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CHAP I

SCOPE AND VO INT OF STUDY

Scope

T study deals with the rationale and techniques of measurement of

temporal hag in the "physical Tolus" of productionad in the level of

productivity, two algebraically related entities which lie close to the core of

eco ics. Tough "real" national product and kindred aggregates are not of

prime interests it has been necessary to make reference to such concepts and

measures and to the specialized literature on social accounting. Though the

discussion is generally restricted to temporal arsons, it also applies to

some extent to analogous spatial indexes, like international production and

productivity comparisons.1 In the treatment of productivity attention is

centered on the important practical case of output per unit of labor input, but

due account is also taken of the theoretically interesting case of output per

unit of composite factor input.

1
Among the recent outstanding writings on international comparisons ares

L. Rostas, ctivi in British a ericg Indust_ (Cambridge,
Eng.: Cambridge University Press, 1948; E. C. Snow, "The International Com-

parison of Industrial Output", Jour CVII
(Pt. 1 1944), 1-30; A. J. Brown, ARRoiedStat ics (New Yorks Rinart & Co.,
1948); S. Kuznets, "Rational Income a Indus al Structure", l
XVII (Supplement, July 1949), 205-39; C. Gini, "La comparabilit dans le tap
et dane l'espace des ovaluations du revenu natio", __bggaui a ,lique II
(January-March, 1949), 7-25; H. Staeile, "International Comparison of Real
National Incomess A Note on Methods", Studies in I an telth, XI (New Yorks
National Bureau of Economic Pesearch, 1949), 223-51, with "Comments" by
A. Bergson, 252-59; and C. Clarkl, The Conditions ofEonmic jrggregg (Londons
Macmillan & Co., 1940), supplemented by various 1949 issues of his Review of
c .
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Production and productivity time series, wich have been developed

systematically in this country since the 1920's, are now used for a variety of

purposes at different levels of economic activity -- the nation, the economic

sector, the industry, the enterprise, the plant, the de ent, ard the job.

Above the enterprise level, they are used, for xample, in econometric analysis

and model-building; in the projection of related aggregates, like employment;

in the appraisal of econmic condition and prospects; in the formulation of

goverrment, business, and labor-unicm policies relating especially to wages,

prices, employment, and hours of wor; and in the concrete historical study of

such abstractions as eco ic development, growth, a progress. Within the

enterprise, individual accomplishment records have been of interest at least

since the rise of scientific agem before World War I; a "ork measure-

ment" programs covering key departental activities have more recently been

introduced by alert angment to meet diverse technical, administrative, and

planing needs.

There are six chapters in this study. The two following this

introductory one are concerned with mig and with various technical aspects

of measurements and the next two deal with special topics in production and

productivity measurement. More specifically, Chapters II and III take up such

matters as the definition of production and productivity, alternative choices

in the algebraic implementation of these notions, the relation betwen differen

measures, and the ulterior significance of indexes in the ligh of economic

theory and other fundamental considerations. Chapter IV discusses the

properties if particular gross and net production index formulas and the

techniques of adjusting for incompleteness of quantity statistics of

maintaining chronological continuity. Chapter V exhibit some properties of
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labor and "onmposite-factor productivity measures and considers the partitioning
of changes in, say, aggregate man-hours or value added into t-he "oontributions"
of Producivlity and other designated variables. Cheater: VI summarizes the findings
of the study and considers the outlook for improving and extending production and

productivity measurement.

Viewpoint

On the whole, ths matters with which we are here concerned have received

inadequate attention from index users and makers alike. "Pratical" men

'operators" andaministrators -" cherish the illusion that there is a unique

con3ept of '"production" or 'productivity" which is represeated -airly by what.

ever index is available or constructible. To them, a special 4ntereet in.

tecmhique or in transoperational ense may seem as digressive a stopping to pick

daisles In tin middle of a battlefield. When tin typical statIstcian or eoonomjist
has occasion to use production or productivity indexes, he is less careful of the

distinction between tweedledum and tweedledee the when he is working in his own

Gebiet. Aware of the "usual index-number problems", he prooeeds a4 tbxUugh

acknowledgment ofA the r existence somehow renders them inconsequential. Like

others who are less informed, he tends to consider the tools It hits disposal

sufficiently reliable for h4.s ulterior purposeso. Thuss he uncr.tically4 accepts

the result of deflation of a value Index by a price measure as an'' index of

"quantity" expressed in "constant" dollars of the base period, even if the
product complex cannot be specified and regardless of the partIcular formula of

the deflator. Exaggeratlng the degree of conformity of differently constructed

measures, he minIm4_zes the importance of deternszsng the index mwt pa te

to a nurpose or context.2 When Interpreting a productivity tmeasure, he commonly

A curious dualism on the matter of index-number differences is
exhibited by writers wbo have had occasion to cent on both practcald
theoretical applications of formulas with dissimilar weights. When d4.sctwing
the usual price or production measures, they emphasi ze empirical consistency and
minimise or ignore the possibility of divergence. But, when they consider
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overlooks the dger that it may lie outside the range of the individual

productivity relatives. Then using a partition formula, he frequently sets up

and interprets the particles incorrectly.

But index ars, too, are undiscrimating. They prefer the comforts

of convention and the ruts of f liar practice to the search for promising new

paths. Without proteiting too much, they subordinate purpose and methodology to

availability of data. It is remarkable that they have been content for thirty

years to construct production indexes without establishing the sense in which

the results are to be regarded as merically significant. A conscious theory

is necessary if only because the 1indicators are not unequivocal incators of

"physical" output; the origil quantities lose their pristine clarity when they

are converted through weighting to value or labor terms and when the notion of

"netress" is introduced. In the absence of any clearcut principle, it is natural

"welfare" or "cost-of-living" comparisons in the so-called "economic theory of
index numbers", they tacitly assume the divergence of the Laspeyres, Paasche,
and "true" indexes. If fomuls and weights do not really matters, then the
ingenuity lavished on "economic" index theory has been wasted; if all questions
have the same answer, then it does not matter which we are asking.

Examples of dualim may be found, for example, in the works of A. C.
Pigou, J. R. Hicks, and P. A. Basmblson Pigou, the pioneer of "oconomic" index
theory, cautiously states in Th elU of 9Mo (Londons Macmiln & Co., 1949),
p. 62, that exporionce shows alternative real income measures (or the price
indexes used in their dwivation) to be "not often very widely divergent" and
then goes on to sa "Like the mambers of Lord Melbourne's Cabinet, all of then
say much the same thing; though in this case none of then precisely knows what
it is that he is sayingS" In Iggags An trdMup tE (Londons
Macmillan & vo., 1946), pp. 12-14, on -the other han, Pigou still seemed
perplexed by the problen of choosing among alternatively weighted measures.
Hicks, who has also made fundamental contributions to "econmic" index theory,
generally minimizes tho importance of weights in his book written with A. G. Hart
The Socal Irmw rX Aie er c no (New Yorks Oxford University Press,
1945), pp. 199-200, but acknowledges that weights for "disimlar" tho close
years could yield disparate results. Finlly, Samuelson asserts in his
Foundat of 1conomi AMalvsi (Cambridges Harvard University Press, 1947)
the "indisputable Lact that prices do generally rise and fall in about the sme
proportions" (p. 145) but forthwith proceeds to arie "economic" index theory,
showing the usual inequalities involving the Laspeyres d Paasche fola8
(pp. 146-63).
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to endow measures with economic significanco simply because they are based on

tberia economica (especially price weights)e. But it may be argued, with

Haye ad Robbins, that aggregates are econ cally m aies. At a minimal

distortions of the traditional theory of ratioal choice are involved in the

tre.nsoporatioal interpretation of output measures in terms of "volumes of

utilities" or in the allegation of a "downward bia in such measures due to

"quality improvuemnts" .

Fortunately, the dangers of verbal algebra, metrical simplism, pedestrian

practice, and routine interpretation are rediscovered frm time to time. In

the past evnful decade, there have been merous instances in hich govern-

ment, business, and labor officials iho would not nor ly care about technical

issues had to take cognizance of statistical crises. During the war, unusa

interest was shown in the inadequacy of national income an an indicator of the

extent of conversion, in the ted substitutability of ingenuity for informa-

tion in the Federal Reserve mnacturing indexes, in the logical obstacles to

measurement of production and productivity charges in industries undergoing

radical alteration in the character of their outputs in the difference between

accrual and delivery measures of accomplidsient of aircraft plants and ip-

yards, etc. There also wa widespread interest in the various epet opinions

concerning the probable course of postwar productivity and the implied levels

3
F. A. vo. Hayek, "Scientiin and the Study of Societys II", Zconomica,

x (February, 1943), 34-63, especially pp. 39-50; L. Bobbins, "Production"
Rycwclioedia of the leic, XII (New York, Macmillan & Coo, 19345,
4&2~To and * f e cie (2nd ed., Londons
Macmillan & o 43
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of employment.4 After the War, it became evident to man for the first time

that most industry productivity measures were boobytrapped -- as conscientious

technicians had so often warned without success. Labor and management

representatives vigorously disagreed on the facts; national productivity

conferences were held in Washington in 1946 and 1948 in the hope of clearing

the atmosphere;5 and, in the latter year, a Congressional Comittee declared

productivity to be one of twelve areas with notable "statistical gaps" and

recomnended the improveent of erlying production measures and price

deflatoro.6 One of the features of the historic September 1949 fact-findig

report of the President's Steel Industry Board was a digression on the quality

of the statistics suibitted to it on productivity. A greater appreciation of

the need for improved real product d productivity measure for the national

economy and for broad economic sectors has stimulated goverment activities

along these lines uder the sponsorship of the Council of Economic Advisers

and the U. S. Bureau of the Budget*7 To -overcome objections to publication

4
On wartime measurement problems and postwar ployment projections,

4ee for examples the articles by E. B. George on "Gross Nationl Product
Projections" in III (arch, May, d June, 1945); F. R. Garfield,
"Measurement of Industrial Production since 1939", J of he- America
Statital Asloiat-ion, XX (December, 1944), 4 -54; ad I. H. Siegel,
"The Concept of Productive Activity", g. (June, 1944), 225-28.

On the first conference, see U. S. Bureau of Labor Statistics,
§.uMMSUof Prceed o Conference on Pru v (Bulletin No. 913,
Washington, 1946), especially Be. abricant's evaluation, pp. 1-8.

6
U. S. Cogreoss, Joint Connittee on the Economic Report, 8

Gahs (Washington& U. S. Goverment Printing Office, 1948), p. 7.

7
U. S. Congress, Joint Counittee on the Economic Report, i O

Economic Reoort of the President (Washingtons U. S. Goverment Printing
Office, 1950), pp. 116-17.
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raised by interested groups aware of the practical consequences of a few

percentage points, the U. S. Bureau of the Census has been obliged to release

three differently weighted 1947 indexes, not merely one, for each manacturing

industry.8 It is also noteworthy that almost the entire discussion at the third

national productivity conference (held in January, 1951) concerned technical

problems of measurement and interpretation; that all attpto to evaluate

the economic implications of newly developed output .id productivity statistics

ended with a return to technical issues.

The basic idea that informs this study is the interdependence of data,

methods, and meaning. The ters "production" and "productivity", like other

general terms derived from common speech and enriched by specialized usage,

signify families of concepts in the Bridgman sense. There is a spectrum of

such concepts corresponding to the alternative sets of operations which might

be performed on appropriate data. Thus, each of the possible measures confers

a particular meaning on the genera. tem. Ideally, a meastre should be selected

with reference to purpose or context,' but practical choice is severely

8
Indexes with 1939, 1947, and combined (Edgeworth) weights are shown

in U. S. Bureau of the Census, The U. S. Cesus Idex of the PRksical Volu
of Lacturis Production. 1939-1947 (processed, Washington, January 18, 1951).

9
In addition to being endowed with qualities required by the circum-

stances of measurements indexes mht also be expected to meet certain formal
tests satisfied by their constituents. For example, there are the algebraic
tests popularized by Professor Fisher and extended by C. Gini, Metrloa IV
(July, 1924), 3-162, by R. Frisch, Journl of th American Statsical
4sciitionu, XXV (December, 1930), 397-406, by I. H. Siegel, ., XL
r3cember, 1945), 520-23, and by others. Comonsense invariance toets may also
be introduced, like those suagested by G. Haberler and E. E. Hagen, "Taxes,
Goverment Zxpenditures, and 'National Income", i
VIII (1946), 5-6. nother type of test -- conformity of the aggregate to the
conditions of microeconomic equilibrium -- would seem to rule out the familiar
indexes. See the following cognometri papers, which have carried forward
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limited. Thts lm4.tatlon is serious because index-number aggregates do not,

except in the triv5.al case of Identity of relatives, satiefy the condition

which Bridgman calls the "absolute significance of relative magnitudes".10
furthermore, the pleasant assuption that the structure of a measure is

irrelevant may lead to the kinds of difficulties already Illustrated, to what

BouldIng calls "fallacies of aggregation".11 The minjmum precaution that is

indicated 4s some understanding of the algebraic conditions for one measure

to be larger or smaller than an alternative.

But there is still a second kind of meaning to consider -- the trans-

operational or ulterior meaning, which depends on the rational model

implicit in the very operations of measurement. Thus, an index number suggests

a precise comparative evaluation of two aggregates from the standpoint of

a mythical "macrotype"l imagined as capable of making Judgments for a

(chngIng) group over time. Since the relevant behavior of this fictional

creature is prescribed by the data, weights, and formula, it ie evident at

once that the model underlying an index and the theory of choice of rational

Sndivlduals or "m4crot<yoes" are incompatible and of a different order. A

production index cannot be explained in terms of "volumes of uti-littes", even

if we assume that utlilty Isa quantity and that there are no problems of

interpersonal comparability in each of the periods. If it i. agreed that

value theory can at best permit ony ordinal

the pioneer inquiry of F. W. Dresch: L. R. Klein, XIV (Aprl, 1946), 93-108,
and October, 1946, pp. 303-12; K.*y, XVII (January, 1947), 51-63; and A.
Nataf, XVIII (July, 1948), 232-44.

10
P. W. Bridgman, 2imesasonal n s (New Haven: Yale UniversftyPrees, 1922), pp. 19-20.

11
K. E. Boulding, L f truct on -of ,Ecom (New York: Johnniley& Sons, 1950), pp. 186-88.
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comparisons, then the only left open to rationalize the numerical comparisons

of the usual index is to "invent" the decision-maker implicit in the details of

the index and to judge its plausibility. If this usexmhi is rejected,

if it cannot be regarded as a "probable impossibility" in the Aristotelian

sense, then we must concede the arbitrariness of nuerical indexes.

In sunary, there is obvio1s need for higher standards among index

maker and users. There should be a more general and more consistent awareness

of the tiplicity of measures which have a plausibility, of the relevance

of purpose d context to the choice of a measure, of the nature of the algebraic

difference betwoen preferred ad derivable or available indexes, and of the

conventions which underlie the nmerical intrpretation of indexes. Only

persistent attLntiou to thoory and to technique -- and to their linkage can

lead to the right true end of better solutions to practical problems. The sway

of the Baco idoaA fdi cannot be prevented oness there is a vigilant

interest in the nuances of meaning of "oroduction" and "productivity". Definitions

are important despite the customary show of tience with "semantics" and even

in the absence of statistical crises produced by dramatic events like labor-

management disputes or the mobilization of industry for war. The detection and

study of "pathological" cases - of instances of externality of averages and of

extreme divergence of alternatively weighted indexes -- are worthwhile under-

takings for they emphasize the dangers which ever lurk in operations on aggregates.

Indeed, the progress of measurement requires the recognition of dissimilarity

within apparent similarity -- "the obstinate insisting", in James' phrase,

"that tweedled=u is not tweedlodeo". Progress cannot be made when vision is

curbed by the poor best that has been done; when any authoritative, so-called

"general-purpose", or "official" index is supposed to satisfy scientific curiosity

about the course of, say, "production" or "productivity" in every connotative

sense.
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Dspi.te Its critical emphasis the stated ultimate purposes of this

study are obviously constructive In the last chapter, some recommendations

are offered for improvement of measures in the light of our results. Although

some of the positions taken here are necessarily controversial, many of the

concepts and methods employed -- some not mentioned in prior publications and

others little known -- should prove of interest to other students of production

and productivity measurement. The notion of Isubproducts', for eamle, points

the way to compilation of data permitting the construction of indexes which are

sensitive to the structure .of activity (Chapters II and IV). The notion of the

"macrotype" (which reappears in Chapters II and IV) dramatizes the value

judgments that underlie merical comparisons. The "free composition" index

(Chapter IV) merits consideration as an alternative to the chain index for a

changing product universe.. The plural Meanirg of aggregates (Chapter III)

provides the rationale of various processes Involving Indexes: deflation

(Chapter III), the definition of mutually consistent index-number systems

(Chapter V), the partitioni.ng of Input and productivity changes into "causal"

components (Chapter V), etc. Other items which should be of interest to students

include: the distinction between measures based on end products and subproducts

(Chapters II and IV); the analysis of the difference between alternatively
weighted indexes (Chapter III); the statement of the algebraic relationships
between gross and net production indexes (Chapter IV) and between "direct" and

"quotient" productivity indexes (Chapters III and IV); the demonstration that

coverage adjustments could lead to externality (Chapter IV); the reduction of a

productivity index to a ratio of "price" indexes (Chapter V); and the demonstra-

tion that the quotient of net output and total factor input indexes may rise

wh4le all the "gross"" productivity relatives for individual products and

factors decline (Chapter V)0



CAPeTU n

ON sIo M2LIIG OF PRODUCTION AND PRODUCTIVITY MEB

In this chapter, we first detine production dproductivity, then note

some of the problems of single-period aggregation and interperiod comparisn,

and finally- consider some problems of interpreting indexes as strictly quantita-

tive ratios. Much of the discussion here relates to matters that would still

be important -- perhaps, even more important -- if complete data were available.

For choice would then become practicable, and makers and users of measures would

have to be more exacting thanthq now are and the larger questions of meanin

could no longer be neglected.

Definitions

As we have already noted, the terms "production "productivity"

denote classes of concepts having a conuo essence. Various genera may be

distinguished -- like gross and not production, output per unit of labor input and

output per unit of total factor input. Within each genus, there may be lesser

categories and, finally, there are the nmaerous species or concepts corresponding

to the different sets of operations that ma be perfomed on pertinent data.

PtionCaot

In its most general sense, production or output is the result1 of an

1
To avoid ambiguity, we shall generally limit use of the term "production"

to the result of activity and not apply it to the process as well. Thus, tim
term refers to "output", to "end products" of act4vtty complexes and to
"1subproducts" (discussed later in this chapter) of elementary activities.
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activity or couple of activities intended to enrt scarce resoures (h

an poperty services raw and processed materials etce.) to more satisfying

states. These conversion activities include (technlogical) "transformation"

an three kind of translation" -- between persons-, between places and between

time periods. They thus correspond to the "creation of utilities", of the four

varieies comonly enuerated in textbooks. Thay do not include consui on,

the fial registration of the latent satisfactions contained in converted resources.

Prodnction is usually measured gross in comparison to productive

activities or factor inputs. That is, the contributions of past periods or of

more factors than are of particular interest in a given context (e.g., labor)

are included. Not concepts are gnerally proefrred, but they are difficult to

approlimate satisfactorily, as will be noted in more detail later.

In the typial case of social, time-conming productive activity,

problems of principle arise in the definitio and measurent of output which

are not encountered in the primitive case of producing for one's ow consumption.

Thus, there is no universal accord on the treatment of "ovead" activities of

enterprises (e.g., ad tising) ad of a nation (i.oe., goverment) intended to

secure the conditions for other activities which are more obviously "productive.

Many of a nation's overhead activitie (e.g., internal and external oaf ) may

of course, be rationalized as satisfying more or less conscious collective wants,

but these are not of the sane order as personal wants satisfied thro markets.

Furthermore, the criteria for determining production at different levels of

aggregation are not always consistet. Thus, what satisfies an individual's

wants may be frowned upon by society as "illth"; what an establishment produces

may entail offstig costs to the comaunity; what finlly merges fron a sequence

of activitios may not be equivalent from the market viepoint to the sum of the

contributions of the several stages as Judged by the factors (or their owners)
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and their mployers. Finaily, -he time lg between the initiation of

productive activity and the availability of the result (especially when the

prooess is roundabout) introduces the odagers of disappoitet of expectations,

chang in the basis of valuation, etc.

The notions of production an productive activity have beon elaborated

in fora economic theory, in national income liteature, and in the course of

development of "physical volume measures. For our purposes, it is ficient

to note here only two contributions of theorys the detemination of th essence

of productive activity and th explicit recognition of both gross ad net

production concepts. The definition of productive activity as the "creation of

utilities" is a counonplace going back at least to J. B. Uy.2 But the words

"production and "productive" have long reai d a material conotation in-

herited from classiealsad ppular Marshall inisted that man "only

produces utilities", rrring nature to satisfy needs; but, in deference to

tradition, he preferred to lot slow time deal with the classical bias of

3materialim. The second important contribution of theory -- the distinction

2
On the notions of production ad.produtve activity provided by thoory,

see P e D irre of elita _mr (2nded., Londons Mmillan &
Co.t 926), 13, 213-l11 lbbins "Production," . J. D. Black,q
duction to Proction Egonoms (New Yorks er Holt & Co., 1926); and L. M.
Fraer, o e hta_ i 6UUe (Lonao A. & C. Black, Ltd., 1937),
pp. 175-97. Alsof- interest- are the srnvsa ef H. Nyint, Theories of Welf
In .~C -( brid es Harvard University Press, 1948) and K. , Thoriea
uber da XKe (2 vols., Stuttgarts J. H. T. Diets, 1905)1.

3
A. Marshall, PRcLes of m (8th ed., Londnas Ma l & Co,

1920), pp. 63-67. It is noteworthy that, as rocetly as 1944, the term
"production and related workers" was substituted for the term "wage earners" in
all U. S. Federal statistical reports.



betw gross and not output--- i central to econmics. Ref rrig again to

Marshall, we observe his use of the t "nt product" in the modern sene of

wages plus the Ricardian no reveme, as the explicit equivalent on tho national

level of "national dividend" and "social produc-t*4 WT should also note that

several important net concepts have been disti ished on the subjective plan --

involving "surpluses" which idividuals and collectivities presmably seek to

maximize.5

Nationl income literature has enriched the theoretical motions of

production and productive activity while providing statistical series for

various gross and net aggregates and their Gomponents. Out of vigorous dis-

cussions of measure t decisions have come important contributionsto thought

on the character of gross ad net outputs the nature of gove ent output, the

accounting of war production, the- distinction between measures of potential

welfare and potential (physical) output, and many other matters.6

4
Ibid., pp. 79-81, 511, 827.

5
Ibid., pp. 829-319 846-521 F. Y. dgeworth, thSALs Pschics

(Londont C. Kegan Paul & Co., 1881), pp. 56-821 Myints . 'hap. 9; and
K. 1. Bouldiag,- "The Concept of aoie Revie,
XX" (December, 1945), 851-69.

6
Soe, for example, the various TOl so by B. Kusnets-and the volus in

the Sude in Ino Wd ][M1t series, published by the National Bureau of
Ecooi Reeafrch; C. oup, iiles of atinal ns Anl (Bostont
Houghton Miffli Co., 1947);1 S. Kusnets, "National Icome: A Now Version",
Revie of Boomis aNd Statistics, mm (Aust, 1948), 151-79, and reply by
M. Gilbert, 6. Jasui, 1. P. Denis, C. F. ert pp. 179-971 J.1 R.
Hicks, "The Valuation of the Social Incom", eI , YVI (May, 1940), 105-
24, follow- articles by8. us ts in the we podal XT (Fbr ry, 1948),
1-16, and y, 1948, pp. 116-31. ad a rejoier by Nieks,9 August, 1948,
pp. 163-72.
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Of special interest to us are the operational concepts of gross

production and the approximations to net developed for the statistical study of

the "physical voluoe of output of ma facturiug and of other economic sectors.7

In general, net indexe would be preferred if choiceeosuld be made, but gross

measures are often used, f Suede mis. A for the interpretation of the

constructed series, they haveso metimes been regarded as reflecting ;comparative

"volumes of utilities"; but, according to a nr. persistent tradition, they have

also been characterized as approx to indicators of "deflated value added",

"net output content", "amount of fabrication", an as analogues of natio

product in "constant" factor prices.8 Althoug there ist a distinct proefrence

7
In recent years, physical output measures have been prepared by many

Federal agencies (Federal Res*rve Board, Bureau of the Census, Bureau of Labor
Statistivs, Bureau of Agricultural Econoics, Bureau of Mines, Works Progress
Administratio, etc.) ad by sch privat, organizations as the National Bureau
of Economic Research. [hese refer to practically all economic sectors
charaterized by directly measurable production -- mu turing, mining,
agriculture, electric and gas utilities, and transportation. Measures of out-
put have bee developed by U. B. Bureau of Foreign and Domestic Commerce a by
the Nationl Bureau for other economic sectors by means of deflation.

7ke tezms "gross" and et" are relative and, therefore, are not always
used in an unmbiguou, r. us, a measure that is net from ono standpoint
may still be gross from another. An estimate of idustry output based on the
end products of estblishments my be net in the sene that duplication in the
fom of inter-establishsent transactions has bee elminated. On the other
hand, the measure may still be gross in the sonse that the end products have
not been adjusted to exclude the contribution made to their value in the same
establishments in prior periods and the contribution of other industries.

8
For oments on opetio concepts of production, see, for example,

A. F. Burns, Pduction frens in the Unted Stats sine 1872(New'Yorks
National Bureau of Eoomaic Research, 1934)' and "The Measurement of the
Physical Volme of Production", Qgderlv Journal of Economics, XLIV (February,
1930), 242-62; 1o 1. Lewis, "Bone Basic Problems in Index-Number Theory", in
Economic Esay in Hoanor of Wesley Clair Mitchell (New Yorks Columbia University
Press, 1935)4 pp. 276-92; B. Frickey, "Bore Aspects of the Problen of Measuring
Historical Changes in the Physical Volume of Production", in Exlorations in
Economi (New Yorks McGraw-Hill Book Co., 1936), pp. 477-86; P. G. 'Hudson,



for pecuniary weights, there is also a growing recognition of the usefulness of

other weights for "special-purpose" measures -- e.g., labor weights for output

indexes used in productivity computations.9

Since output indexes are not unequivocally "physical", doubts concerning

their numerical absoluteness as well as their economic significance are to be

expected. It may be recalled that Keyness, in his GeneralTher, rejected the

notion of a "volume" of net output as too vague for his "causal analysis" --

and then proceeded to u.se a wage-weighted employment measure which hardly seems

more precise and is subject to the theoretical limitations of other aggregates.10

Pigou is likewise skeptical noting that real income and other indexes rest on

"extremely shaky foundations". Indeed, "once we abandon the sure ground of

"The Technical Problems and Limitations to the Construction of Indexes of
Physical Production", Journ1 of the American Statistical Association, XXXIV
(June, 1939), 239-51; W. Thomas and M. R. Conklin, "Measurement of Production",
Federal Reserve Bulletin, XXVI (September, 1940), 912-23; S. Fabricant, The
Output of Manufacturing. Industries,1899-1 (New Yorks National Bureau of
Economic Research, 1940), especially chap. 2 and p. 80, and "Problems in the
Measurement of the Physical Volume of Output", Journal of the American Statistical
Association, XXXIII (September, 1938), 564-70; H. Barger and H. Landsberg,
American Agriculture. 1899-9139 (New Yorks National Bureau of Economic Research,
1942), pp. 12-14, 325-26; C. F. Carter, W.. B. Reddaway, and R. Stone, The
Measurement of Production Movement (Cambridge, Eng.s Cambridge University
Press, 1948), chap. 1; United Nations Statistical Office, Index Numbers of
Industrial Product.on (Studies in Methods No. 1, New York95 T;aniTUS.
Bureau of the Census, The U. S Census Index of the Phsical Volume of Manufactur-
ing Production, 1939-1947, cited earlier.

9
See H. Magdoff, I. H. Siegel, and M. B. Davis, ProductionE ont,

and Productivity in 59 Manufacturing Industries 12o.-3.feprtNo. S-I,
t. P. A. National Research Projects Philadelphia, 1939), I, chaps. 1, 2; and

U. S. Bureau of Labor Statistics, Productivity and Unit Labor Cost in
Selected Manufacturi Industries: 101-l (processed, Washington, February,
1942 ).

10
J. U. Keynes, General Theory of kn]21oyen, Interest and Mony (New

Yorks Harcourt, Brace & Co., 1936), chap. 4.
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physical fact we are likely to find ourselves juggling with symbols in an

extremely foggy atmosphere", to become involved in ..difficulties which. do not

comprise "a fit subject for elementary lectures".l Finlly, we may cite A. F.

Burns' warning, which could well serve as the epigraph to a study like the

present ones "Strict logic is a stern master andif one respected its one would

never construct or use any production index".12
Pro-ductivity Conce*t

Productivity is the ratio between the output tadthe input associated

with given productive activities, both measured in "real" terms. We say

"associated with" rather than "corresponi t" sine, as has already been ob-

served, output is comonly measured gross while input is geneally measured

incompletely. If the two aggregates corresponded exactly to the same activities

they might not only be expressed in the same common denominator but also be made

numerically equal for one of the periods of a time series. In the fifth

chapter, we s11 discuss indexes incorporating this identity. Meanwhile, we

13must note that such indexes are not tautological and stationary.

Our usage of the te "productivity"-is not universal and in still un-

14common in economic literature. There is no entry for the term in the

nco e, pp. 14-15.

12
Proctiofrends, p. 262.

13
The assertion by I. kl. D. Little, "The Valuation of the Social Income",

i , XVI (February, 1949), 20, that productivity has meaning with respect
to one resource input but not all combined is not correct if it is intended to
apply to indexes.

14
Although the term has generally been used in our sense in Nati6nal

Bureau of Zoo ic Research studies (even in book titles), it is restricted in
a 1947 study by G. J. Stiglerp, Trendsn tta b vomept, pp. 42-43, to
what we later call the "intrinsic efficiency of labor".



, and only one re'erence in our sense s

14sted 4r. the index of ' CtQt.ycoomics. Our productivity
ratio for a angle factor and single period resembles the "average product4vty"
(not marginal) in the statsc law of variable proportions and the recitrocal of

a ialras-Pareto "coeff4cient of fabrication". If the factor ts labor, our ratio

through time resembles the &2vHU et of MTarx and Sombart. The Ricardian
distinotion between "rIches" and "value" may also be expressed in the form of a

product 1-ty ratio.'5 Iarshall's descr ption of "4ncreasina returns" corresponds
to a produotivity measure in which the denominator refers to "efforts and sacr!-

foes", The "produc*tvity" index whach H5.cks and other national income students

distlnguish from a "welfare" index is formally l4ke a productivity indicator in

our sense since it compares outputs obtainable from Oconstant" resources in

situations characteri zed by different product4ve techn4ques.16 Of cours;, it is

possbhle to argue that a change in techniques implies a change in resources.

Though the typical product4vity time serles does not irncly a fur)nctto.

relatlonship between output and input, mathematical "production functions" have

sometimes been fitted, and these permit the derivation of marginal as well as

average productivities for each specified innut. Examples of such functions are

the appljcations of the Cobb-Douglas formula to labor and cap4tal through time;
R. Store's regression equat.ons connecting S. Fabricant's output and employment

15
1.4arshall (fr gjVp1sa, pp. 813-14) preferred to thinl that Ricardo was

attempt-ng to dist'Ingulsh between total utility and marginal utility. See
G. J., Stigler, "The revelopment of Utility Theory. I",TiJournal ofP l
Economy, LVYII (August, 1950), 311-12.

16
See BoonMjc& articles by KYuznets and Hlcks ctted In footnote 6; A. C.Pigou, "Comparlsons of Real Income", E&ononmca, X (May, 1943), 93-98; and T.

Barna, "Note on the Productl.vity of Labor: Its Concept and Measurement",
&U1etin OftgO90rod- eoJ.a , VIII (July, 1946), 206. AlthoughKuznets notes that Hicks assumes constant resources for the indiv-dual producer
kaggRM!v # v 3±948p, pp. 1U7-18), he later asserts (p. 122) that Hicks'"product4v4.ty" 4ndex refers to "total producti-vty" rather than "yield per unitof resources an the usual sense of the term".
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series for all manufacturing; and National Resources Comnittee's somewhat similar

equations for various industries.17

The measurement of productivity requires a notion of "real" cost which

has significance apart from the corresponding return or output. Mars11, Edge-

worths J. B. Clark, and their classical predecessors were interested in measures

reflecting "efforts and sacrifices" or "disutilities", but such notions are now

unfashionable. Thus, before Occem's razor was applied to utility itself, cost

was eliminated as an independent entity, for "cost in the last analysis is

19derived from utility". A similar view has led some national income students to

deny the validity of a concept like "national cost" analogous to national output.2

But it ought to be clear, once we leave the discussion of exchange-value dtemtina-

tion for a single period (a major preoccupation of modern economics) and proceed

to a discussion of economic development, growth, or progress, that resources

must be given a status independent of output. In the study of change through

17
See P. H. Douglas, "Are There Laws of Production?", Aerican Economic

Review, XXXVIII (March, 1948),.1-41; R. Stone, "kiployment in U. S. Maufacturing",
Economic LIV (July-September, 1944), 244-52; and National Resources
Committee, 1 gfjRsource Use (Washingtons U. S. Goverment Printing Office,
1938).

18
Marshall, A., pp. 171-72, 339; F. Y. Edgeworth, Pamers Relatli

to Political Eco,9~ (Londont Macmillan & Co., 1925), I, 292-94; and J. B. Clark,
The Distribution of Wealth (New Yorks Macmllan & Co., 1899), chap. 24.
G. T. Jones' measures of real cost in crP 2tus (Cambridge, Eng.s
Cambridge University Prqss, 1933) were conceived in the Marshallian tradition.

19
H. D. Henderson,sP Da (Cambridges Nisbet & Co., 1920),

p. 165, See, also, Kuznets, rCo omcaays, 1948, p. 123.

See G. Haberler and E. E. Hagen, loo. cit., p. 17; Mi. A. Copeland and
E. Et. Martin, "The Correction of Wealth and Income Estimates for Price Changes",
Eel s , II (1938), 103-05, additional remarks on pp. 131-35,

and coments by M. Friedman, pp. 125-27; and C. S. Shoup, i p. 9.
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ti.e, the distinction between what factors do" and hat they in some sense

"are" is appropriate ad necessary. Here, as in macroeconomic analysis, limita-

tion to the categories of static price theory could only frustrate inquiry.

So-called "labor productivity" indexes are of special practical Im-

portance. They were apparently introduced by the U. S. Bureau of Labor

Statistics in the 1920',.21 They became tketter known during .the 1930's, when

"technological uneployment" was a popular subject of inquiry. During World War

II -- a period of labor stringency, other shortages, and controls m the

significance of such measures became even more evident. Since the War, interest

in higer labor productivity and its measurement has been maifested in

virtually all countries - those which are "underdveloped", those living under

planning" those experiencingg,"dollar shortages", and a United States more

aware of its world position. Labor productivity measures are now so widely used

for so many purposes that the qualifying adjective is usually derstood when it

is omitted.

To man, labor productivity indexes are less desirable than measures of

output per uit of total input, but concoeptual as well as measurement difficulties

stand in the way of development of the latter. Not only are there obstacles to

the quantification of capital and ontropreneurial services, but there also is no

unanimity as to the meaning of "factor cost" or "factor of ,production".22

.21
Simple time comparisons of productivity are, of course, much older.

See, for example, I. Atkinson, T jtibuinofoduct (New Yorks G. P.
Putma's Sons, 1885), pp. 119-20; and reports prepared by C. D. Wright while
first Comissioner of Labor, Tv~ uJ4e0 (Washingtons U. S. Govern-
ment Printing Office, 1886) pp. 0-90, d Machie (2 vols.,
Washingtons U. S. Goverment Printing Office, 1899).

22
See S. Kuznets, Ego ca, May, 1948, p. 123, ana Hicks' reply, August,

1948, pp. 167-70; Kuznets, _Re of Eonomicsan Statistics, August, 1948,
pp. 157-60, and reply by M. Gilbert et al., pp. 189-93. 1. Rolph, "The Concept
of Transfers in National Income Estimates", 2aigr~ x Journal of Economics,
LXII (Lay, 1948), pp. 327-62, would count all interest, dividends, and taxes
as transfers.
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Further e, there is doubt concerning the relevant supect of input --

assembled or 'actual", the 'supply" or the augA.23 Of course, both are

relevant; the forme, correspondig to a fixed parameter in the short run, is

a precoition-of productive activity, le the latter is the effective

variable.24 There is also sme confusion beten technically relevant production

factors, whether rlemneted or 'free", and the traditional income sources,

which Professer Fraser would rather call 'factors of distribution'.25

labor productivity indexes do not reveal chages in the intrinsic

eoficiency of labor but, rather, the chaing effctiveness with which labor is

utili ed in conjunction with other factors. They do not reflect the specific

contribution of labor to output, since they are not measures of marginal

productivity. They do not signify that labor alone is responsible for the

recorded gains in output per workcer or per man-hour. A review of the

literature indicates that these points are not so commonly misunderstood as the

repeated warnings would suggest. Even the earlier writings made it clear that

23
See H. S. Davis, The IndUial (Phila-

delphias University of Pennsylvania Proess 1947), pp. 23-25.

24
1. H. Nicholls, ctivit Functions in K t Pack

(Chicagos University of Chicago Press,9 194 pp. 51-52, properly distinguishes
three dimensions of labor an of capital -- nuber of units, duration of use,
and intensity of use -- in the formulation of short-run production functions.

25
Fraser, OD. cit., pp. 209-12, 326-27. The distinction between

egineeri and 'classical' production functions will emerge more clearly as
interest in the former increases. See80onometric, XVIII (July, 1950), 305-09.
In their study of the 'Rolation of Agricultural Production to Inputs", leview
of asa tatistc, m (May 1948), 117-26, G. T. Barton and M. R.

oper nl virtually every enes of production as an input, even taxes,
but they ignore the 'free" technical factors, sunshine rain.
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worlkrs' efforts are not tim sole source of rasing productivity.26 In dee

Marx himslf regarded productivity as 'dependent on tlm degree of development
in tim conditions of production'"; and m ao distinguisd it from Intensity
of labor effort in ezplaining surplu valueN.027 Similarly, tim better known

proposals for linking wages to observed or anticipated productivity rises --

like tim AlL's 'socal wag'" ded of tim 1920'1s tim 'n 1 improvement

factor' incorporated in some recent wag agreements, and ti w-pr.ce policy
favored by thm Council of Economia Advisers and Esyssirans-' do not derive

froma vulgar timory of iMputation but,, ratimr from 'ethical' considerations

or from tim belief that underonsumption teencies even threaten economic

stability*

It is insufficiently appreciated that labor productivity Indexes

covering time periods and broad sectors of ti economv are peculiarly
appropriate for a society in which man is, In Mars llts wordst both Ntbe end

and an agent of production'. In sch a society, crrent human labor suld be

rendered 'scarce' in compaison to other iputs and to output. The goal aivld
be tbi simultaneous and steady, in the trend sense, inrease in real output and

(voluy) lei (i.e., In "ecomic welfare'); or, since work is tim

complment of le1suret contious Increase in output relative to curent

26
See for emple, 'Poductivity of Labor in t}m Cement, Leather,Flour, and 8gr fag se 1914-1925', N Ir i

(October, 1926), 19; U. 8. Bue of labor Statistics, Mn-kor(Bulletin No. 439, hshimgts U. . on Printing
Po 527; end L. Woln nLabor'vA4
(New York Biawll Bck Co., 1929 ),IIp 47 -6

27

Charles L lrr Co.,1909,p5. ________ _ (NowYorks National au of om Bes , 1943), p. 153, first curiously
states that of ouput per mu-hour are consistent with tim labor theoryof value and t uriouli suggets that suh masures uld take account ofsteredi-p labor to be 'engu withn t f e of ti labor timory.
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labor expenditure (i.e., the continuous increase in productivity.e In such a

society, the use of a labor EC-El or accounting unit for all factor inputs

also eoes appropriate for the study of long-term pr ss. Th, the goal of

reducing current labor expeditur for a given volume of output might well

be extended to the minimization of th ated total labor cost to "generallsed'

man. The copolsite labor su would still make some senos even if the original

labor-equivalent of the incorporated or usedwop resources were not converted

to current labor of a uniform grade.

Classification d Aggregati

Having conddered the coonntional intension of the terms prodtion

and "productlvity', we now proceed to problems of quntification and to probls

of interpretation of the derived measures. For wcon e, shll restrict

our discussion to indexes based on weighted aggregtoes. In practice such

indeo are most ooi y sought or usd. T inclue the classic LaIpeyres

and Paoe asures, which are ratios of weighted aggegates and are o

equivalent to weighted aritimetic or bermonie men of relatives; the Ndgewth

d Flsber 'ideal* masues, which are averages of the Lapeyres an ase

f la;and the ratios of redo areat h as are often preferred for

the measurement of clanges In not oduction. The t iportant of the omitted

formulas are geomstric mans of relaties, whc are now q ntly used.29 In

this sectiont we deal with the construction ad Interpretation of aggegates. In

the third d Il section of thls chapter, we tam p the problems of tie

comparison.

28
Of course, curnt labor producntiity can be raised steadily only if

adequate provision is made in curn otp3ut for th replacement ad epansion
of ap tal only if labor 1i renderd 'scarce' with respect to ita.

29
For a discussion of the -elation beitwe- soonowic means of relatives

and aggregative indexes, see T. H. Siegelp 'Idex-Number Differencess Geometric
eans' MaI (Jum, 1942),
271-74.
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Agpegation within a period Im'olvess t}m establisiment of "inte

oqiarability, or tim gwopi of items bei meased into ase regarded a

°Immogeious; and tim estblisient of tr1 ability of tim recognized
clase. Tim classes refer to piohots, to factor nputs, or to ths materials,

ful9, *to, which have to be eliminated in tim derivation of the reduced agge-

gates enterig into Certain net ou% Ddozes. Tim items Inclded-in each
class are preomabl2y fugble. (Tbme, if pui production is beng measured, tim
'hgomOge classesowgora dweod, bleac suVphite, bleacbed sulphate, etco.,

my be establi.sd. Withi each clas, every ton is regarded a interchaneable
with every other.) Uhan productivity -- or, rther, its reocproc -- s being

maSured for a gr of products, each be cohnsidered to have only one

member, tm average ratto o spond to tim total clas outpurt. tm, an

averag, unit labor requirement ma- -kwrs per ton -- will correspond to tim

antire ou1uWt of grwod in ton

Followig Brdgman, we designate as tim caracteristic unit
in terms of whi.h all lass ers are interchageAble (e.g., tons of

groP woao are equv&alent). Through 'ightig" (e.g., by price per ton), thi
variou "primary quantities (i.e., total tons of gro ood, total tons of

bleacimd sulphite, etc.) are converted to a c on denomator (i.e., dollar
of a given period). We my designate tim - of tim weighted outputs as a

eighted aggregate', or as a useodar quantity. Az we al lsee in the
next capter, sondary quantities are multiples of specific cox secondary
units -- a fact of importanc for tI interpretation of aggregates and indexes.

Ideally, tim principle of indifference acoording to whi.h class members
are considered equivalent siould be determined with reference to thi purpose of

measurgsent. In tim treatment of output, the selection of clas and units
might be approacd fro eitimr of two general viewpoints. First, tih production
meas might be intended to reflect t viewpoint of t aret - of tim
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supplier or the industrial or final consumer -- in whic& case attention should
be directed to end products of an activity complex (e.g., of an establishment
or industry) expressed in units relevant to suply, demad, or eventual con-

suption. The resulting measure, umsall incorporating price weights, is a

famillar type of gross produbion indx. It may give a distorted picture of

productivity change since it merely reflects thi volume of goods cqpleted

during each period -- not tim work done, tim onUtr1bution specifically made to

ti emergIng end products or to goods still in process. The second approach

reflects more fait Tlly tbo structure of productive activity. For aseertain-

ing the volume of activity in output terms, classification should ideally be

based on 'subproducts' of tim verticl stages through which each end product

passes; and each subproduct should be easured in a characteristic unit.30 Thi
resulting agregatiVe index would give a much better picture of productivity

change than any output measue based on end p t. It would also ta

proper account of changes In t degree of process integration, in the extent

of subcontratng, and in departmental rates of operation; and it would permit

conoeptlon of a hierarcil of oonsistent productivity measures covering t

different levels of aggregation, from t worer up tklugh thi plant to thi
entie *ecoomy

Of course, tie subproduct approach Is mainly of timoretica interest,
since it requires more detailed and more vo l us data than are available.

Hence, tim approxatioun to net output Measures which are uually discussed
or attempted start with data for ed products. One of thes approxations is

30
On the notIon of 'subrodutso e I. H. SiglP, j j L

_ _ mix (June 1944), 219-25, ad references toH. S. Jevons d S. Carlson. Se, also, E. Rolph, 'Tbi Discounted vIrginalProdstctiit ,VI (August, 1939), 542-56. Tim
distinction made by Shoup Me 26, 14647, betuee capitalsed8 and"xpeed outlays Is also rele
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based on weighted aggregates for ed products reduced by weighted aggregates

for consmed materials, fu etc.:3t A second altelrative is based on -

product output (generally in the form of a pric-weighted index) aggregated

by means of "aot or ptial weights referring, say, only to the urnhos or

value added in the particular activities- of interest. A third possibility,9
often considered appropriate for the measurment of the unduplicated output of

the entire-economy or broad econ c sectors, involves the combination with

full price weight of 'finshed" prducts only, those which do not reenter the

productive processo.32 In the ease of a sigle indust of simple structure,

the establidsments of which do not suply each other with wq mtorials, this

measure is the same as the gross production index mentioned in the preceding

paragraph. It should be noted that these three alternatives need not resenble

closely the preferred net index based on subproducts, which involves both an

incremental product classification and incrental weights. Furthermore, gaps

in the available data prevet their computation, except in a few cases. Thus,

manufacturingyt indexes can usually be combined by means of labor or

value-added weights, but Joint costs in multiproduct establishents generally

preclude the unmbiguous determination of analogous weights for the individual

products of an industry?3 The extent of intra-industry output duplication

31
Fabricant, O , pp. 25-26; ad R. C. Geary, "The Cncept of

Net Vole of Output with Special Reference to Irish Data", LSun the
oal Staisical Sietg CVII (Pts*. 3-4, 19"), 251-61, especially p. 256.

32
See . H. Shaw, y s (Nw Yorks

National Bureau of Econmic Research, 1947).

33
On the arbitrariness of allocations of Joint and general costs, see

st Dghavior andPrice gol, pp. 26849.



and the magnitude of an industry's consumption of material, fuel, etc. in

"constant" prices are rarely known.34

'There are instances in which significant end-product classes eipressed

in acceptable physical units ot be established. For eple, if the end

products of aindustry are extremely heterogeneous, the nmber of natural

classes may be uimaaeable; and, if the output is regrouped into a mall

number of clases, these now classes my not retain their sgnificance throuh

time. In other words, the qualitative change in the "sae" class may seem as

important as the change in magnitude. In the case of extreme heterogeneity,

the device of "deflation" by a price index cannot yield indirectly a result

more satisfactory than is achievable directly. If a suitable product complex

cannot be specified at the outset, then the nebulous complex implicit in the

derived aggregates can hardly be more suitable. Of course, the deflated result

has some meanings but not the one ascribed to it. A second device - the

substitution of a single proq series lie consption of a mor material

or a crude shipment total -- also fails to meet the real difficulty. A third

device -- classification by subproducts rather tan products -- some-

times prove successful ice greater iformity could result when the

productive process is broken down into a sequence of activities. For example,

the functionlly similar compones oftw buildings of different size may be

aggregated with fower misgivings than the buildings thmselves, especially if

the functional components are physically silar and hece differ only in

quantity.

34
Since the aggregate value of output as reported by establihments

exceeds considerably (perhaps, by 50 percent) the value of "finished" output
of the acturing sector regarded as a unit, the value of products is no
longer shown for industry combinations in the Csus 2of-Manfactues
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'When the end product in a "service', a protean combination of elaenarty

activities, the only practicable output unit may be characteristic of input --

e.g., man-years or man-hours. Such a uit would, of course, imply that

productivity chagso in the actual operations perfomed are of no interest to

the purchaser, that the latter merely "wants what he wants when he wants it".

But, if there is interest in the tochnical effectiveness with which the service

is performed, then the service must be redefined in terms of standardized

component activities. aus, the citizenry may be content to pay the militia,

policemn, firenen, goveront clerks, postmen, etc. for man-years of Oservico",

but personnel and budget officers must be concerned with the specific sub-

product output of these forces if econoq is to be achieved.

Special diffiqulties arise in time comparisons. As will be noted

again later in this chapter, the changes occurring in a progressive society --

in tastes, technology, etc. -- tend to corrode any product classification and

may require the reopening of questions which had apparently been settled

satisfactorily. Devices intended to maintain statistical continuity often

impair continuity of sens. Thus, it is often possible to establish a gross

classification which is applicable to the whole time span of interest but

which also obscures relevant changes in output composition. It is also difficult

to rationaize the results obtained through forml corrections for changes in

completeness of reportage of physical quantities and in the asso uent of

products included in an index. 7hese intended corrections (value adjustment,

chaining, etc.) are discussed in Chapter IV.

Agencies which compile and publish production data, like the U. S.

Bureau of the Census, follow a variety of criteria in classification, paying

particular attention to the conflicting needs of maintaining statistical

continuity and of revealing important changes within industries. They also
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balance the various needs for data and give duo consideration to the realities

of accounting and their own budget. In the Census of Manufactures, data are

usually compiled for relatively broad categories. Though the schedules for

1947 were more detailed than earlier ones, only 6500 "products" were specified;

the published quantity figures refer to 6100. In general, the recognized

classes relate to end products of establiments; sometimes they also inclo

itams destined for consumption in the same establis ent or others of the sme

industry. The breadth of classification often obscures quality charges of

interest. There is also a time lag in the explicit identification of new

products. Many items are reported, not in quantity terms, but by value; and

shipments have often been reported by manufacturers (indeed, shipments were

specifically requested in 1929 1947) itead of production. The Census

Bureau indexes of acturing output for 1939-47, though based on more

product series than were over used before, were derived fOM qutity data

accounting for only 57 percent of the total value of products in 1947; and the

industries for which physical data were used comprised only two-thirds of the

total value added.35

It is even more difficult to devise itable classes and select

ippropriate uits for the measurent of factor input t output. As has

already been suggested a stiction ougjt to be made beteen the input

categories and ts relevant to a study of welfare or income distribution and

the categories and unit relevant to a study of the technical relation between

output and.input. It has also, been noted that serious obstacles impede the

35
See U. 8. Bureau of the Census, 2 and the "General lanations"

in aWV volie oftof MMIReu 1947 (Washingtons U. 8. Goverment
Printig Office, 1950). On criteria apparently used in product classification,
see Magdoff, Siegel, ad Davis, Dpzt*$ I, 29-35.
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developwat of comprehensive measures corresponding either to a given set of

activities (e.g. a indutry) or to a given complex of end products. In

general, only labor input is reported for a given set of activities; and the

recognized classes are- broad (eeg., all factory workers combined or all office

eployees), while the uit refers at best to duration (e.g., man-hours).

Greater refinement in the labor classification, like distinction of skills,

would permit comtruction of a greater variety of measures; other its, like

"constant" dollars ond n , would also be of interest.

Special dfficulties arise in the measurest of factor inputs like

oetrepre ril and pital orvices. here is n characteristic unit for the

formor; and the latter Is measurable, In the absence of serious technical chapgo,

in term of the duration of use of homogoneous u lass*, but heaiber

of identified classes would be eable. 36 Deflation, as we noted earlier,

cannot overcome the basic difficulty thoug it provides the appearance of a

solution.37 It was also noted earlier that the measurent of non-labor factor

inputs in labor unit would be tolerable for the study of progressY- This view,

36
Copeland and Mrtin, Io el suggest the cruder measure of total

plant-hours. J. M. Gould, O a roductivity in the Electric a Gs
iiWi~fE2 (New TorksYotrkont 1 Bureau o Ecuomie Reearch, 1946),
pp. 619, uses kilowatt as a measure of electric generating capacity, so that
his capital productivity index s ssome-- like the chag i capacity
utilization. No devised no measure of capital available or capital service in
units "independent* of output.

37
A crude measure of deflated book capital, of a type rejected by Gould

for utilities, is used by G. J. Stigler, . , pp. 50-53, in his interesting
attempt to measure changes in capital productivity and output per it of
composite factor input in manufacturing.

38
See F* C.*Mills, "Industral Productivity and Prices", ourn ofth

Aserica Statistical Association, II (June, 1937), 258-59,- and IK. . Boulding,
The Yconopi o (Nw Yorksa Prentice-Hais, 1945), pp. 76-77. Bouldin,
incidentally, would like to measure "want satisfactions" per man-hour but
settles for the output of goods and services as his numerator.
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of course, is nlike that of Dobb and other socialist economists who regard

the "failure" of the subjective theory of value to provide a basis for the

quantitative expression of capital as a decisive point in favor of the labor

theory of value.39 We do not assert the relevance of a measure of a factor's

"quiddity" to the determination of exchange value, so we ought to escape

Hayek 's censure of "scientim"40 .- even though we do assert the significance

of "real" cost for historical studies and the special significance in this

connection of the labor mnmeraire.

&Zggre~te a Their Mepn

Money and labor are the only more or less usable units for aggregating

either output or input. Psychological units -- utility for output and negative

utility (disutility) for input -- are ruled out as non-operational, but we

shall have more to say about these later. The pecuniary denominator -- e.g.,

"constant" dollars of a "base" period - is generally preferred to, and is

easier to employ than, the labor donominator.e4 Gross products (which include

materials, etc.) may readily be swned in current prices, but conversion of such

output to a current labor equivalent would be a real feat. The same is true of

39
M. Dobb, "on Some Tendencies in Modern Zconomic Theory", in Philosophy

forh e (New Yorks MacIllan & Co., 1949), p. 396.

40
Hayek, locn , pp. 40-41.

See Davis, op. cit., pp. 20-21, and Price Poliy
AY. 154. Two ambitious attempts were made by i. P. A. Vational Research ProJect
investigators to meaure input ia labor unitss R. K. Adso and M. . West,
Pro uctivit 1 ent e (Report No. N-l,
193 an K. west, PMAau in Selected striess

~~~!l (Report No. N-2, 93)
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factor inputs other than labor. But the problem of expressing all output or

in':ut in "constant" price or labor units of a particular period -- a necessary

purelude to temporal comparison -- cannot be solved satisfactorily if the

different products or factors cannot be measured in appropriate primary units

in the first place. Finally, .re note that there is no difficulty in principle

in aggregating output by means of partial or "net" weights referring either to

"direct" money or "direct" labor cost.42 Such weights do not involve arbitrary

allocations of joint or overhead costs.

The significance of index numbers depends on the significance ascribed

to aggregates. From the various discussions in the literature,At emerges that

pecuniary output and input aggregates have no exact welfare content; that,

only under highly restrictive assumptions, can they indicate which of two

combinations of output or input is preferred by a collectivity or by its

"representative" consumer or producer.43 The quantitative interpretation of

aggregates and indexes is incompatible with the accepted theory of economic

value, since the rules of measurement do not correspond to the rules of economic

substitution. Price or labor weights cannot be wrrenched out of their original

42
Insofar as possible, "direct" labor weights were used in combining

industry products and industry indexes in Magdoff, Siegel, and Davis, 2 cte
and V. 3. Spencer, it neProductionral

act_ (Report No. S-2, W. P. A. National Research
Project: Philadelphia, 1940). The same practice is followed by U. S. Bureau of
Labor Statistics.

43
In addition to the cited works of Robbins, Hicks, Pigou, Kuznets,

Little, and Samuelson, see R. G. D. Allen, "The Economic Theory of Index
Numbers", Economica, XVI (August, 1949), 197-203, and 0. Lange, "Foundations
of Welfare Econoaics",I EoC etrica, X (July-October, 1942), 215-28. Of
general interest is the penetrating study by K. J. Arrow, i91alChoice
Individual Values (New Yorks John Wiley & Sons, 1951).
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"equilibrium" context and associated with the output or input quantities of other

periods without loss of their original meaning. The indifference map of the

"representatives consumer and +he product substitution map of the "representative"

producer cannot be composed of parallel hyperplanes. Marginal rates of

substitution would cease to play the role now attributed to them if they really

were constant from point to point and from plane to plane. The validity of such

maps through time -- together with the fact that the weights have absolute as well

as relative constancy -- would, indeed, mean the replacement of "alternative"

cost theory by a "real" cost theory. But such maps are not valid -- they do not

represent the behavior of any but a mytLhical creature -- so the implied theory

is really one of "conventional" or "arbitrary" cost. Two. other facts ought to

be noted here. First, there is no unique weighting system inherently superior

to all others, so there is no unique measure of output or inpuat change. Second,

the behavior implied in a measure of quantity change is inconsistent with the

behavior implicit in the correlative measure of change in the weighting concept --

i.o., in price or in the unit labor requirement -- so the t measures cannot be

interpreted with reference to one map even in the best of circwastances.,

Although output indexes with pecuniary weights are sometimes said to

reflect changes in the "volue of utilities" created, aggregates do not represent

unique Benthamite sums. Even if utility and disutility were quantities, were

measurable on the same scale for each individual and were convertible between

individuals according to known functions pecuniary output and input aggregates

would still imply numerous subjective totals according to the inter-

personal distribution of the output and input. This would still be the case

if all individuals had the same subjective functions but the interpersonal

distribution of benefits and sacrifices were unequal, since marginal utility

and marginal disutility are not constants. Apparent definiteness is given to
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aggregates, at least for a single period, by the transfer of attention away from

the individual to "society", a "collective personage"; the identification of

equilibrium prices with "social" utility ad disutility; and the substitution

of the notions of "effective" utility and disutility, computed at the margin,

for the true utility totals, which are integrals of marginal utility and dis-

utility. It was in this manner that J. B. Clark sought to connect market and

subjective aggregates.44 But the solution is unsatisfactory. The two

"effective" totals are equals yet the true integrals must be unequal. Indeed, if

"society" is rational and endowed with foresight, total utility must exceed total

disutility; otherwise, economic activity would not be undertaken in the first

place. Clark's Procrustean maneuver amounts to a serious redefinition of the

subjective concepts underlying individual behavior. Depersonalization of these

concepts deprives them of economic significance, at least to the extent that

individuals rather than society make economic decisions. TO consider utility

with Clark as the quality of inducing "social labor" or with Fraser as the

"quality of inducing purchase"45 is to pour new wine into old bottles without

changing labels. In any case, Clark's approach does not suggest the interperiod

comparability of subjective totals; and it is even less satisfactory when the

discussion is extended to net output aggregates and when output includes goods

destined for gradual and intermediate consumption.

The view that pecuniary aggregates have or ought to have more than a

vague welfare content inevitably persists. Thus, when a Department of Commerce

spokesman claimed merely that the revised gross national product statistics

44
02 eit., chap. 24.

45
Fraser, o. cit., p. 89
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revealed the "structure of the social'accounts"', it was countered that the measures

also have welfare significance.4 More recently, Samuelson suggested that money

aggregates not be compared in ratio form since economists who knew better could

not resist the temptation to ascribe cardinal significance to the indexes.47

Kuznets would like to identify the Hicksian cost-weighted "productivity" and

48price-weighted "welfare" measures by suitably redefining factor cost. Though

Samuelson rejects Kuznets' monism, he does state (and Hicks would agree) that

measures of "production possibilities" have no normative significance in them-

selves but find justification in their illumination of "utility possibilities".

The inclusion of such "waste" as war output in measures of national product is

rationalized in the same manner.49 Finally, we note the occasional suggestion

(e.g., by Pigou and E. R. Walker) that different price weights ought to be used

in physical output and real income measures so that they would more effectively

reflect satisfactions.50

Time Comparisons

The character of an index is necessarily determined by the choice of

classes, units, and weights; and by the techniques employed to make up for gaps

46
See remarks by J. Rothenberg and E. F. Denison in tudes in IncomAn

healths X (1947), 66-67, 77-78; and M. Gilbert ot al. loc. cit., pp. 188-89.

47
P* A. Samuelson "Evaluation of Real National Income", OxodEcnoii

Papers, II (January, 19505, pp. 22-26.

48
Begcap ILya 1948, pp. 122-24.

49
0 January, 1950, p. 17.

50
Pigou, Ve. of Money, pp. 60-61; and E. R. Walker, From Economic Th

to Policy (Chicago: University of Chicago Press, 1943), pp. 249, 254.WMMMMMMM~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~9~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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and discontinuities in the data. The validity of such techniques, too often

taken for granted, actus-lly depends on the closeness of the results they yield

to those which would have been obtained if they were unnecessary -- if complete

data were available. Te defer discussion of the algebraic conditions they must

satirfy to accomplish their purpose and consider here some other aspects of index-

number construction and interpretation.

IgstabilitEyof Reference r

The change recorded by any comprehensive measure is most intelligible

when it is ascribable to a unique set of causes uniformly acting on all components.

Thus, what an index can tell us is best understood when the recognized classes

really are homogeneous through time; when the primary ut for each class refers

to an attribute of dominant and constant significance, or when the relatives

are invariant to a change in units; when all classes indicate the same percentage

change (in which event the choice of formula and weights is inaterial); when

all plausible weighting systems are equivalent. But such uniformities are not

encountered in practice; indeed, as we have already suggested, such uniformities

would imply that rational economic behavior is something far different from what

it is customarily considered to be. Instability is the rule -- in the statistics

and in the situation to which an index relates -- so that interpretation is no

simple task. Thus, there are relevant changes in the tastes, income distribution,

age distributions and identity of the population; in institutions, technology,

structure of activity, an degree of market imperfection; and in the assorbuent,

quality, and physical specifications of output and in the quality of factors.

Such changes suggests among other things, the impossibility of interpreting a

production measure even as an ordinal comparison with reference to a unique map

of indifference or substitution curves. Indeed, if a fixed map were assumed while

tastes actually adjusted to changes in technology, it could appear that a
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"representative" consumer illogically preferred the less desirable of two combina-

tions.51 An index cannot be regarded as an indicator of choice nless a constant

criterion is posulated -- unless the asure itself suggests the behavior of a

plausible though mythical appraiser contel atinfg both situations with what

Colliwood calls "equal sympathy".2

Of the changes mentioned here, so-called quality changes in output are

of particular interest. Failure to take account of these, especially in the

case of acturing, prubi leads to distorted measures of quantity. A

strict distinction cannot be made between quality problems and other measurement

difficulties since all ultiately involve the adequacy of classes, units, and

weights. Thus, a radical alteration of the internal structure of a broad product

class is sometimes regarded as a quality problem. The same is true of a change

in the scope of aotivities included in a ustry definition, a hange which

destroys the relevance of the partial weight.. There would be more agreement on

an alteration of the properties of a nal product or an alteration of the

significance of a pria unit with th-eresult that the sme quantity no longer

has the same capacity to satisfy the wants of a consmer with fixed tastes.

(The analogous case for capital goods is an alteration of the eventual output

obtainable by use of the "some" quantity of equipment with a given complement

of other factor inputs.) A quality change sometimes requires an alteration of

51
The remarks of Carter, Reddaway, and Stone, ,OD. cit., pp. 71-72, on

British output comparison for 1935 1946 are very pertinent.

52
R. G. Collingwood, The Idea of History (Londons Oxford University.

Press, 1946), p. 32'. Other rearks of this historiographer on "progress as
created by historical thinking", pp. 324-27, are also relevant to our
discussion of teporal changes.
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the amount of resources used per unit of the same nominal product due to elabo_

ration or curtallment of the process. This situation should be dist nguished

frau a change in resource productivity for a fixed set of activities and from an

apparent hange due to a relocation of activities -- I-n both cases without affect

I.ng the want-satisfying power of the product. Such quality and pseudo-quality
problems could theoretically be led by means of subproduct measures with

classes that could have zero entries.

A commomplace of the literature on production measurement is the asser-

tion that quality changes generally represent Nimproements", so that the usual

measures have a "downward bias .5' This idea requires closer scrutiny. It may

mean that grossness of classification obscures a shift in assortment of output

in favor of goods requiring more factor input, or In favor of goods mor -hbbly
prized by consumers with given tastes. It may, on the other ha mean a "true"

quality increase (i.e., in a refined product class) from the standpoint of the

productive processs the actual output of a new model may be lower tha that of

the superseded model with given resources. A "true" increase o¢curs in the

case of capital equipment when a unit of the new model is more effectual th a

unit of its nominally equivalent predecessor. But conceptual difficulties may

arise whn attempts are made to identify "true' quality changes in goods made

for consumption. T , a postulated consumer with fixed tastes in the narrow

sense cannot be trusted to compare with "equal sympatby", from the standpoint of

one period, the products made at different times in a dynamic society. Indeed,

if truly imbued with the outlook of an early period, he may prefer the familiar
and regard prospective change as an inconvenience. A conmr with the viewpoint

of the later period may lkewise be biased,.regarding change as progress siply

53
See Stigler, 2L..Ai., pp. 3, 10-13, an the literature cited in

footnote 8.
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because it baa Culminated In the present. There is an alternative quality

appraiser whose J e may be invoked -- a generaliued" ser equall at

bow in all periods and whose tastes, being fixed in the broad sense over time,

are stisfiable by goods of changing specification. Since he accepts now ways

of satisfi.ng his stable categories of wants, he would rule out many of thS

quality cange often asserted to have occurrd.54Y Without some such conception

we houl probably have to ab on attempts to e changes in the Npuical
vol;e of the p sically chaging hoods of an advanced iindustrial society.

b now addres. ourselve; to a most important question: How can tim

popular vi w of an index as a quantitative comparison be rational.szed, especially

since such a view is not supported by economic considerations? We have already

seen that even the interpretation of indexes as ordinal camparlsons is per-

missible only under artificially simple conditions. Historical measures cannot

be Just4fted as "eoonom-c" comparisons of alternatives from the standpoint of

fixed tastes or tecomology. Output aggregates cannot be interpreted in terms

of utility, unless this notion is depersonal sed; and output indexes cannot be

regarded as ratios of utility 'volumos" w3thout further redefinition. The same

54
To such a consumer, a car of today serves no better the need for

private transportation thn did the model of yesteryear in its own time., so
the later version does not represent me mystic multiple of the earlier one.To him, a change in a product simply keeps it desirable, for his tastes in the
narrow sense correpondingly alter. These remarks, of course, refer to output
mea umt from the end-product standpoint, not the process standpoint. Ifthe purpose were to masure productivity changes in a given set of operations
in automobile anfcture stanardIzation between periods (e'g. on a "sub-
productDbasis) would be desirable.

In mining productivity measurent, there is a commendable practice of
making computations for both or and recoverable metal - a practice which
recognIzes the interest which attacbes to meamswe in terms of processes as
wen as end products.
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may be said concerning efforts to interpret/measures in terms of the disutility

experienced by persons in the performance of work or in the use of their

property. Besides, the status of disutility is even more dubious than that of

utility. All this leaves us with but one answer to our questions An index may

be regarded as indicating the precise evaluation and choice made by a mythical

personage whose relevant behavior is not "economic" in the ordinary sense but is

described by the specific content and structure of the index.

In elaborating our answer, we shall find a few now terms useful. First,

we define a "microtype" as an economic man, an abstraction whose relevant persona-

lity is described by the familiar equilibrium allocation equations. Next, we

introduce two personages of higher order, single-period and multiperiod

"macrotypes". The fQrmer is a "representative" or generalized individual whose

behavior is considered to characterize that of a collectivity for a single

period. A multiperiod macrotype is of a still higher order; it is conceived as

capable of making a precise comparison of two or more aggregates according to a

fixed criterion expressed in the weights. Now, in the quantitative interpreta-

tion of an index, we must reject at once the microtype as a personage of

insufficient scope to reflect the collective choice of even one period. Utility

and disutility, being of the same order, must likewise be rejected; quantifia-

bility has nothing to do with this conclusion. J. B. Clark's socialization of

utility, as we have already noted, is tantamount to the introduction of a single-

period macrotype whose behavior is & us to that of a microtype. But only

the multiperiod macrotype can make interperiod comparisons of a numerical

character -- and then only because it is the physical model, the personification,

of a formula. In the simple case of a comparison of two output combinations of

n end products, we may imagine this mythical creature to have been delegated the

task of contemplating both with "equal sympathy" and deciding their relative
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magnitudes. The individual product series are dewned adequate whether or not

quality has remained constant. The two combinations are like vectors with a

common origin in a hyperspace of n dimensions. If the vectors are collinear

(in which case all product quantities have changed in the same proportion), then

their relative magnitudes are independent of the choice of macrotype. But if they

are not collinear, then the result does depend on the macrotype selected.

Different principles of indifference may be invoked to render the two vectors

collinear; either may be rotated (simultaneously undergoing a change in legth)

while the other reins fixed, or both may be rotated. The index again is given

by the relative lengths of the collinear vectors or of thoir projections in any

plane; the result varies according to the transformation principle used by' the

macrotype. Another mode of behavior. however, is more commonly built into the

macrotype. Instead of collineation of the vectors, the macrotype underlying the

ordinary index is asked to accomplish the scalarization of vectors by means of

a common system of weights. These weights define the fixed viewpoint from which

the macrotype makes a precise appraisal.

The visualization of the physical model underlying measurement has the

virtue of clarifying the degree of kinship to the model describing economic

choice. It also makes evident the conventional nature of numerical indexes, If

all indexes of production or productivity agreed, then there would be no interest

in the ulterior justification of any particular one. But, since there is no

unanimity, the multiperiod macrotype should be a useful fiction.

ACoent on Ultite Measurement

Once we note that the categories of man's wants have greater stability

through time than the particular product classes satisfying those wants, there

is a temptation to proceed further and ask if all output may not after all be

summed up, in some ultimate sense, in a single, continuous, comprehensive series.
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Is there not a s to which all output contributes, whatever its

specific form? We have already dismissed the subjective, microtypal notion of

utility as unsuited to this purpose. If there is an acceptable notion, it must

refer to an enduring desidrt of "generalized" man, a multiperiod macrotype.

It must be objective, "absolute", and universal -a applicable to e.1l times,

places, and cultures. It would evidently be the analogue, on tie "return" side,

of the ultimate labor measure of composite input.

Perhaps, the only conceivable measure of ultimate output is a Ruskinian

one -- the net addition of life-years to a (changing) collectivity made

possible by economic activity in its broadest sense (including war).55 This

measure suggests that the extension and perpetuation of life, at least for the

collectivity in question, constitute the supreme objective of activity, and that

a year of life has constant, additive significance. The contribution of various

pursuits (e.g., medical arts) to a life-opportunity sum would be quite different

from the contribution to the usual national product total. A "productivity"

measure based on a life-opportunity numerator and a composite input denominator

expressed in labor would be a most striking indicator of progress. But,

needless to add, even Colin Clark would have difficulty estimating the numerator'

55
See J. A. Hobson, Work and Welfare (New Yorks Peter Smith, 1948),

chap. 1, for an attempt to formulate a vital standard of valuation, "organic
welfare", and for a sympathetic estimate of Ruskin's Mung Pulvers.



CHAPTFa III

SOME TECINICAL ASPECTS OF' IEASURWMENT

In this chapter, some of the points made in the preceding one are

elaborated, and the foundation is laid for the further discussion of production

and productivity measurement in the chapters which follow. Among the toj!ice

treated here are the interpretation of aggregates and indexes in terms of

secondary units; the effects of differences in classification, units, and

weights; and the nature of deflation.

On Aggregates

The weighted aggregates of interest here have the form I xy, where the

n positive values of xi may be the weights and the n positive values of yi the

corresponding quantities to be combined -- or vice versa. The irnexes discussed

in the next section will be composed of similar aggregates. In the chapters which

follow, we shall permit some of the weights to be negative, when we consider

certain net production measures; in such instances, the positive weights are

associated with gross output quantities and the negative weights with quantities

of materials, fuel, etc. to be deducted. Aggregates with only positive weights

are relevant to the construction of indexes of gross output, indexes of net output

based either on gross quantities partial (e.g., unit value added or unit

labor added) weights or on subproduct quantities indexes of composite input,

"direct" indexes of unit labor requirements and productivity, etc. The weights

may refer to the same period as the quantities being combined, as in the Paasche

index, or to some fixed "base" period, as in the Laspeyres index; or to some

other period, combination of periods, or none at all.
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Two little known facts about aggregates have lportant bearing on thi

numerical interpretition of indexes. Flrst, even as the distinctive property

of a product or factor clas lis sizs with respect to a characteristic primary

unit, the weighted aggregate itself is a multiple of an Implicit harteristic

secondary or composite unit. Second, the aggregate output and aggregate

input of a period may both be expressed by the ame wighted s but this

represents different multiples of secondary u unit a Of the

secondary nput unit.

Consider a weighted aggregates, Z yos were tbme xs represent unit

value added or the unit labor reqiret in the period to of the corresponding

to product quantities, yol Thi dimension of the weighted aggregate is valuo

added or labor consumd (e.g., man-hours). We define a secondary unit of

output as Zxorl, the value added or labor corresponding to an output complex

includIng one primry unit of each product (i.e., yo : 1). Similarly, a

secondary unit of the weighting factor may be defined as Iloy0, the value added

or labor quantity corresponding to tih hypothetical case in which tbi output

of each product has un4t weight (e.g., one dollar of value added or one man-

hour oflabor). If the weighted s, however, is to represent "itself"

(i.e., value added or man-hours), than we define tim coqposite unit as

l.l*a n. Although the weighted aggregate Is constant In its three guises., it

represents different multiples of the three secondary units -- i.e*,

Zxo0y/ Ix.1 E!x£y0/X l*yo / IxoyOl 1.1. These multiples are clearly
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"averages" of the product quantities, the weightrs, and the total value added

or labor consumed -- but all the denominators are of the s8a dimension as

the nmerators (e.g., all refer to value added or man-bours). To suggest the

Identity of dimension, as a consequence of wh4ch all the multiples are pure

nmbers (4..e., the units of the numerators and denwintors cancel), we retain

the superfluous "1" in the denominators.

Let us examine the case 4n which the same money aggregate corresponds,'
by definition, to total value added and to total factor rewards -

v09:z lwofo, where the voi an the qoa represent unit value added weights
and the crresponding output quantities in tow,h.* e tb oi and fo represent

rewards per unit of factor input and the corresponding factor quantities.
Hbre, despite the identity of the totals, we have two different multiple., since

the secondary output uni.t differs from the seconry input unit. That is,

Tvoqo/ vto*l # £wo~fo wo.l.
It should be obvious that a chnge In classification of products or

inputs or a change In primary units alte the number of corrsponding
secondary units contained In a given weighted aggregate. The reason is that

the numerator and denominator are not symetrically affected. in the mnurator,
a change in a quantity ils compensated by a change in its weight; but, in the

denominator, only the weight is modified while the primary unit (hence the

secondary unit, too) is simply redefined. Symbolically, we have

ZzOyo/ Txo-l as the muber of secondary units contained in the weighted
aggregate at the outset. Changing the primary units from xwo to i0xllki, we

must correspondingly alter yo.i to yoi/koi. Though the weighted aggregate is

invariant to a change in primary units, the number of new secondary un4ts it
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now represents is jx2 Zokoe.l ( Zy0/~Tx0.l). It wlU be maintained

later in th" chapter that a teomically satisfactory aggregative output index

should have-theSame product classification in both niuerator and denominator.

That is, both aggregates shold be measured in the same implicit secondary

unit. If thi.s criterion is extended to the case in which some output entries

are zero, we have a rationalization of the "free cmposition" index, which it

suggested as an alternative to the chain measure in Chapter TV.

Suppose two different weighting patterns are applied to a given output

complex and that the corresponding aggregates are Zxy and I x'y. Under what

circustances would the number of secondary un4.ts corresponding to one

weighting system exceed, equal, or fal srt of the number corresponding to

the otber weighiring system? The two multiples are Yx : txzy/Zxl and

1, :cx'y /Ex'.l. Now, the writer has shown elsewherel that the sign of the

I. H. Siegel, "Further Notes on the Difference between Index-Number
Formulas", al t , VI (December,
1941), 519-24, and "Note on a Common Statistical neq~aality", ep XXVIII
(June, 1943), 217-22. Other types of exressions are shon in "The
Di4fference between the Paascse and Laspeyres index-Number Formulas",. ±tjg.,
XXVI (September, 1941), 343-50. It should be noted that the same methods of
analysing index-nmber differences are applicable to differences between
secondary-unli.t multiples.
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difference Yx - Yx is given by the sign of a double sum composed of nC2 elements,

n-l n
21 2i xix(xi/Xi - Xj/x)(Yi -X i //i;
igi jwi1J/il

or by the sign of the von Bortkiewiez weighted correlation coefficient

rX(X1/X)*ye That is, Yxj exceeds, equals, or falls short of Yx according as

the xj-weighted coefficient of correlation between the ratios of the weights,

xIJ/Xj and the output quantities, yi, is positive, zero, or negative. The

double sum snows that, if the Spearman coefficient of rank correlation between

the x'j/xi and the yi is fI, then Yt >Yx necessarily; if -1, then

Yx < Yx, necessarily. These ai other critical expressions may be derived by

elementary vector or matrix methods, involving the generalized Lagrange identity,

or by straightforward, if tedious, algebra.

Suppose that all the quanlities are combined with weights in one case

and with no (really, equal) weights in another. In tezam of secondary unites,

we have [xy/ Ix.l. for the weighted aggregate and Zl*y/ IleI a £y/n for the

unweighted aggregate. Now, the former multiple is greater than, equal to, or

le than the latter according as the ordinary Pearsonia correlation coefficients

ray, is positive, zero, or negative. The critical double sum is

n-1 n

- (ei - X )(Yi - YJt)f WJo

which shows that the weighted sum must represent a larger multiple when

the ranks of the quantities and the weights are identical and a fler

multiple when the ranks are inverse.
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On Indexes

In accordance with the introductory remarks to the discussion of

aggregates, we shall consider in this section ratios of aggregates of the form

gyrI/ Ixy, where the weights are positive only.

Inde~xes n Secondqar Units

An aggregative index is technically most satisfactory when the

numerator and denominator are both multiples of the o secondary it, hon

they are both "absolute" quantities determined with respect to a conmon scale.

That is. the sum Zxel should have m aing with reference to 2 of the

aggregates beig compared. The product classification, primary units, and weights

should re n constant btwoeen the two periods, even if some of the quantities

are zeo in one of these periods. Output and input indexes are technically

less satisfactory if the product or input composition is permitted to change,

if the two weighted aggregates are deemed comparable simply because they are

expressed in a cowaon denominator like dollars or man-hours. Further comment will

be made on these matters in the treatment of deflation below an of "free-

composition" aggregative indeo (the "frame" of which remains rigid through

time eVen though there are some null quantities) in the next chapter.

It has already been observed that the same aggregate may be regarded as

a multiple of different secondary units, according to its meaning, and that these

multiples are like "averages", except for dimension. It may'now be shown that

the nMerator and denominator are replaceable by the products of multiples

corresponding to "averages" of the weights and of the quantities being

combined. Thuss we may write

'xy X.Y l
Zlly Zx~l
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Indexes Deflation

vey aggregative index may be written as the quotient of two others.

Thus, an index of the Laspeyres type, Ex0yl/ xoyO9 may be rewritten as a

quotient, (ZxOy1/x1y1) / (XxoY/2x1yl) : (Xx1y2/1xoyo) / (lxly/ixOyl).
If the original index is a labor-weited measure of output, the quotient is the

ratio between the total employment index and the Paasche unit labor requirement

index. If the original index is a price-weighted measure of output, the quotient

is the ratio of the gross value index to the Paasche index of price. If the.

original index were of the Paasche type, the numerator would remain the same,

but the deflator would become a Laspeyres measure.

The Laspeyres output index may also be written as

?E(xV/xlosl) YLJ /-xoyo 2:!xly /ZE(oX1oSl) yo,
where X1hos is the Paasche deflator. imilarly, the Paasche output index is

equivalent to

E (x/1080) Yi.7 /1 xoYo :x19b1 /zC(lo 8) Yaks1
where X1080 is the Laspeyres deflator. Thus, if the original indexes are

weighted by prices, they may be interpreted as indexes of Lross vAlue in which

the absolute prices of either tl or to are jLtd by a flat percentage to the

level of one of the periods while the Stir prices in both periods are

unaffected. The uniform "effect" of a change in "price level" is supposedly

"removed". If the original indexes are output-weighted measures of change in

unit labor requirements, they may similarly be interpreted as labor input

measures adjusted by a flat percentage to the "constant" output level of either

to or t1.

Lot the formula I qr'/I qr represent a unit labor requirement index with

output weights. Its reciprocal, I qr/ Xqr', is a productivity index of the type

developed by the V. P. A. National Research Project and preferred by the U. S.
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Bureau of Labor Statistics.2 If the unit labor requirement index is of the Paasche

type, the productivity index may be written more specifically as I qlrO/7 qlrl.

Now, this ratio may be regarded as an altic4 form. The numerator may be

considered to represent output in tl, the secondary unit in this case being

ElUro; and the denominator may be regarded as signifying labor input in t1, the

secondary unit being 1931. We may then imagine that this ratio is divided by

another, which describes output per unit of labor input in to and has the value

unity. This divisor must be IqOrd E qorO rz 1; the secondary unit of its numerator

is also Zl-ro0 but that of its denominator is l.lo Introducing this divisor

and rearranging termse we get (Tq.rO/ Zqoro)/(Yq.r3/fqoro), the ratio of the

Laspeyres output index to the labor input index. If we start with the Iaspeyres

productivity index, TqOro/Tqor1, and interpret it as an elliptical form, the

numerator and denominator must refer to to. Consequently, the ratio of output

to input in tl must be unity, of the form Zqjr /Zqjrl; and, in the original

index, E qOro must represent to labor input while £ qor, signies to output.

Thus, we have

£qorO 1 1 / * qqlrl qIr1 : yqlrl q1r1
.qOrl T-qOrO Eqjrl y~r Earl J/'WrO

where the numerator is the Paasche labor-weighted output index the denomina-

tor is the labor input index.

It is freouently overlooked that indexes derived by deflation ought

ideally to meet the standards applied to indexes which are computable directly.

The meas-ure that is sought must be possible in the first place; and the inter-

mediate indexes used to approximate it must be appropriate in form and scope.

If an output index cannot be visualized because product classes sufficiently

2
See Magdoff, Siegel, and Davis, op. cit., I, chap. 1; and W. D. Evans

and I. H. Siegel, "The Meaning of Productivity Indexes", Journ of the
American Statistical Association, XXXVII (March, 1942), 103-11.
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homogeneous through time cannot be established, then it cannot be derived by

deflation; whether or not the deflator is based on a sample of homogeneous

products is irrelevant. If the symbold in the nerator and denominator of the

desired index cannot be made to refer to the same product classes, primary units,

and weights, then deflation is to no avail and yields an output measure with a

differeot mning from the one that is sought. Thus, estimates of "real'

nationl product derived by deflation must reamin obscure so long as this concept

cannot be conceived as a 'heap" of goods and services in "physical" terms -- so

long as the output of govermient and the various service industries cannot be

quantified in characteristic primary units, so long as homogeneous product classes

cannot be established through time for all industries, etc. Furthermore, there

is no assurance that satisfactory estimto of zet product are obtained when

gross price measures are used as deflators. Fially, attempts like those mde

by the Federal Reserve Board to derive output indexes for machinery and other

manufacturing industries with heterogeneous end products by the application of

spurious productivity indexes to man-hours indexes can only lead to nebulous

results. If an output index cannot be specified directly, then its correlative

productivity index cannot be conceived either. Clarity cannot be achieved by

substituting one vague notion for another, by simply ignoring a problem which

cannot be solved, by resort to mere verbal algebra.

There is a universal tendency to mislabel an index derived by deflation

of a value index by a price measure as an output index expressed in "constant

to dollars". Apart from the difficulties mentioned above, such a result cannot

be derived unless the deflator is of the Paasche type. But, more likely than not,

the deflator is of the Laspeyres type with base tog. in which case the result is

a Paasche index expressed in changing t, dollars; or of the Laspeyres type with

base other than tot in which case even the Psasche index is not derived; or of
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the chain type, which is itself ambiguous. It is also a mistake to assume that

a mere shift in the time base of a deflator or of the derived index changes the

weight base, whatever the index formula. In the simple case of deflation by an

index with fixed weights of period t. (c / 1, 0), the result (if the two indexes

are comparable in scope, classification, and units) is

(FX1Y1/AXOYo) / (Exlyc/ixoyc) = (uXlyi/IXlye)(7Oyc /XoYo)9
which does not meet the circular tuest and hence does not necessarily reduce to

an internal mean of the quantity relatives, Yli/Yoi.

The Re tion be eeon &lterative Index

The algebraic difference between aggregative indexes with alternative

weighting schemes is a "classical" problem which has interested many economists

and statisticians. Although such indexes often are in sufficient agreement to

make some observers regard the problem as unimportant, there also are striking

instances of divergence; and, in such instances, there is no comfort in knowing

that a greater degree of consilience is normal. It may be shown that the

difference between the Faasche and Laspeyres indexes is given by the sign of

the von Bortkiewicz x0yo-weighted coefficient of correlation beeen the

relatives x1i/xoi and Yli/Yoi* That is, the Paasche index is greater or less

than the Laspeyres according as this coefficient is positive or negative.

Incidentally, this coefficient also makes it clear that if, bay, a Paasche

price.weighted output index exceeds the Laspeyres, then the corresponding

Paasche output-weighted price index must also exceed the corresponding Laspeyres.

The double-sum development, to which reference has already been made, shows that

the Paasche index necessarily exceeds the Laspeyres if the Spearman rank

coefficient of correlation between the two sets of relatives has the value +1

and necessarily falls below the Laspeyres if this coefficient has the value -1.

Many other expressions have been derived in the discussion of index-number
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differences. In general, it may be shown that, if one index has x'i weights and

the other has xi weights, then the former exceeds,. equals, or falls below the

latter according as ro 8(xl/x)(y /y ) is positives zero, or negative.

Of special interest is the relation beeen the "direct" labor

productivity index -- say, the Paasche measures Zq1ro /z qlrl -- and the sual

sort of approximation to which it corresponds, (Zpoql/Tpoqo)/(zEqlrl/lqoro).
Here, the rli and roi represent unit labor requirements of t1 and to,

respectively, and the qji and qoi refer to the corresponding output quantities

while the poi are price weights. We assume, as seldom actually happens, that

the output and labor input indexes of the approximation are identical in scope;

and that the direct productivity index also covers the same product classes

(as though unit labor requirements could be meaningfully determined in a

multiproduct establishment). If the poi and roi were proportional, the

productivity index and its approximation would be equal, but such proportionality

cannot be taken for granted. In general, the approximation may be shown to be

greater than, equal to, or less than the direct Paasche index according as the

weighted correlation coefficient rqr0, (po/r )(q^j0) is positive, zero, or

negative. In some circumstances, the approximation may even fall outside the

range of the individual productivity relatives.3

Similar remarks may be made about the relationship between the direct

Laspeyres productivity index and an approximation involving a Paasche price-

weighted output index. In this cases the approximation exceeds or falls below

the direct index according as rrl%*(p /rl)(q /%) is positive or negative.

3
An example of externality, referring to cigars and cigarettes

manufactures is cited by Magdoff, Siegel, and Davis, op Ci~ta I, 7.
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It is also instructive to write the productivity approximation in the

form of a product of two indexes, one representing the direct productivity

measure and the other showing the shift in the structure of labor-weighted out-

put. Thus, the approximation involving a Laspeyres output index may be

written as

po qlro
qjrO . LrO Eqlro

lrl v p0 qOrO
A ro IqOrO

It is also possible to write this approximation as the product of the direct

Laspeyres productivity index and a different index of the shift in structure

of labor-weited output. If the approximation is based on a Paasohe production

index, its relationship to the direct productivity measure is clearly indicated

when it is put in the form

ZrO *r r

2p7 qOrl
rl rqorl

Again, it is possible to write an equivalent expression in which the direct

productivity index is of the Paasche type.



CHAP IV

GROSS AND NED PRODUCTION INBOX AND ADJUS[MTS FOR
COVEDGE AND CONTINUITY

In the first half of this chapter, we present algebraic formulations of

gross aid not output measures ard observe their relationships. We then proceed

to a discussion of techniques intended to overcome difficulties created by the

incompleteness of coverage of quantity statistics and by discontinuities of

product series. Particular attention is directed to the Mills-Fabricant and

similar coverage adjustments, to chain indexes, and to "free composition

aggregative indexes.

Gross and Net Production Indexes

As in the last chapter, we consider aggregative indexes of the form

&yI'/Ixy, but we shall allow these symbols to have a broader meaning. To

facilitate discussion, we shall designate by G the gross production index, the

Laspeyres form of which is Zp0q1/ Zpoqo, where the weights, Poii refer to unit

prices and the product quantities, i and qoj, refer to end products of an

establishment or industry. When some of these product quantities equal sero

in to or t1, we sanl call the measure a "free composition" aggregative inex.

If we follow the practice of Hicks, Tintner, and other expositors of the economic

theory of production, we may let the expression for G also stand for a net

output measure, N. in which some of the quantities represent consumed materials,

fuel, etc. and have negative weights. Instead of regarding the consumed itas
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as "negative products", however, we shall follow Fabricant and write

N (Z£poql -ZPoQ1)/( xPoqo -'TPoQo) for the Iaspeyres form, where the smanl

letters refer to the quantities and prices of end products and the capitals

refer to consumed materials, fuel, etc. In this expression, the same item may

appear both in the form of qli (or qaj) and of Qli (or Qoi). The upper limit

of the siamnation for products differs from the limit for materials, etc., since

several materials, etc. enter each product and any one (e.g., coal) may be

common to several products. We shall use the symbol MI to designate the index

of materials, etc. weighted by the corresponding prices, P i or Poi. Another

net product index of interest is based on end products and partial weights.

When it incorporates unit value added weights, we shall call this measure T;

in its Laspeyres form, it may be written as voq1/Xvoqo. The corresponding

output index with labor weights was- considered in the last chapter and will

receive further attention in the next. Some remarks will also be made here

on two other net product indexes which are analogous to N and V but are based

on subproducts, rather than end products, and hence tend to reflect the

contribution to output on a true accrual basis.

Rel tionshi betee Grosas lnd Net Ou utIndexes

The algebraic conditions which determine the relative magnitudes of

a gross output index and various types of net measures are of interest since

the fomer, being easier to compute, is often substituted for the latter,

which are generally preferred. It should also be useful to know that some

formulas yield results which necessarily lie within the range of certain

relatives while other formulas may yield external means of such relatives.

The Output of ManufacturixIndustri-e-s, chap. 2. In the U. N. reports
, pp. 21-22, the same formula is

attributed to Geary, who actually presented a variant measure -- and four
years after Fabricant.
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First, let us consider the relationship between a gross industry index,

Gs and the net index, N. for which it is generally substituted. Fabricant has

already observed that these two measures are equal if G MadX are equal.2

Geary s algebra suggests that G ( N if G > 1.3 It is easy to generalize these

findings and say that N exceeds, equals, or falls below G according as G exceeds,

equals, or falls below N.

Rewriting the formulas for N and G. we reaeh additional conclusions of

interest. If N,G0 and U are of Laspyres form, we find that

N : ( 1poqo - PoQoM) / (poqo a PoQo)
and

G a ([( poqo - 3PoQo)N + 1P0oQo7/r( £ZPoqo ZJ PoQo) + ZPoQoJ.
The denominator of the second expression, for G, is equal, of -course, to

Zpoqo, but we retain the expanded form because it shows that G may be inter-

preted as a weighted internal mean of N and 1 -- provided that net output in

to exceeds zero (Epoqo . PoQo), as is usually the case. Hence, inequalities

other than N$GSM are ruled out.

Turning to the new expression given above for. N, we observe that it

could be external to G and M, or even lie outside the range of the relatives

qLi/qoi and Qli/Qoi. Indeed, the expression for N is analogous to that derived

in analytical geometry for the x or y coordinate of an external point dividing

a line segment in a given ratio, ( pOqO -aOQO)s 1POQo. It is also identical

with the formula derived in physics for the new center of gravity of a body

of known original mass from which a part of known mass has been excised. The

2
Ibid., pp. 27-29.

3
loc. cit., p. 257.
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new center (N) often lies outside the line segment connecting the original

center (G) and the center of the excised part (ii), which has "negative mass".4

Although gross output measures must be used in lieu of net for

individual manufacturing industries, it is possible to restore some "netriess"

to industry combinations by the use of partial weights. Let us consider the

difference between a composite of gross industry indexes of the Laspeyres types,

Gi, with corresponding value of product weights, TVois and a composite with

industry value added weights, Toi. By methods mentioned in Chapter III it

may be shown that the former exceeds, equals, or falls below the latter

according as the weighted correlation coefficient, rTs(TI/T),GP is positive,

zero, or negative. If the ranks of the gross indexes and of the ratios of

gross value to value added in to correspond perfectly, then the composite

index with gross value weights exceeds the index with net weights. If the

ranks are perfectly inverse, then the composite with gross value weights is

necessarily ler.

What is the nature of the difference between a net output index for a-

combination of industries based on Nj and the composite measure based on Gj
and value added weights, which has just been discussed? (We use the industry

subscript j simply to prevent confusion in the comments which follow, where the

subscript i is reserved for intra-industry output and consumption.) Again

using Laspeyres formulas, we write the difference

( I poql - . I PoQl) _ 5voqoCpoq/ Zpoqo)7
Z( zPO% - !PoQo) ( £v0qo)

where £. outside parentheses denotes smmation over industries and inside

parentheses denotes summation within an industry. T1ie sign of this difference

obviously depends on the numerators only, since the denominators are both equal

4
On the ment4oned mathematical and pbys4cal analogies, see, for example,

C. Sm4th, Elemen Treatise on Con-R Sect4o (New York: Macm4llan & Co.,
1892), pp.4-5 and Ro R. Iedr'ck 0. D. Kefogg, ADlicatlons of the C.l-
MI]ME to _cnc (Boston: Ginn & Co., 1909), pp. 35-36.



59

by definition. A further simplification may be introduced by conversion of

the sums for consumed materials, etc. to a product basis. Thus, we write

IPoQo !(SPOQO) IPOQO w 7(SPOQO), where the (SPOQ1)j aid (SPoQo)i are

sums which corepond exactly in scope to the qiand %i respectively. Since

the voi may also be rewritten in terms of the poi and (SPOQO)i, we conclude

that the sag of the difference depends on

ql qo2q°P - T)Poqlg

_ Z4CI(SPOQO) (G~SP)2
SPOQo

: TZPzoQo(Gr - M)J.

Thus, if : Mj, the two composite measures are equal, as is obvious also fron

the earlier discussion. More generally, the composite based on Nj exceeds

(falls below) the approximation based on the if the G exceed (fall below)

the corresponding M3.

If N and the net output approximation with unit value added weights,

V, could actually be computed for individual industries, significant

divergences would sometimes be observed. For the former is not necessarily

an internal mean of the quantity relatives, qli / qi while V would typically

be an internal mean (since value added weights are seldom predominantly

negative). If we observe that N is factorable into V and some sort of price-

margin inex, so that in the Laspeyres case we have

Zq(po - I )
N qP

it is evident that, even when all the qji / qoi equal unity, N and V may still
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diverge since changes occur in the "coefficients of fabrication" (consumption

of materials, etc. per unit of output) from to to ti.

What has been said about the relationship between N and V may also

be said about the corresponding subproduct indexes, which we may designate

N' and VI. The output quantities of the latter two refer, not to end

products, but to the fairly homogeneous results of component, repetitively

performed, activities. The other symbols must also be reinterpreted so that

the formulas show the output of each period on an accrual basis. It is

obvious that a subproduct index based on "vertical" components of end products

need not be an internal mean of end-product relatives, whether the formula

N' or VI is used. But V and V' are related through the fact that both lead

to the same net value index when multiplied by corresponding price-margin

indexes; that is, the ratio of Laspeyres (or Paashe) indexes, VIVA, equals

the reciprocal of the ratio of the correspondi Paasche (or Laspeyres)

price-margin indexes. A similar identity holds for NWN'. Finally, the

ratio N'iV' may be analysed as on the preceding page; the indicated price-

margin index, suitably reinterpreted, is the ratio of two othem correspondig

to V' and N'.

A number of variant expressions shed additional light on the

character of gross and net output measures. In the last ohapter, it was

noted that aggregative indexes may also be written as weighted arithmetic or

harmonic means of relatives, and that they may also be interpreted in terms

of deflation. Some other alternative forms will now be cited.

A gross output index may readily be converted to an average of

end-product indexes of the same form, but with partial price weights. Thus,
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if G is a Laspeyres index with price weights, then it is equivalent to

a 4'b 4 ...

where G3, Gw, etc. are Laspeyres indexes of end products with materil cost

weights, labor cost weights, etc.; where a) b, etc. represent total matesai

costs, totl w costst etc. in to; where a t b ' *..slpO%, gross out-

put value. If price is broken into but-m Componnts, one of which is it

value added, then G is an average of T ad another end-product index with

residual weights. It is istructivetocompre this average with -the expression

for G in terms of N and K given earlier in this chapter. The weights a an b

associated with N an l are the sme as those associated with V an the

companion index of end products; the substitution of N for V is paralleled

by the substitution of N for the compan e-productindex, the internal

weights of which retor to cost of materials etc. per unit of output.

7here is an alternative form of the not product index whch i of

particular interest on the nationl level. The net output my be divided into

two parts, one comprisig goods (and services) which are "finished" from the

standpoint of the economy taken as a uit and the other representing the net

change in inventory of "unfinished" items. 'bus* we write for -the Lasp ore

form of N

t IPgl (jpoq1 ']jpqo ) - JPoQl : q 4' (0poql - YoQ) ,
EPoQo - 1~oQo (IPoQo ' Bpoqo) - 1PoQo ji PoQo - 2ocQo)

where the sybol F denotes services rendered consumers and good completed

during the period and U refers to goods in process and not yet available for

consmption at the end of the period. The sun for materials, etc. includes the

initial inventory of uncompleted goods and of materials, etc. plus ar intra-
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period acquisitions from outside (e.g., imports) entering the production

process during the period. In the discussion of welfare, there is a tendency

to regard 7pogl/ PoP which refers to a 'heap" of final goods and services,

as an appropriate index of chares in real income. Sometimes, the inclusion

of capital goods is also assumed, as thoughl these, too, were 'finished". In

aVy case, it must not be concluded that the net inventory change within each of

the compared periods is negligible or constantly proportional to the weighted

"finished' output. Hence, if all other condition. of measurability were ful-

filled, it might .till be inappropriate to use an ordinary price deflator in

lieu of the true price-margin index*. 7e Paasche form of the latter, which

would yield the Laspqres N. is

T :/To plql 4' (Xp1q1 - 1P1Q1) p1q1 -XPJQ
.N Xpq1 t (F. p0q - I.P0Q,) -r~poq3 -ZQN Pol U o £o) Pt ol

One more variant of N might be mentioned. Lik G and V, it, too, may

be written as a weighted average of indexes of the same form as itself but

incorporating partia price weights. In the Laspeyres case, the weights

incorporated in the averaged iidexes refer to components of the poi Poit
and the quantities of output and of materials, etc. are as in the original N.

The weights used in averaging these indexes to form N add up to net output of

to.
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Coverage Adjustments

A troublesome point in the construction of production measures for

manufacturing industries and industry groups is the unavailability of quantity

data for the entire area intended to be covered. the reported quantity series

usually relate to established products; the newer or less important ones and

custom, contract, and repair work are represented in the value statistics only.

Though the reported quantities usually account for a substantial part of the

gross value of an industry's outputs their share in this total fluctuates or

even declines through time.5 Thus, the established products do not necessarily

constitute a "representative" sample for the purpose of index construction.

Some sort of adjustment seen desirable; asd, when none is made, it is implied,

if not assumeds that the measure based on the available quantity data and the

analogous index for the omitted products have identical movements.

In adjusting for defective coverage, there is, of course, no substitute

for knowledge of each case. Any general "across-the-board" adjustment, sound

though it may appear on a drio or probabilistic grounds, will not be

satisfactory for all cases and may occasionally result in further distortions
rather than correction, of an unadjusted measure. When the adjustment has

little effect, when it could just as well have been omitted, its validity is

not likely to be challenged. Buts when it significantly alters the agnitude

or general course of the original incomplete index, the adjustment ought,

perhaps, to reinforce doubts concerning the original measure rather tn engender

confidence in the revised one.

5
The value adjustments actually made for individual industries are

intended to accomplish two purposes -- the eination of the output of
characteristic products made elswhere and the representation of unreported
products made within an industry.
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All conceivable adjustment factors are intended to satisfy this

s. uations

Adjusted output index _ unadjusted output index x adjustment factor.

Al11 other t,)rmulations of the adjustment process, which often seem cumbersome,

-reduce to this self-evident statement. Admissible factors would consequently

seem to be lmnited to ratios in which the numerators refer to some measure

comprehending the entire industry or industry group in question and in wvhich

the denominators are restricted to the scope of the unadjusted quantity index.

In the case of an industry, the only generally available factor is the ratio

of the gross value index for the entire industry to the gross value ind3x of

the products in the unadjusted measure. In the case of an industry group, a

similar ratio based on value added, employment, payrolls, or cost of materials,

etc. may be computed. For some industries, it may be possible to use ratios

referring to unweighted output, the consumption of a principal raw material,

machinery hours, etc. But the most widely used adjustment factors, associated

in this country with the names of F. C. Mills and S. Fabricant and in the

United Kingdom with the name of E. Devons, are based on value or value added,

and these will be discussed here in some detail.6

The value adjustment is completely effectual if the adjusted index

equals the true expanded measure -- that is, if the true index stands in the

same ratio to the unadjusted index as the total value index to the covered value

index. The ratio of value indexes, of course, is the adjustment factor. Noa,

if the unadjusted index is of the Laspeyres (Paasche) form, then the adjusted

index equals the expanded Laspeyres (Paasche) measure in the event that the

6
F. C. Mills, Economic Tendencies in the United States (New Yorks

National Bureau of Economic Research, 1932), pp. 90, 92-93; S. Fabricant, a.
EA., pp. 362-63; and E. Devons, "Production Trends in the United Kingdom",
The Manchester School, X (January, 1939), 55-61.
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?aasche (Laspeyres) price index for the total area to be covered is the same

as the Paasche (Laspeyres) price index for the area actually covered. But is

such agreement between the price irdees of different scope likely to occur?

If there were no reason to believe that unreported products were eoonomically

different from reported ones, then the assumption of equivalence might readily

be granted. It seems to be agreed that price series show less dispersion

through time than the corresponding production series. As A. F. Burns noted,

all. prices are subject to the influence of common monetary factors, but all

production series are not affected by any "single dominant force".7 In

explaining his preference for the value adjustment in his 1940 study of

manufacturing output, Fabricant also called attention to the fact that prices

move within a narrower range than production quantities. But he also had

some misgivings; he adopted the value adjustment for his individual industry

indexes because, "in the absence of specific and detailed knowledge", the

underlying assumptions seemed "least objectionable".8 lMore recently, Fabricant

has reiterated his preference for adjusted over unadjusted output indexes, but

he warns those interested in deriving productivity measures that "in any parti-

cular case, we cannot be certain which index is more accurate, nor that the

truth lies between the two".9 When the U. S. Bureau of the Census presented

its 1939-47 measures, it designated the value adjusted Edgeworth indexes as

"official" and buttressed its choice with tests of an admittedly "suggestive

7
oducton Tre , pp. 260-61.

8
OD. cit., p. 364.

9
"f0 Productivity Statistics: An Admonition.", VI

Statistics, XXXI (November, 1949), 310.
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rather th conclusive" natureo

Some indUstry index makers have been reluctant to accept the value

adjustment as routine. The adjustment was not made in the 1939 W. P. A.

National Research Project study of manufacturing trends though it had been

considered. U. S. Bureau of Labor Statistics, revising and extending the

W. P. A. indexes in 1942, also rejected the general value adjustment since

it "may often fail to accomplish its purpose".1 Neither agency, however, was

satisfied with unadjusted indexes but preferred not to introduce an additional

assumption. In any case, they did use some tecnques which are based on the

same kind of assumption. Indeed, they tolerated the strongest possible form

of the assumption in using price weights in lieu of mavailable but preferred

unit labor requirement weights.

A reserved attitude toward the value adjustment still seems warranted.

The Census tests do not get to the root of the problem, since they all involve

manipulation of quantity series which = available. After all, the price

characteristics of the unreported products could well differ from those for

available products. Consider, for example, the case of new products, which

are not at first reported explicitly by quantity but which are included in the

total value of output. The value adjustment, in all likelihood, takes improper

account of such products and leads to an under-statement; for the prices of

new products tend to fall in relation to the prioes of established products,.

so that the price index of the former would be lower than the price index of

10
The U. S. Census index, pp. 2, 7-9.

11
U. S. Bureau of Labor Statistics, P

in Se-,ectd M&nufncturin. Industries: 1919d40 (pe Od,1n 8higton, 1942),
vii.
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the latter over the 3e.1rsvaL-.l. Even in the case of new products as our

example below shows, the unadjusted measure could be more correct than the

adjusted one. Experience suggests that other kinds of unreported products --

those in the process of displacement, custom goods, goods made on contract,

parts, etc. -- may also fail to conform to the price pattern of the standard

goods which tend to be reported. Finally, when sufficiently detailed data

permit the making of more refined value adjustments than usual, alternative

approaches do not always agree; and this fact itself should suggest a cautious

acceptance of the adjustments that can usually be made. Thus, the adjusted

1947 index for agricultural machinery on the base 1939 was found by the Census

Bureau to be 341, compared to the unadjusted figure of 261. The writer noted

that the opportunity to make a detailed coverage adjustment by type of

product was overlooked; this more refined method gives the result 301.

To illustrate the dangers which lurk in making coverage adjustments,

we offer a hypothetical example which is not too far fetched. An industry

makes three products in each of two years, but the prices and quantities are

known for only two of the products. The third product is "new", though made in

both years; its quantities and prices are not reported but the value of its

output is. The price and quantity data for the two established products are

shown below, followed by the unknown detailed statistics for the third products

Product p Po q qo

A 2 1 3 2

B 3 2 2 1

C (new) 1 3 4 1

The unadJusted Laspeyres industry index, based on the first two products,

equals 7/4. The adiusted Laspeyres index -- 7/4 times the ratio of the industry
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value index (16/7) to the value index for the two known products (12/4) --

equals 4/3, which is even less than the unadjusted measure. But the true

Laspeyres index for the three products of the industry is 19/7, more thai twice

the adjusted measure! The reason for the understatement of the true result is

that the output of the new oroduct expanded rapidly while its price fell

absolutely and in relation to the Drices of the other goods. That is, the

price assumption underlying the value adjustment was far from fulfilled. The

ratio of the true index to the unadjusted index is 76/49; but the adjustment

factor, the ratio of the industry value index to the covered value index, is

only 16/21. It should particularly be noted that the adjusted index lies

belgl all of the quantity relatives, while the true inex lies within their

range. Indeed, even if all the quantity relatives were unity, the adjusted

index would still report an output change (a decline) which did not occur.

Thus far, we have assumed that the unadjusted index is of the Laspeyres

or Paasche form. It has Generally been overlooked that the value adjustment

involves no simple assumption concerning price indexes of included and excluded

products when the unadjusted measure is, say, of the Edgeworth variety -- the

kind used by Fabricant and preferred by the Census Bureau. Perhaps, the Edge-

worth can often be assumed with impunity to be close +t- either the Lasoeyres

or Paasche formula, since it is a weighted average of these two. But it should

be observed that the adjusted index is not equivalent to the true expanded

Edgeworth measure even when the Laspeyres price indexes for reported and un-

reported products are equal and the same is true of the two Paasche price indexes.

It is also relevant that the deflation of an index of value of outiut by the

corresponding Edgeworth quantity measure does not yield the 7dgeeworth price

index, but some other weighted average of Pacasche and Laspeyres measures.
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Bow, a few words about the value added adjustment, which has been

applied to industry groups and to manufacturing as a whole,. This technique may

also prove unreliable on occasion. Indeed, the Census Bureau's tests indicate

that "at least some of the groups wo be appreciably different from any

figures now published if it were possible to substitute direct physical
measurement for adjustments for the uncovered industries".12 It further suggests

that adjustments based on employment, implying equivalent productivity changes

in covered and unrepresented industries, would be more satisfactory. A recent

report by the Statistical Office of the United Nations appears to regard this

sort of adjustment as promising;13 ad the Bureau of labor Statistics proposed

this alternative some years earlier as more consistent with its preference for

labor weights. It may safely be anticipated that some more experience with

this alternative will reveal that there still is no substitute for data. In

conclusion, we note that Professor Mills used both value added and employment

adjustments with the object of obtaining sounder indexes for manufacturing as

a whole. This conservative practice seems to go as far as is warranted. There

would doubtless be more manimity concerning value, value added, and employment

adjustments if the only purpose of the revised industry and industry group

indexes were the subsequent derivation of a general manufacturing series.

Indeed, when the Bureau of Labor Statistics rejected routine adjustments in the

course of its modification of the Is. P. A. indexes, it nevertheless accepted

the Fabricant adjusted index for all manufacturing.14

12
T _,U.§. ens , p. 13.

13
Je, pp. 31-32.

14 _,app 1.
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Chain and Free Composition Indexes

In addition to the instability of coverage through time, there is the

problem of discontinuity of product series due to changes in classification,

specifications, and variety of goods made and reported. In such circumstances,

it is customary to employ the chain index, which has the authority of Marshall

behind it. Another approach, which is virtually unused and deserves

consideration, is the construction of a "free composition" aggregative index,

a logical extension of the ordinary "fixed composition" measure.

In accordance with'the general viewpoint of this study -- that the

conventional aspects of measurement should be recognized and faced -- the free

composition index appears preferable to the chain measure. It can be inter-

preted within the same framework as the fixed composition index; it is based

on the same assumptions, and any additional ones that are required (like the

establishment of synthetic prices for products not made in to) have to be

introduced consciously. The macrotype that underlies it is visualized as choosing

between two output combinations involving the "same" product classes; in one or

both of the compared periods, there may be some null quantities, while the

fixed composition index has positive entries for each product in both compared

periods. The macrotype that underlies the chain index, on the other hand, comes

near to being an "impossible impossibility" -- or, at least, one that is not

very bright. Unless the chain index is supposed to be a genus apart (in which

Case, we should learn its recondite meaning), the probable purpose of the ritual

of shif'ting the time base, the weights, and the product classes, and then

chaining the links is to derive something like the result that might have been

obtained by means of a fixed composition index if the latter were deemed con-

structible. Actually, the logical extension of the fixed composition index

is constructible -- the free composition index -- so the acrobatics of the
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chain macrotype are superfluous (though they doubtless lead to a different result).

Yet the chain index is a staple while there are few examples of a free

composition index. This should not be surprising in view of the general

preference, mentioned in Chapter Is for familiar techniques which are not

clearly understood. When the easy alternative of mechanically deriving an

accepted type of index exists, it would surely be supererogatory to experiment

with measures which are clear enough to be disputed. The method of chaining,

like the method of deflation, thrives on obscurity, for its implicit assumptions

would not go unchallenged if they were evident; and it has had the benefit of

authoritative sponsorship, despite its obvious "pseudocontinuity" ,l5 its well

known tendency to "drift", its failure to take full account of a rise due to the

introduction of new products and of a fall due to the disappearance of displaced

products, etc. Perhaps, the numerous flaws of the Soviet "gross production

index" -- which is a crude approximation to a free composition index -- have

been so readily discerned by Western observers because the measure is not

constructed by the chain methodt

We shall now examine the Laspeyres and Paasche free composition

expressions for the case of new products and consider also their derivation by

deflation. For convenience, we shall assume that we are dealing with the entire

(changing) universe rather than with a sample. This assumptions, or the

equivalent one that the measures are statistically unbiased, has been made

throughout this study, but special attention must be directed to the develop-

ment of "consistent" index estimates in practice when the product assortment

15
This tem is used by G. H. Knibbss "The Nature of an Unequivocal Price-

Index and Quantity-IndexsI", Jou 1 of the ea
XIX (Marchs, 1924), 55, 60. Other critical remarks on chain indexes may be found
in W. I. King, Indx Nu eLuci (New York: Longmans, Green & Co., 1930),
pp. 78-103. Illustrative favorable remarks may be found in A. F. Burns,
QuarterlX Jou of Economics9, February, 1930, pp. 257-61, and B. D. Mudgett,
"The Accuracy of Index Numbers", Econometrica, XVIII (July, 1950), 289-90.
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is not -he same throughout the interval covered. In the actual construction

of a chain or free composition measure, it is of utrost importance to

distinguish between a product which is new to the universe and one which is

simply new to the index.

The Laspeyres free composition measure for the case in which products

appear in tlwhich did not exist in to is ( Ipoq1 # Ip'0q'1)/1poq0I where

the accented letters refer to the new products. That is, Zp'0q _ O.

If the q'oi really did not exist in tog then the p'oi are hypothetical; we shall

say more about these prices later. The Paasche form is

(£>pqql +Yp'3qj )/1pl1% forlp1lq'O a 0. When products disappear, their

output declining to zero by t1, the numerators of these two indexes, rather

than the denominators, are affected. When some products are added while others

disappear, the numerators and denominators both include zero entries.

The Paasche free composition index shown in the preceding paragraph is

easier to interpret than the Laspeyres. The former is equivalent to the result

obtained by deflation of the value index, which expands in scope from to to tl,

by a Laspeyres price index for the products common to both periods. The

Laspeyres free composition production index is expressible as the quotient of

the expanded value index and the Paasche price index for the tl products,

(Iplql + Ip'3lq'1)/(Epoql PIp'oq'l). Now, this deflator, like the correla-

tive Laspeyres production measure, contains the prices P'ois which did not

actually exist for products which were not made in to. If it could be assumed

that Zplql/ Tpoql 3 Zp lq'j/Zp'oq'll as in the value adjustment discussed

earlier, then the Paasche price index for the products common to both periods

is a suitable deflator. But this assumption of "in line" price changes is often

economically unsound if the q'li really refer to new products. For the to

prices of products not made in to should be hig compared to other to prices



73

as a rule -- indeed, high enough to have preoluded productton or sale -- while
the t1 prices of the new products typically fall in rolation to others.16
Hence, the "true" deflator, however determ.ned, is normally sler tn the one

indicated by standard products and normally yfelds a higher quantity index.
For genu4nely new products, the Laspeyres free composition index not

only exceeds the chatn index but may also be higher than the chain index with

value adjusted links. The free composition index records the ful effect of a

new products rise from uero output, while the chafn index does not. As for

the value adjusted chain indezx, let us assume for simplicity that the first

link Is a Laspeyres measure covering the periods to and t1. Let us assume,

furthermore, that new products are introduced in tl. Now, value adjustment of

the Laspeyres link leads to

pX qplg I lq 1 / P151,
IPoo / Poql

This expression can equal the Lapeyres free composition index only If

Xplql/ tpoql :tp'lq'l/ Poq'1. But, as has been argued, the Paasche price
index for the products common to both periods normally exceeds the price index

of new products introduced in tl. Hence, the value adjusted link usually rises

less than the free composition measure.

Finallys, a few odds and ends. First, the free composition approach

is preferable to "global" methods often used in international comparlsons.

Structural differences In the output of the compared economies should be

explicitly recognized in the product classification, wh4ch may well Include

16
See the pertinent remarks by J. R. Hficks, Eo , May, 1940, p. 114.

Professor Mille suggests that to prices of products introduced in t could in sowaecases be very low (e.g., byproducts worthless in to may become salable in t1).
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items not made in one of the countries and synthetic weights. Second, any

principle other than the one suggested here may be used in establishing

weights for nonexistent output of one of the periods or countries compared,

so long as the results are properly interpreted. This is'not to say that choice

does not matter; rather, we are forced to make a maximum of sense in the

selection of a valuation standard vhile we still recognize the conventional

character of the choice. Third, the free composition approach is applicable in

conjunction with the subproduct approch, to measurement of output from the

standpoint of process even during a Interval characterized by technological

change. Lat,. the free composition approach it applicable to the completely

discontinuous case in which there is vreluctance to consider the same nomi

product as comparable from period to period because of extreme changes in

quality, style, details, etc. The product "frame" would simply have to be broad

enough to accomnodate the products characteristic of all the periods of the

comparison; and the number of synthetic weights would be rather large.



CHAPSE V

PRODUCTIVITY INDEXES AND TLE PARTITIONING OF INPUT CHASES

In this chapter, we first discuss productivity measures relating to

composite factor input; then the derivation of mutually consistent indexes

relating to labor productivity (or its reciprocal) and other associated concepts,

like production; aend, finally, the decomposition of the absolute change in

factor input into additive components reflecting the "contributions" of

productivity (or its reciprocal) and other identified variables.

Composite Factor Productivity Indexes

Although the progress made in the measurement of real net output and

composite factor input has been limited, the properties of the implicit net

productivity measures are of theoretical interest. As has already been indicated

in Chapters II and III such measures are not tautological despite the equira-

lence in any period of the output and input aggregates expressed in the money

prices of the same period. The rnarks which follow are confined to indexes

based on money aggregates.

tie&rsio
The Laspeyres net productivity index for all factors may be written as

N _ 2p0q 7P0Q, [w0f1 jp0q1 -rLPoQ
F IPo~oD% £o1 % jWofo0E°o

where the woi refer to remuneration per unit of factor input in to and the

and f0i refer to the corresponding quantities of the various factor inputs in
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tl and to, respectively. The Paasche variant reducon to !w1f0/(1pl% - iP1Qo).
Another revealing form of the Laspeyres productivity index may be

derived at once from the expression shown above and the fact that

£plql - :PlQl_ ws1f1s

N wf1 / pq 113
F tWO1f jp0q1 4PoQl1

According to this resglt, which may at first seem surprising, the Laspeyres

productivity index is equivalent to the quotient of two Paasche Dprise indexes,

the numerator being the index and the denominator being the=

proiUctRius (or the price-margin) index presented in Chapter IT. The Paasche

productivity index may similarly be written as the ratio of Laspeyres iadexes

of factor price and not product price.

Crijterion Lor a Uise or ~X

Under what circumstances does a net productivity index exceed, equals

or fall short of unity? From an inspection of the Laspoyres formlas

presented above, it is evident that productivity remains constant in the special

case in which all the relatives -- the q1i/qois the Qj/Qo and the f k/fok
are equals

N :Po0(q1/qO) -oP0Qo(Q1/Qo)
F £wof0(f1/f0)

It may be shown that, in general, the net Laspeyres index exceeds, equals, or

falls short of unity according as

S ffoQo(q1/qo - QVQo) ' wofo(qi/qo - f2/fo)J $ O.

In this expression, the subsas (SPOQo)i and (Bwofo)i correspond to the

qli/Qi and £ extends over the product range (i a 1, 2, ...). The general
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criterion for the Paasche case is

lQl(%/ - QO/Ql) fof(q/q1d/fl)J! 0;

that is, productivity rises, remains level, or falls according as this expression

is negative, zero, or positive.

Another statement of the criterion may rkadily be derived in tems of

G (gross production index), F, and M (materials, etc. consumption index). Thus,

using Laspeyres indexes throughout, we have N/F * 1 according as

Iw0fo0F . ZPOQOl
G ---

Thus, productivity, as measured by the Laspeyres N. rises or falls according

as G exceeds or falls below this average of factor input and materials, etc.

consumption indexes. A similar expressions with different weights and with the

sense of the inequality reversed, may be derived for the case in which all the

indexes are of the Paasche type.

In Chapter II, it was observed that service output might for some

purposes be measured in units characteristic of input. If such an output

indicator were used in the derivation of a net productivity index for a larger

group of activities, the criterion for a rise or fall would clearly depend on

the measures for the non-service activities. Since the input and output aggre-

gates for the service would be equal in each period, they would be eliminated

in the derivation of the criterion.

Both the Laspeyres and Paasche net productivity indexes may lie outside

the range of the productivity relatives derived from the qli/qoi and the

corresponding factor relatives. The hypothetical example which follows shows

the possibility that the two indexes may move in one direction while the in-

dividual productivity relatives move in the other.
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Let us assume to products (A and B), each made of the same two kinds

of materials (Q and Q') with the same two kinds of factors (f and f')s

Product Prduct * duct Product B

Quantitie ti to t1 to * EricIPA to tl to

q 3 2 4 3 * p 5 4 3 6

f 4 2 3 2 * w 1 11 3

ft 4 2 5 3 * W' 1 1 1 1

Q 1 2 2 1 * P 4 11 3

Qit 1 1 1 3 * PI 3 2 2 2
The Laspeyres not productivity index derived from these data is (25/13) / (22/13):

25/22, while the Paasche index is (16/l)/(16/9) 9. Tough both of these

measures exceed unity, the productivity relatives for A with respect to the

two input factors are 3/4 and 3/4, while the corresponding relatives for B are

8/9 and 4/5. Also notmworthy is the disparity between the two not output

measures in contrast to the closeness of the two gross output measures, which

must be internal means of the individual production relatives; the Laspeyres

gross index is 18/13 and the Paasche is 27/19.

The possibility of externality may be removed by the substitution of

a measure of net output with unit value added weights -- designated V in

Chapter IV -- for the measure N used above. If we note that unit value added,

voi, is equivalent to (Swofo)i/qoi for the same product, then we may write for

the Laspeyres case

V
40 /PO - :~ql_t(Swofo/%)

F Pvoqo/ IwOfo lwof1 o8w

- Sfofj(q1/q0)/(f1/fO)J /ZSOf1

whicb is a weighted internal mean of the productivity relatives for each of

factors used in making each of the products. The weights wojf3 refer to each
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factor used in making a product; the weights (8wf1)j refer to particular products;

and I again refiem to all products combined.

Labor Productivity ndoxe

We now return to the discussion of labor productivity, which was begun

in Chapter III. It has already boon noted that the indirect method of estimating

labor productivity change (that iUs as the ratio of an output index to a labor

input measure) could yield results which lie outside the raege of the individual

productivity relatives,. It has also been observed itat a directly defined

aggregative productivity index with output weights is necessarily an internal

mean of the relatives; and that such an index implies a correlative production

index with labor weights. In this section, more is said about the derivation

of mutually consistent measures for different entities.

In recent years, there has been a growth of interest in direct

productivity measurement which should lead to the improvement of available

industry statistics, to the penetration of now uncovered areas, and to fruitful

experimentation with the subproduct approach. Since 1945, the U. S. Bureau of

Labor Statistics has been compiling annual series unit labor requirements

(back to 1939) for a fw manufacturin industries on the basis of production

and man-hour data reported directly by cooperating establishments.s This

significant innovation has already yielded some indexes with technically desirable

features. Since each industry is regarded as a special case, due attention is

given to its technological and accounting peculiarities in the development of

1
See the description given by G. E. Sadler and A. D. Searle, "Measurement

of Unit Man-Hour Requirements", in U. S. Bureau of Labor Statistics, Teg s

of Pr an or BL dtistic eries (Bulletin No.. 993, Washington, 1950),
pp. 42-49.
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its report. Thus, information is compiled, as appropriate, on an end-product,

process, or deparmental basis. Attempts are made to maintain the same product

specifications for all the establisoents. The assignment of fixed production

weigs to the various firms suppresses the effect of interfirm shifts. The

industry-wide measures for individd products are combined by means of man-

hour weights. Man-hours paid for but not worked are eliminated, and a

distinction is made betwoen "direct" and "indirect".factory labor. The detail

of the data permits analysis of the relationship beeen unit labor require-

ments and such variables as size of firms degree of capacity utilization, method

of production, etc. Information may readily be obtained for interpreting the

observed company trends.

It seems that the notion of direct productivity measurement and the

derivation of correlative production indexes originated in the study of employment

and unemployment problems. At least since the 1880's, when C. D. Wright made

his pioneer statistical inquiries into "labor displacement", there has been

interest in estimates of the volue of employment consistent with alternative

levels of output and productivity. In the 1930's, widespread concern over

"technological unemployment" and related issues provided the occasion for estimates

of eployment opportunities by D. Weintraub, B. Stern, F. C. Mills, and others.

The V. P. A. National Research Project, organized during that period for the

specific purpose of studying "reemployment opportunities and recent changes in

industrial techniques", apparently originated direct productivity indexes but

concentrated on their approximation by masse of correlative production measures.

The formulas were developed as "answers" to "questionso concerning "labor

displacement", such as were asked by H. Jerome in his earlier book on
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mechanization.2 Once the productivity and production formulas wore knon it

became evident that they could be written and obtained more simply.

In his book, Professor Jerome, who subsequently continued his investi-

gations at W. P. A. National Research Project, asked two questions which are of

interest to us because of the symbolic statements to which they lead. "How

much less labor", he asked, "did it require to produce current output than

would be required at the productivity rate of the base year?" In our symbols3

of Chapter III, his answer Was Zq1(r, - r.) for the "displacement". A second

question, involving a comparison of the employment consistent with bass (to)
output and current (tl) productivity and the actual base employments led to

the expression 1%(r1 - ro). Now, Jerome's puwpose did not require conversion

of these two answers to relative form, so the simplest derivation of direct

measures of productivity or unit labor requirenents and correlative production

measures with labor weights was overlooked. If the first symbolic statnt

is referred to current employment, the result is I - (XqerLqjr1); the inex

is the Paasche productivity measure. If the divisor were base eployment, the

result would explicitly include the correlative Laspeyres output index. Me

quotient of the second expression and base employment is (1%r1/jqorO) -3l

the index is the Laspeyres measure of change in unit labor requirementst ad

its reciprocal is the Laspeyres productivity measure.

Another development is based on a partition of the total eploymet

2
H. Jerome, haniatiop in Idustrv (New Yorks Nationl Bureau of

Economic Research, 1934), especially pp. 376-77. See, also, urgdoff, Siegels,
and Davis, 02s cit., I, chap. 1.

3
The writer has added a summation sign to Jerome's eressions to show

addition over a group of products.
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chaie into components represnting the 'contributions"of output, unit labor

requirements, and "Joint" variations in bothe These component., which

corrpond to ter of a Tylor expansion with sero rmainder, resemble Jerome's

expressions and also yield the correlative production, productivity, and it

labor requirment indexes when reduced to relative form. The actual

components will be shown later in this chapter.

Finally, the mutually consisnt indexes my be developed formally by

the algebraic implmentation of verbal identities.4 Thus, we start with the

verbal equations man-hoursc production x unit man-hour requirements. Since

the man-hours index may be written in only one way in term of production and

it man-hour requiremns, swe haves for a nubor of products, the uniquo

exresision Tqgr1/[%rO. Next, we consider all possible indexes of production

and unit man-hour requirents satisfying the identifty. here are only two

altrativess

Eqa~~X 9 . X

tvrox 1%?.

2IF.0*

If the first ratio in each of the two equation is to represent a production

index, then x _ £qOr, necossarily, d y . £qro, necessarily. Substitution

of these values for x and y in the second ratiQ of each equation yields the

correlative unit man-hour requirement indexes. The geometric mean of the two

possible equations leads to Fisher 'ideal" indexes of production ad unit mane

hour requirments.

4,
Tho discussion which follows is based in part on I. H. Siegel,

'The Generalized 'Ideal' Index-uber Fo la', a h _i
Sttsia Assocatin XL (Docmber, 1945), 520-23.



83
other Me1sures

Many other mutually consistent indexes of productivity (or its

reciprocal) and other entities may be derived by means of verbal identities.

Such directly defined productivity measures and their correlatives are

generally more difficult to implaent in practice than the indexes Just

discussed; they require data that are as scarce as, or even scarcer than, say,

(allocable) man-hours by product class. ike composite factor productivity

indexes, however, these measures also are of theoretical interest.

An instructive example is provided by the possibility of representing a

unique payrolls index by two distinct identities, each involving two entitiess

payrolls _ production x unit labor cost a man-hours x average hourly wes.

By the method already outlined, consistently weighted Laspeyres, Paasche, and

Fisher indexes satisfying these identities may be derived. Now, it is clear

from the identities that an indirect productivity (output per man-hour) index

may be derived which is equal to the quotient of the correlative indexes of

hourly wages and labor cost per unit of output. This result is interesting

for two reasons. First, it is the analogue of the result obtained earlier in

this chapter for net productivitys N/F, as a ratio of two price indexes.

Second, the productivity measure turns out, like V/F, to be an internal

average of the individual productivity relatives computed with respect to the

distinctively priced man-hour categories. Using the Laspeyres variants, we

have as our productivity measure (1woqu/ 1wq%) 1a (reol/tLeom%), where the woq

refer to labor cost per nimt of output, the aOj ad j to man-hours by type,

and the e0o to the corresponding to hourly rewads Now, th4s productivlty

measure may be rewritten at once as the quotient of Paauche indexes of hourly

earnngs and unit labor cost, em1/e ) * wq/wOqw). Since the two
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expressions for to payroll in the origlial formulation are equal (i.e.,

1woqo := e we may also rewrite the ratio of indexes as an internal

average of productivity relatives,

T£woql - 7.1SOn/o
____ : tS~omd
*t SLml(q1/%) / (m1/ao)J /£ seoml;

each (e90mi) refers to the t1 man-hurs valved at to labor prices, corresponding

to a particular product.

The fact that our indirect productivity index reduces, like V/F, to

an iternal mean of productivity relatives suggests a gemeralisation. The

reduction appears possible if the output aggregates include only the relevant

product quantities and al are positively weighted; andif the input and output

aggregates are of t same scope and dimension, so that they are equal when

the incorporated weights and quantities refer to the am period.

The method of identities may readily be extended to the derivation of

mutually consistent indexes for three or more multiplicatively related

entities. In such instances a unique aggregative Index is factored into

others composed of aggregates of the same dimensioi. The structure of each

aggregate is analogous to the structure of the identity; that is, the data

required for each correspond conceptually to the entities in the continued

Index product. Let us consider the third-order verbal ident4ty: payrolls_

output per man-hour x man-hours x unit labor cost. IHre, the unique ezpression
for the payrolls index is5maw1/zlw(omovo, where the¶Ti a refer to output

per man-hour In t1 and to, respectively, and the other symbols refer, as before,

to man-hours andUt labor cost. There are six possible equations

satistfylng th4s ident4ty, two of which are:
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ImJ1w1 : £Timlwl Y x

£i tmoswo x 1to0%W0 Y

* S1ms1 x. y
x * 0-

The other four equations are obtained as the aggregates comprising the

numerator and denominator are shifted to different positions. In the first

equation, it is necessary that x = J1romjwl if the first ratio is to be a

productivity index; that y - ZTo~mwo if the second ratio is to be a man-hours

index. The substitution of these values in the third ratio clearly leads to

a unit labor cost index. By a similar argument, we determine y' _ 7r0mowv
in the second equation. The same reasoning, when also applied to the remining

four equations not shown, yields a total of four distinct indexes for each

entity. The geometric mean of all six equations yields the true generalization

of the Fisher formula. The indexes so derived for each of the three entities

are internal means of the relatives concerned and satisfy the tine reversal and

(generalized) factor reversal tests.

It should be noted that generalized "ideal" indexes derived for the

same entity from alternative verbal identities of the same order or from identities

of different order are not identical. Furthermore, any of the distinct indexes

derived from one verbalization is not the reciprocal of any of the distinct

indexes for the reciprocal entity derived from an alternative verbalization of

the same order. For examples none of the four productivity indexes derived

from the verbal identity considered in the preceding paragraph is the reciprocal

of any of the four aggregative unit man-hour requirement indexes indicated by

the alternative identity for payrollss payrolls _ unit man-hour requirements

x production x average hourly wages. On the other hand, an index derived from

one identity may be equivalent to an index for the same entity derived from a
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verbalization of a nigher order. Thus, the Laspeyres index of output with unit

labor cost weights, derived from a second-order identity for payrolls, equals

one of the expressions obtained from the third-order identity. That is,

Jqjroeo Iro10% : Tqiwo/ zqow0, since roisoi : woi.

Partitioning of Input Changes

In empirical studies, attempts are sometimes made to decompose the

absolute or percentage change in aggregate man-hours, values or value added

between to and t1 into the additive "contributions" of various entities,

including production and productivity (or its reciprocal); or to decompose in

a similar manner the change in average productivity (or its reciprocal) for a

group of products or industries.

Apart from the reservations which may be entertained concerning the

economic significance of such statistical post morteas, the technical adequacy

of the measures frequently used may also be questioned. A common fault of such

partition formulas is the confusion of time bases; all components should

logically be computed from either to or tl. Another common flaw is the

asymmetry of the component measures; the expression for each of tho designated

contributory variables should be obtainable from the expression for another by

the cyclical substitution of symbols. Furthermore, even symmetrical measures

may not make obvious sense when verbalized; they may not unambiguously express

the distinctive "contributions" of the variables of interest. Another

difficulty, already suggested in the preceding discussion of correlative indexes,

is the inconsistency of measures for a variable its reciprocal when these

are derived from alternative partition formulas; thus, the effect attributed

in one formula to a productivity change is not the same as that attributed to a
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change in unit labor requirements in an alternative formula. Finally, two
kinds of errors are often committed: the introduction of asymmetry through the

absorption of "residual" terms showing the "Joint" effects of simultaneous

changes in the explicitly recognized variables; and the misInt3rpretation of

such residuals, when they re-rict- sb:3rbed, as the contribut5ons of "all other"

variables not explicitly taken into account in the partition formula.

if partition formulas are considered worth usilng, then it would seem

desirable to restrict chosice to symmetrical expressions and to avoid interpre-

tation of Joint particles by reference to extraneous variables. 'The writer

prefers to preserve the meaning of the expressions in terms of the underying

Taylor expansions and thus would not distribute the joint effects -- even in

the two-variable case, where the Joint term can be distributed symmetrically.
Failure to exhaust the total change when the Joint terms are not absorbed or

distributed is not a defect but is consistent with the essential mathematical
meaning of the partitioning technique.

w-VAriabLe CaGse

To illustrate some of the diffilcult.es mentioned above, we shall consider

the partition of the change in total man-hours between to and t1 into three

components, one representing the "contribution" of the change in unit labor

requirements, the second referring to the change in output, and the last to

the "Joint" change in unit labor requirements and output:

qlr, _qOro g qo(r1 - ro) +Yro(q1 - qO) X(r1 -r)(q1 -q1).
AU of the components are measured from the same time base, to, but need not

have the same sign. The second-order "Jo*ntII effect need not be negligible
and it may differ from one of the other two components in sign. Sybmynetry 4s
destroyed and time bases are confused when this effect is merged with one of

the others. Besidest there is no reason to prefer one of the asy'rnetrlcal
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partitions over the other since both,

q .ql(r1 - ro) * Zro(q1 - qo)
are distorted representations. An average of these two has the advantage of

restoring symmtry while removing the "Joint" particle, but still Implies two

time bass withi.n each compornt, to ad (to 4'

Xqejl _ £qOro v V2 I(q, .4 qo) (rl - ro) 1/2X(r, f ro)(q, - qo)*
ThIs sort of Acompromise" is favored by Fabricant was used earlier by the

Italian mathematical economist, Amoroso.5
Although we have chosen to iflustrate the two-variable cas in terms

of a cnge in total man-hours, there are other relevant applications. Thus,
the change in total value dedmy be partitioned into components referring
to changes in unit value added and output, or to changes in valu added per

man-hour and in man-hours. Ao of nterest i8 the partition of a change in

labor-weighted output into the 'contributions" of changes in output per man-

hour in man-hours.

It does not appear possible to express a change in average productivity
or in its reciprocal as the s of symetrical components reflecting changes

In output and man -hours meased from the sae time base. There are,

however, other part5!.ton formulas for average produetIvity and average unit
labor requirements -- and these, curiously, involve the individual

productivity ratios the ndivida unt labor requirement ratios,

respectively, as variables. One particle in the productivity case shows the

weighted effect of a change in the percentage of total labor devoted to each

product; in the unit laboi requirement case, the weighted effect of the change

5
S. Fabricants, On; the Treatment of Corporate Savings in the Measue-

ment of the National Incowe", Owl-"3L&ninubaUIt I (1947), 129-30-
and L. Amoroso, L- (Bologna: N nichlellf, 1921$,
PP. 41-42.
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in proportion of to output represented by each product. In general symbols,
we have te ooupromjse formulas6

_ IT : 1/2 Z gE/ I El /Z Ed) (01/Ei - oo/E)J7
1/22 £ g1AE1 4 ood (Ei/x£ - Eo/zE).

and

U: 1/2 JE1/01 tEgo/i/)(o1/ . - d017.)2
+ 1/2 JgOV/ IO + odzoo)(E1/ol - sxdo)J

where Tr, ( I01/UI1) and Tfo (: 70o/231) refer to average productivity, U1

(:TEl/101) and U0 (: LJoOo) to average unit labor requi.rements, °1V and

001 to (we4ghted) output of individual products, anl and EOl to labor input
corresponding to Individual products.

The saymbols Wand U in general refer to (weighted, if necessary) t1 or

to quantties, not Indexes. But, if we define the weighted output quantities

in t1as 0l, it qlxr0o and in to as 001 sqgr~iw then the change in average

productlvj.ty becomes the difference between the Paasche oroduct4vity and

unity; a thi change in average unit labor requirements becomes the

difference between the Paasche unit labor requirement inde and un~ty. If we

def4ne weIghted outPut quantities in t1 as °li : q1r and n to as- °

q lrljV then 7T 1 - Ti0 and U1 U become dfferrnces between unity and the
corresponding Iayres ± MaA. These results Involve the fact (noted in

Chapter III) that the same weighted aggregate has a double meaning, one for.

6
The partition fomula used for a change in average productivity by H.Barger and H. Lmnsberg, = pp. 258-59 and 264,65,and by H. Barger S. H. c . is.1899199 (New or

National Bureau of EconomicSflparch 1944), pp. 81sfa tory
than the expression shown here for f T- T0, or the alternative symmnetricalexpression In which the joint, omponent remain Isolated. These writers dividethe productsivty change into tw asymmetrical parts; the first represents thechange recorded within ont agricultural activIties or mining 5ndustries
and the second, improperly computed as a ref.dual, is said to reveal inter-
regional shifts In the case of rcultur or inter ndustry shift in th cae
ofmnnseg.
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each identified variable. The effect of comb4ning all output 4n labor terms

here is equivalent to reducing an absolute change in average productivity or

unit labor requirements to a percentage change.

Whether or not labor weights are used in the output aggregates, thet

total-change In productivity or unit labor requirements may readily be

cast Into percentage form. The compomi.se formulas presented here need merely

be divided by 10 and U0, respectively.7

I_ E
Partition formulas may readily be extended to three or more variables,

in which cas the nmber of "Joint" particles inceases rapidly. Three-

variable cases of interest include the decomposition of the total change in

payrolls into the parts associated with the entities satisfying the alternative

verbalizations considered earlier in this chapter. Another example involves

the partittonwng of the change in total value added into components ferring to

value added per amn-bour, unit man-bour requirements, and output; or 4.06
components referring to unit value added, man-hour productity, and man-hours.

In the three-variable case, there seems to be no 5compromise" formula involving

three symmetrical additive components8

7
In La _ 193 (New York: National Bureau

of Economic Research, 1942), P. 336-37, S. Fabricant uses a compromise
expressi for (U1 - Uot)/uo Fs assigs Edgeworth price welghts to the
output quantities.

8
Of course, metrical logarithmic expressions may be developed,

lik, those introduoid by J. K. Montgomery, _ -

kj1g.JUmu (London: P. S. King & Son, 1937). he tribut~on of each
variable is measured by the total difference raised to a distinctive fractonal
power, the sm of the fractional powers being unity.
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Let us consider the threevariable case more closely. By siraight-

forward algebra, we may decompose the total change esS follows:

laible, - I ob0co : aobo(c1 - co) 1 Lao% (b1 - bo) 4 Eb0co(a, - ao)
- Ya (bl- bo) (c1 - co) +Lbo (c1 - co) (a, - ao)

* 1c0(a, - ao)(b1 - bo) +1 £(al - ao)(bl - bo)(cl - co)*

Altogether, we obtain seven terms, all measured from the same time bases to.
The first three represent the "pure" effects of changes in the three explicit

variables; the reining four represent "Joint" or "impure" effects, and their

share in the total change may be -significant. In the two-variable case, it

will be recalled, only one of the three terms in the partition formula was

"Joint".

As was suggested earlier in this chapter, the decomposition is equiva-

lent to a Taylor expansions with zero rimainder, about the to aggregate.

This fact should warn against the confusion of time bases and the illogical

interpretation of the last four terms shown above as the effects of "all other"

variables than aji bi, and ei. Only these explicitly included variables can

have effects attributed to them, in this case secondary and tertiary as well

as primary. The first three tems shown above (the "pure" effects) are

derivable from the first sum, the second three terms from the second sum, and

the selve tem from the third sum in the following Taylor developments

Talble - 7a0b0co : X(AaiAi + AbiBi 4 4c Ci)fi

+ 1/2: 7:(&aiAi ' biBi 4 AciCi)2fi
t 1/31 I(AaiAi +4 4biBi 4 CCi)3fi

where the fi : aibici; the Aai - ali - aoi, etc.; and the Ai, Bi, and Ci

are the partial differential operators a/bai, a/hbi, and /)/8ci applied to

the fi. Finally, it may be shown, if appropriate substitutions are made in the

partition formula, that the change attributed to productivity is not the
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ime as the ohawe attribut*d to its reciprooi in the alternative three.

variable partitioni of, say, total value addd.
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conditions for one aggregate or index to exceed or fall below another which

may not be available or constructible.

Our inquiry has been restricted to aggregative indexes, which are the

most important type in use and which are also expressible as weighted arithmetic

or harmonic means of relatives. Most of our illustrations refer to the IeLs-

peyres and Paasche formulas, which underlie the "compromise" measures of

Edgeworth and Fisher. The character of an index is determined largely by the

classification principle and the "primary" units selected for the products or

factors concerned and by the criterion used in establishing the external

comparability of these classes. The "same" aggregate represents different

multiples of characteristic "secondary" units as the breadth of the classes is

altered. Furthermore, the "same" aggregate comprises different multiples of

the secondary units corresponding to the variables identified in its symbolic

expression and to the continued product of these variables. The relationship

between the secondary multiples contained in aggregates with different weights

or between differently weighted indexes may readily be analyzed by means of

the von Bortkiewicz weighted correlation coefficient and other expressions

derivable by elementary vector (or matrix) methods involving the generalized

Lagrange inequality.

The plural significance of the "same" aggregate is of fundamental

importance for the construction and interpretation of indexes. This fact

provides the rationale of deflation for cases in which the recognized classes

are homogeneous through time. It also provides the basis for regarding various

"direct" productivity indexes as elliptic forms, as measures of output per

unit of input in only one period while the productivity ratio for the other

period is unity. The restoration of the explicit symbols for the latter ratio
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and the rearrangement of terms constitute the inverse of deflation; this inverse

process shows that a direct labor productivity index is the quotient of two

appropriately weighted indexes -- e.g., a labor-weighted output index and an

unweighted labor measure, or a labor-weighted index of hourly earnings and an

output-weighted index of unit labor cost. In general, the plural significance

of an aggregate explains why ratios of aggregative indexes reduce in some

cases but not in others to aggregative indexes of the ratios. This fact also

provides the key to the construction of systems of mutually consistent indexes

which satisfy verbal identities, are internal means of relatives, are

expressible in terms of their correlative indexes, and lead to the true

generalization of the two-variable "ideal" index. Finally, this fact underlies

the formulas for partitioning a change in, say, total input into the sum of

the pure "contributions" of the explicit variables and higher-order "Joint"

effects.

It is important to know that some methods may lead to measures which

are not internal means of relatives. Thus, a productivity measure computed as

the quotient of a price-weighted gross output index and a labor input index

yields the product of a direct output-weighted productivity measure and an

index showing the shift in the structure of production. The latter factor may

be sufficiently large to make the result external to the productivity

relatives, even though the direct productivity measure is an internal mean.

Deflation and value adjustment may also lead to externality. Net output

indexes based on reduced aggregates and net productivity measures, too, might
end-product

lie outside the range of/relatives -- though the former would generally

be true averages of net output relatives (like fqli - (Spowl)iIp02
4Coi - (Spo%0)i/p0.7 in the Laspeyres case) and the latter would generally
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be true arapges of net productivity relatives (like quotients of the indicated

net output relatives and the corresponding input relatives (3wofl)j/(Sw0fo0)
Since the gross output index is median to the net output index the index

of consumption of materials, etc.. it could be a poor substitute for the net

jndex, which it is often intended to represent. Subproduct indexes could &alo

lie outside the range of end-product relatives, but measures based on end-

product quantities with "net" weights would generally be inteal means.

Altbough subprodut indexes can even more rarely be cosmtructed t

net indexes based on reduced aggregates, the merits of the former should be

better known. They would more faithly reflect the structure of productive.

activity; give a truer account of the formation of not output; permit the

derivation of a hioraroby of consistent output and productivity measures for the

various levels of economic organisat4mo; remain invariant under changes in the

degree of integration of the productive prooess; escape distortion as the rate

of completion varies; sometimes permit satlsfactory measurement even though

heterogenasty precludes establishment of satisfactory end-product classes; and

sometimes permit measurement of production and productivity movements over an

interval disturbed by maJor tecimology changes.

The "free composition" output index is a preferable alternative to the

chain index when new products are introduced or old ones disppear. indeed,

the chain index would seem, at best, to be interpretable as an approximation

to some sort of free composition index. The latter is the logical extension

of the usual aggregative, or "ffxed composition', index; it simply includes

zero entries for items not made in any of the compared periods and,

when the partIcular formula requilres, it also includes corresponding

This is demonstrated by V. R. Beringiette for nada 4in an unpublished
paper presented at the &Hrvard lbeting of Econometric Society, September 5, 1950.
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associated with a particular period, but he is culturally attached to none;

and he is not daunted, for example, by quality conundrurms which have not been

quantitatively resolved and which have apparently not been considered impnportant

enuugh to oreclude, a decision to measure in the first place. In the simple

case of gross output measurements our demon may be considered to have the task

of numericall.y comparing two vectors referring to n products (there fmay be

some null quantities). He generally solves this problem by scalarization of

the vectors but he could also do so (as the "leconomic" theory of indexes would

suggest) bv collineation of the vectc^.s after transforming either or both

according to some principle of equivalence or indifference.

For historical studies, the notion of indenendent "cost" is meaningful

even though it is not for value theory. The two aspects of activity may,

then, properly be quantified and compared in their characteristic units:

what factors "do" may properly be related to what they in some sense "are".

WYhen satisfactorily constructed, a labor productivity index indicates the

changing ef'fectiveness with which labor is used in conjunction with other

factors. This idea has probably not been so wiidely misunderstood as is often

supposed. The specific productivity of labor -- its marginal Productivity,
other factors held constant -- can be determined only if a mathematical

function connecting output to labor and other inputs is established. Since

"rman" -- a generalized riacrotype grown plausible through familiarity -- is both

the end and an agent of production, labor productivity measures also have some

significance for the determination of "progress" in the sense of "econom4c

welfare ". For the same reason, even crude measures of comiposite input

expressed in labor terms could yield significant long-run productivity
indicators. Unfortunately, it is impossible to reduce all output to an

"ultimate" quantity of some desiderstutn of generalized man fo- cor.oarison with

composite input in labor terms.
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the 1880's provided the background of the first U. S. Labor Commissioner's

monumental studies of "labor displacement" and of the relative effectiveness

of hand and machine labor. In the surge of statistical activity folowing

lozld War I, production indexes as we now know them were developed by Stewart,

Nersons, Dty-Thomas, and the Federal Reserve Board. In the 1920's,

probably the first productivity indexes were developed by the Bureau of Labor

Statistics from data in the Census of nuacturenst which was transferred from

a quinquennial to a biennial basis after 1919. 4 These indexes and the Bureau's

cross-section studies of industry productivity were motivated by fears of

a new technological revolution. The improvement of this agency's employment

statistics during the same decade was partly the result of the widespread

concern over the sharp 1921 recession. Renewed anxiety over the relation

between mechanization and work opportunities in the 1930's led to the comprehensive

Bureau of Labor Statistics, Works Progress Administration, and National Bureau

of Economic Research studies of production andproductivity trends.

But World War II meant the virtual suspension of measurement for many

industries, as the manufacturing census was discontinued, as the character

of output changed, and as the quality of the Federal Reserve indexes deteriora-

ted. On the other hand, the War also provided the occasion for the introduction

of the Department of Commerce concept of gross national product and for the

popular use of national "productivity" ratios or indexes for making postwar

employment projections. After the War, the Bureau of Labor Statistics

inaugurated direct productivity reporting (1945), the Census Bureau developed

detailed manufacturing measures for the years 1939 and 1947, and the Department

of Commerce issued more refined estimates of "output" for broad economic

sectors. As was noted in Chapter I, the inadequacies of the traditional types

of production and productivity indexes for collective bargaining purposes
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aroused considerable public and behiiw-the-scenes controvray during and fter
the Wr. As new war clouds gather, it 'will become evident that available

industry statistics are no better, An view of the demands to be made on them,

than the statIstics available in 1941. The end-product emphasis of data

compilations for industries converting to war production w11 lead to chronolo.

gical discontinuities at an early date. Present leg'slation calls for a now

manufacturing convass no sooner t 1953 -- and what happened when the Federal

Reser indexes lost their Census rudder 4s st.ll fresh in memory.

Our study points to numrous projects which could be undertaken to

advance production and productivity measurement. l have already noted that

success would often require improbable excursion into the realm of increasing

costs. The key to substantial further progrist e repeat, is the comp4ation

of subproduct data. Availability of such data would permit refinement of

indexe now available; extension of measurement to areas not now covered

(e.g., certain manfacturing industries, construction, trade, ftnance,

government, and personal and professional services); development of a

hterarc1b of consisatent indexes for different levels of aggregatio and of

consistent Andexes of dOfferent period-2tcty; the elor study of the

distribution of productivity gains and of the relevance of productivlty to wage
payment". Another important advance would reult if data permitting

construction of netoutput measures based on reduced aggregates were also

made available. It would also sem worthwhile to test the value adjustment
by specIfic inquiries into the c tive pricbehavior of products

reported by value only and those reported by both vaue quantity. For

example, the movements of prices of complete products and of parts made by

the same nufacturer shuld be traced through time; ad case studies should
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be undertaken to establish the course of prices of new and standard products

of particular industries. The reliability of deflation as a means of deriving

approximations to directly constructed indexes also deserves attention. Some

of the evidence adduced to supoort the value adjustment really applies to this.

question instead. Another inquiry shoul be directed to the comparability

of the results obtained by means of the free composition, chain, an value-

adjusted chain indexes as the product universe is expanded or contracted.

In addition to the compilation of indexes based on subproduct data,

other productivity projects might be listed. Thus, it is desirable to clarify

further the concept of factor of production and to continue consideration of

the possibility of significantly quantifying capital and entrepreneurship

for the purpose of composite productivity measurement. The statistical

consequence of classifying labor input by skills etc., would also be of interest.

The relationship between productivity indexes computed directly and those

derived as quotients from output measures with pecuniary weights should be

tested whenever the former are constructible. More historical studies of

individual firms are desirables and the instrument for such studies is already

available. Perhaps, the Bureau of Labor Statistics could finally telr us what

happens to produotivity, computed both on a subprodu t and end-product basis,

as full-oapacity utilization is approaehed In Job-lot line-assembly
eutablismentst. The results given by formulas for partitioning total input

changes shu be *xmined more closely. How similar a the "contributions"

measured forward in time and backwardj and how simi are the "contributions"

of reciprocal variable as timated from alternative partition formuas?
Fially there has been too little economic analysis of the implications of

the vast store of productivity information already available. w7e ought to

know more, for example, about the role of productivity in what Colin Clark
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a]1.L the ",nornhology of growth" -- about the connection between productivity

and the stace of development, interindustry correlations, and future levels

achievable in industrial societies.

Last but not least, our agenda must include the improvement of

standards of index makers and users. It is especially regrettable that there

is no indigenous theory of Just what "physical" Droduction indexes are supposed

to measure, that the student must turn to the literature of other fields

(like national income accounting and welfare economics) to get a clue.

Eventually, the Increase in the sophistication of index makers an users

should lead to a demand for better data and methods. More immediate objectives

would be cultivation of a favorable attitude toward technical inquiry

and experimentation -- and of an appreciation of the multiolicity of

operational meanings of the terms "production" and "productivity", even though

alternative choices may not have such dramatic consequences as Shylock's
losing a pound of flesh and Dido's gaining an incredible real estate bargain.
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