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INDUSTRIAL PRODUCTIVITY MEASUREMENT

(A Survey of the Main Methods)

Hassan A. Suleiman, M.A. Ph.p.

A productivity measure is the ratio between output and input hoth
specifically and comparably defined.  This ratio can be expressed iy
terms of a single factor input or selected inputs or all inputs combineq,
Thus the following broad concepts are introduced.

total output

A. Partial Productivity = :
d one Tactor input

total output

B. Total Productivity el sl

Within these two frame-works various authors have defined produc-
tivity in different ways and consequently several different measurements
have been suggested. These methods of measurement are discussed in
the following pages.

A. Partial Productivity Measurement

This measures the relation between output and one factor input.
In this way it is possible to speak of the productivity of capital, raw
materials, or labour. The usefulness of this measure depends upon the
type of data utilised in the measurement : it is more useful if the units
are measured in physical quant ities. The use of value elements would
introduce the impact of price changes, which have little bearing on
productive efficiency and hence would give a distorted picture of the
actual efficiency, while the advantage of the partial physical measure
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is that additive quantities can be obtained,
shown that a unit of a given prod uet i
certain consumed quantities of ]

For example, it can be
arrived at by adding together
abour, raw materials ete: Thus, as
they are calculated from physica] quantities, concepts of partial physical
productivities have the advantage of being extremely significant and
easily understood by the workers actually engaged on the job.

The indexes thus obtained should, however, be interpreted with

the productivity of the specific factors
productivity of labour, raw materials) may in
some cases coincide with a rige ip production costs, even if th
costs have not increased. This may occur if the specific productivity
of certain other factors less frequently taken into account has unexpec-

tedly fallen : for instance, the substitution of a machine for
work may in some cases cause

product, and, consequently, a d
very marked extent.

discrimination, as the increase in
most usually considered (

e factor

manual
an increase in the unit cost of the

rop in the productivity of labour to a

This may occur if the machine has to stand idle
for a long time or if the cost of running the plant equ

als or exceeds the
saving of labour per unit produced,

However, it must be noted that the most usual meaning of produe-
tivity, and in many ways the most Important, ig productivity of labour.
The importance of labour productivity stems from the fact that it
provides a general measurement of the economy and efficiency in the
use of labour. The computations of labour productivity indexes do
not imply that labour is the only relevant factor. Such an index, like
other partial indexes, must not, however, be interpreted causally, Tt

reflects the productivity of all factors involved in production, including
labour,

Labour productivity may be measured in a variety of ways, each
'0 suit a certain purpose. These measures fall into three general
Categories. First, there are the physical productivity measures which
show changes in the labour time required to produce a fixed composite
of goods and services, These measure changes in technical efficiency
alone, Secondly, there are the gross productivity measures which take
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into account shifts in the relative importance of component sector, With
different levels of output per man, as well as changes in output per iy,
within sectors.  Thirdly, there are the net output per man meas“rc:_
which reflect, in addition to changes in physical productivity and shify
between sectors, changes in material requirements per unit of outpy,
Since they reflect the effect of changes in resource allocation, the gy,
and net measures may record changes even when there is no movemey,
in the productivity of component sectors. Each of the categories spec;.
fied requires different data. A summary of the main types of laboy,
productivity measurement is shown in the chart below.

Chart 1
Labour Productivity Indexes
(Man-hours)
I. PHYSICAL OUTPUT
Output per man-hour BT Man-hour per unit of oufput
TN —

Current year Base year Current year Base year
composite composite composite composite

II. NET OUTPUT

Output per man-hour - " —==———-— Man-hour per unit of output
AN o

—mI
Current year Base year Current year Base year
composite composite. composite ‘ composite

As can be seen from the above chart labour productivity can be
measured in more than one way: For a firm producing a single product
the technique of measurement is simple ; productivity in this case can
be expressed as follows :

Q
P =) Ao
L
and L denotes labour input. A change in productivity during tWo
periods of time can be written as :
Ql 0
I go , where suffix 1 and o denote the current and

base year respectively. But measurement of labour productivity is

, where Q is the quantity or units of output
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usually not as simple as this,

produccs a number of differey
units.  Labour inputs also
led, ete.  This, however, i

For iy tuany cases a firm or industry
products expressed i different physical
vary depending on whether skilled, unskil-
Overcome by the introduction of a unit value

ariety of output and varioug
Hence, two types of indexes are caley]yt

calculation of each type depends
the problem at hand and accordiy

; nbining the v
clement in cor g the types of labour.

ed : physical and value. The
on the usefulness of the measure to
g to the availability of data,

If output is homogenous then it is e
index. But when output is varjed the
constructed.  Similarly, in calculating
should be used in combining the various

Y to construct a production
D a weighted index must be
the index of labour, weights

types of labour. This weight-
ing procedure is, however, not required when the indexes of output and

labour are calculated in valye units.  Priceg of output and various
types of labour serve as weight co-efficients, 1

B. Total Productivity Measurement

(A Survey of the Main Methods)

Numerous attempts at measuring total productivity in physical
terms have not yet met with much success. It is sometimes impractical
to take all elements of inputs and add them up in terms of man-hours
and the result is always difficult to interpret. 2 On the other hand,

if all elements are measured and added up in monelary terms one

usually ends up by measuring something other than productivity, such
as profitability, Interpretation is again made difficult by including, in
addition to productivity factors, the effect of all factors which determine
prices. If they are summed up on a constant price basis there are
difficulties with price indexes and in particular data of quantities used
as well as prices for each are needed.

Many of the problems concerning the measurement of factor
mputs apply equally to the measurement of output: However, these
broblems have not stopped authors from introducing certain measure-

"ents, the object of which is to assess the overall efficiency and also to
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ods. In the following pages a summ
ary (
f

on existing meth
d into this field is presented.

hods introduce
al productivity measurement has been gr

duction function analysis.  The techniqu: atly
¢ heen developed largely at the theoretical ]eS o
that some progress at the practical leve] ;’lel,
models with the help :)l:

improvise
the main met

The subject of tot
developed through pro
production function hav

and it is only very recently

been made through the use of various

computers.

In most production function studies a period of more than 10

is usually chosen. This is done to eliminate short-run influence
8s and

to establish the trend of development in productivity.

During the last few decades two production functions have occupied
. . . . -upie

e in quantitative economics. The first is the C:)b}
)-

a prominent plac
This is expressed in the

Douglas type, with constant returns to scale.

following formula :

. where Ol is output n year t,

o = A 1"k
L 1L t t t t
o 2B L pare capital and labour inputs respectively in year t ; b and b

are the elasticities of outputin relation to labour and capital respectivel
pectively,

At ;
}::u:nl 7 ,}’}rlOd.“CtiVi‘y due to quality improvements of both labour and
ti‘(ﬁ: ao.f 0 le1 1n11pr.0\,fement's are attributed to better skills and applica-
s ne(; t;10l ogul:d] de:velol)nlexlts. The Cobb-Douglas function
to output dep:m;:c;:otll()gfcal elfochi 3 fie contribution of factor inputs
ety ot s ot 1te.1r elasticities with respect lo output. After
it iy u 10? of labour and capital to output a residual

ch represents the contribution of total factor producti-

¢ an index of total factor productivity and represents the contri

vity, i.e, At , to output, 3
The othe i
r function is
a mere elementary
ry one of the form :

P.=1£(K)
: or P =K
output-capital ratio, or in s om,e‘zhere a may be interpreted either as the
ontexts as the reci
eciprocal of the accele-
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rator. T'his is commonly found in growth models of the kind made

< v . 4 Yy - -
l,(,plllul by Harrod and Domar, T'his function being a one factor
[unction, can be viewed as a special and limiting case of the function :

I-b 1
p = ak .-L),wllercl)=0

M: Frankel introduced a method for reconc

iling the Cobl:b-Douglas
and the Harrod-Domar functions,

The object, as he puts it, “is to
introduce  a  formula that retains  desirable

. - " . .
functions.” ®  This formula is expressed as :

B«

Pi = aH Ki Li » where subscript i denotes ith enterpri-

properties of both

ses, and P, K, L, and a are defined as above. H is referred to as
the “development modifier”, and is intended to denote the development

of the economy in which the enterprise operates and is, for the enter-
prise, a parameter. B and « are the elasticities of factor inputs,
Jabour and capital, with respect to output.  Enterprises in advanced
countries are able to produce more with given inputs of capital and

labour than enterprises in relatively underdeveloped economies. ¢ H,
the development modifier, is measured as

K

\
WIT) , where the exponent v is a parameter and gives the expression

a more general form. The aggregate function may be written as
follows :

_ K \V f o«
b= ("1‘3‘) K L
B+v 00—V
= a K L

The final step to complete the synthesis is based on the assumption
that v = ¢. Then the aggregate function reduces to

P = aK. 7

The above analysis is a brief summary of the main types of the
production function technique. It is worth noting that improved
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models of the production function have been introduced by y, .
authors. The main two models are those of R. Solow and E, DemsUuh
Solow’s focuses attention on the impact of improvements in the qual(ii
of capital stock on output ; Denison’s draws attention to the jmpge, of
improvements in the quality of labour input. The object of both,
models is to make allowances for the impact of quality changes
labour and capital, over the years, that would result in a higher outpyy
level. 8 These allowances are deducted from the total Productivity
index A[iu the Cobb-Douglas function.

In the remaining part of this section a brief survey of other total
productivity measurements are presented. These methods, which have
been used by various authors, may be summed up as follows :

The inverse of unit total costs at constant prices. 9
The inverse of unit total costs at current factor prices. 10

The inverse of unit total costs expressed in wage equivalents, 11

g g 9 B

Output divided by the quantity of each factor weighted by the
quantities of labour employed in making it. 1<

5. The weighted average, in physical terms, of the productivities
of inputs. 13

6. Output divided by total inputs, both in terms of standard
prices, 14

7. Total productivity measured in terms of progress. 17

8. Total weighted productivity at constant prices, and the com-
bined productivity of the partial productivities, 16

Brief as this catalogue is, it clearly indicates the large number of
definitions used in the measurement of productivity. In the following
paragraphs a brief comment on each is made.

Method (1) presupposes the availability for each input of the
physical quantities used as well as their prices. Method (2) is similar
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ed i inary 1 - : :
o that s d in or.d ary costing. .HOM‘Wr. any index based on unit
s at current prices or on wage equivale

cost > _ nts 15 unsuitable as a measure
of iechnical productivity. since it already includes, in  addition to

rechnical efficiency, the effect of factors thay determine the value of out-
and input, i'e. price changes.

l)lll
The expression of costs tn labour units, as in method (3) and (4),
raises problems of its own. The essence of method (3)

' » which was put
torward by Smith and Beeching, sugg

! ests that depreciation, purchased
cervices and certain changes in raw materials, i.e. stocks, should be
»

converted to equivalent manpower and added to the manpower emplo-
yed by the firm to be used as the denominator of 4 productivity ratio.
Depreciation and other inputs bought, i.e. raw materials, would be con-
verted to equivalent manpower by dividing their value by the average

annual income of industrial employees of all kinds in the industry in
which the firm‘s’ is located.

Method (4) is similar to Method (3) bui suggests using a firms
own cost of labour. The transformation of costs, other than those of
labour, to man-hour equivalents is arrived at by dividing these costs by
the average hourly rate paid by the firm,

However, Method (3) and (4) raise many problems. For instance,
how are the services of capital goods which have been partly amortised
to be expressed in terms of man-hours ? And how are we to allow
for the fact that labour emploved is not homogeneous ?  In
practice it is difficult to overcome these problems without the availabi-
lity of detailed data. And even if we assume that it is possible to
overcome most of these problems, it remains difficult to interpret the
results of such a productivity measurement. To wrap up many things
in one common unit conceals many important facts which this common
unit, i.e. labour equivalent, attempts to represent, The results tell us
nothing about changes unless we first know the partial productivitics of
factor inputs, because the effects of various factors are cumulative and
mteracting. ~ Without additional information we cannot impute what
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part of the change is due to variations in technical productiy;,
what part to a change in the size of factor input utilisation-

Method (5) is slightly different from the previous two, but amoy,
‘ . . 1
to much the same thing as inverse unit costs at constant prices,

g dng

Method (6) involves the presentation of the revenue accoungs
constant prices and these will be related to revalued output and inpy
and the latter, i.e, inputs, are determined according to certain avery
prices.

Method (7) was introduced by Smith and Reddaway in recen
years. This measure was carried out for 14 major groups of Brig,
manufacturing industries between 1948 and 1954. The overal] change
in productivity was considered to measure progress during this periog,
The authors used a measure of the combined inputs of labour apg
capital. The basic formula is :

t
8,
ge

The outputs (0) in the formula are measured net of raw materials
and services obtained from outside, and also allow for depreciation,
Labour inputs represent man-hours worked by salaried employees and
workers on own account. Capital is taken to be the quantity of real
resources, building, machinery, vehicles and stocks, measured at a
constant price replacement cost, net of depreciation. These inputs are
weighted with their respective prices, i.e. labour (L) with wage rate(W),
capital (C) with the return or charge to a unit of capital (r) ; P, stands
for prices of output at 1948 prices. The formula then becomes :

P, 0,/P, O,

Progress = — 1
Wy Ly +r; G
W~| Ll + Iy C«'

If it is assumed that labour and capital could exhaust net output
in the base year :
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v, Lh + o G = p C,

lifies 10°°

s then the formula

,1!”"

l)l C-)

Wl L'_’ ‘3 r, C

)
-

\feasures of capital stock were not readjly available
Vea: ) :

.ol h The authors,
fore; used the absolute changes hetween 1945

and 1954 for all

rp G = 1y G &+ r, AC,
al formation can be substituted fo,
n notation throughout we get :

Pl 02
P101+W1AL+I'| AC

and capit

1 “"if()l'l

stock of capital, Employing

—_ ]_’

P, 0, = P, Oy + Py AO, the fina] equation bhecomes

anee
Py A0 — (W, AL + 1, AQ)
Py 0, + W, AL+, AC

Thus progress can be interpreted as :

[nerease in output, less allowance for extra factors
—

Output which would have been attained with unch

anged productivity

Method (8) has been introduced by various authors,
sudies in this field are those of J. Kendrick and S- Fabricant.

The main

J. Kendrick measured the total productivity of 33 industry groups,
and also the private domestic economy of the United States during the
period 1889-1953.  Factor inputs were classified into two broad
classes : labour and capital.  The labour input used in this study
denotes man-hours worked in various industries by all types of persons
engaged in productive activities (including proprietors), weighted by
base period average hourly earnings. He thus takes into account
differences in the quality of labour. With regard to capital, a constant
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dollar value of stock of real capital-land, equipment, plant, and j,
tories- was used. The capital input was weighted according 1, the]v_elL
of return in the base year. The value of the plant and equip,m,“'ll:"”
of depreciation was used. Thus the method implies that capity] serv'lQl

o . P ](‘,(xs
move proportionately with capital stock.

Almost the same method has been used by S. Fabrican in
study “Basic Facts on Productivity Change” (17). He used weigh
and unweighted man-hours, and unweighted and weighted inpuy
tangible capital. Thus he arrives at two estimates of total input .

h 15
t(‘d
of

(a) the weighted combination of an unweighted man-hourg inde
and an unweighted capital input index, and

(b) the weighted combination of a weighted man-hours indey
and a weighted capital input index.

He also had two estimates of total productivity ; the first estimate
is based on the unweighted total input index and the second on
weighted total input index. In addition to total productivity indexes,
Fabricant also gives partial productivity indexes of both labour ang
capital.

In conclusion the foregoing analysis of productivity measurement
is recapitulated. Productivity has been defined as a ratio of output to
input (s). This in a broad sense covers all productivity ratios that can
be calculated by relating output to either one factor input or to all
factors used in the production processs The index of productivity
attempts to measure the contribution of input (s) to output, and
productivity indexes over the years would indicate the efficiency of
factor inputs using different production techniques,

The type of productivity index used is dependent upon two main
factors :

(a) the usefulness of the concept of productivity adopted in the
country concerned ; and
(b) practical feasibility for measurement.

Sources and Notes
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cf. 1. Phelps Brown, “The Meaning of the Fitted Cobb-Douglas
 onction” Quarterly Journal of Economics, Nov. 1957 . P. H.
Douglas, “Are there Laws of Production ?”, American Economic
Review, March 1948 ; G. T. Gunn and P. H. Douglas, “Further
Measures of the Marginal Productivity”, in “Quarterly Journal
of Economic”, May 1940 ; and R. R. Nelson, “Aggregate Produc-
tion Functions and Medium Rate Growth Projections”, in
“American Economic Review”, Sept. 1964,

¢f. R. F. Harrod, “Towards a Dynamic Economics”, London 1948;
E- D. Domar, “Capital Expansion, Rate of Growth and Employ-
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sement of these two functions see : M. Frankel, “The Production
Function in Allocation and Growth: A Synthesis”, in “American
Economic Review”, Dec. 1962 ; and R. R. Nelson, op. cit.

Ibid. p. 997.

This is attributed to the fact that productive capacities of factor
inputs, i.e. labour and capital, are higher in advanced countries
compared with underdeveloped. This is because of better skills,
atiributed to a higher levele of education, and because of the use
of more up-to-date machinery and equipment,

The sum of the co-efficients : B+ o+ v—+v, remains equal to
unity.  But this constraint could be eliminated by putting the
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modifier into the yet more general form : K For g
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on this aspect see M- Frankel’s article, ibid, especially S ’
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For details on these models see R. R. Nelson, op. cit,

Hiram S, Davis, “Productivity Accounting”, Phil., 1955 PP. 6.8

M. J. Farrel, “The Measurement of Productive Efﬁcmnry” in
“Journal of the Royal Statistical Society, Series A, Par IJ] 1957
esp. 253,

Sir Ewart Smith and Dr. R. Beeching, * Measuremen| of the
Effectiveness of the Productive Unit”, British Institute of Mang.
gement, Winter Proceedings, 1948-49, No- 4,

This method has been introduced by W. Alderson. See H, S, Davi.
op. cit., pp. 8-9.

G. J. Stigler, “Trends in Output and Employment”, NBER
New York, 1947.

The techniques of standard costing are determined on a variety
of basiss Ior example, historical costs may be used in (hi
respect, and in this case present achievements are judged by past
standards ; or a standard costing may be determined on budgetary
accounting ; or an average standard may be determined by engin-
nering methods or by adding historical costs to a certain standard.
These techniques are adopted in most firms in advanced countries,
and are explained in most sources in the field of accounting and
management.  See for example, “Cost Accounting and Produc-
tivity”, Report by a Group of European Experts, OEEC, 1952.

E. Smith and W, B, Reddaway, “Progress in British Manufactur-

ing Industries in the period 1948-54”, in “Economic Journal”,
March 1960.

Cf. J. Kendrick, “Productivity Trends in the United States”,
NBER, 1961 ; S. Fabricant, “Basic Facts on Productivity
Change”, NBER, 1958,
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