thaty this indirect
and informal system of weighting is not enough.

The moderns have challenged the neglect of weighting in the Carli
and Jevons procedures. The one basic change that.Ahe Mitchell study
of 1915 introduced into index number practice’in Washington was
weighting. For the wholesale price index whdse defects brought about
the Mitchell study was an unweighted dverage of relatives, and after
Mitchell’s recommendations were put, intd effect it beeame a weighted
aggregate that is easily transforméd into a weighted average of
relatives, . N\ :

There are plenty of examplesiof exceptional price relatives in which
the particular price relative\d® not very important. Furthermare, it is
generally true in ccononfics that as price increases quantity decreases.
In Mitehell’s study bf.\prices made for the War Industries Board
during World Wac.X Be found a single price relative of several thousand
per cent. Of Jevons’ thirty-nine commodities, the price relatives of
which he used/t¢ measure the fall in the value of gold, he found three
exceptioné{iy" large relatives in 1862. These three, for cotton prices,
were 34-,9,\263, and 315, whereag the remaining thirty-six relatives
ranged an value from a low of 74 to a high of 167 with an average
@mple arithmetic, to illustrate) of 116.1. By including the three
cotfon relatives the average was increased to 130.9. Since Jevons was
not using weights he handled this situation by excluding the three ex-
ceptional relatives. His average, the geometrie, of the thirty-six rela-
tives was 113.4, and had he included the three high ones it would have
been 122.7.

Necessity of Value Weights, Granting that price and quantity rela-
tives should be weighted, we are required to find a proper method of
weighting. There is the general proposition to start with that the in-
fluence of a particular relative on the average should be equivalent to
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its influence on that segment of the economy to which the group of
relatives belong. To obtain a basis for an answer let us suppese that

we are concerned with your cost of living. The whole set of prices and
E quantities which form the fundamental data from which will ultimately
come the answer to the question, “What has been the change in your
cost of "ﬁ%"ﬁag?” 1s the actual set of po, p1, go, and g: for all the com-
modities that you consumed in the two periods. Now ask what is the
measure of the importance to you of a given py/po. Let the commodity
be shoes, and let p;/p, be 1.25, and suppose that you wish to know how
Important to you is a 25 per cent increase in the price of shoes. Clgarly
the answer has to do with your total expenditure on shoes,athat is,
with a value figure (pg). Bub what total expenditure? Shadl it be
Pofo OF P1g, that is, either of the two amounts that you actually spent
in the years 0 or 1, or shall it be some hypothetieal _expenditure, say
Paa, that is somehow defined as normal or typical of Four expenditure
on shoes. . )

But p.g, Values Must Be Discarded. It sedths clear to the writer
that a final judgment can be given as to theyase of pag, as a welght
for pi/po. It was stated in the very begirﬁiing * that this book seeks
the answer to a historical question, na-m’e{ly; “What has been the change
in an actual price level (or quantitydevel) from period 0 to period 17"
The question refers to history, ang the exact answer, if It can ever be

parison has nothing té.do"with our problem in any direct sense. It will
therefore not he legitimate to introduce Pags Into the solution except
08 % approZimgfisn to some more exaot solution based on the histori-
cal facts of ththo periods in question, Many published index num-
bers, of o UTse; use value weights for price relatives which remain fixed
over a, letg period of years; that is, they yse Pada- A notable example
18 the LS. Bureau of Labop Statistics cost-of-living index. In faet
Phe;iﬁderal ¢ost-of-living index has had cnly two sets of budget ﬁgures’
Ihits enfjire history, the first baged on a 1919 budget study and the
OR€ DOW In use based on g budget study for years 1934-35-36. These

d cost-of-living index not

135ee p, 17.
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group over the years 1934-35-36, on the assumption that this budget
has been priced at actual prices of 1945 and 1946. In other words, the
index published is based upon a hypothetieal budget, a market basket
for the years 1934-35~36 and the prices of 1945 and 1946 rather than °
a measurement based on data of the markets for 1945 and 1946 alone.
The purpase here is not to deny all validity to the existingindex but
to call attention to its approximate and somewhat unreal character. It
might still be the best attainable in the existing situation—but more
on thig subject later,

What pg Values to Use. If price relatives are to be weighted-by
value weights, the values must come from the actual price and quahtity
records of the two periods compared; this is the unassailable logiesl po-
sition. Let us return to the example of your shoes, where Pb@’ﬂ = 1.25,
and remember the historieal fact that you spent a egéréain sum of
MOney, Pogo, on shoes in the base period. Now if the price change
o,/ Po 18 multiplied by this quantity, that is, {m /po’)‘tpoqo), it will give
the sum of money pigo, which is clearly sufficient* to purchase in the
period 1 the same quantity (gy) of shoes @s”v}ere actually purchased
in the period 0. Perform this operation fqr\xex?ery budget item common
to the two years (the Ny commodities of edrlier notation), and add the
results, and we obtain a weighted 511}'1101? price relatives Z{p1/Po) Pode,
reducing to 3pigo or the sum of money necessary to buy the full set of
go quantitics at the p; prices. Bt the weighted average of price rela-
tives then becomes this flzure divided by 3peqo, or the bage-year ex-
penditure, and this avex;a@e is the average price change when poge
welghts are used. Rééci'nber now that Spage represents a historical
- record of faet, the getual expenditure in the base period on Ny; eom-
modities. Bub SpiGs represents a hypothetical sum of money necessary
at py prices to purchase that same base-year hudget, the go's. The
ratio of t%jé‘two sums of money, which is the same magnitude ag
the weighted average of the price relatives above, is clearly a meas-
urcmenith of the changed cost of the budget go’s as prices change
{rom..\po to p, and may be accepted as a tentative measurement of
the/price level change Pg, in the defined situation. We have then
Po; = [3(p1/po) pogol/[2poqe] = [2p1go]/[2pege]. This is the same
Laspeyres formula we reached on p. 20, and it turns out that weight-
ing prices by base quantities gives the same algebraic result as weight-
ing price relatives by base-year values. - The result has the virtue of

! Hypothess is, of course, not eliminated by confining the data to the p’s and
g's of the base and given periods, nor is thers any irsplication here that making
hypotheses is wrong. The trouble is that the hypothesis in question has no part
in the comparison we wish to make.
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providing a measurement of price change through the use of dats
drawn only from the two periods of comparison, The weakness of the
formula lies in the fact that it omits the quantity data of the given
period. And the question naturally arises: Why should the go’s have
been used to the exclusion of the g1's?

Remembering that the last result was obtained by starting with the
actual base-year expenditure SPogo, let us reexamine the problem by
starting with the actual given-year expenditure 3p1g1. First, note that
the actual amount paid for shoes in period 1 was pigy and since prices
had changed in the ratio P1/Po from period 0 it is clear that a'gth
equal to peg; would have purchased the same shoes Q1 in the peried 0.
Therefore, we say that Poq1 I8 & measurement of the importanes of the
price change p;/p,, since Pog1 dollars will purchase the qugnl’ity ¢ at
base prices py, just as (P1/Po) oy or Prgy purchased the (:[uantity a1
at py prices. Following this line of reasoning for each‘fthe commodi-
_ties involved in the binary comparison, and then taking ratios of the
two-aggregates, we have for the whole set )

Z(o1/po)pots  Spep

_ Zpogy ) 2po

48 4 measurement of the price changg between 0 and 1 baged upon the
.- weights pyg; for price relatives, gribased upon the given-year quanti-

- ties g; as weights for prices. But‘this result turns out to be the same
as the Paasche formula fq;\’prices; and thus, as did the Laspeyres
formula, shows an aIgebra‘ie’identity between a weighted average of
relatives and a Weightp ggregative, This time the average-of-rela-
tixfes formula, is weighted by the valyes obtaired by multiplying hase
prices and given-yegt quantities, whereas the aggregative weights prices
of both bage andhgiven periods by the given-year quantities g,
© Thus whaf{séems to be sound reasoning with respect to weighting
of price ‘reiah-ives brings two answers, the Laspeyres and Pasasche in-
dexes p{p’r’ice change; neither can he considered preferable to the other
for Togical Teasons, and both were obtained wholly in terms of the data
of t?le two periods of comparison. Furthermore, the two answers are
thg dentical two that were reached earlier whep approaching a solution
by appropriate, logical weighting of Prices.
- In this choice of value weights for weighin
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briefly, since the literature of index numbers sometimes emphasizes
the fact,® that two more value weights {or priee relatives are obtain-
able from the p's and g's of base and given periods, but must be dis-
carded for other reasons. They are what Fisher called value weights
IIT and IV for weighting p1/po or p1go and pig;. Remember that when
pi/Po was multiplicd by base-year values pogoe the product was pigo.
This result was obtained for each individual ecmmodity, and the two
values pogo and p1go gave us two costs of a given quantity ge at the two
priceg py and pp. The figure piqp was a measurcment, so to speak, of
the increased expenditure on shoes caused by price change alone. Then
5 summation of the two scts of values for Ny commodities gavestwo
value aggregates—a common budget (gs) priced at two sets of Drices.
This caleulation has an understandable element of reality f%) s eas-
urement of change since it gives two costs of a common basket of goods,
go to speak, at the two price levels. An analogous §itliatic'1n held for
pogy weights. But it is easily seen that no sueh z:esttﬂt emerges when
71/ P 18 multiplied by p1go. For now the base quantity g, is multiplied
first by p;, which gives an interpretable resulé, then multiplied by
P1/Po, that is, (91/P0) (P1go) = (p12/P0) {ga), “Which is a quite mean-
ingless result. So any summation of spelvresults for N commodities
is also meaningless. A similar difficulty.follows the attempt to weight
the same price rclatives by piga. .:Thé conclusion follows, therefore,
that of Fisher’s four systems of wéighting involving basc- and given-
period prices and quantitiespnaiely pogo, Pogs, P1Go, and piqy, only
the first two have any reasdn Yor extended consideration. The last two
must be discarded at o BQH

The Weighting of\Quantity Relatives g1/go. The line of reasoning
emploved in ﬁnd:ltr{gil“ogi-cal weights for price relatives can be followed
through direcp]{“in seeking weights for the gquantity relatives g:/qo.
The importande of a quantity change is measured by the money value
to which Jb\\ts to be applied. Therefore weights must be values. Cer-
tan mé;i’ey values must be disearded, such as p,q,, because values of
opher “I\Jeriods are irrelevant when the problem is to measure the level
of\gliantity change between periods 0 and 1. Values compounded of
the #'s and ¢’s of base and given periods are, as applied to quantity
relatives, gopo, GoP1, @1Po, 0d ¢apy. These values in this order would
be listed in Fisher’s terminology as weighting systems I, II, I1I, and
IV for quantity relatives. By application of the same basic steps in
ressoning as used above for price relatives, we find that weighting
systems I and I for quantity relatives produce results interpretable

18ee Fisher, The Making of Index Numbers, Chapter 3.
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in realistic terms whereas weightings IIT and IV do not. In summary,
weightings T and IT give weighted averages of quantity relatives which
reduce as follows:

Weighting I:

Z(q1/90}90p0 _ Zqpo
Zgepo Zqope
Weighting IT:

= Laspeyres (for quantities)

3 b3 .
Ha/aolars _ 2o _ Paasche (for quantities) Q
Zgopy Zgopy A o

oA\

The reduetions to the aggregative form show that two weigh’céd\"fheam
urements of average quantity change have resulted: one ,in},\ffh'ich both
quantities have been weighted by base Pprices, and ongyin which both
have been weighted by given-year prices. Since neitlfef"set of weights
i§ preferable to the other, the two formulas stand onvan equal footing;
neither is exact, since certain data in g two-way\cdmparison have been
omitted, but both are good in that they have Q&? gone beyond the data
of these"two periods. \S,

v



CHAPTER 5

Emerging Formulas

for Binary Comparisons ~

N

oA
61. THE TWO BASIC MEASURES, L AND &

The analysis in Chapter 4 has brought forth two mfasures of price
change (L and P) and two of quantity change (L aund 'P) based upon
the observational data of an actual historicalsltuation. They will
be numbered formulas 1 and 2, Both L and R dah be expressed either
as the ratio of two value aggregates or as & Weighted average of rela-
tives. Each of these results was obt-aii)ed: by an independent attempt
to approach the problem of measuring™ change in price or quantity
levels from a logical standpoint, gh,a’ﬁ 18, by asking and answering the
question: what is a proper measure.of the importance of a price (quan-
tity), or, alternatively, what iga proper measure of the importance of
a price {quantity) relatimx'fq? The two separate approaches through
actual prices and quanfitics and through relatives, led to the same
answer, a Laspeyres formula associated with base-year quantities
{prices} and a Pagsche formula with given-year quantities (prices).
These two formias have equal validity in measuring the percentage
of change in Phice or quantity levels between two periods, They oc-
cupy a ce@‘.;l position in what follows. But they always differ in any
real situation inasmuch as some quantities and priccs always change
frouy(mii period te another and therefore the weights of L do not agree

1th those of P.

he question is, then, what to do about this difference? If L is not
greatly different from P either might be accepted as a satisfactory
approximation to the desired measure. The literature of index num-
bers, however, contains several other formulas that bear close kinship
to L or P and that have been advocated by different students of the
subjed®. Speeifically, there are crosses of L and P; there are crossed-
weight formulas, in which the L and P weights are crossed; and there
is the very-much-used and strongly defended fixed-weight aggrega-

31
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tive, in which the weights are presumably not too far removed from
the weights of L and P. To these formulas let us devoie a bricf
consideration.

5.2. CROSSES OF L AND P

Naturally one of the first compromises to come to mind, once L and
P are recognized as good and 2s of equal status as measures of price
and quantity change, is to take a mean of the two. Two such means
have been proposed, one arithmetic and the other geometrie. They

are, In the simplest of Z-P terminology, % (L + P} and VPN,
tnore specificaily, in p-g terminology and in aggregative form, they are,

for prices: O
(a) Arithmetic cross: (‘.}" '
1 1rs = (v
T+ p) = h[ D18p D191 :lm\ ]
2 2 1 Zpogo Ep{q;
() Geometric cross: \\ ’

S J

VIP = \Z E?ﬂo Eml 4]
EPGQ‘U Zpoth
The correspondmg formulas for quantmes are obtained by interchang-
ing p and ¢ in the above. @f\these two types, the arithmetic was sug-
gested by Drobisch in 1871\ and by Sidgwick In 1883, 1t was recom-
mended by Bowley. 111\1’901 because it averaged the inferior (L) and
superior (P) limits(opthe index number. It is one of the two methods
most strongly récomumended by Walsh The geometric cross, in more
recent years’ k\sown as the Ideal, a name given it by Fisher in 1920,

was sug%@ted by Walsh (1901), Fisher (1911}, Pigou (1912 d
Ailyn Yaung (1921} .2 o e

\ ™ 5.3. CROSSED-WEIGHT FORMULAS

Of crossed-weight formulas two have also been advocated, an arith-

metic and a geometric cross. Writte
n in
pricea: p-q notation, they are, for

1 8Bee Waish, The Problem of Estimation, pp. 104-105,

2
Referencea to the carliest appearances of the Ideal are: Walsh, The Measure-

ment of General Exchange Value, p. 429; Fisher, The Purchasing Power of Money,

p- 418; Pigou, Wealth and Welfare, p. 46; and Young, in Quart. J. Economics,
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{a) Arithmetically crossed-weight aggregative:

Z{go + qum
Z{g0 + 21)po
(b) Geometrically crossed-weight aggregative:

ZV- i
2\/?0 @i Po

Again the corresponding formulas for quantities are obtainable“by
interchanging p and q. The arithmetically crossed-weight formmila is
often known as the Marshall-Edgeworth formula because éf‘ﬁs ad-
vocaey by these two outstanding suthorities, It is h,lghly recom-
mended by Fisher and is one of the two best “pracficel” methods
recommended by Walsh.! The geometrieally crosst%gi\reight aggrega-~
tive, formula 6, is one of Walsh’s choices for-thé best formulas in
theory ? (of which he names four and of Whlc]{the Ideal is one).

5]

(6]

5.4. THE MOST FREQUENT “PRAC’i‘ICAL” COMPROMISE,
THE FIXED-WEIGHT (AGGREGATIVE

The formula that is probably uséd more frequently than all others
combined in the construetion of @uﬁlished index numbers of prices and
quantitics today is the fixed-weight aggregative. One of the earlicst
index number formulas, if{was proposed in 1812 by Arthur Young, in
1822 by L.owe, and 'n'\i~833 by Scrope, all of England. In current
notation, this formula for prices is

27 Spige | Zi/po)ooss) [71
Q _ Z@/20)(0og)

A\ Zpaga Zpode
where g ‘s.\é quantities that in some way measure the umporiance of .
the pricés None of the early writers were very specific ag to what
Kmfl‘ ¢a (Or pog.) represented. As Walsh says of Arthur Young's
' gﬁlghts they referred to “the relative total exchange values of the
classes, in general, at no particular period.”* The modern vogue of

August 1921, See Fisher, The Making of Index Numbers, pp. 240-242, for a his-
torical note.

1 Walgh, The Problem of Estimation, p. 105. Walsh’s other best “practical”
method is the arithmetic cross of L and P discussed above, formula 3.

2 Ibid., p. 102,

3 Walsh, The Measurement of (General Exchange Value, p. 536.
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this formula without doubt dates from its advocacy by Mitchell in his
classic study of index numbers in 1916.* In his conclusions (Bull. 284,
P. 113), he says with respect to his general-purpose index series that
the best weights to apply to a weighted aggregate of actual prices
“are the average physical quantities of the commodities bought and
sold over a period of years.” ’

55. THE QUALITIES OF THESE FORMULAS—IS THERE
A BEST FORMULA? ~

The status of the I and P formulas, numbers 1 and 2, has been.murle
evident already. On purely logical grounds, and it should 'pé"ﬁ’nted
that as yet there is offered no other test of the quality pfan index
number, the two formulas.are good, and they are equally’geod. They

comparison of thege periods and they use no othetdata. All the ob-
servational information that goes Into the index_igtied together in the
causal complex out of which eame these two _s8t80f prices and quan-
tities. The two formulas are equally gocd algo because each uses only
part of the weight data related to the twd\sets of brices {quantities),
and base weights have o more justifieation than given-year weights.
Or the two may just as well pe saidto have equal shortcomings since
neither uses weight data for boths periods, They thus become compli-
mentary measures and lead u&to’thoughts of compromise,

There is an argument of tonsiderable potency which throws some
light on the'diﬂ"erence.b@w’een these two formulag, It is that the
Laspeyres formula fog p 'ces'overestimates the price change whereas
the Paasche formu}a:uhderestimates it. The Laspeyres formula, it
will be remembere, heasures the change in price levels by pricing the
bas'e-periud St’at‘;qf\c";uant-ities, at both setg of prices, p, and Po, and then
taking the}@io of these two aggregates. The base ageregate Ipoq,

- sufficed tg,pﬁrchase the actaal set of quantities go. Now i¥ the sum of
mone)zz.{epi'esented by 2p1q, were Provided for the same group of con-
sugrrexs-{ or producem, or other specified group) it would ensble these

I set of tommodities in the

, therefore, on the hypothesis

of commodities in quantities
hange in cost due te change
is too high is due to the fact

SUmers, in possession of the

%o, t}{e ratio L measures the Percentage ¢
i prices. That this bercentage measure
that in an assumed free market the con,

1 Bull, 284,
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money sum Xp.ge, would shift their purchases in such ways as to im-
prove their situation. In other words, the percentage change in income
measurcd by L would cxplain mainly changes in prices but also, in
part, changes in quantities. To illustrate, for a stated set of consumers,
if the 3poge includes an item of $1.00 that purchased sweet potatoes
in amount qo = 2 bushels at p, = $.50, and if p; = $3.00 it is certainly
true that many consumers, being provided with $6.00 in year 1 to buy
2 bushels of sweet potatocs, would shift part of this sum to other, more
eatisfactory ways of spending some of the $6.00. This reduction in the
consumption of any commodity when the price hecomes inordinately
high is a phenomenon of the market too common to require jurther
emphasis. 8o Zp1ge enables the consumer to raise his standarg ‘of Jeon-
sumption, and the Laspeyres formula, therefore, overestimatés.the price
rize to him on the basis of his base-year budget. N .

An analogous argument, starting with the actual expenditure 3p;qu
in the given year, shows that the sum of money 3pggy Wwould have made
possible the purchase of the set of quantities g, inMhe base period and
that, therefore, on the assumption that thi§’sét had actually been
purchased in the base period, the Paasche formula measurcs the price
change in this situation. But, again, in & free market with individuals
freely choosing, any price changes willbe met by appropriate adjust-
ment of quantities and therefore Paaséhe’s formula underestimates the
influence of price change (in the direction base to given period), since
the base aggregate Spogn mifasures the influence not only of price
change but also, in part, ef huantity change—always, in this instance,
with reference to the given-year budget g1's. This discussion of over-
estimation and undérgstimation by L and P has been carried on in
terms of price ihdédes. The argument ean without difficulty be ex-
tended to quantiby indexes. '

Note t-hg(i;sﬁthough the Laspeyres formula, by this argument, over-
éstimatg&fthe" price change, it does so with reference to the base quan-
tities Ay and the Paasche formula underestimates the price changes
wifﬁé‘ej‘ereme to the given-year quantities qi. It is still possible that
in & given situation the Laspeyres formula can report a lower price
change than the Paasche formula; that is, the situation may well occur
where I <« P. Infact, it happens repeatedly. For example, in Fisher’s
The Making of Index Numbers® he caleulates index numbers for his
thirty-gix commodities for the years 1914 to 1918 on the 1913 base.
For the Laspeyres and Psasche formulas he gives the following: -

1 Bee p. 503,
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Fisugr's PriceE INDEXES

(BasE 1013)
Year
Fornula
1914 1915 1916 1917 1918

Laspeyres 99.93 99.67 114.08 162.07 177.87 A
Paasche 100.32 100,10 114.35 162.05 177.43

l'\ \5

The figures show that the Laspeyres index was below Paasche’s in
three of the five years, N

The question arises now whether & compromise between I and P, or
between the elements with respect to which theyl differ, is legitimnate.
That is basieslly a question whether either ca be accepted as sceurute
enough for the purpose in hand. 1t a particular application of the index
requires that its value be known accuratelto within two points, either
L or P eould be aceepted with some confidence if I, — 150 and P = 152.
But if in the same situation L = 100%nd P = 200, doubt is east upon

value, This matter of aceuracy of measurement will be considered in
detail in Chapter 6, and, s proceed to Judge compromise formulas in

the remainder of thiS\{{(apter on the assumption that g compromise is
legitimate, \

The status of j;he.L and P crosses and of the crossed-weight formulas
follows direct]¥ ¥rom the considerations upon which the two basic
_formulas were Judged; that is, the new formulag will be Judged aecord-
ing to t-he'zextent- to which they use the complete historieal record. It
neitherBhnor P is exact, if the logical reason for this lies in the partial
cﬁ&ya’gter of their coverage of the observationgl data, and if each com-
Pensites for the deficiency of the other, then some sort of an average
ereross of the two is better thay either one alone. Any of the formulas
3 to 8 thus partakes of the combined qualities of 7, and P and is with-
out the shorteomings of either of these indexes taken singly simply
because ea:ch of the four formuylag utilizes ail the datg of both, periods
of comparison, [t may be worthwhile at this point to note that from
the full data of the two periods of comparison the following four
asgregates can be caleulated, D00, 3peqs, Spygy, 3pagy, and that the
Index of either price op quantity by formulag 1 to 5 ean be ealeylated
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directly from these aggregates. The aggregates appear explicitly, of
course, in formulas 1 to 4, and formula 5 can easily be transformed as
follows (for prices, for example}:

Z(g + 9)p1 _ Zgop + Zai;
Z{go + g0p0 Zeopo + S

Formula 6 is nof obtainable directly from these four aggregates since
it uses the geometric mean between the weights of the two periods, bub
it does utilize all data of both periods. If any of these four formulas,
3 to 6, is preferable to the others the preference will not be based upon
the kind of bypothetical grounds thus far considered but rather gn.some
other test of acceptability, such as ease of calculation or of understand-
ing. On this basis some students shy away from geometric means be-
cause it is often stated that the user of index numbers, in "'general not
a technician, will not understand a geometric mean aséwell as he under-
stands an arithmetic one: and that the caleulgtonean produce the
arithmetic mean by ordinary arithmetical proeesses but must use
logarithms for a geometric mean. These ar fments, for what they are
worth, lead to a choice of formulas 3 and®)over 4 and 6. It was the
calculation argument that persuaded Wélsh to select forrmulas 3 and 5
as “unequivoeally the best practicalemethods.” 1 The present writer is
not too greatly impressed with qiti{ér the “understanding” or the “cal-
culation’ reasons for choosing index number formulas. If other things
are equal, well and good. But if an improvement ean come through
& more intricate method Qb caleulation, at least the value of the im-
provement should be g(ﬁnﬁared with the extra cost of caleulation before
& decision is made,.\A% for the “understanding” issue, we all use auto-
mohiles, telephoﬁéé,’radios, and many other modern gadgets without
knowing too nieh about how they are made.

The ﬁxgﬁ;—m;’eight- aggregative, formula 7, faces a wholly different
judgment trom that given to the previous six when it is tested by the
sort eflogic applied to the others. Formula 7 uses weights that never,
cfcept” by aceident, belong to either the base or given period of a
particular comparison. Indeed, Mitchell said, referring to the whole-
sale price index, that the weights should be “the average physical
quantities bought and sold over a period of years.”* The support of
this formula has been very great among competent students of index
numbers for many years, and that support continues to the present
day. The formula has the prestige of this wide acccptance and is used

t Walsh, The Problem of Estimation, p. 105.
2 Quoted above, p. 34, ITtalics added.
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in the construction of many important ecurrent index numbers in the
United States. It is well, therefore, that its claims for status be given
careful attention. It is, to start with, an answer to the demand that
prices should be weighted, that their influence on the final result should
be & messurement of their importance in the situation being studied,
The argument can be pit into other words, and the formula has often
been defended in these terms, namely, that the average price change
Over a period is measured hy the changed cost of a fixed bill of goods
when priced at the two sets of prices, the fixed bill being such as might
have been typical of these two periods. To be sure, the first makers
of index numbers who sought quantity weights for price indexes did
not find g plethora of materigl N\

The first interest in change through time has as a matter of history
been an interest in price change, not quantity change, 4t lcast among
the index number makers, The result was that r:.'QIl'ec’tions of prices
came earlier than collections of quantities on atybhing like the same
seale. Price data on g large scale began in the Untited States with the
collections of the famoug Aldrich commitgée” of the United States
Senate in 1893, and governmenta] agency. Was scon established (later
becoming the U. 8. Bureay of Labor Statisties) to maintain up-to-date
collections of prices. The collection.df 'quant-ity data on a comparable
seale probably began as a result ofthe demands for quantity informa-
tion on industry-wide bases duriiiy World War I, and much of it was
done by private industrial agencies. These accumulations of quantity
data have continued W‘Ith’aknelerating volume ever since, the govern-
ment. entering the pictu%g\bbth in assisting private and business agencies
and in becoming itsel, an original collection agency. This growth in
the collection of, guantity dats hag doubtless been influenced to a
great.er extent bytan interest in the quantity dats for its own sake
and In the canstruction of quantity indexes thap by the desire to
brovide welghts for price indexes. - Whatever the reason, quantity
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important aspect of it lies without question in man’s hesitancy to break
away from established methods. When governmental bureauns, work-
ing usually with budgets that will not stretch over all the tasks that
might be undertaken, have worked out a sct of technical procedures to
do a particular job and have obtained a permanent and continuing
means of finaneial support for it, it is not surprising that weighty
reasons must be brought forth for ehanging these methods, especially,
as would be truc here, when the new methods would involve additional
costs. It is often true that basie changes in methods of research must
wait until a crisis has developed which shows the inadequacy and
weaknesg of the older methods, Thus it happened that the weaknbeses
inherent in formula 7 showed themselves prominently only when the
exceptional changes developed in both prices and productiqn@s a result
of fotal war and when the indexes were challenged ongthe’ ground of
inaccuracy as to the measurements that they were de\si:gncd to provide,

The basic logical fault of this formula lies in ibg"weights which, for
either prices or quantities, belong to neither of thewo periods involved
in any binary comparison. For example, t’heQevised wholesale price
index of the U. 8. Bureau of Labor Statisties\which followed Mitchell’s
study uscd weights of 1909, the only ddta hen available. There was.
a later shift to 1919 weights. Then t'hrough gsome dozen yoars prior to
1937, the weights were revised eyéry two years. In the 1937 revision
there was return to fixed wcigl.its’ obtained from data of the years
1929-30-31, and these weiglits were still employed in 1949,

The Federal Reserve Boﬁrd’ index of industrial production was first
constructed in the mld’s@e twenties with weights from the year 1923; in
the revision of the 1940’s new weights were taken from the year 1937
and the latter weké still being used in 1949. The cost-of-living index
of the U. 8. Burcau of Labor Statistics was first constructed in the

early ]92 s with weights obtained from a workingman’s-budget study
of 1919.{"There has been onc revision, a second and similar budget
study for the years 1934-35-36. The index had only these two sets
af we;ghts up to 1949, but in that year a third revision was begun.
Wheén this revision is ﬁnlshcd a completely new set of weights will be
available. The piccemeal revisions that have occurred from time to
time in all these indexes are a sign that the inadequacy of fixed weights
is recognized. Whenever any of these indexes compare price or quan-
tity levels for two adjacent years of reccnt history, say in the post-
World War II period, and employ weight data of years as far in the
past as 1930 or 1935, it is reasonable to agsume, upon the basis of the
argument of the previous pages, that the results may contain a large
error,
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All these Judgments passed upon our selected list of seven formulag
are logical judgments. They have been bascd on the question whether
the formulas keep close to the historieal record, and number 7 has been

~eondemmned because it goes outside that record. To be sure, there are
other tests of quality, or of accuracy, and the next chapter will be
devoted to them. Meanwhile, one other comparizon of the formulas
will be of interest. MFisher in his last hook, The Making of Index
Numbers, classified a great number of formulas into seven classes of
quality as: (1) worthless, (2) poor, (3) fair, (4} good, (5) very good,
(6) excellent, and (7) superlative. For the moment we necd not know
the full basis upon which he determines quality, but we might\hote
that by his tests of quality the Ideal formula, our formula 4, \zates as
of highest quality and therefore will fall in class 7 above.(The seven
formulas are rated as follows in this classification: (..'}‘.

Formula 1, Laspeyres base-weight aggregative< very good.
Formula 2, Paasche given-year welight agerégative—very good.
Formula 3, arithmetic cross of I, and P _(Drobisch) —superlative.
Formula 4, geomctric cross of I and P Ti\(ieal)—superlative.
Formula 5, Marshall-Edgeworth a;‘iﬁﬁmetic crossed-weight aggre-
gative—superlasive. W
Formula 6, Walsh geometric m"b%sed-weight aggregative—super-
lative, Q¥
Formula 7, fixed-weight aggiegative—fajr,
It is not surprising to ﬁncﬁﬂi{e central four formulas, which depend upon
the whole data of bof, f@e’periods of a comparison, classed as superla-
tive; to find also that the two basic formulas, L and P, out of which
the others are compounded, are considered very good; and, finally, to
find that forn;ul:a:\T is rated below all the others in the list. But now
we must se:el;:a further and objective means for testing aceuracy and
not depen\{iupon the authority of Fisher’s or any other person’s name.
Some'of: the possibilitics will be explored in the next chapter,

N
.
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CHAPTER 6

How Accurately Can P,
and Q. Be Measured? N

N
RE )

6.1. THE DATA FOR COMPARING TWO PERIODS(}'/ = 0, k

If any two periods ¢ are being compared there exist thfréé’ value aggre-

N Nok bk L

gates Z Pt E Py, and z vy, 1=0, k& for~éb}:h one. The first
summation, over N, covers every commodity Qcisting in period ¢ in the
defined ficld of study. Summation over Ng/involves just those com-
modities that exist in both periods 0 and k;}hat is, binary commoditics.
Obviously Ny is a different number’fbi"'évery different pair of years.
Tinally, nex is a sclection from NogXote on a sampling basis. Recall
that the first value aggregate relfr{ésents the sum total of all values in
the defined field for any peried® but that the second and third aggre-
gates cannot be defined uniil two periods have been paired for com- -
parison, since the summa"t}bn over Ng, Involves all commeodities found
in both periods. Andib1s to be expected that Nog for periods 0 and 1
will be a different ritmber from Ngs for periods 0 and 2 since, in general,
the binary conimiédities for periods 0 and 1 will differ in some degree
from the binaft*jrcommodities of any other pair of periods. Finally, the
summati i'g\'u"ér for 18 & part of the summation over Nz and, if ng is
selected{on’ terms demanded by sampling theory, the results give a
rcpreg:eﬁtative sample. This means, for example, that in studying any

operty or quality of the N eommodities, such as price change, the
n'¢ommodities can be used to measure the same property but the result
will be subject to errors of sampling.

Each of the value ratios Vex(T), Vor(¥N), and Vgi(n) * that can be
caleulated from these value aggregates is then a measure of value
change betweon period 0 and period k. The differences between the
three that were pointed out in Chapter 3 are important for the index
number problem, and a elear understanding of them is vital to a knowl-

1 3ee¢ Chapter 3.
41
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edge of just what index numbers measure and what they do not messure.
First, Vo (T} is the ratio of ¢l values in the given period to all values
in the base period. Tt is the ratio of two nonhomogeneous value aggre-
gates—nonhomogeneous in the sense that the numerator contains valucs
for some commadities not represented in the denominator and the
denominator contains values for commodities not represented in the
numerator. The commoditics that are found in only one of any pair
of periods are the unigue commodities of Chapter 3.

Obviously no price or quantity relatives can be caleulated for unique
commodities, nor ean two sets of value weights such ag discussed ear%(’er
be calculated for them. Vor(T) will hereafter be referred to as“the
value ratio for full but nonhomogeneous data. All the value(dnta of
the two periods are picsent in the ratio, but the nonhomogg’neous ele-
ments will not be usable in the methods of measurement based upon
formulas 1to 7. Vox(N), on the other hand, eontaing alb the data and
only the data of the two periods for which price and»p{iantity relatives
ean be ealculated and for which twe sets of valud Weights ean be cob-
tained; that is, it is based upon the data of+all" binary commedities.
Vox(N} may therefore be called the valuyelratio for complete homo-
geneous daty. Inthis ratio every commpdity present in etther numera-
tor or denominator has both a p, apd 4 7 and also a gy and a gy
Finally, Viz(n) can be spoken of ajé{ % value ratio based upon partial
but homogencous data. Tt is based upon a partial list of the binary
commodities, and the sclection 18 presumably made in accordance with
the requirements of good sampling.

At the risk of undua@pétition, the ahove contrasts are stated once
more in different teams™ In each case a valuation is made of baskets
(B} of commoditiess” With the ratio Vo (T), there are two separate
baskets and they: c¢Ontain partly different sets of commodities: By con-
taing N, cqm}rnﬁdities, and B, contains N, commoditics. Both these
baskets may-have the same kinds of meats and cereals, but one can
contain}buggiea and not automobiles, the other automobiles and not
bgggiés: The ratio Vo, (N}, on the other hand, does not require two
Baskcts; it needs only one, By. The commoditics it contains will he
présent in quantitics gy at prices p; in period k and in quantities g, at
brices po in peried 0. The particular goods in this basket eould be
obtained, of course, by taking the content of either of the first pair of
baskets By or By after having removed from it all those commodities
that are not found also in the other basket. Finally, the ratio Voi(n)
has only one basket, B, and its set of commodities ean be obtained by
dumping some commodities from basket By. To be sure, the dumping
process should be based on rational sampling considerations.
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In summary, Vo (T) contains all existing data of the two periods but
iz a nonhomogeneous value ratio. V. {N) is homogeneous because it
contains only binary commodities; they all are present in both perigds.
A binary comparison is therefore possible. IFurthermore, for binary
commodities 1t is complete, Tt containg all such commodities. Ifs
homogeneity is obtained by neglecting the unique commodities of each
period. Finally, Vox(n) is homogeneous but partial. It samples the
complete list of binary commodities in By. :

6.2. THE PRICE AND QUANTITY LEVELS WHICH
Py, AND Q4 ARE DESIGNED TO MEASURE

In Chapter 3 the index number problem was defined for\fd‘aﬂ‘y by
the relationship .\

Vor = Pox- Qo

or ag the task of separatmg a value ratio into the two eomponents,
price effect and quantity effect. The same chapber called attention to
the three value ratios that were described in soﬁﬂe detail in Sectlon 6.1.
The question now is: With which value r\a,tlo iz index making con-
cerned? The answer to this question asgt Jias been worked out in prac-
tice has always dealt with Vi (N) on \its sampling equivalent, Vo (n),
but it may well be that the probiem of which an index number is a
solution cenfers upon V(7). The present writer belicves that the
latter proposition is the frug® ene and that the great issues of practical
import which have lain beh:md the growth of the classical index number
Iterature of the past \a@e 1ssues that concern the ratio Vg (7).

Let us examine hriefly some of the facts of the record. Carli * was con-
cerned with hogamports of silver from the Amecricas had affected price
levels over a pm()d of 250 years. We are interested here not so much
in his methédlof measurement as in the historieal situation that brought
ahout his s study of the problem. Carli ohserved that prices in mone-
tary, terms were higher in his day (1750) than they were reported to
Kave “been at the earlier date {1500). One can easily imagine that his
interest in the problem reflected a widespread opinion that prices had
risen. It would be a quite misguided streteh of the imagination to
assume that Carli, or the economists of his day, thought that only those
prices had risen which he included in his index (three: grain, wine, and
oil). Morc probably, these were the only three for which prices were
obtainable for the two dates and they must have been considercd as

18ce Chapter 2, p. 6. Sce also Mitchell, Bull, 284, p. ¥; Walsh, The Measure-
ment of General Exchange Value, p. 534.
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' representatiﬁe of a general situation. In short, Carli’s thinking dealt
with Vor(T) even though his measurement dealt with Vg, (n).
 Consider another historic example, Jevons’ article of 1863, entitled
“A Serious Fall in the Value of Gold Ascertained.” He aetually meas-
ured the increase in price of about forty commodities, and upon this
inerease he ascertamned the fall in the value of gold. But when he
speaks in these terms, he is thinking of gold in all its monetary uses,
not just as applied to forty commodities. In other words, Jevons, like
Carli, was comparing two historic situations and he was concerned to
find out whether gold as money had declined in value. All money. had
- declined in value, and Jevons was tracing some of its social.s‘bqnse-
. quences. This again is a problem of Vo (7T'), that is, of\bhe {otal
situation. ' A\
Fisher’s equation of exchange furnishes another illu§tration of this
important concept. Fisher writes MV 4 M'V’ = PF, where MV -
M'V' = Zpq, the latter term meaning exactly what\it"has meant in this
" book, naﬁlely, the total value of all transact%qné\ih some defined field,

that is, D, pgi. Then 2pq = P-T, where ‘bg then represents in one
‘magnitude the level of prices and T represents in one magnitude the
volume of trade.” ! One needs only t&3take the ratio of two such P
values of Fisher to have an index number of price change, that is, a Py
as the term has been used here. .And, again, the ratio of two of Fisher's
T values gives the correspondifizindex number of quantity chapge. But
notice that both Py, and’ Qo} here arise conceptually out of two value
- summations that in the terminology of this book can be none other than

N N N

E Pogo and Y, Prgpydience Fisher's price and quantity levels lead to
index numbers {fiee and quantity change) that come from Vo).
The correct stdiément of Fisher's problem is

’§" Vo(T) = Poy(T)Qoi(T)

It ean be demonstrated with equal ease that current uses of index
n{mbers are intended to deal with a similar real sltuation. There is
alwiys the thought of a price level as it actually existed in period 0 and
another price level as it existed in period k. Their ratio is the price
compor}ent for a value ratio Vax(T). Current cost~of-living studies sup-
port this thesis. When wages are tled to cost of living the wage carners
- are 'ccfmparing their current situation with g past one, and when costs

of living rise they brepare to demand step-by-step incregses in their
wages, to return thejr status. presumably to that of the earlier date.

1 Fisher, The Purchasing Power of Money, pp. 27 and 20-21. Ttalics added.
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Ny Ni
Always they compare 3, pogo With 2 prgs, and the cost of living in
which they are interested is without question the one that measures the
price component of V(7). .

A business periodical of current date reports that industrial produe-
tion is still moving downward and that further declines are expected.
The index is quoted as dropping four points. There can be no doubt
about what the businessman is thinking in this situation, assuming that
the index sccurately reflects his views. It is that the scale of total
business activity in the field covered by the index is declining, since
Que(T) is declining, it being one of the two components of Vo (TYen

If thesc examples are typieal, as it is believed they are, then any
price or quantity index that is presented as a solution to oneloi these -
real-life problems must, if it performs its task with exactneds,) measure
the price or quantity element in a total-value chaqg;e‘:fl. Hence the
definition of the index number problem as given ing Chapter 3 ' may
now be stated in & more definite manner and wiph{gtéater precision.as

Voul(T) = PDFG(T)'Q(]{G(Q:
The significance of this statement becomé’blearer when the seven
formulas of previous pages are recaljéd:’énd when it is remembered
that each of them, being an averagelef relatives, 1s therefore a result
obtained only by operations on $ligdmorc restricted body of data con-
tained in Vop(n}. Any attempt*to measure the accuracy of modern
index numbers must thereféPe, in some manner, take account of the
difference between Vo (B} )and Vou(n) or between the price and quan-
tity eomponents of theseMtwo ratios. This is because the problem arises
from Ve (T) but sl the modern solutions arc associated with Vop(n).
To this matter PhE-hext section will be devoted.
(N
6.3. THRE\’E\’EOMPONENTS OF ERROR IN Py(n) AND Qo(m)

Indgﬁznumbers Por and Qor based on modern methods are therefore
congit;ﬂléted from the commodity list of Vex(n}. The data cover a
shpaple of binary eommodities. If they are designed to sclve a prob-
lem of measuring the price or quantity factors of Ver(T), they are
therefore subject to an error of measurement, and this error has three
components: '

1. A formula error.
2. A sampling error.
3. A homogeneity error.

18ec p. 16,
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The formula error arises from the fact that there is no universally ae-
cepted formula that will measurc the price change or the quantity
change of a given hody of data with exactitude. The formulas I, and
P, for example, are equally right and, thereby, also equally wrong,
There is no choicc between them. Even the crossed formulas and
crossed-weight formulas do not all report the same measurement of
price or quantity change. All these formulas ecannot be right, and a
criterion for selection among them is obviously needed.

It is this particular component of error that has received the great-
est attention in the literature of index numbers. Fisher stated in 1033
that the problem of formula error had for all practiesl purpoges been

gprompletely solved. It was possible, in his judgment, to medsiivé the

& price change for a given body of data with almost complete ¢xactness.

- As he said, the error in the Ideal formula “seldom reaghes one part in
800.”* Fisher’s opinion indeed did not meet with 151(}’15(51' cent agrce-
ment.  English students of index numbers disagreéd’ violently in several
reviews of his book, and there was plenty of dishéreement among the
American statisticians s well, O

. o A\

#  The sampling crror of any priee or quantiyy index based upon any of
the formulas 1 to 7 2 arises from the fact thét the formula operates upon
the commodities list of Vg (n) ratherthan upen that of Ve, (N). As-
suming formula aeeuracy for thg ﬂ{dment, then a Pox (N}, for example,
would give an exact measurement of change in price levels for the com-
plete Uist of binary commodaties. If, on the other hand, the index
number maker works wjt-l;iche more Iimited data of » binary com-
maodities rather than Ev‘itﬁthe complete list, it is to be expected that his
result, Py (n), wil! dﬁﬁ’er in some degree from Py (N}. This difference
is a sampling orror;) and there are well-cstablished methods of esti-
mating it. )"

The thirc(.é’omponent of error is a homogeneity error. If it were
possiblg:{?o obtain an exact measurement of it, this magnitude would
represent the difference, again assuming complete formuls accuracy,
between Py, (T) and Py, (N). Or, it is the difference between solving
the'real problem which is put up to the statistician in the first instance

(that is, breaking up Vou{T) into its price and quantity components)

¥, that is; the ability of the formula to report the true value
of what has here been called Poiln).

2 The comments to follow wi
that has been or will be Prop
plied in limiting the discussio

1l apply without modification to almost any formula
osed for actual use. No restrietion is therefore im-
1 of sampling errors to formulas 1 to 7.
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and solving the problem whieh the statistieian has always tackled (that
is, that part of the complete problem which covers only the homo-
gencous data of the binary eommodities of the two periods). No meas-
ure of the homogeneity error is available in the literaturc of index
numbers, and indeed this error probably never has been directly formu-
lated in the terms here given. There is no doubt, however, that the
basic problem of the differenee between full data and complete homo-
seneous data has been in the minds of students of index numbers.
Fisher's article “The Total Value Criterion: A New Principle in Index
Number Construetion” is a clear reflection of the distinction hefsreen
these two value ratios, and his tolal value eriterion is precisely Vor (T).

6.4, HOW TO MEASURE THESE ERRORS)

1, Formula Error A

Fisher’s Reversibility Tests for Consistency. The formula error, a8
indicated above, arises from the fact that difftrént formulas report
different measurements of price and quantlty\}ahange even though they
hold equal rank from any logical point of\aew It is to be noted that _
formula crror has no relevance to the d;lstmctmn between n and N (this
being the area of sampling error) orto that hetween Ny and either Ny
or N, (this being the arca of homdgcneity error). Formula error deals
wholly with the properties of a given body of data, the data, of eourse,
from which the index number 1s to be eonstructed. This in cur termi-
nology is the data of Tf{)\{n) that is, the sample body of price and
quantity data out o #hich we construct a value ratio for partial but
homogeneous data\It may be said that formula error deals with in-
ternal aspects fih¢ sample data of the comparison,

Fisher hagprébably contributed more than any other writer to the
analysis.afid theasurement of formula error. His book The Making of
Imdex N&nbers was devoted almost wholly to.a study of this matter.
He measured formula error by the two tests, time and faetor reversal.

Ae¢ réasoned that any formula to be accurate must maintain time eon-
sistency. It should be independent of the base. If Py, equals 125 then
Pia should equal 80. This test was not one of Fisher’s ereations, It
had been known and its use advocated for many years. If the test is
satisfied

PyPg=1
and if it is not satisfied there is & joint error. Fisher called the error
joint since there was no basis for assigning its parts to the forward
(Poy} and backward {Pyo) applications of the formula. The percentage
measure of this Joint error is then '
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By = Po1-Pro—1

" The factor reversal test, which originated with Fisher, arises from
the argument that a formula which is right as to prices should be
equally right as to quantities. Put in other terms, the formula should
correctly factor the value ratio. Therefore, the test says,

: PoiGQor = Vo

and of course in Fisher’s use of the test he was concerned with factoring
the value ratio of the given body of data upon which index numbers are
to be calewlated. Stated in our terminology, this means that
_ O\
. ﬁ? Por(n)-Qu(n) = Vor(n) O '
or the test is to be applied to the sample data of binary*éommodities.
" The failure of a given formula to meet this test produées another joint
error, according to Fisher—joint in the sense that™yt cannot be dis-
tributed logically to the price and quantity factdrs. In order to ex-
press this joint error as a positive or negative y@neentage error, to main-
tain similarity with B, he defined it as -
By =t
Jr
. Fisher used these tests, of céilTse, 85 & basis for chaosing among
formulas, and the formulas #at he classified as superlative * were those
which either exactly gr ACHy nearly satisfied those tests. They had
little or no joint errar. \hdeed, Fisher's selection of the Ideal formula
as logically best in'all instances was due largely though not wholly
to the fact that itNigs no joint error by either of these tests. He classi-
fied as supqn{a'ﬁ\?c those formulas that most closely agreed with the
Ideal. Theleritics of Fisher's book were probably more upset by his
. position},?m formula error than by anything else, Many of them had
alzfg,d'yf ‘endorsed the Ideal formula as best, notably Pigou and Bowley,
ba{t‘w"hen Fisher held that this formula had measured price change to
an accuracy of 1 peint in 800, that is, 14 of 1 per cent, many disagreed.
Asg sald above, Fisher's support of the Tdeal as best was only in part
due to its ability to meet both these tests exactly. He further advo-
cated the formula on the ground that it measured price or quantity
change by utilizing only the data of the two periods compared and by
utilizing all of them. Tt is the judgment of the writer that the time
and factor reversal tests are good supplementary methods to help in
i8ee p. 40,

% 3
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gelecting formulas, provided that certain prior logical conditions are
met.  Of these conditions the one that the formula shall use only the
p’s and ¢’s of the two periods compared is absolutely basic. A test of
formula error that is related to this condition will be recommended
shortly. Meanwhile, a brief comment upon another and independent
proposal for insuring formula accuracy, the famous Konus condition.

Konus® Condition. Konus published an article in a Russian journal
in 1924 dealing with the measurement of change in the cost of living,
but it was not until January 1939 that the appearance of an English
translation of the article made Konus' views generally availablgfo
English and American students. Konus’ problem was to measure the
true change in the eost of living, and his appreach differedCih one

. fundamental respcet from the traditional one and from the one emn- -

ployed in this book. Whecreas the traditional approachy defines a field
of study, in this case the eost of living of some spegified group, for
example, wage earners in a certain community, tiie, Konus procedure
was to select fwe groups of such persons, one at each of the two periods
or two places, the eriterion of selection bemg\\that these two groups
had enjoyed the same standard of livings, I‘fxtwo such groups could be
found, then the measurc of the frue cost-of living change between the
two periods is the ratio of their twos expenditures, in our terminology,
Ver. Konus maintained that if a'ertain condition were satisfied this
equality of standards of livingf\g&}oﬁid be sufficiently exact. This con-
dition, stated for periods 0 \aﬁd 1, now famous as the Konus condition,
s that \< Zpn _ %’iq_“

) Zpoge  ZPod1

It has been demonstrated 2 that this condition does not guara,ntee that
the value ratid Vm will lie between the two truc indexes Io:° and Toy
based, re@ectwely, on the base- and given-period- budgets but will
a]ways h{, outside them when the two standards differ. The trivial case
of Qdehtlcal standards docs not ordinarily oceur in real lifc and could
fet be identified if it did. Since the Konus condition does not guar-
antee identity of standards in the two situations it does not make pos-
sible an exact measurement of the true cost-of-living change; we must
seek elsewhere for further tests of accuracy of formulas applying to
sample data of the traditional two periods, and, In general, it will be
certain that the two budgets differ. In other words, Vo1 always con-

18ec Konus, Econometrice, Vol. 7, pp. 1-29; Mudgett, Economeirica, Vol 13,

pp. 171-181.
28ce Mudgett, Econometrica, Vol. 13, pp- 171-181.
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tains an element of quantity change Qo as well as a Py, Note that
Konus sought to identify a situation in which Qg equals unity and
Py, therefore equals V.

The I Test for Formula Consistency, D is here defined ag

D=L-P

where L and P are the initials of the Laspeyres and Paasche formulas,
Tt 18 less a measure of formula error than it is & measure of the lack of
agreement between two formulas that have equal status on logical
grounds as measures of price or quantity change. It is, therefafe"a
meagsure of formula consistency in reporting a given price or ghantity
change and can be used under the following conditions: If for-ebme pur-
pose 1t is sufficient to measure price change accurately to withm one or
two percentage points and if I is then less than two, either Lior P would
be satisfactory; but if in this same situation D had a value of, say, twenty
. points, then it would seem that we do not have any satisfactory measure.
The correct answer in this circumstance may be that we have no way
of obtaining a more accurate measurement and it may be necessary to
abandon the project of measurement altogether. The argument upon
which this judgment is based may be pi'asented as follows: If we wish
to measure price (or quantity) change between two years and if we have
available sample data of prices and\fuantitics for each period, then we
can measure average price Chfillg"é'(l) by pricing the base quantities at

o1 nm

both sets of prices and sum{ﬁing the results to > Mo and Pogo and
taking the ratio of theﬁ&gwd values, getting Ly, ; or (2) by carrying out
the same operation on the ¢y’s, obtaining Pyy. Either of these two re-
sults is better tha.ri’f-i"ratio of two value aggregates caleulated for some
set of quantitieg & that belongs to neither bage nor given year, because
th‘e quantities' gg and ¢; are the ones causally associated in the market
with pg ap}\(p{, and g, has no such causal conneetion,

rI‘he.an_’ore, cither L or P can be accepted as a standard for meas-
u1:1£.1g~1;’he aceuraey of any formula that goes beyond the p-¢ data of
t'he’ ¥wo periods for any of its price or quantity materials {in this case
weights). But L and P stand on equal grounds: they are equally good
or perhaps equally had. Suppose that in some hypothetical example
L=80andP =82 Ifg difference of two points is of no consequence
to any application of the index number, then either, or some Cross,
can be accepted as the host available measure of this price change,
D =2, and the inconsistency of the two formulas is inconsequential.
Suppose, however, that = 80 and P 180. If a choice has to be

made here as to which of these shail be used to measure a change in
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cost of living in order to form a basis for new wage levels, i is easy
to zee that the conflict in interest between employer and workman can-
not be settled in a way satisfactory to both. One will accept P, the’
other L, but neither may be satisfied with any kind of compromise
between them. In other words, with I equal to 100, the index number
maker may well say that the problem must be given up rather than
solved with a mean of two such widely divergent results. The uncer-
tainty of the measurement is so great in this cxample as to render
undesirable any attempt to put it in quantitative terms.

The above comments are equivalent to saying that at times wezean
accept any of the formulas 1 to 6 as satisfactory index number meas-
urements but at other times the differences between them j\ﬁ&k‘ﬁ any
attempt at measurement foolhardy. It is easy to see wherein the dif--
ference D arises. I and P differ only in their weighte{0one employing
base-year weights, the other given-year weights. Cleagly, if D is small
it must mean that the ¢y’s and the ¢’s are not tob’ divergent, How
ghall we be assured of this? One good guess is teeompare periods (and
places} that are close together in time (and dpace). It looks as though
we might compare this year and last year with tolerable acouracy.
The farther apart in time the two periofs under comparison, the greater
the inconsistency and the less the«Aveuracy. Furthermore, the mere
measurement procedure may intxduce a spurious aceuracy, an actual
numerical value, but if L and\P*are 100 points apart there is no way
of telling which has morglgecurately measured the change in priee
level. But the fuller dﬁi’e}opment of this idea must be delaved for a
later paragraph. Mbanwhile let us look to methods of measuring
sampling error, . '

X
2. Sampling Brfor
The sain. ﬁng error of index numbers arises from the fact that caleu-
lationg ‘gve based on a set of n commodities found in the two periods of
the/eomparison and this set is used to represent the whole list of N
Cotatnon commodities. For the purpose of considering this error factor,
the price or quantity change based on N represents complete accuracy,
say Io;¥. This magnitude is then without sampling crror. The index
based on n, however, is an estimate (In"), and fo — Ioi® is therefore
the sampling crror. In the usual statistical sense it is a variable, and,
therefore, for all possible samples of # that eould be taken from N there
is a frequency distribution of these errors. We need only a knowledge
of some of the properties of this distribution n order to gain needed
insight into the acouracy of any determination of To1. This knowledge
is readily available from modern statistical theory. Since almost all
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index number formulag in practical use are averages of relatives, and
* ‘since the entire seven discussed in this book are of this variety, we are
here concerned with the sampling distribution of an average, and the
error of sampling is nonc other than the standard deviation of the
sampling distribution of an average. Several features require ex-
planation in a full statement of the sampling error of an index number
formula {average}. They are:

1. Error of an average of a random sample,
2. Effect of weighting. ~
3. Effect of sampling from a finite population.

4. Effect of sample stratification. O D

If a random sample of » magnitudes X is taken, the sanipiing error
1 A8
of &, where ; = (1/n) >_ X, is O
o(&) = o/V'n

where ¢ equals the standard deviation of (t]ﬁp%pu]ation of} the X7s,
An estimate of ¢ would generally have to bé obtained from the sample
data. Tor index numbers constructed as'siaple averages of randomly
selected price or quantity relatives, iftds’ therefore possible to obtain
from the above formula estimates ofttheir sampling errors. It may be
noted that the variance (squarefi;'standard deviation) of an average
varies inversely with the size gfthe sample, so that, other things being
equal, the larger the samglgi‘he smaller the sampling error.

Most index number hmiilas, however, are weighted averages, and
it is now almost universally recognized that weights cannot be neglected.
Their apparent negléct at times is often compensated by certain devices
of hidden weigl@'.n‘g. If a weighted average iz defined as &y =
{1/Zw)ZwX, whére 1 is the weight of a given X, and if ¢ is the common
standard deviation of all the X’s in the population, then the sampling
error (sqpared) ! or variance of z, is

o e - Z(gi)za2

0'\.
{1

p \ ™

Either of these two formulas may be used in its appropriate place, once

a value has becn obtained for o In general, this standard deviation
must be estimated from sample datg,

A complexity now arises from the fact that samples of index number
data are usually not simple random samples. Samples arc called simple
random when for each selection of an item for the sample every item

1 The squating obviates the need for square-root signg.
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in the populafion has an equal chance of being sclected. The principle
of selection 13 clear; the actual means of petting a simple randem
gample is often exceedingly difficult. In general, the best that can be
expected 1s a realistic approximation to thcoretical requirecments.
Actual samples of index number data are likely to vary in two respects
from the simple random type. First, they arc drawn from a finite
population, wherefore they may be deseribed as samples without re-
placement, and,; sccond, they arc stratified, Because the samples are
without replacement, the selection of one magnitude for the sample,
that is, one price ratio, will change the probability of the selectiomof
that pricc rafio, and also of other priee ratios, as later items, in\the
sample. If, for example, the first price ratio chosen among'foﬁds at .
retail is for bread, then, since this item will not be selected_kgain the
prebability of its further selection is zero, whereas pmbablhtlea for
other foods are at the same f{ime inereased.

The principle ean be further illustrated by anoth\r example, Sup-
pose that the N existing price ratios (the whole\population of binary
eommodities) are ticketed and the tickets,xp‘lﬁéed in a bowl. Then
sample seleetion may be earried out bydtawings from the bowl, If
the whole sample is to be strictly siniple”random {(drawing with re-
placement), then after each drawing'he¢ ticket is replaced in the bowl;
but, if the drawing is without repladement, each ticket is held out until
the enfire sample is withdrawn} :'o(jhviously if n = N and if the draw-
ing is without replacement, &N tickets are drawn from the bowl in each
sample and the sampling“spror reduces to zero since the average of N
price ratios is the true'&verage of the entire population (of binary com-
modities), The effécs, upon the variance of the average, of sampling
without replacement is indicated by the formula

=~ 2,0

N o(zg) = %(1 ~ 11)

Here \N is finite; if ¥ were infinite, the failure to replace the items as
d(a%n would not affect the probabilities of future drawings. Index
number samples are generally samples of this second sort, and so the
axtra factor (1 — [}'.-, — 1]/[¥ — 1]) may be important in any esti-
mate of the sampling error of an index number. - In some of our most
important index numbers of national scope this feature of the sampling
error has been reduced to very small proportions by taking very large
samples. Not only is » large absolutely but also it is large relatively
to N. Thus the U, 8. Bureau of Labor Statistics wholesale price index
has for some years contained over 800 price items. With this number

2 8
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of commodities it is casy to see that the factor (1 — {n — 1]/[¥ — 1])
may be a very small quantity and may result in reducing the sampling
error of the index to a very small magnitude. It might cven be pos-
gible to say that such a comprehensive index is practically devoid of
sampling error. .

The last point that nceds to be considered in measuring sampling
errors of index numbers is that they are practically always stratified
samples. It can be illustrated by the cost-of-living index. A wage
earner's family expenditure can be classified into several important
categories, such as (1) foods, (2) clothing, (3) rent, (4) utilitics (fuﬁ,
light, ete.), (5) household c¢xpenditures, and {6) miscellanefis. A
random sample of # commodities could be without any representatives
from one or more of these classes, but a stratified sample\would have
to give proportional representation to each class. 'I‘ljifs procedure of
stratification, if earried out effectively, insures thagthe sample will he
more nearly representative of the entire N commbdities just because it
requires that every important subeclass of cgm}nbdities will be repre-
senfed in the sample, The stratified sampl@ is sometimes referred to
as a stratified random sample since eadh)stratum is represented pro-
portionately in the sample and at thesame time the sampling within
each stratum is done on a simple wandom sampling basis. Stratified
sampling increases accuracy OV‘éI""I'E'inOIn sampling for a given size of
sample; that is, the standar@error of a stratified sample of size # is
less than the -standard g];r‘tﬁ“ of a simple random sample of the same
size. In our terminolbg)t"the variance of a stratified sample may be
written PR

A</ 2

N o*(T,) = Z- Ea'mf

A\ 7
where i%;fs\fhe mean of the stratified sample, m, is the true mean of
stratu.\th;'s, and a,, is the standard deviation of the means of all strata.
Since.#”/n is the variance of a random sample of n, the formula shows
thet stratification reduces the sampling variance by the nth part of the
variance of the strata. Stratification ean be effective, therefore, in re-
ducing the sampling variability of sample averages.

3. Homogeneity Error

The third component that was listed in Section 6.3 is homogeneity
error. As was there noted, it arises from the fact that index numbers
are caleulated from data of binary commodities, whereas the problems
that have led to the demand for measurement have arisen from the
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totality of commodities in the two periods compared. This distinction
is formalized in the proposition that the true price index based upon
existing methods of calculation is Por(N) or the true measure of price
change among ell binary commoditics, whereas Py (T} is the true price
index that answers the question how much inflation has taken place.
This lalter index must be constructed, if at all, from the data of all
commodities of both periods, both binary and unique. Then the formal
meagure of homogeneity error is Pow(N) — P (T},  As stated earlier,
there is no existing method of measuring the diffcrence sinee no one
has proposed a means of measuring P (7). Indeed, there has. bgen
no previous formulation of the idea of a homogeneity error, unless it
has cscaped the writer’s attention, although history contaihs “Jhany
instances of economists’ or statisticians’ regarding the prablem as one
of the relationship between two price or quantity leyels, SRemember
Fisher’s conception of the meaning of P and T ili\his equation of
exchange® Luckily, however, we are not in the pési;hion of being able
to do nothing about homogencity error even though we cannot measure
it. We can get some idea of its magnitudefii“many actual situations,
and we can empioy methods of minimizingttat magnitude.

The R Test for Homogeneity, If«< is defined for any pair of com-

*

parison periods as D
number of unigue commodities

~ Z(unigue + binary) commodities

then in any actual situ}b}on there always exists a real value for B. For,
if the complete databr both periods were gathered, the determination
of both numeratdr and denominator of this ratio would then be only a
matfer of cgl{fﬁﬁﬁg and comparing. And in any actual situation, one
could ma}i&'\a’pretty good guess as to the make-up of this ratio. Its
value, a8'is quite clear, depends upon the list of unigue eommodities—
that 4§t of commodities found in period 0 and not period I plus those
féund"in  and not in 0, all those commodities for which price and quan-
tity relatives cannot be caleulated. In symbols the number of unique
commodities is (N; — No;) + (Wo — Noy), and the total number is
(N 4+ Ng). Therefore,

Ny + No— 2Not
- N+ Ny

R meagsures homogeneity i this sense:

18ee p. 11 for quotation from The Purchesing Power of Money.
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(@) if B = 0, there is complete homogeneity.
(b} if R = 1, there is complete heterogeneity.

For, if E = 0, there are no unique commodities, and Ny 4+ Ny = 2N,
the numerator equals zero. If B = 1, there are no binary commodities;
No1 = 0, whence R = (N; 4+ No)/(N: + Np). The value of B must
always lie between these limits; that is, 0 T R = 1.

It must be clearly recognized that R is to be used only as a very
general guidepost. As a measure of error, it does little more than
indicate how much of the total picture is omitted in current methéds
of index number construction. But this information is important,. for
if we know that R is close to zero our current methods are yery-elose
to a solution of the real problem of changing price levels., Tdced, if
& = 0 the problem is solved by current methods; that is, &8 solved in
the sense that Py, (T} = Pu(N). R4%

What, then, are some of the important causes of Fhe variation in R?
Clearly, they center on those influences of an economy that bring about
change. If, for example, we define a field of investigation as the people
in & compact, easily ascertainable group,‘é}l the wage earners in a
particular factory for ingtance, then we ‘efin compare price levels for
factory hands in this firm for any geriods over the life of the firm.
Surely, if we compare their purchages in 1948 and 1949, there will not
be many unique commodities, and B will be close to zero. But if the
firm has been in operation féra hundred years and if we try to com-
pare the price levels of .to\daﬂf’s workers and those of a hundred years
ago, it is more than 111;33' that the list of unigque commodities will be
large. R may then-be-tlose to unity, and, no matter how syre we are
of the similarity 0? the No; commodities which are priced for both
periods and hew'easy it may thercfore be to caleulate a Py (N), we
must stil% \r&oognize that this may be a very inadequate measure of a
Pou(T) il indeed it has any meaning at all for two periods a century
apr{;j;\; OThus & would seem that the farther apart in time are two
perigds compared the greater the difficulty of being sure what our meas-
urcment represents,

Separation in space creates a similar difficulty. The comparison of
price levels for the workers in New York and Newark may be accurate
and may be realistic, but extend the range over international borders
and diffieulties multiply. How can you compare the ehange in price
levels between New York and Warsaw?
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6.6, HOW TO CONTROIL THESE THREE ERRORS

There have been hints in earlier pages as to what can be done to
minimize these errors, bhut a fuller statement is in order.- The difference’
D between the Laspeyres and thoe Paasche formulas is a meastire of
the inconsistency between two equally valid formulas and is explained
whelly in terms of changes in weights. For a price index, I will egual
zero only when g; = ¢qq for all commodities involved, which of course
does not happen in real life. It is clear, however, that the less the
change in the conditions of demand and supply between the.fwo
periods, the smaller will be D. This fact points to the desirabilify of
making comparisong only of items closcly related in space And time,
if it is desired to keep formula crror to the minimum. Thugwe are led
to the rule that comparisons of price and quantity c}ga:ﬁge should be
made between consecutive periods or areas. This advme however, will
meet with much opposition from many studentssefy vindex numbers, for
it discourages direct comparison between distand periods, which they
want and insist must be made, The parity’ 15\11‘1(:9. program in sgricul-
ture, for example, made it a requirement m\law that certain of farmers’
prices should be kept on a parity with’ thnse of the pre-World War I
period. The law, of course, takes for ranted the possibility of meas-
uring changes in price levels between 1910 and years later. In the
next chapter a means will be ccmmdered for constructing index number
series which it is hoped will\preserve all that is valid in these distant
comparisons. At this p6int, the only question at issue is how to keep’
D small, and the suréamswer is to make all comparisons between con-
secutive periods. . I is recognized at onee that this advice runs into
some difficulty wdfen the principle is applied to place eomparisons, since
the place equ‘ivalent of a time series comparison is hardly realistic.
For the h@ment attention is directed only to the fact that formula
crror may be very low in making any comparison between 1949 and
194.8\but in a comparison of 1949 and 1849 may be so great as to
deﬁtroy all confidence in the measurement. Just as 2 legitimate side-
light on this issue, it may be remarked that there is very little economie
meaning anyway in a comparison of price levels of two periods & cen-
tury apart. The meaning is even more obscure when we compare price
levels in New York and in the Gobi desert.

The means of controlling sampling error is readxly at hand after
considering the error formulas given above. Each formula eontains
root 7 in the denominator, and thus, other things being equal, increase
in sampling aceuracy follows, step by step, increase in the size of the
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sample, The formal rule is that error varies inversely with the sguare
~ root of sample size. The factor related to sampling from a finite
population further indicates an increase in sampling aceuracy as n
approaches V; that is, this element of accuracy varies with the per-
centage that the sample size bears to the total population. It is
assumed In thesc comments that the theorctical requirements of sample
selection are met. If a random sample is indicated, then the conditions
of randomness must be satisfied. Most index number samples are
stratified; henee it is assumed that the strata are known and that the
sample is actually drawn proportionately from each stratum.

Homogeneity error is controlled by keeping the list of uniqueycom-
modities small, The method of doing so0, as we have seen, js<by “com-
paring consecutive periods, An interesting fact is that arie Jrocedure
controls both the homogeneity error and the formula exrdr 8t the same
time. LV
Y As the distance increases hetween compared pexiads, there is greater
divergence in the means of production and the\ways of eonsumption,
Clianges in resources (the discovery of HGW‘QI"?EIB exhaustion of old),
changes in technical methods of productienythe growth of inventions,
changes in population and in tastes—all these bring about an increase
mn the number of unigue eommodities'and therefore an error in distant
comparisons. In other discipliges allied to index number mgking,
particularly thoge involving the data of index numbers, there have bheen
attempts to make comparisenis over time by reducing divergent items
to an ultimate eommon, enominator, as by reducing different foods to
caloric contents or by expressing children ag percentages of adults.
These schemes have Jimitations, as is evident when foods are ecompared
only in ealorie corit?ent. Modern bicchemistry has found many impor-
tant ingrediqnﬁg\m foods besides those which produce heat or cncrgy.
All these ‘f@ts reveal the difficulties inherent, in distant comparisons
betweeg Prices and quantities, And, of course, these difficulties are
Iar'g‘p\,lyj\ avoided by making the comparisons between consecutive
peaads. This procedure is the way of controlling both formula error
fmd homogeneity error. Tt gives assurance that index number theory
18 capable of pl"O'_iucing highly satisfactory results in practice if applied
whe're ateuracy 15 possible and if the sources ol great inaccuracy are
av?ldcd. It may still be possible to construct & valid procedure for
SCries comparisons and possibly also one for comparisons of distant
Ezia:-nofhi?ﬂirzgleml will be the subject of Chapter 7. Meanwhile we
of oo f; s Eﬂp eted t;he subject pf errors. There are other types

% gh they will not he glven extended attention here.
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6.8. ERRORS IN THE BASIC DATA OF IRDEX NUMBERS

The kinds of errors whieh we have not yet considered and which we
will give merely passing attention here are those associated with the
basic data of index numbers. They involve the accuracy of the original -
7’8 and g's. In the presentation of problem and data in Chapter 3, the
data were defined ag ineluding the complete historieal record. The total
record for period 0, for example, was expressed as s value summation,

%poqo. In the entire analysis of the problem to this point 1t has been
assumed that the data of p’s and ¢’s were definitive, that is, that there
is no error in the record of prices and quantities taken from the market.
Now, of course, there is error in this record, particularly ip,a\fsh‘lﬁch as
prices for any period, say a year, must of necessity be average’and error
may exist in the individual price quotations and therefore also in the
average price for the period. Similarly, errors are tochgexpected in the
quotations for quantities from whatever source thés may be drawn. In
addition to the quotations of p and g, there is\ ghother source of pos-
sible serious error in the data gathered. In the discussion of sampling
error, certain formulas were given to mpgsure the influence of various
sampling features, on the assumption that samples were of a specified
variety. The standard sample of dgx’ojér for index numbers, for example,
is a stratified sample from a finitd population. The formulas measure .
errors only if the sample meets*the theorctical requirements of that
kind of sample. But, showldMa sample {ail in this respect, it contains
another component of exfdr. Iere, then, are two additional sources of
error in index numbcieonstruction: (1) errors in the “chserved” p's
and ¢'s, and (2) had gampling methods. It must be emphasized that
they are both ai&cry great importance; that their proper handling
requires spedial“training; and that this book deliberately omits an
analysis 0{1; ‘ém, since its basic purpose Is to stress the other named
sources Of érror, and since the practitioner may often be less adequately
acqua;'in’ﬁed with formula, sampling, and hemogeneity ertors than with
e{fqré in the original data or in sampling methods.



CHAPTER 7

Long*Distance and

Series Comparisons
O\
N\ ¢
7.1. THE BINARY COMPARISON APPLIED OVER WIDE
RANGES OF TIME OR SPACE /)

\
Tt is doubtless true that the most important ang ﬁl;st frequent uses
of index numbers in modern times are those whickMare concerned with
the interpretation of immed;ate past history’gnd its relation to the
Present, Inflation, for example, becomeg "g:{problem when it causes
someone to find his economic responsibilities more difficult to mect
today than yesterday. It may be théiwage earner who is faced with
higher living costs but no change inhis wages, or the businessman who
is meeting higher costs of produebion without g corresponding increase
- in his gelling prices. The prexivus six chapters of this book have dealt
mainly with the measurqmeht features of this problem: how best to
meagsure the change in*the level of prices or of production between
two situationsr—thc;‘.l:}inary comparison. Most emphasis has been
- placed upon nearbyleomparisons; we have noted the greater accuracy
of comparisons@&édjacent periods and the tendency for accuracy to
decline wi (Iptrease in distance or time. Attention must now be
focused om'ene particular application of index numbers that is of much
more qaestionable value. The comparisons involved are those of
wide[y,,\separated situations and, in particular, series eomparisons, that
is,\ipdex numbers for each and all of & scries of time intervals over
some considerable period of time, We have, for example, both annual
and monthly index numbers of wholesale prices in the United Siates
extending from the mid-cightecnth century to the present time. Two
questions at once arise coneerning series comparisons, namely: Are
such long-term comparisons needed, and are they realistic?

il
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1. Are Long-Term Comparisons Desired?

The answer to the first question is definitely an affirmative. Long-
distance comparisons have been demanded in the past and they con-
tinue to be demanded. Recall Carii’s problem of measuring the price
increase over a two-and-one-half century period. Two more recent
examples are the farm parity price problem and the problem of wages
of Ford Motor Company employees in different parts of the world.
The former example eoncerned a law passed by the U. 8. Congress
in the ecarly 1930's which provided for governmental support of ccrt@m
farm prices whenever they fell below a position of parity with ‘wrices
that farmers paid. The law stated that farmers’ prices wérésto be
maintained at the same relative position which they hafl\held with

respect to these other prices in the years 1910-14. The l}sm;, of course,
could not be put into operation until the index numbers were con-
structed for prices received by farmers and for prieds paid by farmers,
and thus a long-term comparison for the years 1930 and thereafter
was involved, N

The Ford wage problem arose when the\Ford eompany propoesed in
the late twemntics to introduce a wage( pohcy to provide its employees
with the same gtandard of hvmgo“herever they lived, whether in
Detroit, London, Berlin, or Warsaw and there were, of course, Ford
ageneies in most of the largers G],tles of Europe. Thus, the vital prob-
lem of index numhber comparisons over space arose, and it here involved
such matters as the diﬁ'gr@sces in the cost of living in widely separated
sreas such as Detroifcand Warsaw. The separation was not only geo-
eraphical but, everNmore important, it was one of basic differences in
the habits of liyils: different political systems, different resources, dif-
ferent produetioni techniques, different social and cconomic stratifica-
tions. A{ who will deny that all these variables tremendously eom-
plicate the' problem of comparlqons of prices over geographic space?

Thé demand for series comparisons arises because modern students
N ecrmomlcs, indeed of all the social seiences, find that many of their
basic studics of social causation require knowledge of a variable over
time, since the vartability in which they arc interested oceurs over time.
These comparisens require time series of data—population and pro-
duction, for example, by years or months, even in some cases by wecks
or by days. Immediately the phenomenon of production levels or of
price levels arises, and these variables are also wanted by years or
months to compare and to correlate with the others. Almost any
modern tesearch into the problems of the business eycle involves the
need for time series data, and questions of group production or group
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price levels bring out at once the need for price and production indexes
‘expressed in series over time. Thus most index numbers of wide
import today, such as those dealing with industrial produetion and with
wholesale prices for the whole economy of the United States, are pub-
lished (1) to supply immediate comparisons with the recent past, and
also (2) to furnish the latest figures in the series of continuous data
that extend into the more distant past. Indeed, one annual scries of
wholesale price indexcs in the United States goes back to colonial days,
2. Are Long-Term Comparisons Realistic? W

To the question whether these comparisons of distant situati@ns are
realistic, whether the measurements that we ultimately obtainhave any
counterpart in the world we live in, the answer is not soi;eﬁsy. In g
properly qualified sense it is both yes and no, for there aresoine realistic
features in the comparison of two widely separated \périods but it is
doubtful whether the limitations of such comparispits are always fully
recognized, N

Consider the question of changes in wholésale price levels in the
United States since Civil War days. Mlavailable indexes point to
a long-time trend toward lower price Jevéls from the Civil War until
about 1896. And very few students of the economic history of the
United States over this period would question the reality of this de-
cline. We remembor too well.that it nearly changed the political com-
plexion of the country, Pegple will also remember the swing to higher
price levels during ‘V({%W ar I, culminating in a maximum for the
wholesale price index in May 1920. Again, there is no doubt about
price inflation in thevpost-World War 1T peried.  These directions of
movement of pni@(a\ levels have had too much impact upon our daily
activities to be ﬁ‘oubtful, at least for those who have lived through these
times. 'I:}@re are, however, certain features of this historical record
about f"}éiCh there ean be doubt. TFor example, the guestion ariscs:
Hggf 4o the top levels of prices for the several wars of the peried
compare? The top level for World War I with that for the Civil War?
Or for World War IT with that for World War I? Often we hear the
statement that prices seek a stable level after each war but that each
suecceding level iz somewhat higher than the previous one. Many
people believe this, and any specific index number published over the
Years be_tween the two periods of comparison gives an unequivocal
answer, DBut are we sure of this answer? There is no doubt that we
possess a.numerical figure showing the price level for 1950 relatively,
say, to 1896, and some people can still recal] examples of wide dis-
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crepancics in prices actually paid, for example, eggs at 7¢ per dozen in
1896 and ten times that in 1950. One wonders whether this memory
of some detail of the past is made clearer by ncglecting many other
commoditics, say, automobiles or good roads, which may have actually
declined in price. One may also rccognize that there have been many
additions over the years to the commoditics we enjoy and many im-
provements. How shall we, for example, compare costs of transporta-
tion between these two dates? In 1896, buggies, wagons, carts, rail-
ways, automobiles; in 1950, railways, automobiles, tracks, sirplancs.
By the later date, the whole picture had shifted. Railways performed
a different serviee in 1850 from that performed in 1896, and this chahge
is in part due fo other methods of transportation that hage-been
developed. We are here dealing with what the economist{calls the
changing state of the arts, onc of the-most important facigrsi\that com-
plicate these comparisons over time. <
3. The Difficulties of Measurement \

For the moment this disagreement about Wh% we can know about
price levels of the past will be resolved by.s:a}ing that we can know a
great deal if only the recent past s involved but that our pieture of the
past loses sharpness of detail and of outline as the date recedes in time.
A nearby comparison is the one that®gives us our notions of inflation;
and inflation is real to us just because we can compare what we paid
today with what we paid yesterday. Tt is the same phenomenon that
was rcferred to a few lingg whove in comparing the direction of price
movement, which wag depmnward for the years immediately following
the Civil War, downfvgrd from 1929 to 1933, and upward through the
post-war years of\the 1940’s. But, when we make comparisons that
do not involve fhis process of having lived through the years in ques-
tion, doubt#\bf'the reality of index number measurcments may arise.
Take agaiﬁ}he example of comparing wartime price levels. An exist-
ing indexnumber of wholesale prices indicates that the maximum level
of Grartime prices was approximately the same for (1) the War of
1812, (2) the Civil War, and (3) World War I. The question is
whether existing methods of measurement of price levels give us any
confidence in sych comparisons. It is this writer's belief that they do
not. We can, with the aid of index numbers, know mueh about the
direction of change in price levels. This direction of change is a
phenomenon of movement through time, of comparison of adjacent
periods. It is not a matter of the direet comparison of distant periods -
like 1896 and 1950, When we jump a wide space of years and try to
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make direet comparisons without these intervening periods we are on
much less solid ground. Maybe we can po so far as to establish order
relationship between such price levels, relationships of “more” or “less,”
without being able to go further and put the “more” or “less” in quanti-
tative terms.

Consider just one more example of the difficulties involved. Suppose
that it were desired to compare the standards of living of farmers in
America today and in colonial times. An index of the quantitics con-
sumed by these farmers, if it could be eonstructed and if it had any
meaning, would report the change in levels of living from colonial tifoss
to the present, and this change would be reported as a percentdge n-
creuse. There is little doubt in the minds of most people that¥armers
enjoy higher living standards now than then, and the index Theasure-
ment would doubtless support the general impression. Btit consider the
- differences between the two ways of living: in the carliér period primi-
tive tools, much manpower, much dependence onineultivated nature
for foodstuffs, clothing, and shelter; today, on‘the other hand, better
food animals through cultivation, selected’\’er developed seeds, for
example, through hybridization, the repladeshent of much dircct man-
power with greater and greater use of, Mechanical power, electricity,
ete. Then how shall we compare freshwith pasteurized milk, the bread
of olden times with the modern mi-iéfy with vitamins added?

We may leave the issue with“the reminder that what the American
sometimes-calls a higher standard of living is often scornfully re-
pudiated by the Frenchepehsant, who is sure that his simpler, more
primitive life represents\a much higher standard of joy and comfort.

These, then, arc the’kinds of problems with which the index number
maker is faced wher his measurements are designed for uses other than
period-tO-pe.rigﬁ‘ﬁomparisons} and especially when the periods of com-
parison aréfar apart in either time or space. But his difficulties are
not ]imitg‘d o lack of reslism in these comparisons. They are matched,
St?ll birstep, by uncertainties in the measurcments themselves, For we
nfust How recall the nature of the errors in a binary comparison and, in
particular, the formula and homogeneity errors. Recall that increasing
values of D, the difference hetween measurements by the Laspeyres and
Paasche formulas, and of R, the ratio of unique to all commodities in
& two-way comparison, are praetically sure to result from an increasing
span of time or space between the two situations compared, because of
the greater opportunity of variation in the p’s and ¢’s and becausc of
changes in the list of commadities. And when D and B increase there
13 greater uncertainty ahout the true value of Pyr(n) (related to D)
and about the true value of Po,(T) (related to R). This is the back-

W
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ground of information which we possess as we contemplate the prospect
of making long-range comparisons of price and quantity levels or of
constructing a series of index numbers over a period of time,

72. THE SERIES COMPARISON

The long-range comparisons that index number users wish to make
are, then, of two kinds: first, the straight two-way long-range com-
parison, in which the index number users want to compare, for instance,
today with 1910 in regard to the parity price problem; and, second,
the series comparison, in which they require the whole series of iddex
numbers for every month from 1910-14 to the present time. Mhich-
.ever kind of comparison it may be, the answer fo the quesi)ian how
best to make it is the same, and the discussion in the remainder of the
chapter will be framed in terms of the problem of the serijés’éomparison.

The question to be answered, then, is how best to, Sonstruct an index
number series. Two preliminary and minor matiexs may be dealt with
firgt, namely: (1) how important, is the selectionof & base for the serics,
and (2) should the index be independent of 'kﬁe%ase, or should the base
be shiftable without error? Following thesonsideration of these points,
the major problem will be to choose bgtween two methods of ealeulating
an index number series, the fixed-bagesmethod and the chain methad. -
1. The Selection of a Base .

1f one checks through thit, thapters on index numbers in almost any
of the textbooks on cle 'ﬁt;:u'y statistics, of which a great number have
becn published in theast quarter century, one will find one prominent
featurc to be a djspti#sion of the importance of selecting a base for the
serics. Emphagdighis laid upon the selection of a normal peried, pre-
sumably related to the purpose of the index number. This stress upon
choosing \a%zérmal period indicstes a pattern of thinking that is quite
commoRainong textbook writers and, indeed, 1t must be very common
amofigistudents of index numbers in general. It seems to be based upon
oneof those unquestioned bits of lore which hiave come to be & part of
the literature, no more to be doubted than the observed price data them-
selves; and one wonders where the idea started that the base period
must be normal. As a speculation, here are two possible sources. The
modern development of index number theory roughly parallels the de-
velopment of modern business cycle theory, and the business cycle stu-
dents, as soon as they dealt with empirical observations, had, of neces~
sity, to select a normal from which to measure movements towards
prosperity or depression. And, of course, many empirical series of

S
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cycle data have been index numbers in the sense in which most people
use the term. But there is another source of this modern insistence on
the selection of a normal period as base: authority., Probably the most
important single piecc of liferature on index numbers, if we judge hy
influenee upon the later practice of index number construetion, has been
Mitchell's study The Making and Using of Index Numbers® and
Mitchell laid great emphasis upon the importance of selecting a proper
base. Mitchell's authority has been great among students of index
numbers, and very deservedly so, for his bulletin is unquestionably one
of the landmarks of all time on the subject. It will not in any way
reduce the importance of his enduring contributions to the subject to
call attention to one point in his bulletin which will not stand-the test
of time. If the index number problem is to find out how much the
price (quantity) level has changed from one period %o Janother, then
the base of the index number appears merely as Qmé.mf the two periods
of this binary comparison. Furthermore, if {hévformula used meets
the test of time consisteney, then, if Py, is knewn, Pio must of necessity
equal 1/Pp, and each period has in turn been used as bage.

The above result does not follow fg*orri ‘any determination that one
of the two periods is normal. Nothinguhiore is involved than the om-
parizon of the price levels of the’m;i)‘periods. If Py, is caleulated the
period O is the hase, and if P8 caleulated the period 1 is the base.
Which index shall he ealeulated is a matter of the intercst of the index
number maker, and his c@cision has no necessary relationship to the
normality of either peri6d.

The base period ga\n\always be considered a norm in a limited sense
sinee it provides & level with which the second period is compared.
That is, Py infaburcs the cxtent to which the price situation has
changed frofihyperiod 0 to period k. Tf Congress decides, as it did in
passing't]{‘e,iarice-parity law, that certain farmers’ prices shall he main-
tained ‘ol a parity with those prices in 1910-14, these years become
thg.{)a‘ée period by legal action and they ave a norm for the purpose of
{tarrying out the provisions of the law. The normality here, however,

applies to a use of the index number and not to any of its inherent
properties as such,

2. Should the Base be Shiftable without Error?

This question is closely assoeiated with the problem of base selection.
For, if a particular index number formula is independent of its base,
the base can be shifted directly without error. Suppose, for example,

1 Bull, 284, |
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that & serics of indexes Py, Pos,  **, Por I8 available, and suppose that
for some reason Py is desired. If the index is independent of its base,
P, may be obtained readily and without error by the simple expedient
of dividing Pos by Pos. If this independence does not hold, then the
only means of obtaining Py; on the same level of accuracy as the orig-
inal series is by a direct caleunlation, returning to the original p-g data.

Some students of the subjeet demand that an index number shall be
independent of its base and thus shall be shiftable directly without
error. This insistence is equivalent to sefting up a new test of ac-
curacy of index number formulag, the cireular test. Formally, thedest

can be written _ N
oA\

Po1 Pig-Pys » P(rc_mc P =1 O

N

and in this form indlcates the source of its name. For s‘uhe above says
that if index numbers are calculated from one perigd{to another over
" several periods so that the final factor gives the idex for the original
starting point with the last period, %, as base\then this around-the-
eircle trip should bring the index back to 1ts Sﬁhrtmg place. A slightly
different form of the test is

Poy+Pig-Pyy - '.:"P“(kw—l)k = P

This equation states that the pr{adﬁcf, of the several links from 0 to k
should equal the directly calewlited Py, If the time reversal test is
met, this statement become& equivalent to the first one. It is easy to
sce that this test is an exterﬁlon of the time reversal test.

Before passing any Gritical judgment upon the circular test, it is well
to list the formulagthat satisfy it. It is, and can be, satisfied only by
unweighted or cogstant-weighted aggregatives or geometric gverages of
relatives.? Thﬁs“ among the scven formulas that have received eonsid-
eration i i hlS book, only one, the fixed-weight aggregative, meets the
new test‘ “Mnd the fact that this formula is the only one of the seven
not sqrmusly reeommended from a theoretical point of view gives a
@’éﬁ[}m pronounced adverse judgment upon the circular test,

t is interesting to note the position taken by some authorities on the
cireular test. Fisher, for example,’ says that it is theoretically wrong
and then devotes twenty pages to proving that it lacks little of fulfill-
ment by practically all his superlative formulas. Walsh ® employs it as

t See Fisher, T'he Making of Index Numbers, pp. 274-275, also Appendix 1, Note
A, to Chapter XTI, §4,

2Ibid., p. 271; sec also rest of Chapter XIIL

3 The Pmbiem of Estimation, see Index; see also his The Measurement of

General Exchange Value.
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a preliminary selector, discarding formulas that do not meet the test
‘but using further bases of choice among formulas that do meet it.

The position taken by this author, in agreement with Fisher, is that
the test is theoretically wrong. The cbjection to it can be explained
by reference to either form of the test as given above, in association
with the facts that have been developed in the previous six chapters
about aceuracy of measurement. Consider the first formula. The
various steps Py, Pi», ebe., in going from peried 0 to period % conform
to experience for that is the direction of movement through time, and
~measurement of these steps can be highly accurate; but the step %kg
represents a backward step that cannot be taken. We cannot Ando the
history of inventions, the discovery of new resourccs and new com-
moditics, and particularly we cannot undo the exhausiidn: of certain
of our resources; therefore we cannot recreate the conditions of demand
and supply, of consumption and production of & lgmg—'past period (0),
We did not shift directly from the economic cirpimistances of 1896 to
those of 1950, and it is therefore useless to cre#té a measurement that
carries the implication that we did so. Ii'\sHort, neither Py nor its
reverse, Py, provides a measurement that was any precise relationship
to actual economic experiences in these fwo widely separated periods.
The adjacent links Py, Py, ete., cﬁh’ each be taken with all the ac-
euracy of the best known (supetlative) formulas. But their product
cannot equal Py calculated by the same superlative formula since this
formula would be subject.a all the crrors of a distant comparison to
which the previous pa%eé “Have been devoted—errors of formula con-
sistency measured by, D and errors of homogeneity measured by E.
Thus, if the reasofing of these pages is accepted, the circular test is
bhasieally wrong(and its satisfaction by any formula is one (at least
minor) indiegtidn that the formula itself is wrong. This comment
should ngt\\he taken as a proposal to use the circular test in this nega-
tive wa¥, to eliminate formulas from consideration. The more basic
methods of elimination to which the earlier parts of this book have been
devoted are the appropriate ones for this task. &

We reach one curious result at this point. Most students of index
numbers today appear to aceept the fixed-weight aggregative formula
a8 1;)eing, for practical purposes, the best, at least if the weights are
revised every decade or two; but they also seem with about equal
'gnanimity to insist upon the importance of the selection of some
normal period as base, But fixed-weight sggregatives are shiftable
without error and are therefore no more tied to one particular base than
to any other base. In other words, the same value of Py is obtained
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by dividing Pes by Pos and by a direct caleulation of Py, when the
fixed-weight aggregative formula is used. But remember that constant
weights arc never right. The correct set of weights for periods 0 and
1 is of necessity different from those for the periods 1 and 2. Satisfac-
tion of the circular test, therefore, cannot be right if constant weights
cannot be accepted.t

1 The statement above is correet H all caleulation details in such indexes conform
to the requirement of constant weights. It is quitc possible that ealculztion pro-
cedures are employed wherchy subindexes are caleulated with fized wejghts and then
a weighted average of these subindexes is taken to give the final index; and indhis
whole process the constancy of woights can be violated.  In this cvent the statelneént
above about shiftability without error is not precisely corrcet, althongh\ip\most
practical cases the difference ig likely to be very small. For example, gitppoé,e that
an index is to be constructed as a fixed-weight aggregative PR )

<
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the latter term giving the weighted average-of—rela.tiv‘és ia‘quiva&ant of the aggregative,
Now supposc ihat two subindexes are first ca,]sf}]ai;ed by the average-of-relatives
formula and arc then eombined into Py. The two subindexes will be
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and when the weighting procedure is followed precisely in combining s:u.bindexes, the
final indexes as well as subindexes can be shifted without error. Addltwn_s. and sub-
stitutions in the commodity list of this index may also affect the shiftability of the
base,
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. 3. Fixed-Base vs. Chain Methods of Calculating a Series

Definitions. In theory there are two methods of calculating a series
of index numbers, fixed-base and chain. In practice, a$ least in the
United States, the fixed-base is used almost universally. The difference
between the two procedures is easily shown in the usual symbolie nota-
tion. If we designate the base period as 0 and the successive periods
which follow as 1, 2, -+ +, k, the full series of fixed-base price indexes
will be

PD]:PUZJPD&”';PO.F: N\

where cach term expresses the percentage change of the price,leel for
that year upon the 0 base and each is caleulated by a direct gpplication
of the particular formula to base and given year, The sgxrii}mlic repre-
sentation of the chain series is somewhat more complidated, inasmuch
as it is necessary first to have every individual link“i)a\the chain, such
a8 Poy, Py, Pyg, »++, Pe_1y5. Then the several Beiiis of the series are
obtained by multiplication as follows: N

Pq; = first link \

Poy = Por-Pry o\

Py = Pm'af’m:Pza = Ppy-Poy
ete. N

Comparison of Fixed-BaSe ‘and Chain by Two Formulas. Each
method, as is clear, givescaseries of indexes starfing with the base year
equal to 100. But corred onding later terms in the two series need not
report the same megsurement and, in fact, can show wide differences,
as can be fairly e2slly judged by writing in p-q notation the results for
one or two fp:\rﬁt:fas on both fixed-base and chain methods, Consider
first { ormvﬂg ¥ the fixed-weight aggregative;

N,

Q S_erics Fixed-Base
~ D Symbol Index Chain Index
) 3
N\ Pu ZMga Z18e
Zp7a Zpoga
P Epz_qg \E‘qua\ Zpaga _ZPge
Zpoge Zpwe Zrwa. ZPota
P Zp3ga Zrta. Zpata . ZPsta
Zpuga ZPs TPre.  ZPoda

Here we m_eet the surprising result that fixed-base and chain methods
agree. This result ig due, of course, to the faet that the formula satis-
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fies the cireular test. These congiderations may explain muech of the
support for this formula among the experts. The supporters aceept
fixed weights, not only because the formula then gives the ratio of two
costs for the same bill of goods, at py and p, prices, and is thereby
readily interpreted as a measure of price influence alone (since quan-
titics are constant}, but alse because the identity of fized-base and
chain series gives to the final results a simplicity and an understand-
ability that are satisfying. These properties would be acceptable were
it. not that the formula is basieally wrong in the use of fixed weights
instead of the changing weights that arise from the actual priec (or
quantity} changes in the market. Indeed, the simplicity and inider-
standability are deceptive influences. Simplicity has subtracted)some-
thing from reality—that is, the quantities ¢, have been subshivuted for
the go's and ¢,’s that are causally related to the prices pu},?ﬁd p—and
the understandability detracts from the actual complexity of the
market. .mj\\

Let us now make a similar comparison of fixedlhase and chain series
with ancther, better formula, Laspeyres’ forn}lQﬁ,’(l):

Beries Fixed-Base ¢ ‘\
Symbol Index ¢\*Chain Index
Zpipo .‘.’:'" Zp1do
Py ; o)
Zooge  o8F  Zpodo
P Zpagy ™S Zpwo gy
02 ?ﬁ{ﬁflo Zpoge Zpgr
P s Zpge Zpep Zpams
N Zpoge Zpoge Zpunt  Zpage

It attention is nefcentered for the moment on the Pys it will be ap-
parent why these fixed-base and chain indexes diverge. Pyg, when
caleulated diféétly as a single term in the fized-base series, utilizes
only thedowd sets of prices ps and po and the base set of weights gq,
despitgfﬁhe fact that the actual price movements between the periods
0,and.8 involved four sets of prices po, P1, P2, and p; and also the eor-
r%pénding four sets of quantities ¢q, g1, g2, and gs. It should be easy
to understand this Pgg because it does have simplicity, but that quality
has been obtained by the neglect of most of the cconomic facts that
produced the transition of prices from the 0 to the 3 period.

The chain index Py;, on the other hand, looks complicated and it is
complicated, It is more difficult to explain to the uninitiated than is
the first Py, but nevertheless, we must note, it has made usc of all the
P's of the market and all except the last year’s set of ¢’s. This fact
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~cannot help but make it a more accurate measurement. And while the
point is under consideration, it may be well to remark that under-
standability of a tool of seience by the layman is not a consideration
to be very strongly urged * unless all other things are equal. And in
this vital case they are not equal. One is reminded, by analogy, of the
trite remark that few of us understand everything about the mechanics
of an automobile but most of us drive just the same. Incidentally,
automobiles continue to be improved and the customer continues to
know very little about their technical construction, We need the same
improvement in index numbers. Q)
The Pros and Cons of Fixed-Base Series. The favorable argunents
for fixed-base series are few and are easily stated. They are,\iidaet,
the understandability diseussed in the previous paragraphsvplus the
matter of easy calculation. Nothing further need be said(aBout under-
standability exeept that it has its limits and that théy are quickly
reached. If fixed-base and chain series agree (the'¢ase for formula 7,
then of course there is no difference in ease of calculation because there
are no differences at all. Thig fact alone ay\ add another prestige
value to this formula and provide anottieryreason for its extensive
vogue. Buf, in all the remaining six formulas singled out in Chapter 5
as very good or superlative, there are differences hetween the fixed-base
and chain systems and these differetes may become very greal. The
claim that for these formulas the-fixed-base system is easier to calculate
than the chain system is und@ubtedly true. Consider the caleulation
of the index Py, by the two,m‘e\thods, having in each case all the previous
terms in the series. If Lagpeyres formuls is used the fixed-base index is
R4 . Py, = ZPato
P \d ZPoga
and the numefater represents the only new calculation that needs to be

made. It, &n. he other hand, the chain system is used then

N\

N Poy = Pyg-Pyy

"\ ¥
ant Py, requrres caleulation anew, Here

Py =

Zpags .
and two value aggregates are to be caleulated in this instance. Also
the new quantities G2 must he obtained. There is no doubt that the

1The author is folly aware that he is challenging eminent authorities here. Al
too much‘ of the literature of the subject has been devoted to making index
numbers simple and understandable to the public.
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chain index takes more calculation than the fixed-base index for this
forrnula, as do, of course, the remaining five formulas of Chapter 5. If
there were high correlation between ease of calculation and basie ac-
curacy this favorable feature of the fixed-base series would be im-
portant. Unfortunately therc is no such correlation and the benefit of
easc of caleulation can be obtained only by sacrificing more basie
considerations.

What arc the arguments against the fixed-base system? They are, in
fact, thoze defects that are found in any binary comparison as the dis-
tance increases between the periods compared. Py by the standardy’of
earlier chapters will in general be highly accurate, Py less so, andthen
as time passges and the base period recedes farther and fartherd nto the
past, aceuraey will continue to decline. D, the measurce of $he. different

- reportings of Laspeyres’ and Paasche’s formulas, can becennte very large
as go and ¢, diverge farther and farther, and R, the proporfion of
unique commodities, ean move toward unity. ~And remember that
when a large proportion of the evisting ecommodities of two periods is
classed as unique, the remaining binary commiodifies are a eorrespond-
ingly small proportion of the total, and, the}efore index number for-
mulas, which are applied to the latter, {gse much of their ability to
report measurements that apply to theshole economic situation, that
is, to Py (T') as defined in carlier piges. No other defect of the fixed-
base scries need be sought in orderto condemn the system utterly, since
this particular defeet is of su¢hvmagnitude. Congider what it means in
a practical situation. O;rgahlzcd farm groups first supported s prin-
ciple of price parity (ps}r\ﬁ&y with the prices of 1910-14) at a time when
farm prices were vefy)low not only absolutely but also relatively to
other prices, or so\they no doubt thought, and they naturally favored
a national pohcy “that promised better returns to them. But if the
indexes upon, which such & nstional policy were based were highly
‘inaceuratéd, then either of two results might ensue in a given situation.
Ii the.\ﬁa’s"ults favored the farmers they would doubtless accept the
wind{a! as their due; but if the results were unfavorable they would
at the least lose some of their enthusiasm for that particular form of
national policy. The plea here is not against & farm policy either
faverable or unfasvorable to the farmers. It is only against a policy
anchored to a highly erroneous measuring stick. If national poliey is
to be based on changing price levels than the nation cannot afford the
luxury of badly measured price levels. Any solution of the problem of
industrial disproportion in our economy based on erroneous measure-
ment will turn out to be no solution at all and will have to be done
over again. If the analysis of the previous six chapters is accepted,
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then the difference in price levels between 1910-14 and the present
almost defies measurement, partly because what we measure is subject
to so much error, partly because the whole economic system of lving
has changed to such an cxtent since 1910-14 because of Inventions,
technical developments, the exhaustion of certain resources, the dis-
covery of other resources, etc., that there is no realistic basis for com-
parison of the price levels of these two widcly differing periods,

The Pros and Cons of Chain Series. The chain series is a product
of individual links. First it is necessary to ealeulate Py, Pig, Pas, ete.,
giving indexes linking each pair of adjacent periods. Then the dinks
must be fused into a continuous chain by multiplication, so that; for
example, Pog = Pg1+Pia-Pss. The individual links can be ¢onstitcted
by using the very best formulas (Fisher's superlative ligt,, our 3, 4, 5,
and 6) and will then give a highly aceurate measuregmzht of the price
{or quantity) change between each pair of adjacentpexiods. The items
in the contimuous chain, the Py, Pys, « -+, Poy, axécrived from these
links, and the question at once ariges whethetyt\‘hé chain index thereby
hus more validity than, or has any preferengé.over, the fixed-base index
for a long series. In the discussion of theMixed-basc index great cm-
phasis was placed upon the increasingly” unsatisfactory character of
Py as the distance between 0 and.?j’iﬂcreases. Does the chaining of
links in any way avoid the weak"nesses of the fixed-base method of
making these long-range comparisons? Tt is very important to em-
phasize that the two methoare on somewhat similar ground in this
situation. The difficul ieswof the fixed-base index arise from the in-
creasing differences between base~ and given-year weights (the ¢; and
go for price indexesy the p; and p, for quantity indexes), the effect of
which was here n‘{p%surcd by I, and from the increasing proportion of
unique commo:dhies, the effect of which was measured by R. Thesc
differenceg.have not been eliminated from the basic data but the con-
struction}.f}f & chain index does treat them somewhat differently. The
res’uwl’g.'iS'believed to be an improvement over fixed-base indexes for
lohgrange comparisons but not a completely safisfactory measure-
ment, for a satisfactory measurement is impossible to attain.

The improvement which a chain index effects over the fixed-base for
any long-range comparison Py lies in the fact that the Py, fixed-hage is
caleulated from the data of periods 0 and & and loses all contaet with
the p’s and ¢’s of intervening vears and with all the adjustments that
they have produced in the economy, including all the commodities that
have been lost on the way as well as all those that have been newly
found in the same time. The Py chain system avoids these errors of
omission, for it is compounded of the whole set of changes in the p's
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and ¢'s through fzme and it has retained its contact with the actual
changes of these intervening periods? Therefore the Py, chain is
more accurate in this sense than is the Py fixed base.

But, with all this advantage conccded, there is still an important
defect in these long-range comparisons, It is that the basic ehanges
in an ceconomy, which eannot be reversed in time, tend to make com-
parisons of widely separated price levels or levels of production a
meaningless hodge-podge. Tt ig again the guestion: were prices in the
War of 1812 higher or lower than in World War II? Fhere is no
realistic answer, and any measurement which purports to give one may
be manipulating certain facts of obscrvation but not offering Tater-
pretations that have much significance. Do not forget that ghepropo-
sition here maintained is essentially that Py, or Puuomm; may have
greal validity but that as the distance between the gwo’ periods of
comparison becomes greater the measurement may, be go defective as
to be for all practical purposes useless. The upsbo‘t of this position is
that there is one kind of information of great walidity and of great
importance that ean be obtained from an indgx'Series and another that
eannot be obtained and should not be seught.” The valid and accurate
information which the index series will\give is a measurement of the
direction of change from period to yemod This, of course, is provided
also by the individual links, The meaburementq of doubtful value are
the actual levels attained by thielindex at great distances from the base
and the eomparisons of thése levels for different periods. The idea
under discussion here cgm,\be expressed very precisely in the term of
mathematics. If we think of the continuous series on a graph, we can
say that we have gréat confidence in the slope (direction of change) at
any point of the graph but that we do not have the same confidence in
any given ordinate (price or quantity level). The chain index gives us
all that ig ¥8ldly obtainable in an index number series, namely, the
best me&%&ément of direction of change. Neither it nor the fixed-base
index. p?owdet, measurements of change over long periods in which we
gam &hve much confidence.

Does the Chain Index Have a Cumulative Error? There is one
argument against the chain index that has had a prominent place in
the literature. Tt is that the chain index draws progressively away
from the fixed-base index as the series progresses and that therefore
the chain index is guilty of cumulative error. Notice the two parts of
this proposition: {1) Chain and fixed-base indexes diverge. On this
point there is no disagreement Sometimes the chain index iz greater

t The literature rccognizes this fact by emphasizing the advantage which the
chain system hag in additions to and substitutions in the commodity list.
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than the other, sometimes less, but they diverge. (2} The chain index
has a cumulative error. This cannot be a valid conclusion unless it is
also true that the fixed-base index is correct. The latter is not true,
and the analyses in this book have shown why it is not true. Further-
more, whenever chain and fixed-base indexes disagree we have cvery
- reason, based upon these earlier analyses, to aeccept the chain index as
the more valid of the two (having less error as measured by I and )
if the time periods compared are not so far apart that we must discard
all comparizson as worthless.

Authorities Pro and Con the Chain Index. It is interesting $o notiec
briefly the names of a few important students of index numbers and
the position they take with respect to the chain system,{ “Alired
Marshall’s article in the Contemporary Review in 1887 ig,\ol course,
one of the great classical papers on index numbers. It 1gIny this paper
that we find the first mention and advocacy of a chatindex number
as the best means of making long-time comparisond.y Edgeworth, act-
ing as secretary for a committee of the Briti%l, Wasociation for the
_ Advancement of Science, published his first {Memorandum” on index
numbers, also in 1887 and in it accepted Marshall’s propuosal for these
long-term comparisons.! Mitchell in The M aking and Using of Index
Numbers * finds three objections to. the’ chain index: (1) errors are
likely to accumulate, (2) interprc—;tapioh of the final results is simpler
in the fixed-base system, and {8)%the chain tends to drift away from
the fixed base. These defects@would seem to condemn the chain system
utterly in his judgment, ‘Igutf\he ends up by recommending that both
series be constructed if\@séurces permit and that then the differences
between the two be caMed to attention. Walsh mentions that with any
formula which givedsa biased error the errors will accumulate from
period to periogyand that the fixed-base system is an attempt to avoid
this result., He'says, however, that the way to preclude this difficulty
is to avojd%ts"ing formulas with errors which cumulate and then the
formulag~ean be used “in the proper way, in the ‘chain’ system.”®
Tpus:Walsh is an out-and-out champion of the chain system, Fisher's
pobifion has varied. He says,* “The chain system is of little or no real
use.” He lists arguments in favor of it: (1) the comparisen of adjacent.
periods is more exact, {2) the year-to-year lines of the chain curve have
correet slope, which is not quite true of the fixed base, and (3) the
withdrawal and entry of commodities are casier. But he no longer

* Edgeworth, Papers Relating fo Politica! Economy, Yol 1, p. 218,

2 Bull. 284, p. 86.

# Bee Walsh, The Problem of Estimation, pp. 84-85, 105,
¢ Bee Fisher, The Making of Index N wmbers, pp. 308-312,
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gives the same credit to argument 1 that he formerly did. The seeond
point he thinks is so unimportant that for the better formulas the eye
cannot distinguish between the two results on a curve {minute dif-
fercnees show up in the figures). He ends by saying, “the fixed-base
system - - - is slightly o be preferred fo the chain, because,

{1) it is simpler to coneeive and to caleulate - - -
(2) it has no cumulative error, as does the chain system - - -
(3) graphically it is indistinguishable from the chain system.”

Fisher's position is understandable when one remembers one Fery
important faetor in all his seicntific work, To him science.was of
no consequence unless it could be used to improve practice, a\ﬁd De was
frequently willing to make concessions on theoretical poinig in order
to facilitate the introduction of improved methods. Elis, position on
points 1 and 3 in the quotation above can very well belong in this
category, His position on point 2 is an unqualified ‘error. '
Fixed Base vs. Chain Indexes for Place Comgarisons, This discus-
sion of fixed-base vs. chain indexes has dealt almost wholly with index
nutcher series progressing through time, ‘A}Id this restriction is logieal
since most of the applications do apply o time sequences. But atten-
tion hag been called from time tq‘t'r'r'ne to the fact that there is real
interest in place comparisons forlpither price or quantity indexes. It
is true that place comparisons are not strietly analogous to time com-
parigsons since continuous sadbwement through space, in the sense of a
price index, does not seé’ﬁ to have the same validity as continuous
movement through timer But the question of differences in price levels
or in produetion levels between different areas is often raised, and there
is sume evidenge 8¥ an increase in interest in this sort of measurement,
The example referred to on an earlicr page of the desire of the Ford
Motor Comphny to set wages so that all Ford wages everywhere would
provide® eommon standard of comfort to all is & case in point.
'Ijh.gi‘é; i# no reason why the previous analysis cannot apply to place
cb’t‘nﬁpérisons as well ag to time comparisons, and in this new application
th€ errors indicated by I and B will again appear in their appropriate
situations to confound the results of such comparisons. The principle
still applies of high accuraey for short-range comparisons. The Ford
company should therefore be able to measure the price level of Toledo
or Cleveland upon the Detroit base with much confidence in the result.
Perhaps the price level for New York or for Los Angeles as well. The
point at which the analogy for time series will not stand up will be

1 Ibid, pp. 311-312.
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in an attempt to comparc Detroit and Los Angeles by chaining to-
gether a series of intermediate steps on the area basis, Detroit to
Omahg to Denver to 8alt Lake City to San Francisco to Los Angelos.
In any use of index numbers on an area basis we are always limited to
a single two-way comparison. There will be no series. TFhe two-way
comparison can be made, subject to the type of limitations indicated
above and analyzed in earlier pages. When quantities (g) vary too
much, for a price index, the D measure of inconsistency will be high.
And when the list of commodities consumed in the two areas shows
great variability, that form of error indicated by R, the indicatof ‘of
homogeneity crror, will enter our measurements. Subject ten thiese
limitations, index numbers may be constructed for place compirisons
upon the same principles as for time comparisons. A

One sort of place comparizon should give us pause. The omparison
that attempts to cross international borders will rundinto the problem
of national variations in consumption and prodiefion habits based
upon differences in resourees and upon a whole host of human differ-
ences that have their main roots in the historic past. There is no
certainty in this writer’s mind that a pri¢e(Index for Warsaw which is
constructed upon the Detroit base will have enough validity to justify
its calculation. 'This part of Ford’ssoblem is insoluble by the index
number route, and he should have-8ought another way of meeting his
problem of a proper wage for his ' Polish workers in Warsaw. If his
workers in Warsaw had beén Americans, the problem, though still
complicated, would not ha{ié&een $0 hopeless,

4, The Problem of Mbnthly Indexes

Whether the lontgth of the time interval for whieh index numbers arc
to be constmcj@eﬁ"presents any problem is an issue that has not been
faced yet, \The argument hag always been presented in terms of
periods gr'years, It happens that the length of the period is a matter
of i'r\np'{irtance in some instances; for example, = monthly index presents
sdine)problems that arc not met in dealing with annusl indexes. It is
the seasonal factor that brings into play some influences which operate
differently in periods of months than in periods of years. Consider,
for instance, a production index that contains as one of its constituent
series the figures of iron ore shipments on the Qreat Lakes. For a
yearly index there is no difficulty in including the annual tonnage fig-
ures and obtaining the appropriate price as weight. But, for a monthly
index, production figures fall to zero during months when the lakes are
frozen over, and one at once faces the problem of homogeneity. Ore
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shipments become & unique commodity for the winter months and must
be omitted from the index. In calling attention to the complication
that thus exists in caleulating monthly indexes {and weekly indexes
would only inercase the magnitude of the problem), the author does
not propose to-engage in an extended discussion of the problem of
geasonal movements in indexes or of their measurcment. A single
suggestion Is that a basie series of annual indexes be constructed and
that a scheme of splicing monthly indexes to them be worked out.
Some work was done in the mid-1920's by Professor Warren Waite
and Mrs. Dorothea Kittredge, of the University of Minnesota, onthe
problem of the proper orientation of monthly with annual indoses.
The subject still offers a fertile field for further work, §<x}
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CHAPTER 38

The U. S. Bureau of
Labor Statistics Index Number
of Wholesale Prices )

8.1. INTRODUCTION ,\{T

The decisions of the preceding pages regarding the best way to
measure a change in price or quantity levelgsbétween two periods, or
to construct an index number series, do r;gs( gonform in any full sense
with actual practice in the constructionwf any well-known or widely
used index published in this country, A bricf review of the history
of a fow important indexes may .ﬂjer:efore be worth-while for several
rcasons. First, an index numbex that has been published over a long
period of time should showsa development of method. For if it is
widely used it will have tile benefit of years of effort on the part of its
makers to improve it Eégl”at the game time will have been able to profit
from the eriticismg hormally expected from its users and from those
serious students.of/index numbers who have studied it throughout its
history. A seepnd advantage of such a review is to bring into juxta-
position 's",e\s‘bf actual practice and the proposals that have filled the
earlier gages of this book. It is hoped that this will help to clarify the
authq?’é'meanings and to show the bearing of his recommendations on

ctyul construction methods. Part II, therefore, will examine two
will-known and widely used index numbers, will give a short history
of the dovelopment of each one, and will utilize the proposals of the
earlier chapters as a basis of objective criticism of these indexes and
as o source of recommendations for improvement if any such seem
called for. The indexes that will be examined are published by the
federal government. They are:

1. The U. 8. Bureau of Labor Statistics index of wholesale prices.

2, The U. S. Bureau of Labor Statistics index of consumers’ prices.
83
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8.2. PERIODS IN THE DEVELOPMENT OF THE
WHOLESALE PRICE INDEX

The wholesale price index number published by the T. §, Burcay of
Labor Statistics is one of the oldest indexes in the United States, and
it is without doubt one of the most important and one of the most
widely uscd indexes. Its history to date covers well over g half cen-
tury of development.

1, Forerunners of the Index _ _ A

The first step taken in the United States toward the accumulation of
a historical record of prices and their reduction to an index\nymber
came at the time of one of the most significant political déyelopments
in our history. The quarter century following the closeld! the Civil
War was characterized by a leng decline in prices apd wages with &
consequent growth of unrest among wage earnerg™and farmers alike.
The period was marked by the growth of trade wdibns, the organization
of the Granger movement among the farmeys,\}ﬁe rise of the Populist
party, and the differences over monetary~}>o?icy between Democrats
and Republicans. OO

In the early 1890’ the U. §. Senate appointed a committee with
Senator Aldrich, Republican frcn},R}:idde Island, as chairman. Senator
Aldrich was at that timo one oft ﬁhé leading Republicans in the Senate
and doubtless exercised a great influence upon Congressional policy.
This committee, therefoz:g;‘%as important. It was known as the Com-
mittee on Wages, Prices; and Transportation, and its purpose wag, in
large part, to find amyanswer to the question whether wages or prices
had fallen furthefsince the close of the Civil War. The coramittee
chose ProfessonRoland Falkner, of the University of Pennsylvania, to
perform tk{lﬁﬁchnical Job of supervising the collection of prices and
the constiiretion of a price index, the particular feature of the work of
the Al\d.t‘i'ch committee in which our interest centers, Falkner and his
aidssucceeded in gathering a body of data on wholesale prices going
baek to 1840. Prices were obtained from the books of merchants and
manufacturers and from trade journals, and average annual prices
were calculated. In the end there were 90 price series from 1840 to
1859 and 223 series from 1860 to 1891. From these figures relatives
were caleulated upon the 1860 base, and index numbers were con-
structed as averages of these relatives. Falkner experimented with
weighted averages, using as weights some rather scanty data on family
expenditures; but his most important index over this period was the



SIMPLE AVERAGE OF RELATIVES INDEX 86

one constructed as a simple average of relatives. For this formula he
had a precedent in the London Economist index, first published in
1869, and another in the Sauerbeck index number, first published in
Londoen in 1886,

This Senate report was the start in the collection of what is probably
today the largest single body of price data in existence, the files of the
TU. 8. Burcau of Labor Statistics. The second important step in the
. collection of price data and in the construction of price index numbers
occurred when the U. 8. Department of Labor at the elose of the
decade of the 1860°s asked Professor Falkner to bring the Senate com-
mittec index up to date. His report in Bulletin 27 (1900} of the U, 8
Department of Labor presented price data at quarterly intervals'from
January 1890 to July 1898 and indexes by groups and for -all om- -
modities combined for the same intervals. His published jhdexes were
simple averages of relatives. The report published 142/sevies of actual
prices and 99 series of price relatives for the perioc@..fThc base period
covered nine quarterly price dates, January 189Q\be¥January 1892 in-
clusive, thus centering on January 1891, th;Q&x‘act terminus of the
Senate committee scries. Falkner made use of the personnel of the
U. 8. Department of Labor to gather his daba.

2. Simple Average of Relatives Ind’géx,' 18901913

Falkner's study was followed vary shortly by the department’s Bul-
letin 39 (1902), which is reglly the beginning of continuous periodic
collection and publication-9f Wholesale price data and of a wholesale
price index. In this fifef€port by the department, price data are re-
corded by months from 1890 to 1901 inelusive, but group indexes and
an all-commoditiesdndex were constructed by years only. These were
constructed as simple averages of price relatives with a broadened base
covering theyears 1890-99. There were, in all, 251 pricc relatives
covering the'entire period and an additional ten covering part of the
period AWith the publication of this report periodical price collection
ﬂnd«thé construction of a continuous series of wholesale price indexes
bebarme a permanent feature of the work of the U. 8, Department of
Labor, This work was shortly taken over by the newly organized U. 8.
Burcau of Labor Statistics.

From 1902 to 1913 inclusive, the basic methods of construction of
the price index remained as they had been werked out by the U. 8.
Department of Labor in its 1902 report; that is, the index continued
to be constructed as a simple average of relatives upon the 135099
base. One new problem arose when in 1908 it bceame necessary to
drop c¢leven price series, and eleven new geries (not substitutions for
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those dropped) were added. It was the problem of how to introduce
new commodities into the index. The procedurc adopted involved two
steps. First, for the group into which the new commodity was fo be
introduced, & group index was calculated for 1908 on the 1907 base. It
covered the whole list of both the old and the new commodities for
these two years. It did not, of course, include the old commodities that
had been dropped. It was then multiplied by the previous group index
for 1907 on the 1890-99 base, a calculation using the old list of eom-
modities. The result was interpreted as the group index for 1908 on
the 1800-99 base. The same procedure applied to the overall indeg M4,
will be recognized, of course, that the bureau had scized upon pheprin-
ciple of the chain index at this point as a means of solving its, problem
of changes in the commodity list. This was a significant $tep for the
future because the bureau has utilized the chain methodiaga basic part
of its calculation technique until relatively recent tifnés.

By the close of this peried, 1913, the files ofthe T S. Bureau of
Labor Statistics contained something over 250, hwice scries of monthly
data extending back to 1890 which were be'n’g\sed in the construction
of the wholesale price index. In fact, tlgeflxh)w report ' indicates that
the annual index from 1890-1913 shows’the commodity list varying
between 251 and 261 for all these ¥éars. Indexcs were now available
on both an annual and a monthlybasis from 1890 and were published
annually in the bureau’s reportéidn wholesale prices. Furthermore, in
an appendix the annual indeX'was carried back to 1860 by utilizing the
data of the Aldrich Senat@'e\ommittce for the years before 1890.

There is another iteth to be noted ahout this segment of the bureau’s
index number histor§y By the early years of this century several other
index numbers di\Wholesale prices were being published, notably those
by Dun and Bradstreet. Price levels were being carcfully watched as
they wergx@ﬁéured by the several indexes, and it is not surprising that
any difjfgn?nces in results should attract attention, Although if is true
that all these indexes showed the same general movements of price
le¥els it was nevertheless a fact that differences among them existed.
These differences aroused curiosity and eventually eriticism. And
nothing is more natural than that g government bureau should take
hote of eriticism, some of which was directed against the bureau’s tech-
nieal procedures. Indecd, by this time there had come to be some
doubt about the adequacy of an unweighted average of relatives. The
time was ripe for overhauling methods and for finding better ones if
they existed. In this situation the bureau invited Professor Wesley

1 See Bull. 149, p. 11.
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Mitehell to come to Washington to make a study of its index number
and to reecommend changes if the need for them were found.

3, The Period 1914-20—Weighted-Aggregative Index

Mitchell’s study was published by the bureau in 1915 * but wag com-
pleted in time to dominate the revision of the wholesale price index in
the 1914 bureau report (Bulletin 181). Two changes of the greatest
importance for the future of the index eame directly as a result of the
Mitchell study. Doth were formula changes. Weights were introduced
and the simple average of relatives formula was disearded in favor of
the aggregative form, in which the index, the fixed-weight aggregative
a8 we now know it, became the ratio of two aggregate values, thevalucs
of & basket of goods priced at the two sets of prices of bagerand given
years. Mitchell in his final conclusions had laid special emphasis upon
what he called “the weighted aggregate of actual prides’” as “preferable
for measuring average change in the amount of dmey required to buy
goods.” 2 RN

Having decided to introduce weighting in’r%it} index number formula,
the bureau had to decide upon weights (and then gather them from
whatever source was available and finally put them into form for usc
in the index number. It was inqvifﬁble that the bureau’s first task
back in the earliest days of itg(work with index numbers should be
that of organizing the pcriodié’ééllection'of price data. At that time
the collection of quantity{or weight data probably seemcd both of
secondary importanceandvery difficult. Indeed much of the literature
of index number the‘ﬂﬁ‘, at least as applied in practice, was then de-
voted to explainingthat proper selection of commodities was an indirect
method of weighting and, so the implication went, a sufficient method.

By 1914, /hdwever, the procedures of price collection had been rou-
tinized, l&\“mg only the problem of expanding the commodity list.
Furthermbdre, the question of accuracy of the index number had been
raiséd) and the problem of weighting was forced upon the burea}l’s
éttéhtion. Mitchell's influence was great and pointed to the necessify
of weighting. Therefore, when the bureau sought quantity weights to
measure the importance of prices of this period, it decided that the
weight of a commodity should represent the physical quantity of the
commodity marketed for o given yeor, and figures were gathered for
the year 1809, This was the most recent period for which full informa-
tion was available. Much of the weight data came from the census

1 Bull. 284,
*Ibid, p. 113,
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of manufactures and the census was then taken only at five-year in-
tervals. These weights remained in use until the next important
revision of the index in 1921, and thus they firmly established the
policy of this period of using a fized-weight aggregative index.

Thus the burean had a new formula with fixed woights based on
1903 quantities. The formula was Spxq,/Speq., where a refers to 1909.
A new base was then decided upon. The old indexes from the begin-
ning, in 1902, had been based upon average priccs for the years 1890-99,
For the new indexes, first published in 1914 and using the fixed-weight
aggregative formula, it was decided that the base period should besthe
last completed year, 1914, The bureau explained that “this changevwas
magde for the purpose first of utilizing the latest and most trgstworthy
price quotations as the base from which price fluctuations. hre to be
measured and, second, to permit the addition of new artieles tc those
formerly included in the index.” * This statement poi\nﬂsto the bureau’s
recognition of the need for revising and expanding the commodity list
as rapidly as it became known that some commadities on the list had
been superseded in market importance by oth#rd"and that commodities
new to the list deserved recognition. Wesaw how in 1908 a chaining
method had been devised whereby new_pommoditics could be intro-
dueed into the simple average-of-relgtives index. The same principles
could be and were applied here 4& the aggregative form of index in
order to increase the commodity tist.? By making the last completed
year the base for each succdgding year new commoditics eould be in-
troduced easily in aceorda’;}% with need or their availability. In other
words, if for each succéeding year indexes were ealeulated on the pre-
vious year as base, then the largest possible list of commodities could
be utilized in thi\idex for each pair of adjacent years and the latest
year could thefybe chained to previously constructed indexes to provide
continuity fer'the series. The bureau adhered to this plan in its bul-
letins fg{:flblﬁi, 1915, and 1916. Apparently it went even further than
utiliging the prineiple of chaining to introduce new commodities ginece
1dr dach succceding year it published a whole new set of index numbers
with the new year as base (100 per cent position). Whether this in-
volved a complete recalculation of sli the indexes whenever the base
was changed, or just a shift to the new base by simple division, it is
not possible to determine from the published reports. The revised
irdexes published while this policy of yearly base revision was in
effect were the following:

* Bull. 181, p. 5.
2 Ibid., p. 255.
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Report Indexes Published
Year Base Anmual Monthly
1914 1914 18901914 1913-14
1615 1915 1890-1915 1914-15
1916 1816 1890-1916 1913-16

Before the revision the bureau had been keeping up to date a con-
tinuous series of annual indexes since 1860 by linking the Falkner
(Senate committee) series before 1890 to the bureau series after that

‘date. This procedure was repeated in the 1914 report,! still utilizing
the old bureau series. The revised indexes based upon the weighted-
aggregative formula were not linked in with the Senate committee dcx
during the vears 191420, : ,.\\

After 1918, annual publication was interrupted by World \War 1 and
was nob resumed until 1919. In that year a combined repokt-was issued
for the years 1917-19 inclusive, and for these years the base was again
shifted, but this time to 1913, “in order to providg~aprewar standard
for measuring price change.”? This was a new Rolicy of dealing with
the base. It was a shift from a pragressive}ybhénging base to & fixed
‘base and at once became the established pobiy of the bureau. There
was undoubtedly a widespread interest(at*this time in comparing pre-
war, wartime, and postwar prices’\jfBut one wonders if part of the
reason for this reversion to a ﬁged»b'ase index did not lie in & certain
amount of confusion among usdrs of the index from finding a new 100
per cent, position every yedr™ In any event, by 1921, the fixed-base,
fixed-weight aggregative formula was established policy. With seven
vears of experience’vﬁt\l 1900 weights, and with general recognition
that these weights\ebuld not indefinitely measure the importance of
prices of the future, the bureau’s next important move in revising the
index was, .lagl%élly, a revision of the weights.

4. The ?e\vision of 1991—New Weights and New Commodities

LI’}}‘e Tevision of 1921 changed the construction features of the whole-
Salé price index in two important respects. The weights were revised
and the commodity list was greatly increased. The bureau had ex-
pressed the view, when the aggregative Index number was adopted in
1914, that weights should be revised “gvery ten years as new Census
information should become available.”? For the years since 1914, a8

we have seen, weights were based upon quantities marketed in 1909.

1 Ibid., Appendix IIT, footnote.
2 See Bull. 269, p. 8, and Bull. 296, p. 2.
3 Bee Bull. 320, p. 9.
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New weights were now available for 1919 from the census of manufac-
tures and from other sources upon which the bureau had previously
drawn, and they were one important reason for the revision that took
place in 1921. But the time was appropriate also to utilize s larger
commodity list that was now available, and this list, from which tho
new index numbcrs were made, ineluded 404 items as against 327 for
the previous year.

The introduction of these two changes did not involve any altera-
tions in basic poliey. The index was still & fixed-base, fixed-weight
aggregative with the same 1913 base as previously but with gew
weights and an enlarged list of commodities. All these Tactgrs re-
mained constant throughout the years 1921 to 1928, This\'fac\f did
indeed necessitate a recalculation of index numbers for past Rears 50 as
- to form a eontinuous series with the new indexes of the fityre. In the
1921 report the publication of the revised indexes began, new yearly
indexes heing given from 1890 and new monthlyNndexes from 1913.
In 1923, the revision of the monthly figures WQ ¢arried back to 1900
and, in a final special bulletin for this period/published in 1928, back
to 1890. N

The features, then, which differentiatd Jhe period 1921-26 from its
predecessor were two: (1) revision of’ 'ﬁzeights, which was in line with
the policy contemplated by the burdau when it introduced its weighted
aggregative index in 1914, and\2) increase in the commodity list.
Since weights, commodity list{and formula remained constant through-
out the period, the index_ gained a certain stability both of form and
content. But there was ahe parallel to earlier periods, namely, that
indexes were recalculgited for all past vears and months back to 1890,
This recaleulation Provided comparability of the entire series up to
the latest date,, I6/was a task that must have absorbed a sizable por-
tion of time gndeffort and of the bureau’s budget. Such may be the
price to bepaid for progress! The neeessity of recaleylation cannot
be avgidgéd when new commodities are added to the list and when,
thpin\’pfices having been obtained for past years, it Lias been decided
toNpélude them in the index. Whether recalculation due to ehange
of form, base, or weights can be dispensed with may be another matter.
This question will be considered at a later stage.

One further event oceurred during this period which belongs to index
number history even though it is not a part of the history of the
bureau indexes, Alvin Hansen had published an annual index of prices
for the years 1801-40 in the Quarterly Proceedings of the American
Statistical Association in December 1915 but had not included his
original data. In 1923 the bureau published his original price data as -
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well as his index.! Iansen had calculated three separate indexes, each
an unweighted average of relatives on the 1825 base. His three n-
dexes were the arithmetic and the geometric means and the median of
the relatives. His data included 142 series of prices from Boston and
New York markets. The significance of these indexes lies, not in any
contribution which they make to index number theory, but rather in
the fact that they were shortly after this time to be combined with the
Qenate committee index figures to provide the only long-time measure
of the course of wholesale prices from the beginning of the nineteenth
century to 1890, the date of the beginning of the burezu index. ~

5. The Period 1927-36—Changed Base, Variable Weights, ()
New Commodities O

Just as particular changes in construction practice sffieéd to set off
the years 1921-26 as a distinet period in the hi'stm;.yiof the wholesale
price index, so again the following period, 1927-3€,38 characterized by
changes in both form and content of the index\nymber. These changes
involve commodity list, base, and weights. ,7/»"

Expansion of the commodity list 1s {6 he- expected, of course, in the
growth of an index number of the sgdp:e of the wholesale price index,
particularly when the index 15 a~.gc}vernmental product. ‘The extra
eost of any improvement, especially the improvement that must follow
o broader commodity base, is\a tmall factor when it is recognized that
decisions which twrn on the mdex may invelve sums running into mil-
lions of dollars. Therefoteé, no reasonable cost can be spared to make

the index as accurape\% f)ossible. The users would be the first to sup-
&) The index, for example, was written into many

port such a poliggh. : !
war contracts during the last war as a basis for adjustments of certan

costs. The ‘eWidence from these historical notes that the bureau has
been co ‘sﬁaﬁtly on the alert to expand the commodity list, both to
make, it \broader and to make it more representative of all wholesale
IT}&YKE£-§, is one of the marks of Itg desire continually to improve the
Qdcx. This period 1927-36 brought two important expansions of the
commodity list. In the revision of 1027, the commodity list used in
the index was increased to 550 from the previous 404, and in 1931 there
. wae a further increase to 784 series. These changes, of course, meant
two sets of recaleulations. First, the 1926 commodity list was priced
back to 1923, and revised indexes were caleulated to include these new
data. Then, with the advent of the 784-commodity list In 1931, there
was a recaleulation of all monthly indexes back through 1926.

t Bull. 367, Appendix F.



92 THE USBLS. WHOLESALE PRICE INDEX

For the new indexes beginning in 1927, the base was shifted to 1926,
The bureau at this time explained that the shift was made “in order
that the latest and most reliable information may be ufilized as the

-standard for measuring priee changes. - Also it has been inercasingly
apparent that the year 1913 is now too remote to furnish a satisfactory
base for comparing price levels in recent years.”! This statcment ig

- taken from & special report of September 1927 publishing the first sct
of revised index numbers. The bureau added a further statement of its
reasons for the change of base in the report for the year 1927 when it
said that the 1926 base “furnished the most dependable standafd® for
measuring price changes. Moreover, taken as a whole, mazkef, condi-
tions in 1926 were regarded as falrly elose to normal for ghe post war
period.” 2 There runs through both these quotations. g thought that
has appeared before in the bureau’s periodic reports Oh ibs index: that
comparisons of widely separated periods are not, 3}1 Mmportant ner so
often wanted as nearby comparisons. When thevbase was shifted to
1914 from the previous 1890-99, attention wag)called to the faet that
comparisons hetween 1913 and 1914, or bé\twecn 1908 and 1912, were
generally of more inberest than comparlsons of 1914 with a distant basc.
This most recent change of bage fg 1926 was therefore completely in
line with a policy that had by thig time become definitely fixed.

A drastic change in poliey, however marked the third important
change in this revision. The“new weight policy was a complete re-
versal of the previous position. The bureau wag earlier quoted In its
1921 report as having gtabed that the shift from 1909 to 1919 weights
“eonforms to the pla&unt-emplated by the bureau at the inception of
its weighted indgx: mumber system in 1914 of revising the weighting
factors every tehyyears as new census information should become avail-
able.” # By! l§27 1t would seem that the policy of fixed wcights for the
aggrcgat\@ formula, with a revision af periodic intervals, say ten
years, was established policy, for it had been first put in operation in
lglé\and it had now been kept in force for a dozen ycars., But some
Wifferent thoughts must have been stirring somewhere within the bureau,
for when Ethelbert Stewart, the Commissioner of Labor Statistics, ad-
dressed the New York Scetion of the American Statistical Association
on October 27, 1927,% on the subject of the new indexes, his statement
concerning weight revision indicated a basic change in policy. He said,

1See Bull. 453, p. 1.

2 8ee Bull. 473, p. 2.

#3ee Bull. 320, p. 9; sce also this volume, p. 90.

*The revision of 1927 was in full swing during the previous summer, and the
first resuits were published in September, Bull. 453,
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¢ . the present plan is not only to add to the index new commeoditics
as they appear but to reweight with each succceding census; that is to
say, the fixed weighting period has been entirely abandoned both in
theory and in practice, and the weights will be revised with each census
period.”* At this time the census of manufactures was being taken
every two years, and so the commissioner’s staterent meant new
weights cvery two years. Speculation naturally ariscs as to why this
radical change in policy; and its closcness in time to one other very
important event in index number histery cannot have been wholly
accidental, Fisher's most important book The Making of Index
Numbers was published in 1923, and many sessions at the Ameziean
Gtatistical Association meetings in the years just before, during, and
just after this year were devoted to the subject of index niftabers and -
afforded the proponents of various views ample opportunity to express
themselves. There was mueh discussion pro and con't-hé Tdeal formula,
and that, of course, involves both base- and givengyear weights. Com-
missioner Stewart’s speech may well have reflecied\a ghift in poliey that
followed long and serious discussion, withigr%é bureau, of these new
or newly emphasized methods of weighting;. #nd it may have reflected
a willingness on the part of the bureat %o experiment with the new
methods as a possible means of improyement of the index. The record
of thig period in the history of, fshé *wholesale price index is evidence
that the system of current weights, in so far as the data were available,
was going to be given a trigh Tt will be much simpler for the reader if
this record is put down/imMabular form as shown on page 94, '
With these changesin weights and with the numbers of commodities
changing several tithes over the period from 1913 it is clear that the
construction of‘ﬁhé“re‘vised index involved & linking process between
consecutive ferfods when the changes ‘oceurred. The linking was ap-
parent-lyfﬁéfs’t‘uscd with the bureaw’s index in 1908 when & considerable
changeﬁécwred in the commodity list. It has been used repeatedly
singevthe adoption of the aggregative formula in 1914. Thus, where &
&hatioe of weights or of commodities occurred two aggregates were
esleulated for the period in question, one based upen the weights and
commodity list that was common to the preceding year, the other upon
weights and commodities common to the following year. This, (:'!f
course, is a typical example of the principle of the ¢hain index and 1t
is a proper description of the bureau's procedure to s&y that this prin-
ciple was used extensively during the 1927-36 period. This introduc-
tion of new weights every two years and the chaining necessitated by

~ * Address published in M onthly Labor Rev, December 1927.
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" WererTs Usep N RevisioNs oF 1927-36 *

Indexes for Years

and Months of Weights
1890-1912 (I¥o information)
1913 Mean of 1909 and 1914 guantitics
1914-19 Mean of 1914 and 1919 gquantitics
1919-21 Mean of 1919 and 1921 guantitics
1921-23 Mean of 1921 and 1923 quantitics
1923-29 Mean of 1923 and 1925 quantities
163031 Mean of 1925 and 1927 quantities i
1932-83 Mean of 1927 and 1929 quantities N
1934-36 Mean of 1929 and 1931 quantities A

' 4 '\. ‘5

* All this information, exeept the last citry, is available in the bulletins 6f this
period, numbers 472, 493, 521, 542, and 572. The last entry comes fgq1ﬁ’(}¢.1‘r.ts’ and
Dennjg’ article or the 1037 reviston, J. Am. Statistical Assor., Decetabdr 1637. The
tabular form is incorrect in one minor respect: for some comnimoditiGt the weights arc
averages of three years, of which the two end ones are ag given in this table, for
example, 1923-25 rather than 1923 and 1925. To put thesd\additional details in the
table would enly add confusion and would b of no servaQ for the purpose to which
the table iz directed. '\ £

changing weights represents the most radiral step in index number
construction in the entire history of thé\index. Tt is indeed a momen-
tous landmark in the history of inde}f’h'umbcr construction,

It is to be stated finally and briefly that the wholesale price bulletins
of this period provided revised Indexes, both annual and monthly,
extending back o 1890, Just what the method of revision was before
1013, if it was anythin foore than a simple shift of base (that is, of
the 100 position) by division, is not explained in the reports. The
-bureau also published during this period a long series of annual indexes
from 1801 to datd b} piecing together Hansen's index, the Senate com-
mittee index, audits own. Finally, it published a monthly index (with
important @ps, mainly before 1749) from 1720 to 1789 that had heen
construn;:tét}! by Warren and Pearson, of Cornell University. Neither
of thesstwo long series indexes have significance for this study of
pragtice in index number measurement. They merely give a fair,
general idea of changes in price levels over g past century. They arc
the only measures we have,

6. The Revision of 1937 and the Return to the System of
Fixed Weights

The year 1937 marks the final dividing line before World War 11
between periods in the history of the wholesale price index. The
previous period, 1927-36, has been deseribed ag a most ynusual one
in the history of the index because it marked a complete reversal of
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accepted practice in the matfcr of weight revision. The reason was
that it had substituted for a system of fixed weights subject to revision
about every decade a plan whereby weights were to he changed every
two vears, or as frequently as new quantity data were available from
the census of manufaetures. This change was here interpreted as a
move in the direction of the radical position of Ideal formula advo-
cates that weights should always be kept up to date. Whether or not
guch ideas influenced the thinking inside the U. 8. Bureau of Lahor
Statistics during this period, the events of 1937 indicated no such
views among the policy makers. The bureau next came up with a
revigion that completely reversed the practice of the preceding déeade
and reverted to the fixed-weight procedure of the years befoteh927.
The newly revised index from 1937 on became a fixed-Kase, fixed-
weight aggregative. The base was 1926, the weights, qgtimated aver-
age quantities marketed in 1929-30-31. The burgdh ‘personnel ex-
plained * that the new fixed-base, fixed-weight sygtem of construction
replaced the chain system that had been in operdtion since 1908.2 It
will be remembered that an especial virtuezaf+the chain system was
that it made for easy introduction of bofh 'néw commodities and new
weights in the index. The new index,(@s'of 1937 and thereafter, was
presumably to solve the problem of mew weights by not allowing them
except at intervals of a decade driso and then by reealeulating past
indexes—the procedure that hz,i(job’een uged from 1914 o 1926.

As for the commodity listhit was not possible to freeze the list and
admit no new commodities, for no policy in the entire cxperience of
the U. 8. Bureau of Kabor Statistics with its wholesale price index is
more fixed than that'ef constant revision of the commodity list as some
series became bHedlete and others became imiportant in the markets.
This process/piexpanding eommodity lists has continued throughout
the histodf the index, and, as of August 1948, the index included
over 850 Béparate price series. Now the question became how to re-
placc\%}ie chain system with & fixed-base, fized-weight system and still
,per\fnit the introduction of changes in the commodity list. A procedure
was devised to deal with straight eases of substitution, the details of
which need not be developed herc. There Is no record of how the
burcau met the problem of introdueing new series, not substitutions,
in the index without employing a chaining device. These changes bring
us up to the year 1949 in the history of this index. An attempt at eval-
uation of this historical record will be made after the corresponding
review of the other index is completed.

1 8ee Cutts and Dennis in J. Am. Statistical Assoc, December 1937.
2Ibid., p. 663,



CHAPTER 9

The U. S. Bureau of
Labor Statistics Index Q

of Consumers’ Prices 8

9.1. THE MANY USES FOR A CONSUMERSXPRICE INDEX

The index of consumers’ prices published wthe U, S, Bureau of
Labor Statistics is the bureau’s second'major‘gm?elopment in the index
number field, the index number of Whoiesale\prices being the first. In
its full development as an all-round cofithodity index in the consumer
prices field it is of much later datetthian the wholesale price index,
sinee the latter was begun in 1902 j;k'ﬁereas the consumers’ price index
as an established and continuingproduct of the burcau did not hegin
until 1921. Tts construction™fratures have been much influenced by
the technical methods df;yel‘oped for the wholesale price index.

Probably no index currently published in the United States is more
widely used than this, one, or more eagerly watched for its Iafest in-
dications of changé;” Its immediate predecessors, construeted during
World War I,'»pjayed & part in wage negotiations when wartime price
changes rerey "pon us, and the permanent index, established soon
afterwards,"has been an almost constant feature of large-scale wage
adjustments since that day. The Little Steel formula of World War 11
renqggﬁzed this index as a measure of increased consumer prices be-
tween January 1941 and May 1942, and the National War Labor Board
established it ag a basis for wage adjustments for all industries. The
index has found other applications: (1) as a basis for determining real
wages; (2) as a guide to general economic policy in matters such as
price eontrol or rent contral; (3) in intcrnational comparisons; (4) in
the adjustment of elaims for relief, unemployment, or other compensa-

tion; and (5) as a general measurc of the price level in long-term
contracts.

1 Bee The Consumers Price Indez, Joint Committee on the Economic Report,
80th Congress, 2nd session.
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9.2, FORERUNNERS OF THE INDEX

1. Food Cost Indexes before 1919

Studies of the cost of living of particular industrial groups or in
particular localities in the United States antedated the construction
of any indexes of consumer costs by many years. The sixth and sev-
enth annual reports of the U. 8, Commissioner of Labor for the years
1890 and 1891 contained such studics. In 1830 a survey of 3260
families was published for iron, steel, and cognate industries, and in
1891 a survey of 5284 families for the cotton, woclen, and glass inddss
tries. These early studies set a pattern. The eighteenth amnual
report of the commissioner, for the years 1901-02, contained s study
of 25,440 {amilies located in the principal industrial centexs of thirty-
three states. Several less comprehensive local studies héve)been pub-
lished in the Monthly Labor Review.® Although su¢histudies are an
essenlial forerunner of any general index of consume: ‘prices, since they
are the source of (1) the. lists of commodities putehased by consurners
and (2) the quantities of and cxpenditur '&ifl these goods, these
early studies were not followed by ijr}nre:diate construetion of con-
sumers’ price indexes. There was a Deginning, however, when the
bureau first introduced a food cogst"ihdex in 1903.2 'This Index was
carried back to 1890 and was co;‘gtiliﬁed to the days of World War 1.

2. Cost-of-Living Indexes furing World War I )

It was during Worl ’\Wér I that the demand for a more compre-
hensive index of codsunier costs arose. Wage negotiations, especially
in centers of rapidgwartime expansion, such as shipbuilding areas, were
complieated by~{;nusua] increases in retail prices. One of the most
forecful argumgents of the workers for higher wages was that the extra
costs showdd be covered in wages, or else the workers would be sacri-
ficing foi the war effort in terms of lowered standards of living and
then:i}\résumably lowered efficiency. Several cost-of-living indexcs, as
'they:“’ere then called, were constructed during the period to deal with
such immediate problems.

3. The 1917-19 Survey of Family Expenditures

These wartime indexes produced two results of immediate conse-
quence. First, they firmly established & precedent of wage ad] ustments
based upon changes in consumer costs. The rule was applied, to be
sure, in a period of rising prices, and it could be expected that fohe

13ee refercnces in Bull. 357, p. 1, note.
2 Bull, 54, pp. 1129-1163.
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workers would put on the pressure for such adjustments only during
rising prices. The logic of this sort of adjustment once accepted,
" however, the next important step was to establish regular and con-
tinuous indexes of costs of living, and this required comprehensive

and up-to-date studies of family expenditures. The surveys of 1890-91

and of 1901-02 were too out-of-date to be applicable to the postwar

conditions of the carly 1920’s. Thus the bureau conducted 3 survey
of expenditures among workingmen’s families during the years 1917-19,

This survey was the foundation for the first permancnt index of gost

of living, or of consumers’ prices, constructed by the U. 8. Burcay of

Labor Statistics. It covered 12,096 white families in 92 citien and

small towns in 42 states. For the total group the average fiymber of

persons per family was 4.9, the average yearly expenditure f)cr family

was $1434, and the average yearly income was $1513.17 These averagoes

were significant for purposes of index number constiuction, since the

commodity list and, more important, the quantitics to be used as

welghts, must of necessity be based on ave;‘ﬁ@é. Since for a given

group only one index was constructed, it ¢puld not in any precise way
apply to all the necessarily diverse conditidns among all the farmilies.

It had to apply to a family £ype for, ﬂic group, and this type was in-

fz\triably determined by some sort gf’&vérage. Criticism of the huresu’s

index during World War I¥ wasJsome respects related to this matter

of the difference between lower income levels within & group and the

group average, as will be};i:itﬁd later.
9.3. THE ORIGINADL U. S. BUREAU OF LABOR STATISTICS
CO§T-0F-LIVING INDEX, 1921-34
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The 1917—1,&{5\%\?@ of Tamily expenditures was not so much a pre-
liminary tQihé publication of a regular and continuous index of the
cost of Lii;:lng as 1t was an integral part of the process. After the war-
time experience of adjusting wages on the basis of changing consumer
pficed 1t was almost incvitable that this procedure would be continued
In peacetime, The 1917-19 survey was a natural expansion of the
work that had begun as speeial loeal surveys ol shipbuilding eenters,
and, at the same time that the U, &, Bureau of Labor Statistics field
staffs were collecting family expenditure data, they werc also obtain-
ing yearly price data. In soIne cities prices were gathered for Deeember
1917 only; in others, for December each year from 1914 to 1917. This
whole body of data became the foundation of the first regularly pub-

L Bull. 357, pp. 1, 4.
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lished index of living costs issued by the U, 8. Bureau of Labor
Statistics,

1. Pattern Set by the Bureaw’s First Cost-of-Living Index

In gome ways this first regularly published index set a pattern that
has continued without modification fe the present; that is, certain
features of hoth coverage and measurement in the first index are as
characteristic of it today ag in the beginning. In content and in pre-
cision of measurement important changes have taken place, but not in
form. The consistency of form is due partly to the status of index
number theory in 1919 and partly to the pressure of problems, that
brought forth cost-of-living index numbers during World Wardw/)

In the first place this index number has always been of thelweighted
aggregative type. That this form was selected for thefivat of these
indexes in 1917-19 is unquestionably due to the inﬂl{eﬁce of Mitehell
and to his 1915 study. For the immediate result wfthat study * was
that the bureau discarded a simple average-of-relatives form of index
number in favor of a weighted aggregative/Jor its wholesale price
index, The logie of Mitchell’s study was/not, however, in any sense
limited to particular kinds of priee indekés’; it applied to all of them..
The result was that the weighted agregative form became generally
accepted as practically the best..'jMit-chel]’s prestige became very
great, and any deviation frondthis newly established channel of
thought on index numbers weilld have had heavy going. Furthermore,
and this factor is always,ifh})ortant, Mitebell’s bulletin had the widest
possible digtribution amiong students of index numbers. Being & gov-
ernment bulletin and free for the asking, it had a vogue paralleled
today only by a hobk-of-the-month selection. This is not to say that
. Mitchell’s bullébirt did not deserve the attention which it received,
‘It did. But{the postscript is important: No matter how signiﬁcaz}t
the origimﬂ‘ discovery, if it does not become known, its usefulness 15
limite;d\:f \"Mitchell’s advocacy of the weighted aggregative form was
squitdMindex number theory; but its great influence was partly due to
theMyide distribution afforded through publication ag a government
bulletin. The cost-of-living index originated in the same bureau 1_;h'at
had put Mitehell’s proposals into practice in the construction of its
wholesale price index. The bureau naturally introduced the same ad-
vaneed practices into the new index.

The other feature of the cost-of-living index for which a permanent
pattern was established in the beginning was the coverage: Whaose cost

1See p, 87,
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of living did it measure? The index has been from the start a measure
of the cost of living of the lower-income groups in a few large citics.
As is generally stated in the burean literaturc, the index is designed
to cover wage earners and moderate-income clerical workers in large
citics. The lower-income groups, but not the lowest, were those over
which controversy arose during the period of high wartime prices, for
it was typically those wage earners or lower-salaried groups in the
centers of wartime industrial expansion who created the problem of
wage adjustment., The concentration of attention upon the larger
cities, of chief industrial impozt, is clearly evident in the area for%hich
the bureau constructed its first indexes after the 1917-19 survey. In-
dexes were published for thirty-two citics. This feature,ofviht index
has not changed in character up to the present, alt-i}gug\h two citics
have heen added. A
The original index, then, began as a weighteﬁf,aggregative index
applying to moderate-income families in the rost important industrial
areas and large cifies in the United States,.\And it has econtinued to
be this kind of index throughout the first t{(ree decades of its existence.
The modifications that have occurred, and’to which the next few pages
will be devoted, have been conecernedy With some expansion of coverage
in terms of cities, chiefly of temporary character during World War II,
but mainly with the developmeénth of a greater sharpness of outline in
the measurement itself, parj:iéh’lérly as ideas have been clarified as to
what a weighted aggregstive should measure.
#\J
- N
2. The Original Gr,oh and All-Ttem Indexes
The firat, publi\cétion of & cost-of-living index that was to be main-
tained theresftedas a permanent and recurring feature of the bureau’s
work occurredin 1921. The index was extended backward at that time
for yeagbxintervals sometimes to 1917 and sometimes to 1914 and,
followdng the original publication date, appeared currently at quarterly
illte?éals. The basie indexes published on those dates were the city
‘group indexes. At the start total family expenditures were classified
. into six groups and subindexes for each group along with a corposite
index were constructed for each of thirty-two cities. Indexes for the
same six groups and the same thirty-two cities are still being con-
structed today, Two additional cities are now Included, The accom-
panying tabular scheme indicates the relationship between the basic
. indexes (city group indexes) and the composite indexes, for each city
and for the United States, that were constructed from the basic indexes.
It will at the same time give a sort of reference guide to the discussion
of construction methods that follow.
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Crry Croor InpExss AND TEE ComposiTES OBTAINED FRom THEM |

Cities by Number

Giroups 12 ... 32 | 0.8

Food —_r
Clothing

Rents

Fuel and light
House [urnishings
Miscellancous : "\

[ —
—
—|—
e | —
—
4
> 4

All items . N

A
»

As said above, the basic indexes were the cily gro plindexes, those
which are comprehended within the body of thebgble. The arrows
indicate the source of the several composite indexes: (1} group indexes
for the United States, nowadays referred fa} the national indexes,
were constructed as eombinations of the'c'o'r'fesponding city indexes for
the same group; and (2) all-item ir;giekcé for cach city and for the
United States were constructed as ¢ombinations of the several group
indexes belonging to that city or¥o the United States. The construe-
tion methods, therefore, have. three parts:

1. The constructinnoéféty group indexes. _
2. The const-ructjc}}\of United States group mdexe:s..
3. The construdtibn of all-item indexes, both for cities and for the
United Stades.
..\’t\"
3. COllstrL\\siio'n Details
(1) City Group Indexes. The city group indexes were em}structed
as cqiisbant-weighted aggregatives. In form they may be written
™
\ _ ZPufla
Zpoga

where @ indicates a group index, and additional designatio.n will be
needed whenever it is necessary to distinguish between a C-lt}’_gFOUP
index and a national group index. The subscripts 0 and % andf @ have
the meaning that has been attached to them through?ut this hock.
The year 1913 was selected as base, and the quantity weights, go, came

0k
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from the 1917-19 survey of family expenditures. Once the series of
value aggregates 3p.q, were cbtained, the remaining step in the caleu-
lation of group indexes was completed by simple division of the bage-
period aggregate into all others. In extending the first published in-
dexes to dates prior to 1921, the bureau ran into a typical difficulty:
the food index before 1920 contained only twenty-two foods, whereas
thereafter it covercd forty-two foods. A continuous series was made
by a linking process on the December 1920 index, as follows: The
December 1920 index for twenty-two foods was ealculated on the 1917
base. Callit Py, 2. Then, alter the ealeulation of 3p.q, for Decefaber
1920 and periods thercafter for forty-two foods, the formula, for any
period k of the continuous-series index on the 1913 base becafe®

ZDra R e

Py = Pp.go - e,
ZPD 20¢a RS

This now-familiar linking process has apparedily”been uscd by the
bureau whenever a change has occurred imy¥He commodity list or
weights. S\ _

The heart of the whole construction ;pf:oéedure at this point lies in
the calculation of the terms 3pegaslior k=0, 1, --+). The com-
modity list that would: appropriately represent the economic group
whose living costs were being meagtired was obtained from the 1917-19
survey. This survey showed in’ common with all others, that family
consumption expenditurcsi:&r any considerable group of families (there
were 12,096 families in{the survey} range over hundreds of different
commodities in t-erms% kind or quality. Not all these commodities,
of course, should (b¢“included in an index, first, because they would
make the caleulabions extremely heavy and tedious, and, second, be-
cause a complgte list i unnecessary. The principles of sample selection
are, of pp%ﬂé, better understood today than in 1919, but the sample
list of wemmodities used at that tiine showed in a very rcal scnse an
B appr@hiat-ion of how to make such a kst properly representative of the
whole range of family expenditure for the purpose of measuring price
change. The very division of the sample commodity list into the six
groups given above is evidence. The first commodity list contained
165 different goods and serviees, in addition to rents.

The prices that entercd into these first city group aggregates were
average city prices. The quantities werc the average actuel quantitics
of each tndividual commodity or service purchased as shown in the
1917-19 survey. But it was not necessarily the purchases in the indi-

1 Bec Buil. 629, p, 15.
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vidual eity that were used for the }:ity group indexes. In the food
group indexes, for example, the g.’s for a given city represented quanti-
ties purchascd in the region in which the city was located, There were
five of these regions: North and South Atlantic, North and South
Central, and Western. These two peculiarities in the determination of
the g,'s for the city group indexes deserve special notice, for they illus-
trate the point, to which reierence was made above, that the earliest
cost-of-living indexes suffered, in comparizon with later ones, in terms
of precision of measurement. Had the principle of sampling repre-
sentation been thoroughly understood in the beginning, each commodi;
uged in the index would have been looked upon as representing, ‘get
only itself, but alsc in many cases other commodities in the total family
expenditure budget. Thus the sum of all the weights whed ‘properly
determined would have measured, not the significance of 4he 165 com-
modities in the index, but rather the significance of all t’he commodities
in the family budget. The principle is clear: ayparticular price is
chosen to represent a set of commodities, none ofhich except the one
priced is in the index list. The weight of thigm}iﬁnodit}r should there-
fore measure the importance, not of this<eommodity in the family
budget, but of the whole set that it is demigried to represent.

The second feature of the g,'s for«ity group indexes, namely, that
they were regional quantities, is ygrl)hg in theory, or at least is not so
aceurate as city g,'s, unless thergean be reasonable certainty that con-
ditions bearing on p's and gé.are fairly stable within a region. It is
probable that the burea,u“ih those early days shicd away from city
quantity weights through fear that a city sample might be too small.
But a properly seleéted sample of from 80 to 200 families would not
greatly worry awfedern sampling specialist. It is a fact that both
these feature§~ Qb{"the original quantity weights for eity indexes have
now bcep_ﬁhiaﬁged. ' _

(2) U'.fS\. Group Indexes from City Group Indexes. The first city
group-indexes, then, were ratios of two value aggregates Zpada with the
p’smaﬂd ¢’s as defined above. Group indexes for commedities other
than foods for the United States were constructed from these thirty-
two city group indexes. The U. 8. food index was obtained by an
cxtension of the procedure for caleulating & city food index. Ipide W5
again calculated, but in this instance py Was the average price of .each
food item in fifty-one cities from which food prices were obtained.
The q,’s were the quantities purchased by 1917-12 families as measured
in the entirc survey. The index was, as usual, the quotient of the base-
period aggregate divided into each of the other aggregates in turn, For
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groups other than food the city aggregates were combined by simple
addition, thus: :

32
.Z Z ia

where 3peqg, is as defined earlier for a given city and the first sum-
mation sign above indieates a summation of such apgregates for thirty-
two cities. Given these combined aggregates, the usual process of
division by the baze magnitudes gave the indexcs desired.

(3) Al-Ttem Indexes for Each City and for the United States. The
all-item indexes for cach city and for the United States were-gén-
structed as weighted averages of the respective group indexes of\edch
locality mnvolved. The weights used were the proporiional exptnditure
of the particular group as measured for that locality in the*1917-19
survey; that is, for each all-ifem eity index the proporijb‘ﬁéd expendi-
. ture weights came from that city’s expenditure figurds 4n the 1917-19
survey. For the all-item United States index thésweights came from

the entire 12,096 familics in the survey® A)

It may help fo see this procedurc in ipf(ehtirety if it is put In
formula form using present terminologysSbet &y <+ Gy be the six -
group indexes for a specified city. Each ‘will be of the form

No};:: X
2 Z Pida
Ve Nog-
< Z Poffa
Then the all-item index\& for this city will be
W 2. Patta & Prla Pala
Pk = EG!; A Nos = Z Niog 6 Nug

i \.. e~
\:’"\L“ 2. 2 Pade 2. poga \ 22 2 Ple

It will .bé;.: readily seen from this form that the all-item city index (or
UnitedyStates index) does not reduece to a simple aggregative form

u&@sﬁs"ye&r 0 and year a are identical, which in this instance they are
not.,

94, THE 1935 REVISIONS—TECHNICAL IMPROVEMENTS *

The year 1921 thus saw the establishment of cost-of-living indexes
for moderate-income groups in large cities of the United States, with
comparative figures for the past, extending in some instances to 1914,

1 See Bull. 357, pp. 456-466.
?Bee Monthly Labor Rev., September 1935, pp. B15-837.
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and with the prospect that new indexes would be compiled currently in
order to kecp & continuous index and to maintain comparability be-
tween present and past. The indexes were formed essentially on the
principle of the constant-weighted aggregative with weights taken from
the 1917-18 family expenditure survey. In this form the index eon-
tinued without change until 1935. - '

1. The Need for Periodic Weight Revision Recognized

But constant-weighted aggregatives, even as presented in the
Mitchell study of years earlier, were not a fixed procedure to be main-
tained for all time. It was recognized when the constant-weighted
aggregative form was first advocated and when it was first-Jntroduced
by the bureau in its wholesalc price index in 1914 thah the guantity
weights must maintain a reasonable relationship to the'prices that were
being weighted. Thus it was carly suzgested thatt weights should be
revised every ten years or so. This position can easily be accepted as
an cssential part of the inheritance that the post-of-living index re-
ceived from its predecessors. Its acceptg@ee is evidenced in the.fact
that the bureau was unwilling to establish a permanent cost-of-living
index after World War I based y;pim’ weights then available from
carlier family expenditure surveys \The only survey of comprehensive
character that had been made}'y'va's the one for the years 1901-02. It
had covered 25440 worlging}h’en’s families in thirty-three states. A
NEW SUrvey was obvio‘us}y a necessary part of a mew cost-of-living
index, and the 191 4187 survey of 12,096 families was planned and
executed with thedefinite purpose of providing commodity lists and
weighting factotg/for this index. Indeed, many of the price data for
the new index back as far as 1914, were obtained at the same time and
_apparcnt%{f‘ﬁy the same field erews that gathered the family expendi-
ture data. ' _

'IQfé't:nformity with the general theory of revising weights after a
(Toasonable interval, it is as to be expected that the bureau had plans
T6r new family expenditure studies in the not-too-distant future after
the index was first established. These surveys, of course, serveq Ot}}er
purposes besides providing eommodity lists and weights for price in-
dexes. Three such surveys in the period 1921 to 1935 deserve notice.
They are: '

1. Expenditures of fedcral cmployees in five 'ci_ties, 1927-28.
2. Expenditures of Ford employees in Detroit, 1929.

"1Bee Bull. 357, p. T2,
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3. Expenditures of federal employees in the District of Columbia,
19332

These surveys, as is evident, were local in ¢haracter and were not de-
signed with a view to revision of weights for the cost-of-living index,
The Ford Motor Company study, for example, arose out of Ford’s
-desire to establish eommon living standards, and wages based upon
them, for his employees the world over. There can be little doubt,
however, that the U. 8, Bureau of Labor Statistics carried out these
loeal surveys having in mind the possibility that the time would cdtp
when another comprehensive family budget study must be magde 2nd
that itz consumers’ price index must be revised on the basis 'Qf it In-
deed, the plans for such a survey were completed and funds-provided
g0 that the work began in the summer of 1934. The bud’giet study of
1934-36 was the result and was the basis for gene@l revisions first
published in 1939.

2. The 1935 Changes Were Methodological .Ii;;i}pi'ovements

The year 1935 marks the date of the ﬁrsf modifications in the form
- of the index after its first pubhcatlon inM921, and the years 1934-36
were the period during which theg Ddw comprehensne expenditure
survey was being conducted. Thcse two events were related only in
time, however, not in causal sequence. Comprehensive revisions were
planned to be made as bOOIl\&S possible after the 1934-36 expenditure
data became available. , ]{ut ‘the 1935 changes were not a matter of new
content or new datay, They werc, rather, new ways of handling any
hody of price and quantlty data such as had been utilized in the
original index. They gave new form to the index, and they doubtlass
aroge from the biircau’s experience in studying its methodology during
the one an{\cme half decades since the index was established. The
hurean tr.mst have felt under pressure to introduce at the earliest op-
POI.‘i;Uni‘ty any important methodological improvements that could be
mﬂade‘ in the construction of the index. It made four important changes

in its procedures at this time. They concerncd the weighting systems
for:

1. The eity food indexes (two changes).
2. The United States group indexes
3. The all-item city indexes.

' Made jointly by the U. 8. Bureau of Labor Statistics and the Bureau of Home
Economics of the U, 8. Department of Agriculture,
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3, Technical Changes

(1) Revision of the City Food Indexes. The city food indexes were
expanded at this time to include eighty-four commodities in place of
the forty-two that had been ecarried since 1921. This increase in cover-
age was important in terms of representation of the food budget bui was
in addition to the two methodclogical changes listed above. The latter
were, first, the replacement of regionel quantities as weights for eity
prices by city quantities and, second, the introduction of what the
bureau called imputed weights.

" Tt will be recalled * that the quantities (g.) used in the original gity.
indexes were, for each commodity, the actual guantity of that yood
purchased, according to the 1917-19 survey, in the region in which the
particular ity was located. The entire list of cities in the survey was
divided into five groups. To illustrate, the North Atlantic region
contained cities as widely separated, both physically, and economieslly,
as Portland, Maine, Boston, Buffalo, Philadelphiayapd Seranton.? The -
food prices in each of these five eities, howevely were weighted with
the same g,, the survey figure on quantity/plrchased in the North
Atlantic region. Furthermore, the g rqpr%entcd enly the quantity of
the particular commodity; there was! Do sampling representation to
cover foods that were in workingmeh’s budgets but not in the index.

The significance of the weighting changes in the food index is

readily apparent when the néw procedures are contrasted with the .

above. The burcau had féimd, by study of the 1917-19 survey, that
food consumption showed great diversity from city to city. “It was
therefore decided thé\dt\,\i’n so far as adequate figures were available,
revised weights sholuld be computed for the food-cost index for eagh
city in which prieés are secured, based on the food purchasing habits
of that cityf?¥" The g.'s now became eity quantities rather than
regional ;\il:,"in a few instances in which city samples were small and
severagh méarby cities were similar in their economic setup, the q{t’s
TefSI‘i?E{?f to purchases in two or more nearby cities. For example, in
Boston the go referred to Boston alone, but in Bridgeport, Pruvldenc.e,
and Fall River the g,'s were the purchases In these three cities ar?d in
Lawrence. It was clearly felt that this change gave quantity welghts
more properly representative of the particular cifies than the previous
regional quantities, and of course the modern view is in agreement.
*See pp. 102-103. '

2 Bec Bull. 396, p. 3. .
% Sce Monthly Labor Rev,, September 1935, p. 821, Talics added.
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The second weighting change introduced into the food indexes was
even more significant and probably represented the greatest single
advance in methodological thinking introduced at thiz time. It was
the introduction of what the burcau called imputed weights. Whereas
a g, had previously represented the quantity purchased of the pariicu-
lar good priced, it now came to have a wider meaning. It became a
quantity representative of the whole list of commodities (when there
were more than one) that were represented in the index by this price.
The change was of great significance for it recognized the importance
of the sampling problem. An actual workingman’s expenditures duyine
a year may include as many as 1400-1500 individual cummodit-igs {a
bureau estimate '} but the index is based on less than 200. Therefore,
the eommodities included in the index either represent thcmséix es only
-and therefore but a part of the workingman’s consumptlon or they
represent the total consumption. In the original w glghtlng gystem for
" the food indexes it is unquestionable that the natvower view of repre-
sentation prevailed. The problem of sampling,represcntation was not
50 clearly understood. The change whereby gy came to represent not
" only p but, where sample representation;fré Ifeeded, a whole list of p's
of which only one appears in the indcx was a fundamental one and
marked an important technologic&lv advance. The procedure whereby
the revised g, could be'obtainedjf’rbin the 191719 expenditure survey
data can be very easily indfvated. Suppose that p is the price of
carrots, on which the avql;ag\e family expenditure in city A in 1917-19
WAaS U = Palg. Suppo&\’ﬂso that the index commodity list contamns
no other vegetable; afid let the average family expenditure on all vege-
tables, 1917-19, in mty A be vs. The latter is a sum of money, as is vy,
but cannot be¢ éxpresaed directly in terms of p, ¢, at least without a
price mdeX\{ur all vegetables. We have then

pk -—.prlce of carrots for some period (%)
mbl = Pafa = average amount in dollarg spent per family on earrots
\ 4 in 1917-19 in city A
vp = average amount spent per family on all vegetables in 1917-19
in city A

Then two weights (¢’s) for pi ean be established ag follows:

v . .
ge = — = the weight used in the original index
Pa

18ee The Consumers’ Price Indez, Joint Committee on the Eeonomic Report,
80th Congress, 2nd sesslon, p. 4.
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vz . . .
¢ = p_ = g hypothetical quantity weight for p, that gives p, an
importance based upon all vegelabled and not based upon car-

rots alone

The introduction of weights g,” in place of ¢, was the most important
change made in the index in 1935. .
(2) A New Method of Calculating National Group Indexes.. The
revision of the method of calculating the national group indexes af-
fords another example of the progress in thinking on technologieal
procedutes. The original national indexes had been constructed by
one procedure for foods and by a different one for other groups, ¥or
the food index, average prices py were determined from all q‘{lbt,é‘tions
in fifty-one cities and a single cost aggregate Spig. wes\then con-
structed, where g, represented the average quantity {purehased per '
family among all familics in these fifty-one cities in 1917-19.% Other
sroup aggregate costs were obtained by simplé sddition of the cor-
responding aggregates 3pxgs from each of th'{(ty-two cities. The na-

tional aggregate was then iz it wlgei}e “he first summation sigh
indicates summation over cities, the réhiainder of the expression re-
ferring to summation within each ity “In the revision of the national
group indexes an average index for the United States was formed by
calculating & weighted averaghiof the city indexcs for the group, the
weights being proportional(to populations in the several cities. This
“was an average of ﬁfty;@’rk eity indexes for foods and of thirty-two for
the other groups.?® This ehange also represented & methodological im-
provement becausé of the fact that the different city indexes or aggre-
gates represented-different numbers of families, and these difierences
were not rqﬂe&‘fed in the quantity weights, s, since the weights repre-
sented quén}iée purchases per family in each city. The shift to pro-
portign},xl\population weights in combining city indexes into natlol‘lal
theréfere gave & measurement in an appropriate way to the varying
{dmportance of an average amily g, in the different cities, since numbers
of familics vary in clese conformity with total population.

(3) A New System of Calculating All-Ttem City of United Stajces
Indexes. The final change made in 1935 concerned the constructlpn
of all-item indexes for each city and for the United States. The earl_ler
procedure had heen to construet a weighted average of the group 119-
dexes, the weights based upon proportional expenditures by.groups 10

18ee pp. 103-104.
2 Monthly Labor Rev., September 1935, pp- 820-821. 836
3See Monthly Labor Rev., September 1935, p. 828, and Table 8, p- 520-
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each city, or in the United States, according to the 1917-19 survey.
The weights by groups, therefore, were of the form

ZPala

§ Z Dala

and the important point to note here is that all subseripts of the p’s
and ¢’s are a; that is, the percentage weights were based wholly on
the 1917-19 expenditure data. Attention was called a few pages
earlier * to the fact that the all-item indexes constructed in this mangrer

did not reduce to simple aggregatives, the formula being .
o

¢ ZPiba ZPala ’\.\
2 Spoga\ & (‘ >
\ Z Z Pulba , :

In 1931 Hogg called attention ? to what she consid\cred s distortion
in the index caused by these weights. Her argument was in substance
that, since the bureau measured the importafge of a price px by the
quantity ¢, a set of group indexes G ¥ 3PQs/ZPode should be
weighted by the proportionate cost of the quantities g, priced at the
base-year prices po. IHer proposal deduces to proportional expendi-
ture weights for the (5, a8 follows 3%

I\ ZPola
e\ )

\\ 2 2 Pota

When these weights are used the weighted Gi's become
¢

£ ) [+
,\';k 5 [zpkﬂa _ Epaq-'] _ L.
& Zpte 2Zpotal | &

Q) 2 22 Pols
whitéfreducea to a fixed-weight aggregative for the all-items index
wsfbh g weights, or its equivalent, a value weighted average of price
rélatives using {peg.) values ag weights,

The above seems to represent the prineiple involved in Hogg's criti-
cism and it also represents in its essentials the change introduced in
1635 into the calculation of all-item indexes. The burcau’s actual
procedure involved, first, the ealculation of aggregate costs for cach
group for 1913, here called Spoqg,. This figure for each group was ob-

1 See p. 104
zin J. Am. Stetistical dssoc., Vol. 26, pp. 52-57.
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tained by dividing the 1917-19 average expenditure for the city (or
for the United States) by the group index of priees for 1817-19 on the
1913 baze. The latter was actually a simple average of the two indexes
for December 1917 and December 1918. The process is llustrated for
the United States figures ! herewith:

1017-19 1917-19
Average Price Index  Quotient
Group Expenditure  on 1913 Base Zps
Food 563.92 172.2 327.57
Clothing 233.26 181.3 198.68 )
Rents 204..66 102.7 199.25 N\
Fuel and light 71.68 135.0 53.09 N
House furnishings 66.45 177.8 37.37 {\)
Miscellancous 296.21 151.9 194,98 )
1436.18 152.6 940,94

¢

\

The figures of the last column were then: multiplied by the group
indexcs for any date, producing a set of groppidollar cost aggregates
for that date which we will call 2psgo. Thesehen gummarized repre-
sented the aggregate cost for all items*SBPrda and when divided by
$¥poQe = 94094 gave the desired ipdex. The process Is ilJustrated
below: ' o

AN ) Gy December

1913 Costs 1918 o Product

Croup W8N Zpoga 1613 Base Zputa

Food O s w3 OB
Clothing 128.68 213.4 274,66
Rents 9™ 199.25 105.3 209.87
Tuel and fight 53.00 146.0 77.49
Hougpfrnishings 37.37 25.0 76.62
s{ﬁ?@éﬂﬁ.ncous 194.98 £ 163.3 318.48
s’\ : ———
)" Aggregate costs 0940.94 1570.67

ANY Indexes 100,00 166.9

Ve &

}hé bureau comments that “this procedure is necessitated by the fact
that the index must be computed currently by the link-relative method,
because of constant changes in the form in which consumer goods are
offered for sale.’® In other words, for any month or year i?l'l which
changes occur in the commodity list, the current index can be linked t.o
the previous period by caleulating group indexes G-y (where b 18

1 Figures taken {rom Monthly Labor Rev., Septe.:mber 1935, p. 82T e
2 Monthly Labor Rev., September 1935, p. g27. Figures above from same ’
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~ the current period) and earrying out the multiplications upon Zpi—_14¢.
in the same form as above.

This final change of the 1935 revisions is also a distinct methodologi-
cal improvement. When, as originally, the percentage weights for the
group indexes were bazed upon the 1917-19 expenditures they repre-
gented a magnitude that could vary in two ways from the conditions of
the base and given periods of a particular index figure, since both price
and quantity elements in the weights came from period ¢. In the re-
vised system only the quantity factor, g,, came from outside the two
periods compared. The bureau puts the matter in slightly diffghent
terms. On the assumption of a fixed consumption schedule (the quan-
tities of 1917-19) the proper weights to use in combining gm@ﬁﬁ‘ldﬂ){&g
into an all-item index are the proportional distribution ameng groups
of the base (1913) cost aggregates of the first consumption schedule
employed. The cost ageregates here referred to ame &peg,. Whether
© in taking this position the burcau was influenced Py the fact that, with
a constant commodity list, this method of v@ighting reduces to the
equivalent of the constant-weighted aggregefi¥c Spuqs/3nog. only the
bureau can tell. Hogg said,® “In congidlering this question of con-
sumption (i.e, the g,’¢) the price changelelement (i.e., ps) necds to be
eliminated «--.” And again, - -+ niiti new budgetary data are avail-
able, the most desirable course secis to be to regard the 1917-19 data
as typical of 1918 and to assume as usual that expenditure changes in
earlier and later years wergdbe to changes of price, not of consumption
habits.” * Her position,\i}:} vapparently accepted in tote by the burcau,

9.5. THE NEW)FAMILY EXPENDITURE SURVEY OF
1934-36"AND THE CONSUMERS’ PRICE INDEX
o AFTER 1939

1. The Cx\gs:fulative Evidence of Changed Consumption Habits

By the middle 1930’s the budgetary records of the 1917-19 family
(xpendlture survey were becoming anecient history in a very real sense.
Byidence is plentiful for the view that a new survey was needed to
provide more up-fo-date information on consumption habits and that
the bureau was prepared to make a new survey at the earliest possible
date. When Hogg in 1931 proposed a new method of weighting group
indexes to avoid what she called a distortion she did so with the clear
provigso that it was a best procedure only until new and eurrent
budgetary figures could be obtained. She said, “4 new cost of living

1J. Am. Statistical’ Assoc., Vol. 28, pp. 55, 56.
2 Monthly Labor Rev., September 1835, pp. 825-8286,
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inquiry is much needed, but until new budgetary data are available,
the most desirable course appears to be -+-.”7* Hinrichs, the acting
Commissioner of Labor Statistics, stated in the preface to the summary
volume of the 1934-36 expenditure survey, “Tt had been apparerit for
some time before the present survey was initiated that consumption -
habits had changed greatly since the last investigation of this kind.”
Attention was carlier ® called to several small-scale surveys that were
made in the late twenties and early thirties and to the fact that funds
were allocated in 1934 for a comprehensive family budget study, the
one which now carries the date of 1934-36.

It is worth a momentary pause to let others state how consurnption, -
habits had changed betwcen the two survey dates of 1917-19, anft
1934-36, and this task cannot be better performed than was dong\by
the bureau itselif: . O )

“Tt had been generally recognized for some time that «t-fnefé was need
for the introduction of new items into the index. Quﬁsixmption habits
have changed greatly since 1919. In the period\gihce the end of the
last war, the purchases of wage earners and.@eﬁ:ical workers in the
Tnited States have included a greab variety af*congumers’ goods which
were not available previously. Some df\hese goods were actuaily
new—rayon fabries, for. example, and,pertain types of electrical equip-
ment. Some of them had been i?i?the market before, but at prices
higher than the moderate inco;éié ‘families could pay. Some of the
differences were merely changes wn fashion and custom.

“Taolated studies of expenditures had shown that many more Wage
earners and low-salariké\\ﬁrorkers were living in houses with electricity
than had been the case at the end of the war, that many of them were -
buying automobiley and radios, some of them were buying electric
refrigerators. ¢ Fachions in dress had changed g0 much that it became
apparent 14z} mere substitution of a new type of garment for the
equivalentdof one previously worn did not represent conterporary
clothi;fg';purchases.” : '

< This is an important quotation, for it states concisely-the cireum- -
stances that change people’s habits of consumption. The GJ.I‘GI..ITDStanG%
are in no sense a temporary phenomenon. Consumption ha@ts-ch_ange
(1} because new commodities are created (progress ip invention).
“They change (2) because prices change: prices may come down 50

1], Am. Statistical Assoc., Vol. 28, p. 56.
2 Bull. 638, p. VIIL

3 See pp. 105-106.

+Bull, 699, p. 2. Italics added.
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that some can buy who could not afford it before (more progress: if
not new invention, at least technical advance and thus cheaper costs
of production). Finally, they change (3) because people’s tastes
change (and this to most of us is still more progress). These three
* faetors in price change are not independent; indeed, they are very
much interdependent. Altogether they spell lack of stability in family
expenditure patterns. It may be legitimate to question whether, in the
face of such progress, a new budgetary study every fifteen or twenty
years is enough. This type of question will cecupy some of the atten-
tion of the next, and last, chapter of this book, the evaluation of cur-
rent, praetices,

N
7 '\. A

2. The 1934-36 Expenditure Survey O

The comprehensive survey of 1934-36 gave details 6fall family
expenditures for a total number of 14,469 families, /A’ few overall
_comparisons between this and the 1917-19 studyN#ilt serve to show
both similarities and differences between the twehand may point up
some of the reasons why a new survey was/séquired. The former
survey covered 12,006 families. The twerare fairly similar in this
respect. Granted no essential advantage(of one survey over the other
in the distribution of coverage within.the areas studied (and the point
is not to be considered here), eithéy~éample is large enough to give
satisfactory estimates of the detail$ required to determine expenditure
and quantity averages for andhdex number. The new survey covered
both white and colored familits, the latter group comprising 11 per cent
of the total; the earliét investigation covered only white families.!
This difference is prgbably more than a reflection of changed labor
conditions. Therg Sgere colored laborers in 1919, They were therely
neglected in thatwirvey. The early survey collected data in ninety-
two citles nd f6wns, some of the towns having a population of only
u few thouSands. To be sure, indexes were constructed for only thirty-
two Ia{g@ cities. That circumstance plus better understanding of
Sa‘mﬂ‘iiﬂg techniques may in part explain the fact that the new survey
was/tonfined to forty-two eities each of over 50,000 population. The
average gize of a family in the earlier survey was 4.9 whereas in the
later one it was 3.6. These figures were in no sensc a result of dif-
ferent kinds of selectivity in taking samples. They undoubtedly re-
flect 2 basic change that has been taking place in American family life
for_ many years and that has attracted attention far beyond the range
of index number makers. It is curious and surprising to find that there

1 8ee Bull: 357, p. 1. '
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is little difference in average family income for the two dates: $1513
in 1919 and $1534 in 1935. Most, guesses would have placed the latter
figure much higher than the former, barring the contingeney of a large
discount caused by the nearness of the 1035 date to the low point of the
depression of the thirties. :

One final comparison of the two surveys, showing for each the per- -
centage distribution of actual family expenditures among the several
commodity groups, gives some indication of the changed consumption
pattern of the mid-1930’s as compared with that which immediately
iollowed World War I: *

N\
THE PERCENTAGE DISTRIBUTION OF AcTual Taminy DISBURSEMENTS (),
v Two SUBYEYS ™
1017-19  1034-36,. +
Group Survey Surveyf 3
Food 37.5 a0
Clothing 15.5 308
Rent 13.6 \{ 17.5
Fuel, electricity, and ice 4,877 6.1
House furnishings A 4.0
Insurance and other savings INT 2 ' 0.7
Miscellaneous LA L7.0 26.8
o8t 100.0 100.0

*

On a hasty view the out anding shifts here appear to be in cloth-
ing, possibly rents, savings,and miscellaneous. The savings item may
be explained in terms O Fthe temporary economic circumstances of the
workers with full employment after World War 1 and with probably
very limited regourees after the depression days of the early 1930’s.
The great ipqﬁéa"se in the miscelianeous ltem is gignificant. In sum,
thig sinlp],e}iable argues sufficiently {or frequent budgetary surveys, for
it shows;;.:signiﬁcant ¢hifts in expenditure patierns.

'\ g
_ 3\'Bﬁe 1940 Revisions :

New Content. Following policy that wag well established by this
time, the index revision that succeeded the completion of the new ex-
penditure survey included a change of base, more frequent publication,
a new commodity list, new weights, and at least minor changes o~
technical methods. The new bage for revised indexcs was set ag the
five-ycar period 1935-39. This was in response to & recommendation
of the Central Staiistical Board; and the recommendation was in

1 Figures taken from Bull. 699, p. 24, Table VIIL
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gupport of a concerted effort among many statistical bureaus and
boards in Washington to introduce similar procedures where possible
and thereby promote comparability. The particular five years were
no doubt selected with the thought that they represented normality,
and it was not long before this base was spoken of as a prewar normal,
The consumers’ price index had been published twice yearly from 1925
to 1935 and mostly quarterly thereafter. The new series was for
quarterly periods from 1935 to September 1940, but after the latter
date it was put upon & monthly publication basis,

The commodity list was of course revised, as was incvitable ith
data of the new family expenditure survey available, and the s({etails '
of these modifications, along with new weights, constituté\the im-
portant changes in confent, as distinet from form, in this 0¥0st recent
vevision. The accompanying figures constitute Tahlé I, from the
buresu’s Bulletin 699 describing the new indexes‘..j\"

NUMBERS oF (G0ODS AND BERVICES IN OLuxa.Qu‘NEw INpExES *

Origiqal\}ﬁilex New Index

Group 1916 )" 1939 1939

Food ezt &4 54
Clothing sl 63 48
Fuel, electricity, and ica,\™ 6 6 10
House furnishings _ ™% 21 16 26
Miscellaneous \ 35 33 60
+8J - - _

All items \\ “ 165 202 195

* Not inclhuding ren‘;s.: )
t Aceording to thed935 revision of the 1919 index,

#

Several gighificant changes in numbers of commodities are here evi-
dent i];:s \"new index, and some indicate that not all improvements
GO'—F‘ET]{'Y way of increase in the commodity list. For the food list has
begn decreased from the eighty-four commodities that it had contained
“since the 1935 revision to fifty-four in the new index. The burean
speaks of an experimental inerease at an earlier date and states that
the reduction from eighty-four to fifty-four foods was possible hecause
the prices of some foods could be predicted from those of others”
The modern way of expressing the same idea is to say that fifty-four
foods selected in such a way as to be a good representation of the

1 I6ed., p. 16,
2 Buil. 699, pp. 15-16.
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whole food budget is a better sample than eighty-four without such
careful sclection; or that, with both on an equally good selection basis,
the fifty-four may be preferred to the cighty-four out of considera-
tions of the rclative effort and costs agsociated with the two lists.

The commodity list for clothing has a similar explanation, Many
of the clothing items in the original list have becn dropped, mainly
boys’ and girls’ clothing. There have been a few additions. 15 is to
be emphasized here that the issue iz the very important one of proper
sampling representation of the whole family budget. It is a question
of tact whether given prices can represent others on a sampling basis.
If they can, then one price can always represent such a group of pricesy
gubject only to the errors of sampling. But sampling errors are gens
erally measurable in any practical situation, or at least they camybe
estimated with sufficient aceuracy to satisfy practical necds. ) '

The increased numbers of commodities found in the atilities, housc
furnishings, and miscellaneous groups clearly represenQb];tter sampling,
af, Teast of the current family budget, than did th&©Wd list. They in-
clude such items as fuel oil and ice, among ilities; radios, washing
machines, vacuum cleaners, and refrigeratorfamong house furnish-
ings; and an extended list of items in tha{h cellaneous group among -
which automobile costs and beauty shop expenses are prominent. Most
of the items herc named are new condinoditics for these Income groups
and thercfore could be obtained pnijz’in a modern eommodity list; they
belong to the family expendiiire survey of 1934-36 and did not exist
in the survey of 1917-19, :

Technical Methods. @eﬁf commodity lists and new budget weights
are the sources of imp\oved content of the new indexes. The other
-element in an agc@rate messurement of price change is form or tech- -
nical method: \’In other words, the right data, the right gommodity
lists, and theproper prices and quantities, and, then, the right formulas.
Contenfo\m\{ form together constitute the foundation of accurate index
ﬂuml{élf'arneasurement-. The changes in technieal methods were not great
mthe 1940 revision: It is probably not too inaccurate to say that they.
went no further than to clarify the general trend, that was clearly
apparent in 1935, to pub as many indexes as possible in ferms of the
ratios of two eost aggregates, thus making the real fask of construction
that of calculating these cost aggregates Spg for each group and for
each city and, finally, for the United States. The following is a bricf
statement of the procedures employed in the new indexes of 1940, with
the notational terminology of this book introduced for clarification:
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1. City Group Indexes. A cost for each commodity was firgt cal-
culated for March 1935. Let it be called prg, (& = March 1933).
r ‘}Ien

Ps Px
Pilea = — g = — ('puq:s)
2 Pa
where p, = average price of this commodity for the year covered in
the family expenditure survey of 1934-36
P = average price of this commodity for March 1935
¥, = average family expenditures for the year covered in the
1934~-36 survey on the sel of articles that this partmdar
eammodily represents in the index. e \
£\

These were city expenditures for food, housing, utilities,"and mis-
cellaneous and regional expenditures for clothing and, ﬁouso furnigh-
ings. Notice that impufed weights are now used dnall groups, ap-
parently for the first time in groups other thanfeod.

The expression peq, is a pure definition, pabeing precisely defined
above, but g, now becomes a hypothetzcal\quantz{y to represent a sef
of commoditics, 9

Costs for each commodity for perlods other than March 1935
were caleulated by a linking prol}edure Thus, for the June 1935
period (& 4+ 1),

™
$

{

e

Phypifs = Pra
&

Px
and similarly for other periods. Then aggregate costs for all com-
modities in a grouip are obtained by summation:
N \
o\’ .
for pen({ds b, k- 1, ete.
Leﬁ’poqa equal the average value of such aggregates for 1935-39.
’I"J:\en Gor = index = ZPrga/Zpoga for varying values of k. A chain
“system will be required for the continuous index whenever the com-
\modlty list is changed.
2. All-Ttem City Indexes from City Group Indexes. Add the six

ZP1s; ZPk+41Ga, ete.

group aggregates for a given city for any period k (= E 2. Prda)-
“This aggregate represents the cost af a given date of goods equiva-
lent to those purchased by the employed wage-earners and clerical
workers in a given city in 1934-36.” ! The base aggregate ZZpoga

1 See Bull. 699, p. 37. This bulletin is the source of all the technical information
given here on the 1940 revision.
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is the average of all such items as above in 1935-39. The. index Py
(elty) = ZZpaa/TZpoga.

8. National Indexes (Both Group and All-Ttem). Cost figures
for each city are weighted by population where each “eity popula-
tion” is the population of the metropolitan area of that pariicular
city and of other cities in the same region and size class. For the
new index of 1940, the population data of 1930 were used.

In eurrent notation the above may be written, for any period %,

citlen
Zpige(U. 8.) = 2 (Zmgu{city) -w) N\
where Zw = 1. The base of the index represents the averdges of
such costs for 1935-39, say Zpog(U.S.). Therefore, Ap(B. 8.)
= Zpuga({U. 8.)/Zpog.(U.8.). "The same procedure is followed for
Por(U. 8.) if all-item terms are involved.

A careful reading of the details of the above desqri;')tion will show
that the technical methods of construction of tiigvindex have under-
gone almost no change since the 1935 rewsm} At the time of the
latter, imputed weights had apparently beén used only for the food
index. In 1940 the system of 1mputat10n was extended? to the other
groups wherever applicable. No elganges occurred in the method of
caleulating all-item indexes or nationil indexes except for revision of
population weights as later population data became available. Thus
1920 population figures weresused in the 1940 revision, whereas the
~ average of 1920 and 1930, populations was used when this method was
first introduced in 19354 “In the years since 1940, therc have been
further revisions of these population weights to keep them up to date
with the indexes, (Both 1940 census figures and 1942 estimates have
becn employeds
4 Wartinmo'and Post-War Adjustments

One, can well imagine that the U. S. Bureau of Labor Statistics
thnught when the 19834-36 expenditure swvey was completed and
whan' plans underway for comprehensive revisions had been carried
out, that it would be able to Jook forward to several years of a stab’le
index of the fixed-weight aggregative form. But the revision was still
in proeess when World War 11 hroke out, and the Un.it-ed States was
a belligerent almost before the new indexes were pu]'rJhshed. Anof;her
factor is important here: ceonomic events do not wait for such things
as formal declarations of war, and some of the wartime chat_lges that
spell havoe to fixed-weight index numbers were already taking place

1 fbid., p. 32.
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before Pear! Harbor. But, of course, they were all greatly accelerated
after that date because a total war, of which World War 11 was the
‘latest and greatest example, changes the character of total national
~ production. It was not long after December 7, 1941, that many of the
commodities that had first made their appearance in the consumecrs’
price index in the 1940 revision began to disappear from the market
for the very good reason that their production had either been greatly
eut down or been stopped altogether in order to facilitate the national
all-out effort to produce the tools and equipment of war. Automobile
production of the private passenger car variety practically ceased, ahd
private car operation was rationed into something that had onlyythe
slenderest relationship to those weights that had just been putahto’the
index. By December 1942, changes in national consumpﬁdﬁ habits
had beeome so great that the following list of commodities had been

dropped: NN
automobiles vacuum c@mers
metal bed springs silk slip§/» "~
sewing machines washifig' machines
silk stockings inner*spring mattresses
radios ~gas cook stoves
refrigerators o3 silk goods
studio couches X N\

Weights were increased for,abtomobile repairs, street car and hus fares,
and rayon yard goods sﬂ{ti slips; they were decreased for gasoline, oil,
and fuel cil. The fogll,component of the index was revised in March
1943 to aceount fafdood shortages and rationing®

These commodity disappearances are of significance for index
number ma &13, because they show some of the changes in production
and congu.m} ion to which an economy is exposed under the impaet of
total :W@I;,' and they also reveal clearly the unreality of maintaining a
cofistarit commodity list and constant weights in an index number, If
an Mdex number is to measure price or production changes in a real
world, these significantly real changes in goods produced or in quanti-
ties produced cannot be neglected. History has a way of finding out
the deficicncies of a formal tool of this sort, as happened with this
index during the war; for the changes were not enough, apparently, to
satisfy some of the users and there were attacks upon the index’s
accuracy. But of that more in the next chapter.

t Thege details taken from “Description of the Cost of Living Index of the
Burean of Lahor Statistics,” revised May 1944,
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5. Current Applicability of the 1934-36 Pattern '

When World War IT was over and peacetime prodiiction began to
bring back into the markets some of the commodities that tiad dis-
appeared during the war, the bureau refurned to the use of the com-
modity lists and weights of the 1934-36 survey. The bureau ¢laimed,
no doubt with justification, that these lists and weights were more
representative of the actual post-war economy than the lists and
weights of the war peried. The bulletin quoted last above goes on to
say that the commodity list of the index “has been constantly adjusted
since March 1935 for necessary changes that have resulted from nowiital
market developments as well as from the rapid war time chgnges in
consumers’ goods available for civilians.”* This position &gems fo
indicate an abandonment of the policy of fixed weights fer several
years at & time in favor of one of change whenever market develop-
ments justify. 1f so, it abandons a policy that has held index number
makers in its grasp practically since the publization of the Mitchell
bulletin. Whether the 1934-36 family expenditiire survey provides a
pattern that is applicable in the late 1940’g 188 question of fact. It is
one that deserves to be studied most agdiduously, for the war brought
many changes and there will be no mbré return to the prewar status
in this postwar era than there was.in the 1920's, The U. 8. Bureau
of Labor Statisties has recognjze& ‘this situation eclearly, for it began
& postwar revision of its twosmost important indexes, the wholesale
price index and the consuffiers’ price index in the late 1940's.

At this point it should be recognized that the intention in Chapters
8 and 9 was not tq%«rite a complete history of these two indexes.
Rather, the purpesewas to obtain a skeleton picture of that.hlstory
with emphasis .u‘f)})ﬁ the statement of, and any developments in, con-
struetional ndethods, and by constructional methods is meant bot‘h tl_le
content afidvthe form of index numbers that have received attentlfm m
these pa:ges. These two chapters were written in oider to .p]?OVIde !
fieldfbr application of the principles laid down in the previous seven
GﬁaprrS, and the final chapter will be devoted to an appraisal of the
result. The problem is two-sided: What has theory FO say about _
practical index number construction? And can practical index number
construction contribute anything to theory? The wartime history of
these two index numbers provides an ideal chance to look into these
matiers.

1]1bid., p. 4. Ttalies added.



CHAPTER 10

The Qualities of
Two Famed Index Numbers, ~
the Wholesale Price Index, O

and the Consumers Price Index<of the

&\

U. S. Bureau of Labor Statisti¢s
A\
O

N,
10,1, THE ESSENTIALS OF GOOD MEASUREMENT
RESTATED

The question to which this final chapter is devoted is a practical
one. It is the very signiﬁcantf Juestion, from the author’s point of
‘view, how the two index nufobers whose history was sketched in the
last two chapters measur up against the standards of good construc-
tion set forth in the p}e\WOUS seven chapters. Recommendations are
~ implieit with respech fo the defeets shown in this comparison of prac-
tice with standapd§” For the purpose in hand it will therefore be well
to restate thef '\snclusmns of this theory on how best to construet an
index num&r of price or quantity change:

1 A field must be defined. The price and guantity content of

.\tﬁe index will apply to this ficld only, in any exact sense. When

Nit is desired to use the index as a measure of change covering a

broader (or even a narrower) field, the question of the similarity

of the two fields must be raised. With reasonable gimilarity of

all the factors that enter into index numbers and into their ulti-

mate source materials of price and quantity, the index may then

be used as an approzimation. If this similarity is not present, the

index number should not be used to represent any field beyond its
OWTL.

2. Prices and quantities that enter into the index are, in prac-
122
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tice, samples. The whole set of prices and guantities in any field
ig generally impossible to obtain for the construction of an index.
The whol¢ set must be represented, however. The proper pro-
cedure is to sclect s commodity list that will be representative in
the sampling sense. In the list some commodities may represent
only themselves whereas others may represent a group of other
commodities not included in the index but of importance in the
particular field of investigation. Thus all commodities in the
feld must be represented, either specifically or on a sampling
basis by other ineluded items that have a similar price history,

When a commodity represents others in this sampling sense,\bs
weight: must measure the importance of its entire group. Inedund
theory no execption to this rule can be contemplated. (I what
follows it is assumed that appropriate price and gquantity data
have been gathered. ¢ >

3. The first step in calculation of an index¢involves the con-
struction of a measure of change (price or guantity) between {wo
adjacent periods. Measurement of this7ehange guarantees the
highest accuracy, because homogcneity}.é defined earlier is then
at its maximum. For the maximqm:aécuracy of measurement of
this binary change, it is requiredsthat one of the formulas 3 to 6
be used, with preference given'to formulag 3, 4, or 5 because each
of these three can be statdth in terms of the four aggregatives
calculable from the priecsrand quantities of the two pericds com-
pared, 3podi, SPodayEP1le, and 3pads.

4. Finally, the serfes comparison shall be constructed by chain-
ing together phe.indexes of the several adjacent-period compari-
sons; for exsﬁn\lple, Poy = Por+ P12~ Pas* Pas.

5. It.iias\.been contended throughout seven chapters that the
abo‘{e&i‘bcedure results in the most accuraie measurement of
chﬁimge hetween two adjacent periods and preserves all that is

o«%?ﬂid in a series comparison, namely, the direction of change.
\’Although these are the most fundamental reasons for choice and
are always fo be preferred over any other the procedure here
recommended has another important, though gecondary, advan-
tage, namely, that 1t greatly simplifies changes in the comm?dity
list and in weights since every pair of years ig treated inde-
pendently of every other. These modifications can, therefore, be
made whenever they oseur in the actual markets, and the whole
problem of recaleulation of indexes when weights or commodity

lists are altered is eliminated.
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10.2, THE WHOLESALE PRICE INDEX IS GOOD
BUT NOT GOOD ENOUGH

The U. 8. Bureau of Labor Statistics wholesale price index, to begin
with, is an index of wholesale and not of general prices. Despite the
fact that it is frequently referred to as an index of general prices, there
is no justification for such usage except to obtain the roughest kind
of approximation. The reason is, of course, that the index leaves out
so many of the prices in the price system, for example, wages, rents,
security prices, and all retail prices, The fact that the index doeg™not
measure all prices is not a defect; it is only a property inherent ib the
sommodity list that is priced. The famous Mitchell bulletin, \I’riuét bear
a share of the responsibility for building up the wholesale ‘price index
as a general index, since it put so much emphasis upon{a“general-pur-
pose index number, It may, of course, be argued that “géneral purpose”
does not imply “all prices,” but at least there is & Point here. A whole-
sale price index has only one basic purpose and that is to measure
changes in the level of wholesale prices, as défined by the makers, and
of no other prices. For the index of the UNS) Bureau of Labor Statisties
the commodity price coverage is probablyone of its best features.

Not 80 much can be said for the £3itnula used by this index. In its
history, the index shows great pm'gress but it falls just short of bheing
the “best.” It first used, as wilkbe recalled, a simple average of rela-
tives, and in this day everybgdy will agree with former Commissioner
of Labor Statistics Ethelbert Stewart that “the less said about that
index the better.” * Aﬁé Mitchell’s recormmendations the fixed-weight
aggregative formylg.swas introduced, and the first set of weights re-
ferred to the year™1909. The policy was established, either with the
introduction 6f)this formula or soon thereafter, of revising weights at
intervals fiok.8oo widely separated, for it was easily sensed that weights
too fa;'zjrénoved from particular prices were unsatisfactory. This
bureaipolicy was well expressed in one of the bureau publications at
the\time of introducing 1919 weights: “In constructing the index
nutnbers -+ in the 1921 report and in subsequent ones the prices were
weighted by data from the 1919 census instead of the 1909 census data
formerly employed. This conforms to the plan contemplated by the
Bureau at the inception of its weighted index number system in 1914
of revising the weighting factors every ten years as new census wnfor-
mation should become available.”2 If the bureau’s procedures have
been rightly interpreted, the introduction of new weights, such as 1919

L Address published in Monthly Labor Rev., December 1927,
? Bull. 367, pp. 2-3. Italics added.
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for 1909, was the occasion for a revision of the index numbers far into
the past, and if this is o it raises a question of consistency to say the
least. If 1909 weights are so far removed from 1923 prices as to be
no longer satisfactory, then why upon the introduction of 1919 weights
is it proper to construct indexes for 1909, 1910, and thereabouis with
1919 weights?

There i little doubt that the bureau’s technical personne} did much
serious thinking about this matter of weights during the 1920’s for, in
the address quoted above,! Commissioner Stewart announced what then
must have seemed a new and radical policy on weights for the whole-
sale price index. It is indeed probable that these new ideas had growh
from the discussions on index numbers that centered abouf the .mihli—
cation in 1923 of Fisher’s The Making of Index Numbers, in whieh; of
course, he advocated the Tdeal formula in a binary corgparison and
that involved weights of base and given periods. Stewa.xftfreported the
new policy in these words: “... the present plan ig'not only to add
to the index new commodities a8 they appear butto re-weight with
each succceding census; that is to say, the ﬁ;cedﬁﬁe?lghting period has
been entirely abandoned both in theory and‘ifrg\;imctice and the weights
will be revised with each census period. L The new policy, unfortu-
nately, did not turn out to be a permanent one, even though it was
maintained unti! the revision of 193% the details of which were given
in Chapter 8. N\

A comprehensive revision §hthe wholesale price index was begun in
1949. Tt is to be hoped thﬁ}h\progress in this Tevision, as in future ones,
- will be in the directiop\e&‘dhangmg weights as often as possible. How
soon the theoretical, {deal of using current weights only can be realized
is a matter for coh}ei:ture. The chapged weights at two-year intervals
during the 192{}\’8" did not closely satisfy the requirements of our pre-
ferred ioz:rr\@}eis sinee, as Chapter 8 shows, the weights were generally
severaleyears older than the prices {for example, 1925-27 weights for
th&';ﬁﬁékes of 1930-31). Nevertheless, the bureau procedures of these
y'ear”s furnish a precedent for developments in the right direction. The
history of this period gives much evidence that index number formulas
were undergoing searehing examination and the appropriateness of cur-
rent weights was being considered. The current index through the
1940’s was constructed with weights belonging to the years 1920-30-31,
and this incongruity offers one of the most cogent reasons for revision.

The bureau literature on the wholesale price index has described its

18ee p. 124. .
2See p. 124, Italies added.
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formuls as a chain index, in one article® remarking that the chain

index method had been followed for twenty-nine years. The reference
is to the year 1908, when the chain or linking procedure was first used
in introducing substitute commoditics into the index.  The 1908 method .
involved obtaining prices for both the old and the new commodity for -
the period when the link was made. Then a vingle series of price
relatives for this commedity and its substitute was calculated by link-
ing the new series to the old. This is hardly a chain index in the sense
in which the term is used in earlier pages, but it containg the germ of
the ides. In a more complete sense the burcau did employ a*chain
index (as something more than just a single linked relative) {rom 1914
on,? whenever & change in the commodity list or a change ib, Weights
occwrred. This makes the 1920’s in all probahility the best example of
the bureau's application of the prineiple of the chain im]u)'z'. The prac-
tice indicates bureau familiarity with the princ@p&:"nnd thus could
facilitate the adoption of an out-and-out system 3l ¢haining individual

index number links in aceordance with the pesition which has been

defended in these pages. \

In brief, the wholesale price index offers a history of almost con-
tinual progress in econstruction progedures, The story is full of
examples of experimentation with nawer and newer ideas as these ideas
have appeared in the general’lii,éfature of the peried. Witness the
quotation deseribing the bureau’s position in 1923 on ten-year revisions
of the fixed weights and thien; four years later, the authoritative state-
mf?nt by the Commis&{oﬁer’ of Labor Statistics that fixed weights were
.bm{g abandoned iffavor of revision as rapidly as new weights were
available. The Igst far-reaching proposals of this volume go very

little beyond attual practices of the bureau in this period of its history
in deallng:mth the wholesale price index.

<\ .
103" THE CONSUMERS’ PRICE INDEX IS ALSO GOOD

N

O BUT NOT GOOD ENOUGH

The consumers’ price index is and always has been a large-city index.
EV(—H:'I the national index ig 5 large-city composite. In no exacth 5en5e
can it therefore be used 1o measure consumers’ prices in small cities, n -
urban areas generally, in nonurbap areas, or in particular industries.

This is not a defeet of the existing
st i ] are
needed in the interpr ng index but if these other indexes

etation of : be
specially constructed. our national economy they must

 Cutts and Dennis, in J. Am. "
2 Bee corroboration by . R, MStr:!'mmc"‘I Assoc., December 1937.

itehell in Monthly Labor Rev., August 1948.
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The consumers’ price index was established as a fixed-weight ag-
gregative in the beginning, for it was rot published on a eontinuous
basis until several years after the publication of Mitchell’s bulletin.
Furthermore, the fixity of the weights has been a much more thorough-
going part of this index than of the wholesale price index. This is
doubtless duc to the fact that in this index the weights have always
been obtained from a comprehensive study of family expenditures, and
such a study has to date becn made only for the purpese of obtaining
index number weights. No other purposes were served. In contrast,
- the weights for the wholesale price index come from the census and
other periodical collections that were established with other uges\in
" mind long before wholesale price index numbers had appeared.{ ‘A8 has
been said, the first expenditurc survey wag made in the yegmrs,\.{gl?ﬂlg,
" and the second In 1934-36. The first set of fixed weights, were used
from 1921 until 1940. The 1934-36 weights were infretuced intc a
revised index in 1940, at which time World War, {*¥as upon us and
in a few more months we were ourselves belligerents> Wartime changes
in production and consumption, of course, b;a@ht tremendous distor-
tions to the peacetime pattern of our ecopamy, and many goods and
services that had been available in tinie,6f peace soon disappeared
completely. By the early 1940's the chinge in the consumption pattern
of the typical American wage carpgai* was so much in evidence that the
bureau made wide adjustments inithe eommodity list of its consumers’
price indexes and in welghtge The index number makers were clearly
conscious of the need for-thése adjustments in order that the index
should remain a true rdaddre of the market sifuation. The literature
of these days provideg much evidence that conflicting ideas were tug-
ging for masteryif’fhie minds of the technicians during W(?rld War’ 11,
Witness the {peguent remark that the index represents “time tp tn:fze
changes in, 18 ‘prices of a specific fived mar}:cet basket or shoppmg_hst
of goods ;%i services bought by moderate-income urba_\n (large-city}
consumers,” * and mateh this against another emphasized staten%ent
th&t:ﬂ\ﬁé market basket of goods “has been constantly adjusted since
Mar\’éh 1935 for mecessary chonges that have resulted 'fmm normal
market developments +-+.”* These seemingly c?ntrary views need not
convich the bureau of inconsistency. They paind rathfzr to the fact
that the theory of a fixed-weight aggregative has been widely held and
thoroughly accepted by so many index number students for so long that

1 The Consumers’ Price Indez, Joint Committee on the Economic Report, 80th

c ss, 2nd session, p. 3. Italics added. o
(;t‘l?];(;scription of t.Ijle Clost of Living Index of the Bureau of Labor Statistics,”

revised May 1944, p. 4. Ltalics added.
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it recurs repeatedly in their thinking and remains as part of their prac-
tice. But the pressure of great changes in an economy also forces their
attention in new directions, and the logical need for keeping an index
close to the current market situation compels changes in the index
when great economic changes oceur in real life,

The wartime use of the consumers’ price index as a basis for wage
adjustments when prices were rising forced attention so strongly upon
the need for constant revision of commodity lists and weights that it
has become one of the most important of all existing influences, not
only upon the demand for a revision of the consumers’ price index, B0t
also upon our whole thinking about this sort of measurement, \Thc
watrtime adjustments, referred to above, came about under the ififfuénce
. of the most concentrated attack ever made on the accuracy af the index.
This attack occurred during the war when the hurcau’s, iidex reported
a 234 per cent increase in consumers’ prices betweeniJanuary 1041
and December 1942 and this finding was challeng¢d'h¥ representatives
of labor who, by a separate investigation, had megshred the increase as
43.5 per cent. In these comments there is n Aeed for, nor indeed any
inberest in, taking sides in the controvesdy between the bureau and
labor representatives. What ig import-al;’rﬁ t6 recognize 1s that the labor
people made certain charges about theldceuracy of the index and that
these charges at once went {o thg:ﬂ;éfy heart of the problem that has
been central in this book, thats, the question of currency of com-
modity lists and weights, ﬁkt‘ieﬂy, labor charged {1) that prices im-
portant in the workingman’s budgef but not in the index had risen
higher than the prices‘%hlch were included in the index (this, if true,
meant bad sample rebrésentation); (2) that shifts in the character of
food consumption‘were not reflected in food weights; (3) that the index
did not reﬂept;ﬂxé quality deterioration which had cccurred in the
markets; az\Ke{,'tﬁnally, {4} that the index for thirty-four cities did not.
properiy, képresent all urban areas and that the nonrepresented arcas
were among the ones most influenced by wartime changes.

The Tourth point above is correctly taken but is no proper criticism
of the existing national index. If an index for small cities is needed, it
must be constructed anew, The other three points all bear upon the
question of the validity of the commodity lists and weights ysed at that
time, and they were in reality a devastating attack upon the whole
theory of a fixed-weight aggregative. Here, as so often happens, it
took the radical economic changes of a period of great national emer-
gency to force the technicians to consider the importance of a change
in method that may be important in normal peacetime as well as in
wartime. The difference between wartime and peacctime is one of
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degree. But the important prineiple that is involved deserves a final
and forecful statement: the only measure of the importance of Do 18 g,
and the corresponding weight of p; is ¢! The quantity g, has nothing
to do with the situation. Out of these facts were evolved the “best”
formulas of this book. And it deserves to be emphasized that this book
has not thereby propounded something new and original, All these
formulas are fifty or seventy-five or more years old. The chain system
of combining them into a series is two-thirds of a century old, and its
origin belongs to Alfred Marshall, The trouble is that we have for-
gotten the advice of the sages of long ago, and it has taken the eco-
noniié @tcr’omng of a total war to show up the most basie weaknesses
in oyr index number eonstructions. M\

This chapter and the book close on a hopeful note. As ) result Ofw
labor's criticism of the consumers’ price index a comrmﬁ:ee of experts
refiresenting the American Statistical Association Was fasked to investi-
gate the charges and to make recommendationg.. }These recommenda-
tions represent a landmark in the history of yndex numbers. Here in
brief are the basic ones, and they include ‘Kko;se with which this baok

has dealt: “\

1. Provide zeparaie regional inde}ées.
2. Provide indexes for small cities.
3. Provide indexes for nonfatm communities in the United States.
4. Prepare and publish indexes immediately for:
(g} Communitigaof different sizes,
(b} Specialized\industrial areas, for examuple, coal mining,
textiléel\ "
5. Develop igdexes of area differences,
{The fitst five recommendations involve the construetion of
mew indexes.)
Ea%¢ frequent small sample studies of family expenditures and
Gn ome and make a comprehensive study every five years, -
3 Make special studies of changes in the specific goods and
~O services that the burcau prices.

\

After the last two it is but a short step to demand that guantity data
be gathered annually the same as price data. Indeced, for our most
important quantity index, the price weights could now be made avail-

able every year.
These changes are what index number practlce hasg been in need of

for years. And they apply not only to consumers’ price indexes., They
apply to alk.
1 8ee the development in Chapter 4.
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