
Measurement of Aggregate Productivity 
of Factors 

Some Recent French Contributors 

T H E discussion on the notion of 
productivity in France is at least 

as old as Quesnay, In the twentieth 
century the first serious attempt at a 
precise statement of the notion was 
made by Aftalion. But it is only after 
the Second World War that some 
French economists and statisticians 
have tried to make it rigorous and 
statistically measurable. The most 
important contributions in this respect 
have been those of L A Vincent,1 

Inspector-General of the National 
Institute of Statistics and Economic 
Studies (I N S E E) who, in collabora
tion with Mrs Cahen, has published a 
scries of papers on the different no
tions of productivity and their inter
temporal and interspatial comparison. 
Quite recently the service of Economic 
Studies of the Electricity of France 
(E D F)2 has published a study on 
productivity measurement which is 
not basically different from the ideas 
of Vincent and Cahen. 

At least four different notions of 
productivity appear in these writings 
aggregate productivity of factors, net 
productivity of labour, gross producti
vity of labour, physical productivity 
per hour or per head. The subject 
being vast, we have chosen only the 
notion of aggregate productivity of 
factors for our present paper. It applies 
either to the national economy as a 
whole or to a particular branch of 
activity. Moreover we shall discuss 
only the theoretical aspects of the 
question leaving aside the interesting 
numerical results obtained for different 
countries and different branches of 
activity. Finally, following E Malin-
vaud\ we shall discuss the relation 
between the rate of technical progress 
and the aggregate productivity of 
factors through time. The account 
below tries to give a rough idea of 
the whole thing. As such it is highly 
imperfect and must in no way be 
taken as a substitute for the original 
contributions which are very rich in
deed. (We are grateful to Professor 
Malinvaud for his help.). 

Productivity is defined as the ratio 
of the quantity produced to the quanti
ty of factors giving rise to this pro
duction. Productivity is generally 
considered in physical terms. Indeed, 

if one considers it strictly in terms 
of value, no measure of productivity 
is possible. The reason is very simple. 
The total value of production is equal 
to the total cost of production, at 
least if one includes enterpreneurial 
profits in the last category. It follows 
that productivity in such a case is 
always equal to unity. At the same 
time the production and the factors 
being heterogeous one cannot have 
a simple physical notion of producti
vity. Through various devices one has 
to introduce prices to get out of the 
difficulty. These devices are broadly 
called "Conventions''. These conven
tions wi l l be described successively as 
we discuss productivity through time 
and space. 

Intertemporal Comparison of 
Productivity 
Comparison of productivity through 

time is generally made by the method 
of "constant prices" which enables us 
to measure the production and the 
factors by their "volumes". These 
volumes are nothing but a kind of 
"shadow values" obtained by realtiply-
ing the current quantities by the uni
form prices, the prices prevailing in 
the "base" year. This suggests the 
following definition : 

The productivity index is the ratio 
of two ratios: the first is the ratio 
of the volume of production to that 
of factors in the final year and the 
second is the ratio of the value of 
production to that of factors in the 
those of the initial year, 
those o the initial year. 

Let qo and q be the quantities of 
products, f„ and f the quantities of 
factors corresponding respectively to 
the initial year and the final year, and 
let po and pt so , s be respectively 
the product and factor prices. 

Then we have the production index 

Consequently we have the producti
vity index : 

In this connection the following should 
always be kept in mind, First, a base 
year of weight must be selected. 
Changing the base year means ipso 
facto changing the definition of pro
ductivity leading to different results 
for the same period. 

Secondly, the same base year can
not be indefinitely preserved. Base 
year should be changed every five or 
ten years so that important structural 
changes of the economy can be taken 
account of. 

Thirdly, the adoption of .successive 
bases for the purpose of long-term 
comparisons can be carried out only 
by the procedure of "Chain'indexes" 
inspite of some of its inconveniences. 

We can now enunciate the following 
important rule : 

The volume and the price indexes 
must not be established on the same 
system of weights. 

As a matter of fact this follows im
mediately from the necessary equality : 

1 volume x "price "value 
where I signifies Index. 

With our symbols already introduced 
we can write the index of the value 
of production as 
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which are the well-known laspayers 
indexes. It follows at once that the 
price index necessary to pass from the 
value to the volume can only be the 
Paasche index : 

The following proposition can now 
bo laid down : 
A l l the products and all the factors 
of an economic unit (nation or branch) 
being taken into consideration, the 
index of productivity of the unit can 
be measured equivalently either by 
the volume index or by the price in
dex. 

We already know that the index of 
productivity can be written in terms 
of the ratio of indexes of volumes, 
the prices being those of the base 
year: 

The way is now clear for an ac
count of the aggregate productivity of 
factors of an economic un i t 

The aggregate productivity of factors 
is a fraction where the numerator is 
the final gross product of the unit 
and the denominator is the sum of 
labour, the amortisation of capital and 
intermediate consumption, the sum
mation being done by the method of 
shadow values as indicated above. 
No clement of the denominator is to 
be subtracted from the rumerator. 
The intermediate consumption of a 
branch consists of its purchases from 
other branches, domestic or foreign, 
In the case of a nation it consists of 
imports. 

It is now easy to establish the 
formula that can measure the progress 
of productivity of an economic unit 
through time, 

The progress of productivity is equal 

to the quotient of the relative increase 
of the quantity produced by the re
lative increase of the aggregate con
sumption of factors, both being cal
culated at constant prices. 

Interspatial Comparison of 
Productivity 
We shall now try to compare the 

aggregate productivities of factors of 
different units in the same period but 
spatially separated. The economic 
units can be the different national 
economies or the branches of activity 
belonging to different rations. 

First we discuss the internalional 
comparison of productivity. We al
ready know that the value of produc
tion is always equal to the value of the 
factors of production, if one includes 
all the cost items — including the 
entrepreneurial profits — in the eva
luation of factors. As one cannot 
measure productivity by excluding 
some factors, it follows that the mea
sure of productivity as a simple ratio 
of values is meaningless. 

In the case of intertemporal compa
rison the way out of the difficulty 
was found by having recourse to the 
method of shadow values correspond
ing to the quantities of one pariod and 
the prices of a different period. A 
similar method can be employed in 
international comparison. 

We confine our discussion to the 
two-nation case. We define. 

where the subscripts 1 and 2 signify 
respectively the first and the second 
nation, 

We get the shadow values by multi
plying the quantities of one nation 
(say the first) by the prices of the 
other (say the second), Let these 
shadow values be denoted by P12 

and F12 . Then we get the producti
vity index 

An important qualification should 
be added here. The basic structure 
of a national economy remaining, in 
general, unchanged in course of a few 
years the method of shadow values 
could be employed without much 
difficulty to measure productivity in 
course of time. But the structures of 
two national economies may be so 
different as to render meaningless any 
comparison of productivity between 
them. Only in the case of analogous 
products within the limits of fairly 
similar economic structures can the 
method of shadow values be employed 
to give an approximate comparison of 
their productivities. 

The formula of aggregate producti
vity of factors for the purposes of 
interspatial comparison is basically the 
same as that considered above for 
comparison in course of time, if sha
dow values are interpreted appropri
ately. 

The rule considered earlier about 
establishing the volume Index and the 
price index on different systems of 
weight is fully applicable here. As a 
matter of fact the application of this 
rule leads to the calculation of aver
age purchasing power of two curren
cies, in international comparison of 
productivity. 

Taking into consideration only the 
final products of the two national eco
nomies we define . 

Z being the ratio of product prices 
of the two economies. Thus K can 
be interpreted as giving the "rate of 
exchange" between the two currencies. 

If we turn to the comparison of 
productivities between two branches 
of activities, each belonging to a 
different country, the formula for 
international comparison, properly 
interpreted, is also applicable here. 
Some additional qualifications should 
however be added. The first require
ment obviously is that the two branch
es must produce analogous products. 
Even then there may be serious limita
tions arising from the existence of 
different socio-economic structures in 
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the two countries. This is specially 
so when one tries to compare the pro
ductivities of the branches belonging 
to countries unequally developed or 
when the branches even though belong
ing, to countries with similar 
socio-economic structures, use different 
factors of production for the same 
products. It follows that the field of 
inter-branch comparison of productivity 
is quite limited. 

The equivalence relation between 
the ratio of volume index and that 
of price index established above in 
connection with intertemporal compa
rison of productivity is equally valid 
in the case of interspatial comparison 
under the following assumptions; 

(a) The two national economies 
have analogous socio-economic 
structures and the two branches 
are similar. 

(b) The products are f i n a l 

(c) A l l cost elements — including 
profits — are included in the 
valuation of factors. 

(d) The ratio of aggregate quanti
ties and the ratio of average 
prices arc established according 
to the method of shadow values. 

Then using different systems of weight 
for quantities and prices we have 

Technical Progress and Aggregate 
Productivity of Factors 

Following Malinvaud3 we now esta
blish the proposition given below: 

Under a homothetic law of ptcduc-
tion4 with substitution between factors 
and with neutral technical progress 
the rate of technical progress is ap
proximately measured by the aggregate 
productivity of factors. 

Indeed the proposition is institu-
tively evident. 

Let Q be the gross final product, 
L labour, K capital, C intermediate 
consumption. Then we postulate the 
aggregate production function in the 
following well-known form 

Thus the rate of technical progress 
can be approximately measured by 
the ratio of the index of gross final 
product to that of aggregate input of 
factors. As we already know this 
ratio is the aggregate productivity of 
factors. 

Notes 
1 The principal contributions of 

L A Vincent in this connection 
are the following: 

(a) "De la comptabilite' nationale 
aux calculs de productivite", 

Etudes et conjoncture, August, 
1958. 

(b) "Definition et mesure de la pro
ductivite", Journal de la Societe 
de statistique de Paris, Jan-
March, 1959. 

(c) "Evolution de la productivity 
globale dans I 'extraction fran-
caise de charhon", Etudes ct 
conjuncture, November; 1960. 

(d) "La mesure de la productivite 
a 1 echelle do la nation et des 
branches d'activite", Etudes et 
conjoncture, August, 1961. 

(e) ''La productivitc en France dans 
les industries textiles, de I'habil-
lement et du cuir", Etudes et 
conjoncture, March, 1963. 

(f) "Comparaisons internationales 
de productivity au niveau des 
branches economiques", Etudes 
et conjoncture, November, 1963. 

(g) "La productivite" nationale et le 
mouvement cyclique en France 
de 1949-a 1963", Etudes et con
joncture, September, 1964. 

(h) "Population, production et pro
ductivite dans 21 branches de 
l'economic Francaise (1896-
1962)", Etudes et conjoncture, 
February, 1965. 

2 "Les progres de productivite et 
leur utilisation a l'electricite de 
France de, 1952 a 1962", Etudes 
et conjoncture, January, 1965. 

3 E Malinvaud : "Modeles d'ana-
lyse Macroeconomique", (Mimeo
graphed lecture notes, 1964-
1965), specially ch VI I . Profes
sor Malinvaud compares in a 
very clear way J W Kendrick's 
notion of "Total productivity of 
factors" with Vincent's "Aggre
gate productivity of factors." 

4 In the terminology of R Frisch. 
See his book "Lois Techniques 
et Economiques de la Produc
tion" French translation from 
Norwegian (Dunod, Paris, 1963) 
ch V I I . 
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