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ABSTRACT 

This Thesis i s an emp i r i c a l i n q u i r y i n t o the nature of 
production f u n c t i o n s of manufacturing estTblishments of 
France,India, I s r a e l , Japan and Yugoslavia. I t usee the 
d i f f e r e n c e between the nature of economic and t e c h n i c a l 
v a r i a b l e s to r e v j ew several forms of productibn f u n c t i o n s 
3n the l i t e r a t u r e . F i f t e e n production r e l a t i o n s are se­
l e c t e d f o r a cross s e c t i o n analysis of the data of each 
country. Various c r i t e r i a of grouping the establ i shnu-nt 
data are examined. I t i s found t h a t meaningful r e s u l t s 
can be obtained from mixed establishment data w h i c h can 
represent t h e manufacturing sector of a country. I t i s 
found t h a t i n i n t e r n a t i o n a l comparisons nased on produc­
t i o n f u n c t i o n a n a l y s i s , nations are more relevant than 
i n d u s t r i e s or groups of manufacturing establishments. The 
i n t r i n s i c features of +h.p data are be^L repeal <-„d when 
the production r e l a t i o n contains at l e a s t one s u i t a b l e 
economic and one s u i t a b l e t e c h n i c a l v a r i a b l e on the ex­
planatory side. By grouping the data according to va­
r i o u s c r i t e r i a and applying s t a t i s t i c a l t e s t s , i t i s 
shown t h a t there i s homogeneity between groups of estab­
lishments u i t n i n each country and t h a t t h i s homogeneity 
i s revealed m almost a l l cases when the grouping of 
the data i s based on a v a r i a b l e w h i c h i s not a dependent 
v a r i a b l e m the production r e l a t i o n u ced m tnc analysis. 
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CHAPTER OFF 

I N T R O D U C T I O N 

The Production Function 

The n e o c l a s s i c a l production f u n c t i o n of the f i r m 
sums up i n a s i n g l e r e l a t i o n of continuously v a r i a b l e form, 
the technology ot the f i r m and an e x p o s i t i o n of a v a r i e t y 
of r e s u l t s emanating from the actions of the f i r m . I t i s 
a general d e s c r i p t i o n of a l l outputs t h a t can be obtained 
from a l l e f f i c i e n t combinations of i n p u t s . 

The e f f i c i e n c y of the production f u n c t i o n involves 
t e c h n i c a l e f f i c i e n c y m terms of an optimum r e l a t i o n between 
inputs and outputs and also economic e f f i c i e n c y m terms of 
the cost p r i c e r e l a t i o n between inputs and outputs. Thus the 
production f u n c t i o n r e l a t e s the maximum outputs a v a i l a b l e 
from a given set of i n p u t s , r e s u l t i n g from a. f u l l c o n s i d e r a t i o n 
of production decisions made from the a l t e r n a t i v e s open t o 
the i n d i v i d u a l d e c i s i o n making u n i t f o r the a l l o c a t i o n of 
productive resources. This i s done by removing what i s 
t e c h n i c a l l y m f e a s i b l e , from the p h y s i c a l act of t r a n s f o r ­
mation of inputs i n t o outputs, lhe production f u n c t i o n i s , 
thus, a mathematical a r t i f i c e which provides a r e l a t i o n 
between inputs and outputs i n v o l v i n g engineering lavs and 
economic behaviour, but the associated assumptions and the 
type of f i r m envisaged by i t may be more abs t r a c t than r e a l . 

The t e c h n i c a l l i m i t a t i o n s on the entrepreneur as 
im p l i e d by the production f u n c t i o n allow a c e r t a i n degree of 
s u b s t i t u t i o n between i n p u t s . I f the study i s confined to s i n g l e 
output production f u n c t i o n s , i t i s assumed t h a t i t i s the l e v e l of 
f a c t o r inputs r a t h e r than the l e v e l of output,which i s c o n t r o l l e d 



according to the f o r m u l a t i o n of the production f u n c t i o n . 
The engineer maximises output f o r a given set of inputs 
through h i s choice of technology. The f i r m , w i t h the s t r a t e g y 
of maximum p r o f i t s , under the market conditions m which i t 
has to produce, subjects the production f u n c t i o n to c e r t a i n 
r e s t r i c t i o n s regarding the rewards to the inputs f o r t h e i r 
c o n t r i b u t i o n t o the outputs and combines tht- t e c h n o l o g i c a l 
consideraions s u i t a b l y w i t h economic requirements. 

As an embodiment of t e c h n o l o g i c a l c o n s t r a i n t s imposed 
on economic decisions, the production f u n c t i o n i s not supposed 
to include e x p l i c i t l y , c e r t a i n economic v a r i a b l e s l i k e i n t e r e s 
p r i c e s and p r o f i t s . This i s oecause the form of the r e l a t i o n ­
ship between outputs zxnd inputs i s not based on economic 
decisions. But the behavioral and o r g a n i s a t i o n a l aspecxs 
are not excluded. 

I n general, a production process may not be described 
as a complete process. I t s c h a r a c t e r i s t i c features may vary 
depending upon the manner m which i t may be r e l a t e d to other 
production processes. The concept of production f u n c t i o n , 
which i s a formalism, may, t h e r e f o r e , sometimes e x h i b i t 
anomalies by producing d i f f e r e n t values of the same parameters 
under comparable though e s s e n t i a l l y d i f f e r e n t sets of circum­
stances . 

The mathematical expression c f a production f u n c t i o n 
can take a wide v a r i e t y of forpis but the choice of an 
appropriate form should be made c a r e f u l l y as i t may depend 
on a number of co n d i t i o n s . 

* -*- ^ # 



The concept of production f u n c t i o n i s defined 
w i t h respect to a given technology'and way of doing t h i n g s . 
The production f u n c t i o n corresponds to a given time p e r i o d , 
i t i s the d e s c r i p t i o n of a continuous flow of inputs 
being transformed i n t o output, w i t h i n a f e a s i b l e region 

2 
of the production space. I t i s not concerned w i t h the 
d e t a i l e d d e s c r i p t i o n of the processes th a t lead inputs 
i n t o becoming output, a study of t h a t aspect l i e s m the 
managerial or engineering f i e l d m wnich the d e f i n i t i o n s 
of the v a r i a b l e s used may be e n t i r e l y d i f f e r e n t from 
those used i n economic production studies. 

The d e s c r i p t i o n of a t^crmaca! boundary of production 
by a production f u n c t i o n i s the concern of the economist 
f o r whom the production f u n c t i o n i s a t o o l which can be 
used to explain decisions t h a t have alreadj r been made. 
The manager attempts to select the best production d e c i s i o n 
by e l i m i n a t i o n from a set of a l t e r n a t i v e s f o r a c t u a l 
impl em ent at i on. 

1 A homogeneous technology w i t h a l l the f i r m s 
producing the same good. Firms producing even c l o s e l y 
r e l a t e d items may have d i f f e r e n t production f u n c t i o n s . 
This i s because d i f f e r e n t items may i n v o l v e the use of 
of d i f f e r e n t technologies. 

Changes m technology a l t e r the production f u n c t i o n . 
The f i r m ' s technology includes a l l the t e c h n i c a l i n f o r m a t i o n 
about t h e ^ q u a n i i t y o f each input r eauired to produce 
the output. The production f u n c t i o n presumes t e c h n i c a l 
e f f i c i e n c y and i s i n t e r p r e t e d to define the maximal output 
r e a l i s a b l e from the input combination. 

2 The t r a n s f o r m a t i o n of inputs i n t o output as a 
flow mechanism requires the s p e c i f i c a t i o n of time dimension. 
During the time period for which the production f u n c t i o n 
i s defined, the management cannot a l t e r the a v a i l a b i l i t y 
of inputs 
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The production f u n c t i o n analysis can De used at 
d i f f e r e n t l e v e l s of aggregation; f o r i n d i v i d u a l processes, 
at the establishment l e v e l , at the l e v e l of a f i r m , an 
i n d u s t r y or an e n t i r e economy. But t h e o r e t i c a l l y , the 
idea has been developed w i t h reference to the f i r m . From 
the production f u n c t i o n and the p r o f i t f u n c t i o n , marginal 
p r o d u c t i v i t y cond.tions of e q u i l i b r i u m may be derived 
under the assumption t h a t the f i r m ' s aim i s to maximise 
p r o f i t s . Other assumptions about the f i r m adapting d i f f e r e n t 
advantageous s t r a t e g i e s may be made. These should help 
the f i r m to make decisions about the o p t i o n a l use of inputs 
t o produce c e r t a i n q u a n t i t i e s of outputs. 

A l l the points on the production Surface are 
t e c h n i c a l l y f u l l y e f f i c i e n t and t h i s implies the p r o p r i e t y 
of s e l e c t i n g any of them without any t e c h n i c a l loss.'' 
"Rut d i f f n r ^ n t points may i n v o l v e d i f f e r e n t costs of product 1 
and t h i s leads the f i r m to seek concessions m the form 
of minimum costs by a d j u s t i n g various input combinations 
s u i t a b l y maccordance w i t h the input p r i c e s . This provides 
an a s s o c i a t i o n of t e c h n i c a l e f f i c i e n c y and economic 
e f f i c i e n c y which are necessary and s u f f i c i e n t to a r r i v e 
at minimum costt- I n p r a c t i c e , inputs have to be purchased 
m the market at t h ^ r u l i n g p r i c e s w i t h some knowledge of 
t h e i r p r o d u c t i v i t y so t h a t the requirements of economic 
e f f i c i e n c y may in f l u e n c e tho^e of t e c h n i c a l e f f i c i e n c y . 

1'i'he output points below the production surface are 
t e c h n i c a l l y i n e f f i c i e n t and those above the production 
surface are t h e o r e t i c a l l y not possib l e . 

2 Or, maximum p r o f i t s . 
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Of the fi r m ' s two de c i s i o n problems, the f i r s t i s 
t e c h n i c a l and the second i s concerned w i t h p r o f i t maximisation 
subject to the production f u n c t i o n c o n s t r a i n t . But the 
r e s u l t i n g production f u n c t i o n from the s o l u t i o n of the 
te c h n o l o g i c a l problem may not possess the p r o p e r t i e s of 
c o n t i n u i t y and nonvam shi i g p a r t i a l derivatives."The e f f e c t s 
of such decisions are .not adequately expressed by the 
t h e o r e t i c a l operation of p a r t i a l d i f f e r e n t i a t i o n w i t h respect 
to the q u a n t i t i e s of separate inputs and outputs.' 
A l i n e a r programming type technology, w i t h a f i n i t e number 
of d i s c o n t i n u i t i e s m i t s d e r i v a t i v e s , may be used to 
handle both decision problems simultaneously. 

I n s p i t e of some doubts about the economic content 
of r e s u l t s obtained, several production models m common 
use have giver remarkably good f i t s and consistent 
parameters f o r data obtained from a v a r i e t y of sources, 
at d i f f e r e n t l e v e l s of aggregation and m d i f f e r e n t 
contexts Inconsistencies and meaningless r e s u l t s are 
obtained at times and i t i s not unusual to f i n d the f a u l t 
being associated w i t h a bad choice of the model and the 
q u a l i t y of data. Sometimes, the wide v a r i e t y of 
tn-^ore t i c a l explanations given i n t h i s connection can 
be d i s c o n c e r t i n g m the matter of t e s t i n g the fundamental 
hypotheses of the theory of production. 

But i t cannot be denied t h a t on purely e m p i r i c a l grounds 
the production function has done w e l l even though i t may sometimes 

IDorfman R.(1951), A p o l i c a t i o n of l i n e a r profra'.iming 
to the theory of the f i r m . Berkeley, Univ.of C a l i f . P r e s s . 
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lack a t h e o r e t i c a l basis A v a r i e t y of production f u n c t i o n 
models have been obtained by using t e c h n i c a l l y and economically 
meaningful mathematical expressions which s a t i s f y c e r t a i n 
b a s i G requirements. The v a r i e t y of data covered by successful 
production f u n c t i o n studies consists of time series as w e l l as 
cr o s s s e c t i o n a l data at d i f f e r e n t l e v e l s of aggregation. 

S p e c i f i c a t i o n of the Production Function Model 

The choice of any production f u n c t i o n model depends 
not only on the p r o p e r t i e s of the model i t s e l f but also on 
other f a c t o r s . I t i s not enough i f the model i s complex 
or involves a l a r g e number of v a r i a b l e s or provides a good 
f i t t o some given data. Compared t o a complicated model 
not e a s i l y a p p l i c a b l e to r e a l l i f e r e s u l t s , a simpler,otherwise 
less s a t i s f y i n g model may be p r e f e r r e d provided i t s e m p i r i c a l 
attractiveness e x t r a c t s meaningful s t r u c t u r a l r e l a t i o n s h i p s from 
the data. I f the v a r i a b l e s defined by the model are not 
found m a measurable form m p r a c t i s e , the model may not 
help unless express attempts t o procure data on the r e q u i r e d 
v a r i a b l e s succeed. The theory and a t t r a c t i o n of production 
f u n c t i o n s ate concerned w i t h f i n d i n g a form which i s simple 
and provides a good f i t t o the data. I f the f i t i s good, 
the a b i l i t y of the model to provide a comprehensible p i c t u r e 
of the underlying production process needs t o be checked. 
Apart from these matters, the a v a i l a b i l i t y of s t a t i s t i c a l 
methods t o derive the estimates of thf parameters m the 
model i s an e s s e n t i a l element of any production f u n c t i o n 
study. 

I t i s usual t o apply the production model t o the 
a v a i l a b l e data without proper c o n s i d e r a t i o n f o r the l e v e l of 
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aggregation. To be f r e e from t h i s problem and t h a t of 
dif f e r e n c e s i n technologies, a cross se c t i o n of f i r m s may 

1 
be considered i d e a l f o r a production f u n c t i o n study. 

I f a l l the f i r m s , working m a competitive i n d u s t r y , 
are i d e n t i c a l m t h " matter of outnuts, i n p u t s , entrepre­
n e u r i a l a b i l i t i e s and face i d e n t i c a l input p r i c e s , the 
production f u n c t i o n would degenerate to a p o i n t and hence be 
meaningless. A s c a t t e r i s e s s e n t i a l f o r s t a t i s t i c a l r e s u l t s . 
This may happen i f The firms face d i f f e r e n t i n p u t p r i c e 
r a t i o s and t h a t i s possible i f competition i s not p e r f e c t . 
I f p e r f e c t competition i s not assumed, input and output 
prices may be t r e a t e d as endogenous v a r i a b l e s i n which case, 
unfortunatelj?" the problem of i d e n t i f i c a t i o n a r i s e s . 

One of th° aims of t h i s study i s t o make a search 
f o r appropriate forms of production functions 'which should 
be s a t i s a c t o r y t h e o r e t i c a l l y as w e l l as e m p i r i c a l l y . We 
s h a l l go through a v a r i e t y of foims a v a i l a b l e m tne 
l i t e r a t u r e and consider the extensions m some cases. The 
problems associated w i t h the estimation of some selected 
forms i l l also be considered. 

There are some surveys of producTion f u n c t i o n studies 
a v a i l a b l e m the l i t e r a t u r e . The b e t t e r kno1 >n 

are those of ^ a l t e r ( 1 9 o j ) , Hildeorand and LIU(1965) 
and Ferlove(1967). The next chapter w i l l give a 

1A cross s e c t i o n sample i s s t a t i c m nature. 
The s u b s t i t u t i o n , i f any, a c t u a l l y t a k i n g place m firms, 
cannot be observed. 
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survey on d i f f e r e n t l i n e s based on the f a c t o r s e n t e r i n g i n t o 
d i f f e r e n t production models and on the way d i f f e r e n t forms 
evolved along w i t h t h e i r connecting l i n k s . Our survey i s 
f a i r l y ambitious and wades through a v a r i e t y of popular as 
w e l l as lesser known forms s c a t t e r e d throughout the l i t e r a t u r e 
of the l a s t two decades. Perhaps most of the forms could be 
derived from a few generalised versions but t h a t would conceal 
the essence of the development of the idea of the production 
f u n c t i o n . We have also shown how f u r t h e r g e n e r a l i s a t i o n s 
are possible m some cases. The i n t e n t i o n i s not t o provide 
a mere catalogue but to present a systeiwbc&velopment of the 
production r e l a t i o n s . 

The E m p i r i c a l Aspect of the Study 

We have considered above one aspect of our study. I t 
consists of a survey of a wide v a r i e t y of production f u n c t i o n 
forms m the l i t e r a t u r e . Out of these a few selected forms 
w i l l be used f o r our empirical study. A r a t i o n a l choice out 
of these forms may be d i f f i c u l t t o make; b u t , f o r e m p i r i c a l 
i n v e s t i g a t i o n s , some forms mav be unmanageable^or undesirable 
For an em p i r i c a l a n a l y s i s , f i f t e e n r e l a t i o n s , most of them 
i n common use, have been put i n t o s e r v i c e . 

We h've a f a i r l y good and r e l i a b l e mass of data on 
i n d i v i d u a l manufacturing establishments of f i v e c o u n t r i e s . 
The data are c r o s s s e c t i o n a l m nature and correspond t o p r a c t i ­
c a l l y the some period f o r a l l the c o u n t r i e s . Moreover they 
have been c o l l e c t e d on a uniform basis m each of the countries 
under consideration,by U.N. experts. The f i v e c o u ntries are 
France, I n d i a , I s r a e l , Japan and Yugoslavia and the r e l a t i v e l y 
l a r g e r establishments from each have been included. The 
e m p i r i c a l framework and the d e t a i l s of the data along w i t h 
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the accompanying inadequacies are given m chapters three 
and f o u r . 

The selected production r e l a t i o n s have been f i t t e d 
t o the data on the manufacturing establishments of each of 
the f i v e countries and the usual production f u n c t i o n study 
of each c a r r i e d ou1. Thp s t r u c t u r a l c h a r a c t e r i s t i c s of th° 
data and the v a r i a t i o n s r e s u l t i n g from the use of d i f f e r e n t 
forms of the production f u n c t i o n s are c a r e f u l l y noted. At 
the same time the forms themselves come under a proper s c r u t i n y 
from the p o i n t of view of t h e i r nature, content and r e s u l t s . 
A comparison of the c h a r a c t e r i s t i c s of various forms has been 
made The development of some forms when gradually more variables 
are added, i s analysed w i t h an immediate comparison of the 
r e s u l t s f o r d i f f e r e n t c o u n t r i e s . As the use of d i f f e r e n t 
techniques of e s t i m a t i o n would make the r e s u l t s more invo l v e d , 
the ordinary l e a s t squares technique has been used throughout 
although the p o s s i b i l i t y of b e t t e r r e s u l t s from the use of 
other techniques i s not r u l e d out. 

The Hypotheses 
The t w i n aims of the econometric study of a v a r i e t y 

of production f u n c t i o n forms and manufacturing a c t i v i t y a t 
the establishment l e v e l m f i v E countries have been supple­
mented by a probe i n t o the p o s s i b i l i t y of a c e r t a i n degree of 
u n i f o r m i t y m the nature of manufacturing a c t i v i t y m the f i v e 
c o u n t r i e s belonging t o d i f f e r e n t economic and p o l i t i c a l cate -J -
g&ries. This i s done w i t h the help of the production f u n c t i o n 
study of the manufacturing establishment data. Here we r e g r e t 
the lack of adequate data which could have allowed us t o carry 
out a more d e t a i l e d comparative a n a l y s i s . For instance, i t 
would have been proper t o carry out such an analysis had 
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f o r data p e r t a i n i n g to i n d i v i d u a l i n d u s t r i e s . The 
a v a i l a b i l i t y of s i m i l a r data m two d i f f e r e n t time periods 
would allow i n t e r e s t i n g comparison p o s s i b i l i t i e s . 

For the purpose of a n a l y s i s , we may r e s o r t to an 
a r t i f i c i a l contrivance by assuming t h a t each country under 
consideration made a beginning under d i f f e r e n t sets of 
circumstances m a c e r t a i n i n i t i a l period. I h i s can be 
b u i l t on the basic framework t h a t the economic experiences 
over years have not been i d e n t i c a l f o r a l l c o u n t r i e s . 
A f t e r the two world ^-ars and p a r t i c u l a r l y a f t e r the second, 
many s i g n i f i c a n t changes can be no t i c e d m the process of 
i n d u s t r i a l development m d i f f e r e n t c o u n t r i e s . Several 
consideration have ployed important r o l e s m the common 
desire of most countries to have r a p i d i n d u s t r i a l i s a t i o n . 

Immediately a f t e r the second world war, we f i n d t h a t 
p r a c t i c a l l y a l l the nations, i r r e s p e c t i v e of t h e i r standi n t ) 

during the \.ar p e r i o d , were a f f e c t e d i n some way or other 
by the war. This was at l e a s t one common f a c t o r f o r most 
countries at t h a t time even though some of them were 
colonies, some newly bcrn, some had s t i l l p l e n t y of c a p i t a l 
l e f t w i t h them and others were at d i f f e r e n t stages of 
development. The extent cf manufocturnig a c t i v i t y m these 
countries d i f f e r e d s i g n i f i c a n t l y . But each country was 
required to make some kind o l t r e s h beginning during the 
period 1945-48 . Concentrating on the manufacturing a c t i v i t y a 
the establishment l e v e l i n the f i v e selected countries which 
may be assumed to have made some k i n d of s t a r t , i r r e s p e c t i v e 
of t h e i r economic, s o c i a l or p o l i t i c a l standards, we wish to 
examine the s t r u c t u r e of the manufacturing a c t i v i t y of these 

c o u n t r i e s , m the period of reference which i s 1964-66. 
1The e m p i r i c a l analyst almost r e l i g i o u s l y seeks data 

wmch should s a t i s f y more and more of h i s t h e o r e t i c a l r e q u i r e 
ments. I t i s not impl i e d t h a t our data are u n s a t i s f a c t o r y . 
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Any a r t i f i c i a l contrivance of a tren d does not i n f l u e n c e the 
pur e l y crosssecti onal nature of the study. 

We set out to t e s t the hypothesis t h a t m s p i t e of 
a v a r i e t y of experiences through ¥/hich each c o t j i t r y may have passed 
the m a t e r i a l requirements of production can put severe 
l i m i t a t i o n s on the v a r i e t y of forces of i n d u s t r i a l i s a t i o n 
t h a t d i f f e r e n t s o c i e t i e s may wish t o adopt so t h a t the 
s t r u c t u r e of the production model tends t o remain the same. 
I n other words., we hypotheise t h a t a production f u n c t i o n 
a nalysis of the manufacturing establishments of d i f f e r e n t 
countries,each w i t h a reasonably prominent i n d u s t r i a l sector, 
should suggest a c e r t a i n amount of s t a b i l i t y m the s t r u c t u r a l 
c h a r a c t e r i s t i c s of th° production f u n c t i o n and t h a t t h i s 
should happen i r r e s p e c t i v e of the i n d u s t r i e s or the prevalent 
economic systems. E m p i r i c a l work based on a b e t t e r v a r i e t y 
of data coold throw a d d i t i o n a l l i g h t on xhe conclusions. The 
ana l y s i s i s given at the l e v e l of d i f f e r e n t size groups of 
establishments r a t h e r than the i n d u s t r y l e v e l m view of 
there being only a few establishments corresponding t o most 
i n d u s t r i e s . But t h a t does not seem t o dimmish the q u a l i t y of 
our r e s u l t s . As we s h a l l see i t adds a new dimension to our 
study, which i s m the form of an analysis of covariance and 
a s c r u t i n y of the c r i t e r i a of grouping the establishments. 

'/'hile we make use of the production f u n c t i o n a nalysis 
m t h i s work, the use of a l t e r n a t i v e techniques f o r t h Q same 
purpose i s not r u l e d out. S i m i l a r l y , t h e use of time series 
data can add t o the meaning and u t i l i t y of the r e s u l t s . 

V h i l e comparing the r e s u l t s f o r d i f f e r e n t countries 
the use of several production r e l a t i o n s enables us t o compare 
t h e i r forms and the explanatory v a r i a b l e s e n t e r i n g i n t o them; 
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t h e s e a r e d i v i d e d i n t o t e c h n i c a l and economic v a r i a b l e s . 

The search f o r a good form l e a d s us t o t e s t t h e hypotheses 

t h a t t h e p r o d u c t i o n f u n c t i o n i s a t e c h n i c a l r e l a t i o n s h i p b u t 

t h a t , f o r o v e r a l l s a t i s f a c t o r y e m p i r i c a l performance, b o t h 

t e c h n i c a l as w e l l as economic v a r i a b l e s s h o u l d e n t e r a p r o d u c t " 

i o n r e l a t i o n . 

We a l s o t e s t f o r t h e e x i s t e n c e o f c o n s t a n t r e t u r n s 

t o s c a l e and n o n u n i t a r y e l a s t i c i t y o f s u b s t i t u t i o n m a l l t h e 

c o u n t r i e s under s t u d y . On t h e b a s i s o f t h e d i v i s i o n o f t h e 

m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a o f each c o u n t r y i n t o a s u i t a b l e 

number o f groups w i t h t h e h e l p o f economic and t e c h n i c a l c r i t e r i a 

we t e s t t h e h y p o t h e s i s o f t h e u n i f o r m i t y o f t h e s t r u c t u r a l 

parameters o f d i f f e r e n t groups m each c o u n t r y by means o f 

a n a l y s i s o f c o v a r i a n c e . I t i s a l s o h y p o t h e s i s e d t h a t t h 3 

t e c h n i c a l c r i t e r i a f o r g r o u p i n g t h e data r a t h e r t h a n economic 

c r i t e r i a , s h o u l d l e a d t o t h e u n i f o r m i t y o f the s t r u c t u r a l 

p a r a meters. 

The P l a n o f t h e Study 

I n t h i s i n t r o d u c t o r y c h a p t e r we have d e s c r i b e d t h e 

t w i n ajms o f t h i s work, v i z , a s t u d y o f t h e e x t e n s i o n s o f t h e 

p r o d u c t i o n f u n c t i o n forms and an e m p i r i c a l c r o s s s e c t i o n a l 

s t u d y o f t h e p r o d u c t i o n f u n c t i o n o f t h e m a n u f a c t u r i n g e s t a b ­

l i s h m e n t s o f f j v e c o u n t r i e s . The hypotheses t o be t e s t e d 

have been g i v e n . 

Chapter two g i v e s a survey o f t h e p r o d u c t i o n f u n c t i o n 

l i t e r a t u r e on t h e b,isis o f s u c c e s s i v e e x t e n s i o n s o b t a i n e d by 

t h e a d d i t i o n o f c e r t a i n v a r i a b l e s t o some basic r e l a t i o n s l i k e 

thr- Cobb Douglas f o r m , t h e CLS f u n c t i o n or t h e p r o d u c t i v i t y 

r e l a t : o n . 
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Chapter t h r e e g i v e s the e m p i r i c a l framework o f t h e 
s t u d y . T h i s c h a p t e r p r o v i d e s a base f o r a p r o d u c t : o n f u n c t i o n 
a n a l y s i s o f mixed manufacturing; e s t a b l i s h m e n t d a t a . T e c h n i c a l 
and economic v a r i a b l e s as used m t h i s s t u d y are d e f i n e d and 
v a r i o u s c r i t e r i a f o r g r o u p i n g t h e e s t a b l i s h m e n t data d i s c u s s e d . 
The hypotheses t o be t e s t e d are a l s o d e s c r i b e d m t h i s 
c h a p t e r . 

The d e t a i l s o f t h e d a t a and t h e v a r i a b l e s a r c g i v ^ n m 

ch a p t e r f o u r . 

Chapter fiv° p r e s e n t s t h e r e s u l t s o f m u l t i p l e 

r e g r e s s i o n a n a l y s i s o f t h e d a t a . Only t h e p o o l r e g r e s s i o n s 

are c o n s i d e r e d m t h i s c h a p t e r . An a n a l y s i s o f group 

r e g r e s s i o n s f o l l o w s m c h a p t e r s i x . 

The a n a l y s i s o f c o v a r i a n c e o f t h e r e s u l t s forms t h e 

s u b j e c t m a t t e r o f c h a p t e r seven. The s t a b i l i t y and 

u n i f o r m i t y o f the m a n u f a c t u r i n g s e c t o r o f each c o u n t r y 

under study i s t e s t e d m t h i s c h a p t e r . T h i s i s f o l l o w e d by 

a summary and c o n c l u s i o n s . 
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CHAPTER TWO 

A S U R V J Y OF TH"1 LIT.JRA1URL 

I n t r o d u c t i o n 

A l a r g e v a r i e t y o f d i f f e r e n t forms o f p r o d u c t i o n 

f u n c t i o n s , e volved d u r i n g t h e I n s t two decades , has been 

s y s t e m a t i c a l l y p r e s e n t e d m t h i s c h a p t e r . A l t h o u g h t h e 

l i t e r a t u r e on t h e s u b j e c t has been h i g h l y s c a t t e r e d and 

seems t o have developed a t an uneven pace, c o n c e n t r a t i n g 

on some aspect or t h e o t h e r o f t h e s u b j e c t a t d i f f e r e n t 

p e r i o d s o f trine depending on r e q u i r e m e n t s , t h e v e i n o f 

r e g u l a r development w i t h i n cannot f a i l t o be n o t i c e d . 

What f o l l o w s t h e r e f o r e , i s n o t a mere c a t a l o g u e o f 

p r o d u c t i o n f u n c t i o n events b u t r a t h e r a u n i f o r m s t u d y 

of t h e development o f t h e i d e a , w:thout s a c r i f i c i n g t h e 

i n d i v i d u a l a t t e m p t s w h i c h , though sometimes t r i v i a l , 

made some c o n t r i b u t i o n t o t h e s u b j e c t . Indeed, most o f 

the forms c o u l d have been d e n v - d as p a r t i c u l a r cases o f 

some g e n e r a l i s e d forms. That would be one approach t o 

the s u b j e c t but t h e s i g n i f i c a n c e and the r o l e o f the 

i n d i v i d u a l forms would n o t come o u t . The b r i n g i n g t o g e t h e r 

o f a v a r i e t y o f forms m one p l a c e has i t s own advantages. 

I t has helped us t o s e l e c t s u i t a b l e forms m t h e l i g h t o f 

the data we have and the way we i n t e n d t o c a r r y out the 

a n a l y s i s . W hile c o n s i d e r i n g some e x t e n s i o n s o f any 

p r o d u c t i o n f u n c t i o n i t has be^n p o s s i b l e t o shov; m som^ 

cases t h a t f u r t h e r e x t e n s i o n s a r j n o t over; t h e y c o n t i n u e 

t o remain a p o s s i b i l i t y . 
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The need t o f o r m u l a t e e x t e n s i o n s and more g e n e r a l i s e d 

forms o f p r o d u c t i o n f u n c t i o n a r i s e s a > i - i s from t h e r e s t r i c ­

t i v e n a t u r e o f t h e e x i s t i n g p r o d u c a o n f u n c t i o n forms 

wmch l e a d t o i n s t a b i l i t y and i n c o n s i s t e n c i e s o f t h e 

es t i m a t e s o b t a i n e d from t h e i r e m p i r i c a l use. The amendments 

t a k e t h e form o f removal o f some u n d e s i r a b l e res I n c U oris 

even a t t h e c o s t o f s i m p l i c i t y , i n c l u s i o n o f more i n p u t s , 

making use o f o c o r r e s p o n d i n g c o s t f u n c t i o n t o e s t i m a t e th>~ 

p r o d u c t i o n parameters or any oxher i n d i r e c t e s t i m a t i o n 

methods, and o t h e r t e c h n i q u e s . The use o f experien c e gained 

from e m p i r i c a l s t u d i e s can bp u s e f l l y i n c o r p o r a t e d i n t o 
1 

t h e p r o d u c t i o n r e l a t i o n m a s u i t a b l e manner For i n s t a n c e , 

t h e assumption, u s u a l l y based on exp e r i e n c e , may be made 

about t h e n a t u r e o r movement o f some parameter o f a 

p r o d u c t i o n f u n c t i o n by h y p o t h e s i s i n g a s u i t a b l e r e l a t i o n s h i p 

between i t and some o f the v a r i a b l e s m t h e p r o d u c t i o n f u n c t i & n . 

'Vhatever t h e procedure f o l l o w e d , i t seems 

pr o p e r , m a s t u d y o f v a r i o u s p r o d u c t i o n f u n d i o n forms, 

t o e v a l u a t e and b u i l d upon i n d i v i d u a l e f f o r t s r a t h e r t h a n 

j u s t d e r i v e s e v e r a l forms by t a k i n g s p e c i a l cases or by 

r e l a x i n g some r e s t r i c t i o n s The economic c o n t e n t o f some 

forms nay be q u e s t i o n a b l e but even t h a t needs t o be c o n s i ­

dered m view o f f u r t h e r improvement p o s s i b i l i t i e s . 

Though t h e e x i s t i n g number of forms o f p r o d u c t i o n f u n ­

c t i o n s surpasses a n y t h i n g s i m i l a r i n econorni cS t h e r e i s s t i l l 

no u m v r s a l l y s a t i s f a c t o r y form. Perhaps such a unique form 

does not e ^ i s t and d i f f e r e n t s i t u a t i o n s and types o f d a t a 

demand t h e use o f d i f f e r e n t forms on t h e b a s i s o f t h e i r m e r i t s 

Some forms have n o t been v r y p o p u l a r e m p i r i c a l l y , some 
1Sato(1 9 6 5)mak t h e assumption t h e t t f i s a l i n e a r f u n c t i o n 

o f K / I and d - r i v e s some forms o f VP'S f u n c t i o n s . Soskic e( 1 9 6 8 ) 
assumes t h e p o i n t r e t u r n s t o s c a l e t o be r e l a t e d t o o u t p u t and 
and d e r i v i s v a r i a b l e r e t u r n s t o s c a l e CsS f u n c t i o n . 
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o t h e r s have "been developed merely as t h e o r e t i c a l e x e r c i s e s , 

u n l e s s one or t h e o t h e r o f t h e e x i s t i n g forms, l i k e t h e Cobb 

Douglas or the CCS f u n c t i o n which i s s i m p l e enough or can be 

s u i t a b l y s i m p l i f i e d and i s capable o f s a t i s f y i n g v a r ^ l o a s 

r e q u i r e m e n t s , i s found t o be adequate, t h e nev; form has 

meaning o n l y i f i t f a r e s a l i t t l e b e t t e r . Complicated 

m a t h e m a t i c a l models are not n e c e s s a r i l y t h e best ansv,er as 

shewn by t h ~ e m p i r i c a l r e s u l t s and t h e amount 01 c o m p u t a t i o n a l 

work i n v o l v e d . N o n l i n e a r procedures o f e s t i m a t i o n have t h e i r 

Ofia drawbacks and problems m s p i t e o f trie computer, seme o f 

t h e common c o m p l a i n t s about them are t h e d i f f i c u l t y o f 

o o t a i m n g a g l o b a l optimum by i t e r a t i o n , d i f f i c u l t i e s w i t h t h e 

s t a t i s t i c a l p r o p e r t i e s of t h e n o n l i n e a r e s t i m a t e s and 

m u l t i c o l l m e a r i t y problems. 

A p a r t from a s t a t i s t i c a l l y c o n v e n i e n t form, i t may 

be d e s i r a b l e t o hav~ i n a p r o d u c t i o n f u n c t i o n a number o f 

p r o p e r t i e s t h a t may make i t l e s s u n r e a l i s t i c . I t may be 

d e s i r a b l e t o have nonhomogeneity which i m p l i e s v a r i a b l e 

r e t u r n s t o s c a l e . The v a r i a b i l i t y o f e l a s t i c i t y o f s u b s t i ­

t u t i o n a l o n g t h e i s o q u a n t s as w e l l as a l o n g t h e expansion 

p a t h i s e q u a l l y d e s i r a b l e . I t i s u s u a l t o assume d i m i n i s h i n g 

m a r g i n a l p r o d u c t s . T h i s assumption s h o u l d be r e l a x a b l e t o 

v a r i a b l e m a r g i n a l p r o d u c t s . S a t i s f y i n g the economic r a t i o n a l e 

o f t ne s u b j e c t i s a n o t h e r i m p o r t a n t r e q u i r e m e n t . 
l,7e l o o k upon t h e p r o d u c t i o n f u n c t i o n as a r e l a t i o n 

made up o f som<~ t e c h n i c a l and economic v a r i a b l e s ^'hich ent-ar 

i t and b r i n g about d i f f e r e n c e s m i t s form, n a t u r e and 

s u b s e q u e n t l y , m th e e m p i r i c a l r e s u l t s o b t a i n e d w i t h i t s h e l p . 

.Ye b e g i n w i t h a s i m p l e form and go on d e v e l o p i n g i t s 

e x t e n s i o n s \ , i t h t h e h e l p o f v a r i a t i o n s b r oaght about by t h e 
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use of t e c h n i c a l and economic f a c t o r s . I n the case o f Cobb 

Douglas f u n c t i o n w i t h which w b e g i n , we add one or more 

f a c t o r s and a r r i v e a t more g e n e r a l forms w i t h some remarkably-

d i f f e r e n t q u a l i t i e s . I f we b e g i n w i t h t h c o n s t a n t e l a s t i c i t y 

o f s u b s t i t u t i o n (CiS) p r o d u c t i o n f u n c t i o n , we can c o n s i d e r a 

number o f v a r i a t i o n s which amount t o g e n e r a l i s a t i o n s m one 

d i r e c t i o n or t h e o t h e r . Oth-r e x t e n s i o n s and som^ independent 

forms are a l s o g i v e n . 

N o t a t i o n Used 

Q Q u a n t i t y o f o u t p u t 
Y T o t a l o u t p u t m money terms 
V Value added 
x i i t h i n p u t 
K C a p i t a l 
L Labour 
M Raw m a t e r i a l s 
w=W/L Money wages j)L r u n i t o f l a b o u r 
r Rate of r e t u r n on c a p i t a l 
P Output p r i c e 
WJ P r i c e o f i t h i n p u t 

Y E f f i c i e n c y parameter 
S D i s t r i b u t i o n parameter 

S u b s t i t u t i o n parameter 
V Returns t o s c a l e parameter 

i l a s t i c i t y o f s u b s t i t u t i o n 
Output e l a s t i c i t y o f l a b o u r 
Output e l a s t i c i t y o f c a p i t a l 

s M a r g i n . ! r a t e o f s u b s t i t u t i o n 
y - V/i- Output l a b o u r r a t i o 
x - K/L C a p i t a l l a b o u r r a t i o 

C a p i t a l share o f t o t a l o u t p u t 
l a b o u r share o f t o t a l o u t p u t 

a, b, c, A, B, C, e t c - Constants 
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The ^ D e f i n i t i o n o f t h e N e o c l a s s i c a l P r o d u c t i o n F u n c t i o n 

Th- n e o c l a s s i c a l p r o d u c t i o n f u n c t i o n i s a m a t h e m a t i c a l 

statement e x p r e s s i n g the t e c h n o l o g i c a l r e l a t i o n s h i p betw 

the o u t p u t o f a process and the i n p u t s e n t e r i n g i n t o t h -

proceso w i t h p o s s i b i l i t i e s o f s u b s t i t u t i o n . L e t X =(X,,.„,X„) 

be thr v e c t o r o f n i n p u t s X, , ...,Xrt wh^re each Xt -3-0. Then, 

t o each p o i n t m t h e i n p u t space t h e r e i s a unique nonnegative 

o u t p u t p o i n t . The g e n e r a l p r o d u c t i o n f u n c t i o n f o r a s i n g l e 

o u t p u t Q, produced from n v a r i a b l e i n p u t s , may V w r i t t e n 

Q = F(X, ,Xa , . . ,,Xn) 

T h i s f u n c t i o n i s assum-d t o be s i n g l e v a l u e d and 

c o n t i n u o u s l y d i f f - r e n t i a b l c . 

There e x i s t s an economic r e g i o n w h i c h i s a subset o f 

the i n p u t space m which o u t p u t does n o t decrease as i n p u t 

m c r - a s o s . For any two v e c t o r n o m t s X 1 and X C^X1) m the 

-conomic r e g i o n we have F ( X J ) ^ F ( X i ) which i m p l i e s t h a t t h e 

f i r s t p a r t i a l d e r i v a t i v e s or m a r g i n a l p r o d u c t s a r e n o n n e g a t i v e : 

;>F/dXt >y0 i = 1 , 2 , . . . , n . 

The low o f d i m i n i s h i n g r e t u r n s r e q u i r e s 3F/"3Xk <<• 0 , i = 1 , 2 , . . . n . 

I n a convex subset o f the economic r e g i o n , t he Htssiannjc.tr-tx 

h i s n e g a t i v e d e f i n i t e where 

h = 
2^F 1 

^ x, 
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For t h e p r o d u c t i o n f u n c t i o n Q = F ( X ) , t h e r e t u r n s 

t o s c a l e d e p i c t s t h e behaviour o f o u t p u t .hen a l l i n p u t s a re 

cnanged by t h e same p r o p o r t i o n . I f t h e i n p u t s a re m u l t i p l i e d 

by t h e s c a l e f a c t o r v ( > 0 ) a t a c e r t a i n p u n t m t n e i n p u t 

space, t h e f u n c t i o n shows i n c r e a s i n g , c o n s t a n t or d e c r e a s i n g 

r e t u r n s t o s c a l e a c c o r d i n g as F( i>X ) > , = or <~*>F(X). 

At any p o i n t (X^ ,X-,,. . . ,X ) m t h e i n p u t space, t h e 

s c a l e e l a s t i c i t y o f p r o d u c t i o n i s t h e sum o f the m a r g i n a l 

e l a s t i c i t i e s o f o u t p u t v / i t n r e s p e c t t o v a r i o u s i n p u t s 

t (X) =£t (X) 

where t he e l a s t i c i t y o f o u t p u t '''ith r e s p e c t t o t h e i t h i n p u t 

i s g i v e n by e (X) - (X /F) "3F/aX , i = 1,2,...,n. 

The p r o d u c t i o n s u r f a c e d i v i d e s t h e p o i n t s i n the 

p r o d u c t i o n space i n t o two p a r t s t h e a t t a i n a b l e and t h e 

u n a t t a i n a b l e . The f e a s i b l e r e g i o n o f t h e p r o d u c t i o n space i s 

t h e c l o s e d h a l f space def Jned oy Q ^ F (X ̂  ,X 0,..«,X ) 

I n t h e case o f two i n p u t s X.pX 2, the m a r g i n a l r a t e 

o f t e c h n i c a l s u b s t i t u t i o n (IIRS) i s g i v e n by 

MRS = s = 

= - dX 2/dX 1 

where t h e s u f f i x e s t o F denote t h e a p p r o p r i a t e p a r t i a l 

d e r i v a t i v e s . 

V / r i t m g x = X2/X^ , we have, f o r v a r i a t i o n s a l o n g an 

i s o q u a n t , t h e e l a s t i c i t y o f s u b s t i t u t i o n , m t h e case 

o f two i n p u t s X^,X2, c o r r e s p o n d i n g t o s u o s t i t u x i o n s f o r 

a c o n s t a n t o u t p u t l e v e l , d e f i n e d bv 6 = ~ — . 

' " ds x 
I t can be shown t h a t 

F 1 F 2 ( X 1 F , + X 2 F 2 ) 
6 = X 1 X 2 ( F 1 - 2 F 1 2 F 1 F 2 + F 2 2 F ( ; 
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o r s X, s + X&. 
6 ^ X, X t d*X» /dX,* 

which i s norm- g a t i v f and li<- s betw en zero and i n f i n i t y . A l s o 

<5 i s i n v e r s e l y p r o p o r t i o n a l t o changes m t h t i s o q u a n t s l o p e . 

For a homogeneous p r o d u c t i o n f u n c t i o n o f degree one, 

i t can be shown t h a t 6 = F, \ / F F u 

I f w„ w r i t , y = Q/X, , x=?X 2/X, , t h - f o r m u l a f o r 

l a s t i c i t y o f s u b s t i t u t i o n , i n s t e a d o f r e m a i n i n g a p a r t i a l 

d i f f e r e n t i a l e q u a t i o n , can be w n t t , n as a n o n l m ar d i f f e r e n ­

t i a l e q u a t i o n 
K s _ y' ( y - x y') 
6 x y y" 

T h i s i s an e x t e n s i v e l y used r e l a t i o n m p r o d u c t i o n f u n c t i o n 

s t u d i e s . 

For t h e n - m p u t p r o d u c t i o n f u n c t i o n Q = F(X, ,X,_,. . , X n ) , 

homogeneous o f degree one, t h e b o r d e r e d Hessian may bt w r i t t e n 

H = 

0 F, F, • . . F n 

F, F|l • • • F,„ 
. • F 1 M 

• • • 

IV. F . . Fnn 

where t h e s u f f i x e s t o F show a p p r o p r i a t e p a r t i a l d e r i v a t i v e s . 

D t n o t m g t h e c o f a c t o r o f F; by H* wc have the A l l e n 

p a r t i a l e l a s t i c i t y o f s u b s t i t u t i o n between X f , X j g i v e n by 

- 2- X* F. Ĥ , = (symmetry) l ^ 3 
X, Xj H 

Using I h i l e r ' s theorem, 

<£. = Q HLJ 
X.XJ H 

f r o m w h i c h the r e s u l t f o r t h e two i n p u t case f o l l o w s e a s i l y . 
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The p r o d u c t i o n f u n c t i o n and r e l a t e d concepts l i k e 

m a r g i n a l p r o d u c t i v i t y are meant t o be a p p l i e d t o a s i n g l e 

u n i t o f p r o d u c t i o n and not t o an economy or even to a 

s e c t o r o f an economy. When t_ie concept came i n t o 

p r e v a l e n c e , t h e d i f f e r e n c e between aggregate p r o d u c t i o n 

f u n c t i o n and xhe f i r m ' s p r o d u c t i o n f u n c t i o n was e i x h e r n o t 

r e a l i s e d or i g n o r e d . As remarked by J. Schumpeter m the 

H i s t o r y o f "conomic Thought, "most o f t h e l e a d e r s o f t h a t 

p e r i o d , among t h e n Bohm-Bawerk, J B.Clark, w i c k s t e e d and 

W i c k s e ] ! , t o o k the e x i s t e n c e of t h e a g g r e g a t i v e s o c i a l 

p r o d u c t i o n f u n c t i o n f o r g r a n t e d , a t l e o s t by i m p l i c a t i o n , 

w i t h o u t r e a l i s i n g t h a t t h e l o g i c a l r i g h t t o use t h i s 

concept must be a q u i r e d by p r o o f . Fany modern a u t h o r s , 

e s p e c i a l l y , t h e Keynesians, are j u s t as c a r e l e s s . " 

Some modern a u t h o r s do n o t b e l i e v e u i t h e p r o d u c t i o n 

f u n c t i o n a t a] ] . 

V<'hi] e i t i s p o s s i b l e t o examine t h e e m p i r i c a l 

a p p r o p r i a t e n e s s o f a p r o d u c t i o n f u n c t i o n or t h e s u i t a b i l i t y 

o f a g i v e n f u n c t i o n a l form f o r t h e d a t a , i t i s n o t 

q u i t e easy t o examine the assumption o f c o n t i n u o u s 
1 

s u b s t i t u t a b i l i t y . 

1 "The so c a l l e d g e n e r a l case - convex i s o q u a n t s 
and smooth and c c n t m u o u s s u b s t i t u t i o n - brushes t o o many 
a l l o c a t i o n problems under t h e c a r p e t , and t h e i n t e r m e d i a t e 
case - d i s c o n t i n u o u s f a c t o r s u b s t i t u t i o n i n t h e presence o f 
b o t t l e n e c k s - i s s u r p r i s i n g l y enough t h e more p o w e r f u l t o o l 
f o r a n a l y s i n g t h e f i r m ' s m a x i m i s a t i o n problem."M.Blaug f 1 96C), 
rconomic Theory i n R e t r o s p e c t . Heinemann, Iondon. 
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T e c h n i c a l and Economic Aspects o f the P r o d u c t i o n F u n c t i o n 

While d e f i n i n g a p r o d u c t i o n f u n c t i o n as a techn-Ca.1 

r e l a t i o n s h i p between i n p u t s and o u t p u t , i t i s assumed t h a t 

t h e p r o d u c i n g u n i t i s w o r k i n g m t h e most e f f i c i e n t 

manner p o s s i b l e , w i t h t h e knowledge and m a t e r i a l s a t i t s 

d i s p o s a l . I n o t h e r words, a t the e x i s t i n g s t a t e o f t - c h n i c a l 

knowledge, t h e p r o d u c t i o n f u n c t i o n i s so d e f i n e d as t o 

express t h e maximum o u t p u t a v a i l a b l e from t h e g i v e n i n p u t 

c o m b i n a t i o n . 

As d e f i n e d , t h e p r o d u c t i o n f u n c t i o n i n v o l v e s 

t e c h n i c a l v a r i a b l e s and p h y s i c a l q u a n t i t i e s . Moreover, 

t h e e s t i m a t i o n o f t h e p r o d u c t i o n f u n c t i o n i s l e g i t i m a t e 

as l o n g as i t can be c o n f i d e n t l y assumed t h a t t h e 

o b s e r v a t i o n s have been generated by t h e same p r o d u c t i o n 
1 

process which i s sought t o be e s t i m a t e d . T h i s r e q u i r e m e n t 

may n o t be f u l f i l l e d i n p r a c t i c e . A l s o i t i s p r a c t i c a l l y 

i m p o s s i b l e t o measure " a n s o l e s l i k e o u t p u t and c a p i t a l 

and l a b o u r m u n i f o r m , p h y s i c a l u n i t s . Almost i n v a r i a b l y , 

t h e d i f f i c u l t y a r i s i n g f r o m t h e measurement o f p h y s i c a l 

q u a n t i t i e s i s overcome by u s i n g money va l u e s and t h e 

p r o d u c t i o n f u n c t i o n compares changes i n o u t p u t q u a n t i t i e s 

w h i c h are p r i c e w e i g h t e d w i t h n e t inv e s t m e n t o r some o t h e r 

me-sure o f c a p i t a l and a p n y s i c a l measure o f l a b o u r , u s u a l l y 

m manhours or manyears and a c o s t measure o f raw m a t e r i a l 

i n p u t i f any. 

1 Combining o b s e r v a t i o n s on d i f f e r e n t u n i t s i s 
j u s t i f i e d i f i t can be assumed a p r i o r i t h a t t h e form o f 
t h e i n d i v i d u a l p r o d u c t i o n f u n c t i o n s and a l l t h e c o r r e s ­
ponding parameters o f d i f f e r e n t u n i t s are the same. 
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When a f a c t o r , i n t e n d e d t o be a p h y s i c a l q u a n t i t y 

by t h e d e f i n i t i o n o f t h e p r o d u c t i o n f u n c t i o n i s r e p l a c e d 

by some k i n d o f money e q u i v a l e n t , t h e p r o d u c t i o n f u n c t i o n 

idea may get somewhat d i s t o r t e d . However, a l t h o u g h t h e 

replacement o f t e c h n i c a l v a r i a b l e s by economic v a r i a a b l e s 

may i n f l u e n c e t h e t e c h n i c a l l y d e f i n e d m a x i m i s a t i o n idea. 

i m p l i e d m t h e p r o d u c t i o n f u n c t i o n , t h i s does n o t change 
2 

t h e t e c h n i c a l n a t u r e o f t h e p r o d u c t i o n f u n c t i o n . 

The d i f f i c u l t i e s emanating from t h e o r e t i c a l 

r e q u i r e m e n t and t h e need f o r b e i n g p r a c t i c a l i n e m p i r i c a l 

work a l s o l e a d t o the e n t r y o f economic f a c t o r s i n t o 

t h e f i e l d o f t h e t e c h n i c a l p r o d u n c t i o n f u n c t i o n . 

The use o f t n e terms " t e c h n i c a l " and "economic" 
m v a r i o u s d i f f e r e n t c o n t e x t s i s n o t uncommon m t h e 
l i t e r a t u r e . For i n s t a n c e , t h e concept^- o f " t e c h n i c a l ' ' 
and 'economic" e f f I C I e n c y a re w e l l known. We w i l l be 
making f r e q u e n t use o f t h e terms t e c h n i c a l and economic 
m the sense d e s c r i b e d on p. 125-28. These terms have a t times 
been used m t h e l i t e r a t u r e p r a c t i c a l l y m the same sense 
m which ve have used them. For i n s t a n c e , see H i l t o n K. 
and H D o l p h m ( 1970), C a p i t a l and c a p a c i t y u t i l i s a t i o n m 
the U K.,~Bul. Oxford Univ. I n s t , o f "Ccon. and S t a t . V o l . 32 
where a r e f e r e n c e w i l l a l s o be fo u n d t o K l e i n L.P.(1960), 
Some t h e o r e t i c a l i s s u e s on t h e measur-ment o f c a p a c i t y , 
I conon " t r i ca. 

I n a p r o d u c t i o n f u n c t i o n , a f a c t o r o f p r o d u c t i o n 
i s conceived as a t e c h n i c a l l y d e f i n e d i n p u t , c o n s t i t u t i n g 
an i m p o r t a n t aspect o f t h e n e o c l a s s i c a l vie*; o f t h e 
economic process. A l t ough c a p i t a l and l a b o u r a r e 
p h y s i c a l l y expressed rnean^ r f p r n r h , p i i n n and expected t o 
be t t c h n i c a l m n a t u r e , t h e y e v o l v e out o f economic 
(and even s o c i a l ) r e l a t i o n s h i p s and a r e n o t independent o f 
o t h e r economic r e l a t i o n s . 
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I t i s d i f f i c u l t t o a v o i d a g g r e g a t i n g v a r i o u s d i f f e r e n t 
t 

t y p e s o f o u t p u t , items o f c a p i a l and v a r i o u s types o f 

l a b o u r , ^ i t h t h a t f o l l o w s the i n e v i t a b l e e n t r y o f 

economic f a c t o r s l i k e wages, r a t e o f r e t u r n on c a p i t a l 

and c o s t s i n v a r i o u s forms i n t o xhe p r o d u c t i o n model 
1 

e i t h e r e x p l i c i t l y 01 t h r o u g h some s i d e r e l a t i o n s 

which become e s s e n t i a l t o meet t h e p r a c t i c a l r e q u i r e m e n t s 

A l s o i t i s d i f f i c u l t f o r the f i r m t o i g n o r e economic 

f a c t o r s because i t s expansion p a t h f o r d i f f e r e n t ouxput 

l e v e l s depends on t h e i n p u t p r i c e r a t i o , f l o ) ecvev^ 

As f o r i n s t a n c e , i n ACMS(1%1) f u n c t i o n and 
m Hanoch ( 1 9 7 1 ) GDI" f u n c t i o n . 

An i n t e r e s t i n g use o f r e a l money b a l a n c e s ( n o t p r i c e s ) 
as a f a c t o r o f p r o d u c t i o n c o n t r i b u t i n g s i g n i f i c a n t l y t o 
p r o d u c t i o n can be found m 
S i n a i A. and H.Stokes( 1 9 7 2), Real money balances an 
o m i t t e d v a r i a b l e from t h e p r o d u c t i o n f u n c t i o n 9 The 
Rev. ot Leon, and S t a t . , p. 2 9 0 - 9 6 ; ~ r e p l y ( 1 9 7 5 ) . 

S i n a i and Stokes f i n d many v r i t c r s l i k e Friedman, 
Johnson and K a d i r i a s s - r t m ^ t h a t money belongs m t h e 
p r o d u c t i o n f u n c t i o n . They t ~ s t t h e h y p o t h e s i s t h e t r e a l 
money balances are a f a c t o r i n p u t . The r a t i o n a l e f o r 
i n c l u d i n g money balances m t h e p r o d u c t i o n f u n c t i o n r e l a t e s 
i n p a r t , t o t h e i n c r e a s e d economic e f f i c i e n c y o f a monetary 
economy compared w i t h a b a r t ) r economy. A l t h o u g h 
" t h e s t a n d a r d n e o c l a s s i c a l p r o d u c t i o n f u n c t i o n i s concerned 
i j i t h r e a l o u t p u t and r e a l i n p u t s .. . y e t . . . l a b o u r e r s , owners 
of c a p i t a l goods and e n t r e p r e n e u r s must go t o t h e maricets 
and exchange p h y s i c a l goods and s e r v i c e s m r e t u r n f o r 
s e r v i c e s and goods." A l s o , " t h e r e are numerous i m p l i c a t i o n s 
o f r e a l money balances as a f a c t o r o f p r o d u c t i o n . " 
The p o s s i b i l i t y o f si m u l t a n e o u s b i a s i s n o t r u l e d out but 
i f a simultaneous model i s a t t e m p t e d , " i t s h o u l d c o n t a i n 
t h e p r o d u c t i o n f u n c t i o n and f a c t o r demand e q u a t i o n s f o r 
c a p i t a l , l a b o u r and money balances." 

I n t h i s nx>~le; we hove t r i e d t o p o i n t out an a t t e m p t 
t o i n c l u d e m the p r o d u c t i o n f u n c t i o n an economic v a r i a b l e . 
However, m our s t u d y , no use has been made o f money 
balances as a f a c t o r o f p r o d u c t i o n . 
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because o f i t s dependence on economic processes, t h e s t a t e 

o f t e c h n o l o g y cannot be c a t e g o r i c a l l y c a l l e d a noneconomic 

f a c t o r . The i n c o r p o r a t i o n o f some n o n t e c h n i c a l f a c t o r s i n t o 

t h e p r o d u c t i o n f u n c t i o n may i n f l u e n c e t h e n a t u r e o f i t s 

e m p i r i c a l performance.'' 

Constant Technology Assumption 

Changes i n t e c h n o l o g y are n o t envisaged m cur 

m a n u f a c t u r i n g e s t a b l i s h m e n t data which correspond t o a 

g i v e n p e r i o d o f t i m e . The p r o d u c t i o n f u n c t i o n forms 

c o n s i d e r e d i n t h e f o l l o w i n g pages w i l l n o t i n v o l v e techno­

l o g y as r v a r i a b l e . ^ 

The Survey 

The p l a n o f t h e r e s t o f t h i s c h a p t e r i s as f o l l o w s . 

The f i r s t p a r t g i v e s a v e r y b r i e f d e s c r i p t i o n o f a 

few b a s i c models and some f e a t u r e s o f those t n e t f o l l o w . 

Tne second p a r t Dcgins w i t n t h e Cobb Douglas f u n c t i o n 

and p r o c t e d s t o g i v e s e v e r a l e x t e n s i o n s o b t a i n e d by t h e 

i n t r o d u c t i o n i n t o i t o f a d d i t i o n a l f a c t o r s . Only t e c h n i c a l 

f a c t o r s a re used m t h i s p a r t 

T h i s i n no way i s meant t o 
n a t u r e o f the p r o d u c t i o n f u n c t i o n , 
remains a t e c h n i c a l r e l a t i o n . 

2 
Thd average p r o d u c t i o n f u n c t i o n may be on ambiguous 

concept w i t h o u t assumptions about t h e t e c h n i c a l s t r u c t u r e 
o f e s t a b l i s h m e n t s . A s t u d y o f f u t u r e s t r u c t u r a l changes 
can be made cy comparing t h e best p r a c t i c e and average 
p r a c t i c e f u n c t i o n s o f m a n u f a c t u r i n g i n d u s t r y . 

For t h e m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a , t h e 
p r o d u c t i o n f u n c t i o n r e s u l t i n g from t h e best p r a c t i c e 
t e c h n i q u e i s made up o f th e maximum-output-giving 
p a r t s o f t h e p r o d u c t i o n f u n c t i o n s o f e s t a b l i s h m e n t s . 

q u e s t i o n t h e t e c h n i c a l 
The n r o d u c t i o n f u n c t i o n 
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Th - t h i r d p a r t g i v e s the- C ,S f u n c t i o n , i t s e x t e n s i o n s 

and v a r i a t i o n s a v a i l a b l e m the l i t e r a t u r e . 

I n t h e f o u r t h p a r t , e x t e n s i o n s have b'^n made of t h e 

AGMS p r o d u c t i v i t y wage r e l a t i o n by th„ a d d i t i o n o f new f a c t o r s 

The f i f t h p a r t i s a b r i < f d< s c r i p t i o n o f v a r i a b l e 

' " l a s t i c i t y o f s u b s t i t u t i o n p r o d u c t i o n f u n c t i o n s . 

Homothetic p r o d u c t i o n f u n c t i o n s are d i s c u s s e d m t h e 

s i x t h p a r t . T h i s i s f o l l o w e d by a few miscelLan-ous forms 

and a comment. 

Some Basic Models 

The s i m p l e s t f u n c t i o n a l form f o r a p r o d u c t i o n model 

i s the l i n e a r form w i t h tv/o or more i n p u t s The n i n p u t model 

Q = a + I b , X , i s a p r o d u c t i o n f u n c t i o n i f Q and X.are non-

n e g a t i v e and tiQ/ciX^ = b > 0 . The e l a s t i c i t y o f s u b s t i t u t i o n 

i s i n f i n i t y and t h e o u t p u t e l a s t i c i t y i s u n i t y . T h i s produc­

t i o n medel i s n o t used m p r a c t i c e . 

I t i s p o s s i b l e t o t h i n k o f a f i r m h a v i n g o n l y some 

d i s c r e t e choices m t h e m a t t e r o f i n p u t s , t h e i r q u a n t i t i e s 

and use. Based on t h i s assumption o f constancy o f e n g i n e e r i n g 

and t e c h n o l o g i c a l f a c t o r s t h a t d e t e r m i n e t h e r e l a t i o n s h i p 

between i n p u t s we have t h e L e o n t i e f i n p u t - o u t p u t f u n c t i o n 

w h i c h i s a l s o l i n e a r . I n t h x two i n p u t case, l e t c, ,c^.stand 

f o r t h e amounts o f i n p u t s X, ,X^n^eded t o produce one u n i t o f 

o u t p u t . The L e i o n t i e f f f u n c t i o n may be w r i t t e n 

Q = mm(X, /c, , TK/cL ) 

or X , ̂  c, Q , Xj ;> c aQ 

Because t h e two i n p u t s move t o g e t h e r t h e m a r g i n a l 

p r o d u c t s remain u n d e f i n e d . The e l a s t i c i t y o f s u b s t i t u t i o n i s 0 

The o u t p u t e l a s t i c i t y i s u n i t y p r o v i d e d X,/c, = X^/c^ 
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I n t h ~ t h . o r y o f p r o d u c t i o n f u n c t i o n s , t h f i r s t 

m a jor c o n t r i b u t i o n was the Cobb Douglas p r o d u c t i o n f u n c t i o n 

w h i c h has had a l o n g l i f span t n d i s s t i l l b e i n g used on 

a l a r g e s c J e m s p i t e o f a number o f o t h e r models now 

a v a i l a b l e . The L e o n t i e f f i x ^ d p r o p o r t i o n s case has i m p o r t a n t 

a p p l i c a t i o n s m a s p e c i a l i s e d i n p u t o u t p u t framework. A 

commonly used form m r e c e n t yecirs ] s t h e c o n s t a n t e l a s t i c i t y 

o f s u b s t i t u t i o n (CES) p r o d u c t i o n f u n c t i o n which i s a g e n e r a l i ­

s a t i o n o f t h e Cobb Douglas f u n c t i o n . Th^ p o p u l a r i t y and 

u s e f u l n e s s o f these forms hav° g i v e n r i s e t o a number o f 

e x t e n s i o n s and mor = complex forms which p e r f o r m a d d i t i o n a l 

r o l e s and a r supposed t o havr c r t a m d e s i r a b l e p r o p e r t i e s . 

Reference may b° mad. t o t h surveys o f W a l t e r s ( 1 Q 6 3 ) , 

H i l d e b r a o d and L I U ( 1 9 6 5 ) and N e r l o v e ( 1 9 6 7 ) . 

Because o f t h e i r r e l a t i v e s i m p l i c i t y and m a n a g e a b i l i t y , 

t h e L f o n t i p f , Cobb Douglas and t h - C"S f u n c t i o n s ha^e y i e l d e d 

a number o f u s e f u l and i n t e r e s t i n g p r o d u c t i o n f u n c t i o n s t u d i e s . 

R e c e n t l y som. v a r i e b l e l a s t i c i t y o f s u b s t i t u t i o n (V.JS) f u n c t i o n s 

hav^ a l s o been used m e m p i r i c a l work. Hone o f these f u n c t i o n s 

has a l l t h e e m p i r i c a l l y d e s i r a b l e c h a r a c t e r e s t i c s . O f t e n a d d i t i o n 

q u a l i t i e s ' b r o u g h t i n t o them a t a p r i c 3 which c o n s i s t s o f some 

s i m p l i f y i n g and v ^ r y l i k e l y , u n r e a l i s t i c assumptions. I n aiiy 

case, t h mathema.tical r e p r e s e n t a t i o n o f any fo^m does n o t 

have much m-ejimg u n l ' s s s u p p o r t e d by e m p i r i c a l r s u i t s . 

Th L e o n t i e f f u n c t i o n d c s n o t a l l o w f o r s u b s t i t u t i o n 

betwc n i n p u t s . Th c a p i t a l l a b o u r r a t i o i s u n i q u e l y dr-tt r m n i " d 

and has n o t h i n g t o do w i t h p r i c e s . I t means t h a t f o r any o u t p u t 

th> r b i s o n l y on p r o d u c t i o n p r o c - s s . Th. Cobb Douglas f u n c t i o n 

a l l o w s f o r f a c t o r s u b s t i t u t i o n b u t the e l a s t i c i t y o f s u b s t i t u t i o n 

i s r ^ s t r i c t - d t o u n i t y . Along an i s o q u a n t , the^ p r o p o r t i o n a l 
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chance in. i n p u t s f o r a g i v e n change i n i n p u t p r i c e r a t i o i s 

f i x e d . T h i s i s a l s o t h e case w i t h t h e CPS f u n c t i o n but i h e 

e x t e n t o f t h i s change i s a parameter o f the CPS f u n c t i o n and. 

n o t f i x e d m advance as m the Cobb Douglas case. The VPS 

f u n c t i o n a l l o w s t h e v a r i a b i l i t y a l o n g an i s o q u a n t , o f t h e 

e l a s t i c i t y o f s u b s t i t u t i o n which i s proper l i o n d l t o the mpux 

r a t i o . I n the case o f more tha n two i n p u t s , we have the t r a n s 

l o g p r o d u c t i o n f u n c t i o n which i s s u b j e c t t o a minimum number 

o f p r i o r r e s t r i c t i o n s and i s amenable t o t e s t s o f degree o f 
1 

r e t u r n s to s c a l e and s e p a r a b i l i t y . 

The Cobb Douglas F u n c t i o n and Some Ex t e n s i o n s 

We now c a r r y ^ u t a b r i e f a n a l y s i s o f t h e Cobb Douglas 

f u n c t i o n and some o t h e r forms which may be c o n s i d e r e d as i t s 

e x t e n s i o n s . 

H a r t e r - C a r t ^r-IIockmg's (1960)Transcendaital P r o d u c t i o n F u n c t i o n 

V mod 1 s( 1 972 )Hnmogn - cms F u n c t i o n o f V a r i a b l e Degree. 

Chu-Aigner-Frankel's(1970)Log Q u a d r a t i c Law o f P r o d u c t i o n . 

S u d i t ' s ( 1 9 7 3 ) A d d i t i v e Nonhomogeneous F u n c t i o n . 

J a n v r y 1 s ( 1 9 7 2 ) G e n e r a l i s e d Power P r o d u c t i o n F u n c t i o n . 

Kmenta's(l967)CrS A p p r o x i m a t i o n . 
C h r i s t e n s e n - J o r g c n s e n - L a u ' s ( l 9 7 1 ) T r a n s l o g F u n c t i o n . 
The Cobb Douplas P r o d u c t i o n F u n c t i o n 

Tne two i n p u t Cobb Douglas p r o d u c t i o n f u n c t i o n i s 

u s u a l l y w r i t t e n m th e form 
Q = A Y*lf 

where K and L s t a n d f o r c a p i t a l and l a b o u r r e p e c t i v e l y . Q 

i s t h e o u t p u t produced. The f u n c t i o n s a t i s f i e s t h e n e o c l a s s i c 

1The r e s t r i c t i o n s o f s e p a r a b i l i t y and a g g r e g a t i o n can 
be imposed on t h e t r a n s l o g f u n c t i o n as t e s t a b l e p a r a m e t r i c 
r e s t r i c t i o n s . T h i s i s a v e r y u s e f u l f e a t u r e f o r e m p i r i c a l work 
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r e q u i r e m e n t s m t h a t t h e m o r a n a l p r o d u c t s a re p o s i t i v e ; 

dQ/dK = oCQ/K > 0, 3Q/3L = /3Q/L > 0. 

A l s o b 2Q/3K 2=°i^Q/K<0, 3 2Q/3L 2 = P i M Q / L < 0 . 

<x and p a r e o u t p u t e l a s t i c i t i e s . The r e t u r n s t o 

s c a l e a re g i v e n by <* + ft • A j s t h e e f f i c i e n c y c o e f f i c i e n t 

and <x/jl> i s t h e degree o f i n p u t i n t e n s i t y . W r i t i n g x = K/L, 

t h e e l a s t i c i t y o f s u b s t i t u t i o n i s g i v e n by 

<5 = d I n x/d I n s = 1 s i n c e s = = . 

W r i t t e n m t h e form Q = A K L' , t h e Cobb Douglas 

f u n c t i o n i n v o l v e s o n l y t e c h n i c a l v a r i a b l e s . But as i t i s 

d i f f i c u l t t o measure t h e p h y s i c a l o u t p u t Q i n s u i t a b l e 

u n i t s , Q i s r e p l a c e d by Y, t o t a l v a l u e o f o u t p u t . 

I t i s d i f f i c u l t t o express K, c a p i t a l 

a s s e t s , m s u i t a b l e p h y s i c a l terms and t h e r e f o r e , even K 

has t o be used m v a l u e terms. As f o r t h e problem o f l a c k 

o f homogeneity, i t i s common t o a l l i n p u t s . 

The use o f money v a l u e s m p l a c Q o f p h y s i c a l 

q u a n t i t i e s i n t r o d u c e s an economic element i n t o t h e p u r e l y 

t e c h n i c a l r e l a t i o n s h i p o f t h e p r o d u c t i o n f u n c t i o n . T h i s 

i s u n a v o i d a b l e m p r a c t i c e and may be t h ^ cause o f some 

d i f f e r e n c e s m c o n c l u s i o n s drawn from e m p i r i c a l p r o d u c t i o n 

f u n c t i o n s t u d i e s based on the assumption o f o p u r e l y 

t e c h n i c a l p r o d u c t i o n r e l a t i o n . 

I f we w r i t e c*. f o r tho o u t p u t e l a s t i c i t y o f X^, t h e 

n - m p u t Cobb Douglas f u n c t i o n may b^ w r i t t e n 
«"l of, «„ 

Q = A X. X 0 ... X 
i <~ n 

A l s o ciQ/^X = o< Q/X > 0 and 22Q/3X2 = *' j * ' " 1 C, 
1 1 1 1 A * i ' 

f o r l = 1,2,...,n. The r e t u r n s t o s c a l e i s g i v e n by 

1 ^ - and = 1 , l * 3. 
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Cobb Soup-las F u n c t i o n wi t h Constant Returns ,bo Scale 

^ l t h t h e c o n s t r a i n t «t-t-̂  = 1 , t h - Cobb Douglas f u n c t i o n 

w i t h two i n p u t s K and L may be w r i t t e n as a p r o d u c t i v i t y 

r e l a t i o n between average p r o d u c t i v i t y and c a p i t a l i n t e n s i t y . 

The assumption o f c o n s t a n t r e t u r n s t o s c a l e made here may 

or may n o t be t r u ^ . D i v i d i n g t h e u n r e s t r i c t e d Cobb Douglas 

e q u a t i o n t h r o u g h o u t by L, we havc-

Q/L = A KVL'"'8 

= A ( K / L f s i n c e * + (S =1 

To t e s t the h y p o t h e s i s o f c o n s t a n t r e t u r n s t o s c a l e , 

t h a t i s , t o t e s t d+f. =1, t h e r e l a t i o n may be w r i t t e n 

Q/L = A ( K / L f l * 4 * * " 1 

The s i g n i f i c a n c e o f t h e c o e f f i c i e n t o f L can b. used 

t o v e r i f y t h e h y p o t h e s i s t h a t «rf-f|3 adds up t o u n i t y . 

The E x t e n s i o n Procedure 

We now m t r o d u c - a d d i t i o n a l e x p l a n a t o r y f a c t o r s i n t o 

t h - Cobb Douglas r e l a t i o n . K/L I S a good e x p l a n a t o r y f a c t o r 

and may b m t r o d u c d i n t o t h . Cobb Douglas f u n c t i o n . But 

s i n c e i t l e a v s the l a t t e r u n a l t r r ^ d m form, a te r m l i k e 

( i n K/L) may be used m t h e l o g l i n e a r Cobb Douglas r - l a t i o n . 

T h i s g i v e s r i s e t o a new p r o d u c t i v i t y r - l a t i o n which happens 

t o c o i n c i d e w i t h an a p p r o x i m a t i o n by T a y l o r ' s expansion o f 

t h CJS as w ^ l l as t h - V 3 f u n c t i o n s which we s h a l l c o n s i d e r 

lat°r. The CDS a p p r o x i m a t i o n i s u s u a l l y c a l l e d Kmenta 

a p p r o x i m a t i o n . 

From t h procedure gust mentioned i t can bt s - t n t h a t 

the i n t r o d u c t i o n o f an a d d i t i o n a l f a c t o r i n t o an e x i s t i n g 

f o r m g i v e s r i s e t o a new fo r m o f p r o d u c t i o n f u n c t i o n . The 

r s u i t i n g f o r m may n o t n e c e s s a r i l y c o n t m u t o r t a i n t h e 

o r i g i n a l p r o p e r t i e s l i k ^ t hose o f homogeneity or constancy 

o f r - t u r n s t o s c a l e or u n i t a r y e l a s t i c i t y o f s u b s t i t u t i o n 
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t h a t m:y b- p r - s o n t i n th> b a s i c form w i t h w h i c h we may 

s t a r t . 

I f t o the n ^ h t h n l s i d o f the Cobb Douglas f u n c t i o n 

f o r n i n p u t s , 

Q = A X, " 2 ... x n 

m u l t i p l i c a t i v e exponents of i n p u t s art- i n t r o d u c e d Wc get 

an c - a r l i i r f orm o f t r a n s c e n d >ntal p r o d u c t i o n f u n c t i o n g i v e n 

by H a r t r r , C a r t f r and Hocking ( 1 9 6 0 ) . Th^ro a r e s e v e r a l 

nonhomogeneous v a r i a t i o n s o f t h e Cobb Douglas f u n c t i o n . 

Km^-nta approximate on o b t a i n e d by adding ( I n K/L) as an 

a d d i t i o n a l e x p l a n a t o r y f a c t o r t o the Cobb Douglas l o g l i n e a r 

r e l a t i o n r e s u l t s m a nonhomoreneoas f u n c t i o n . Another non-

honiogeneous f u n c t i o n as t h a t o f Vmod(1972) w h i c h i s o b t a i n e d 

by adding ( I n K. I n 1) m t h - two i n p u t Cobb Douglas l o g l m e a r 

r e l a t i o n . I n o t h e r words, i t i s o b t a i n e d by making <.ach 

i n p u t exponent a l i n e a r f u n c t i o n o f t h . o t h e r i n p u t m t h e 

two i n p u t Cobb Douglas f u n c t i o n . I f i n s t e a d , t h e exponents 

a r mad^ l i n e a r f u n c t i o n s o f i n p u t r a t i o s , we g et S u d i t ' s ( 1 9 7 3 ) 

homog neous f u n c t i o n which i n s u l t s m the a d d i t i o n o f t h r e e 

t c r m s t o th° Cobb Douglas l i n e a r r e l a t i o n , v i z . , ( I n K) , 
2 

( i n L) and ( i n K. I n L ) . I f o n l y two t-rms, v i z . , 1 I n K 

and K I n L ar= added t h . r s u l t m * p r o d u c t i o n f u n c t i o n i s 

nonhomog^-n^ous. Other nonhomo" nc-ous f u n c t i o n s v/hich may 

c o n s i d : r d as some k i n d s o f e x t e n s i o n s o f the- Cobb Douglas 

f u n c t i o n are th o s o f Chu-Aigner-Frank.~l ( 1 9 7 0 ) , J a n v r y ( 1 9 7 2 ) 

and th° by now quit*-- famous t r a n s ] og p r o d u c t i o n f u n c t i o n o f 

C h r i s t e n s n, Jorgens-n and Lau ( 1 9 7 1 ) . 
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Some I n t e n s i o n s o f t h e Cobb Douglas F u n c t i o n 

One o f the e a r l i e r exxensions o f t h e Cobb Douglas 

f u n c t i o n was o b t a i n e d by u s i n g exponents of i n p u t s as 

a d d i t i o n a l m u l t i p l i c a t i v e f a c t o r s m t h e Cobb Douglas form. 

H a r t e r , C a r t e r and Hoc!-.mg( 1960) c a l l e d i t t h e t r a n s c e n d e n t a l 

p r o d u c t i o n f u n c t i o n . I t may be w n x t ^ n 

Q = A X A e1 X„ e1 . 

I n t he two i n p u t case t h e m a r g i n a l raxe o f t e c n n i c a l 

s u b s t i t u t i o n i s g i v e n by 
<*i- + PiXi. Xt 

S ~ oc, + (5>X , X i * 

The f u n c t i o n e x h i b i t s nonconstant e l a s t i c i t y o f s u b s t i t u t i o n . 

I t has a l s o t h e c h a r a c t e r i s t i c o f a l l o w i n g m a r g i n a l p r o d u c t s 

t o r i s e b e f o r e e v e n t u a l l y f a l l i n g . 

Tne e l a s t i c i t i e s o f p r o d u c t i o n are g i v e n by 

,X. 

£ 2 = 2)ln Q/ 3 I n X 2 = <A g + 2 X2 

so t h a t t h e s c a l e o f p r o d u c t i o n e l a s t i c i t y i s 

e = .j+ o 2 + p 1 x 1 4 p 2 x 2 

The H a r t e r , C a r t e r and Hocking r e l a t i o n adds a 

l i n e a r f u n c t i o n o f i n p u t s t o the Cobb Douglas f u n c t i o n 

w r i t t e n m t h e l o g l i n e a r form 

I n Q = I n A + I c X ^ l n X x + £ 

The nonhomogeneoiiS p r o d u c t i o n f u n c t i o n o f Vmod(1972) 

p r o v i d e s an e x t e n s i o n o f t h e Cobb D 0 U g l a s f u n c t i o n by 

s u b s t i t u t i n g and p ( o f Q = AE^L^) by l i n e a r f u n c t i o n s o f 

i n u t s . °( i s r e p l a c e d by a l m - a r f u n c t i o n o f L and 

l i n e a r f u n c t i o n o f K. Tnus 
a.+c.ln L 32-1 c 0 l n K Q = A K ' 1 1 2 

e l = d i n Q/ B i n X 1 =(X 1 + p ^ 
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T h i s TunctJon adds an i n t e r a c t i v e term t o the l i n e a r 

Cobo Douglas r e l a t i o n >vhi ch w i t h = c^+c-, may be w r i t t e n 

I n Q = I n A + a ^ l n K + a2ln L + a ^ l n K . l n L 

I f i s n o t s i g n i f i c a n t l y d i f f e r e n t from zero, t h e 

Cobb Douglas f u n c t i o n i s i m p l i e d . 

The o u t p u t e l a s t i c i t i e s a r e g i v e n by 

^ L ~ a 2 + a 3 ^ n ^' = a 1 + a 3 
and t h e s c a l e e l a s t i c i t y 

£ = ^ i , + ^ K 3 a i + a 2 + a I n LK 
which i s v a r i a b l e and dependent on t h e i n p u t l e v e l s . 

I f i n t h e e l a s t i c i t y o f s u b s t i t u t i o n e x p r e s s i o n g i v e n 

on p.19 or A l l e n ( l 9 3 8 , p.342) we s u b s t i t u t e 
PK = ( a i + a 3 l n L ) Q / K > ( a 2 + a ^ l n K)Q/I 

P L L = Q e i (H~^^2> p o r Q ^ ( T K - 1 ) / K 2 

P K L = ( T K E L Q / L + a
3 Q / L ) / £ = ( f c K E L + a

3 ) Q / K L 

ve have ~ P K P l / K F K T L F L 

¥ l " 2 P E L P K P 1 + P L L P K 

fcL + t K + 2 a 3 

a 1 + a 2 + 8 3 l n 

a^ + a2+a-^(2+ln K l ) 

which i s l e s s t h a n u n i t y i f £ ̂ + £-^ and a^ 0. 

The f u n c t i o n i s r e a s o n a b l y n o n r - ^ s t r i c t i v e and i s a 

n a t u r a l g e n e r a l i s a t i o n o f xne Cobb Douglas f u n c t i o n . 

I f t h e <X and p o f the Cobb Douglas f u n c t i o n are r e p ­

l a c e d by l o g l i n e a r f u n c t i o n s o f i n p u t r a t i o s , w e have S u d i t ' s 

(1973)Homogeneous p r o d u c t i o n f u n c t i o n o f v a r i a b l e degree v i x h 

v a r i a b l e e l a s t i c i t y o f s u b s t i t u t i o n and r e t u r n s t o s c a l e 
a 1 + c 1 l n K/L a 9 + c 9 l n l / t 

Q = A K ' L 
I t i s homogeneous o f degree a^+a^+c^ln K/L +Cgln L/K, and 

i m p l i e s t h a t d i f f e r e n t p r o d u c t i o n t e c h n i q u e s as r e f l e c t e d 
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bv d i f r--nt i n p u t r a t i o s ?• n c r a t o d i t f < r e n t s c a l e f a c t o r s . 

I t reduces t o t h e Cobb Douglas form w i t h «, - 0 - c i • 

For e s t i m a t i o n purposes i t may be w r i t t e n 

I n Q = I n A + a, I n K + a ^ l n I + a ( i I n K I n L 

- c, ( i n K ) ^ - c_,(l n wh; r e a = c, + Cj. 

o r I n 0 = In A -r a, I n K + a ^ l n 1 + c, ( l n K l n l - ( I n E ) 1 " ) 

+ c , ( l n K I n L - ( l n L ) * ' ) 

The o u t p u t e l a s t i c i t i e s are grv\ n by 

£ K = a, + ( c , + c 2 ) I n I - 2c, ( I n K )/K 

= a_ + ( c , + Cj.) I n K - 2c t ( I n L ) / l 

'̂ he e l a s t i c i t y o f s u b s t i t u t i o n 

^ trt + L £ 
frK+ K + 2c,tUL-«)i__i_ + f c i o r ^ V ^ J _ _ J j -

K C t 

= 1 i f c, and c t a r e ze r o . 

A l t h o u g h i t i s a more f l e x i b l e f o r m t h a n the Cobb 

Douglas f u n c t i o n and has v a r i a b l e e l a s t i c i t y o f s u b s t i t u t i o n 

and r e t u r n s t o s c a l e , i t may s u f f e r f r o m t h e e f f e c t o f 

m u l t i c o l l m t a r i t j i i f K and L happen t o be h i g h l y c o l l m e a r . 

The scale e l a s t i c i t y v a r i e s o n l y a l o n g t h e i s o q u a n t s . Along 

t h e expansion p a t h , t h i s f u n c t i o n r e t a i n s the p r o p e r t y o f 

homogeneity. 

S u d i t ' s ( 1 9 7 3 ) a d d i t i v e nenhomogeneous p r o d u c t i o n 

f u n c t i o n (ANHr) has a number o f d e s i r a b l t p r o p e r t i e s . The 

f u n c t i o n w r i t t e n m the g e n e r a l form f o r two i n p u t s 

Q = a,X,+ a^X^+ a ( tX,ln X t+ a £ (X^ln X, 

has m a r g i n a l p r o d u c t s w h i c h are f u n c t i o n s o f t h e i n p u t r a t i o 

and the r e m a i n i n g i n p u t 

SQ/feX, = a, + a ( i l n X^ + a^L/X] 

SQ/hXL = a^+ a(JLn X,+ a t lX v/Xv 

I'his i m p l i e s t h a t t h e abundance o f a f a c t o r low. r s i t s 

m a r g i n a l n r o d u c t and t h e m a r g i n a l c o s t o f t h e o t h e r f a c t o r 
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r i s e s . The law o f d i m i n i s h i n g r e t u r n s i s t h u s s a t i s f i e d . But 
the- f u n c t i o n i s n o t n e c e s s a r i l y r e s t r i c t e d t o d i m i n i s h i n g 
r e t u r n s s i n c e 

aVaX,2- = - a i ( X/Y^ and dQ/2 tl = - a^X./X^ 
w h i c h means i n c r e a s i n g r e t u r n s from "both i n p u t s a r c p o s s i b l e 

f o r afL, a z l < 0 . 

Thr s h i f t m t h m a r g i n a l producx o f one i n p u t m 

response t o a change m t h e o t h e r i n d i c a t e s th< e x t e n t o f 

t h e i r c o m p l e m . n t a r i t y or c o m p e t i t i v e n e s s 

The s c a l e e l a s t i c i t y 

w h ich i m p l i e s r e t u r n s t o s c a l e are 

v a r i a b l e over t he s c a l e o f p r o d u c t i o n . 

£ £ 1 i f a ) L, a i (£ 0 

G- = 1 i f 
a i i > a 2 \ = 0 which m^ans Q = a ( X ( + 8^Xt 

The 1 MH f u n c t i o n i s n o t constrain d t o be convex t o 

t h e o r i g i n . The m a r g i n a l r a t - o f s u b s t i t u t i o n i s g i v e n by dX» _ _ a a. + a,2JX )/X t.+ a^X 
dXi a, + at,X2/X> + A,ZX 

The e l a s t i c i t y o f s u b s t i t u t i o n i s n o t c o n s t a n t and the 

f u n c t i o n i s a v a r i a b l e e l a s t i c i t y o f s u b s t i t u t i o n f u n c t i o n . 

We now c o n s i d e r t h e Chu, A i g n r and Pra n k - 1 ' s"( 1 970) 

l o g q u a d r a t i c law o f p r o d u c t i o n . Using L ( ^ - 1 ) f o r l a b o u r , 

1) f o r c a p i t a l and L, K f o r parameters w h i c h e r e , 

r e s p c t i V i l y , t h e m a x i m i s i n g v a l u e s o f t h e l a b o u r and c a p i t a l 

i n p u t s t h a t d e t e r m i n e t h e h i g h e s t t o t a l o u t p u t , -the 

Chu-Aigner-Prankel(CAP) f u n c t i o n may be w r i t t e n 

Q - * (t) tic) 

o r I n Q = a + a, I n L + a 2 l n K - b, ( i n L) - b J i n I ( f 

wh r e a = I n A - c,"ln 1 - c ^ n I ' , a,=2c | , a i= 2ci 

b, - c, O n L , b^= cjln K 
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The Chu-Aigner-Prankel(CAF) f u n c t i o n i s nonhomogeneous 

and has nonconstant f a c t o r shares. I t i s o b t a i n e d "by s i m p l y 
2 2 

add i n g t h e squared terms, ( i n K ) ^ and ( I n L) to t h e l o g l m e a r 

Cobb Douglas f u n c t i o n , and thus belongs to a f a m i l y o f 

l o g p o l y n o m i a l s . I f we equate t o z e r o , t h e m a r g i n a l p r o d u c t s 

1> Q/3L = 2 C 1 ( 1 - I n L / l n L)Q/L, ?Q/a>K = 2 c 2 ( 1 - l n K/lnK)Q/K 

we get 1 = L and K =K. Since t o t a l o u t p u t i s maximised a t 

t h i s p o i n t , L and K may be c a l l e d t h e maximum p o t a l x j r o d u c t i v i 

parameters. S i m i l a r l y , s i n c e t h e average p r o d u c t i v i t i e s Q/L 
1 *l /2c 1 'I /2c and Q/K are 1 maximised when L = L ' 1 and K = K ' I , 

c^ and c 2 are t h e maximum average p r o d u c t i v i t y parameters. 

They determine t h e maximum average p r o d u c t i v i t i e s once L and K 

are f i x e d . T h i s h e l p s determine t h e economic r e g i o n o f t h e 

p r o d u c t i o n f u n c t i o n . 

For t h e CAP f u n c t i o n xhe m a r g i n a l -oreduct o f l a b o u r 

exceeds t h e average p r o d u c t b e f o r e t he l a t t e r i s maximum and 

i s l e s s t h a n t h e average p r o d u c t a f t or t h a t ,">o t h e f u n c t i o n 

obeys t h e law o f v a r i a b l e p r o p o r t i o n s . T h i s enables us t o 

c a t e g o r i s e t h e b e h a v i o u r o f i n p u t p r o d u . t i v i t i e s and hence 

t o determine t h e most economic r e g i o n w i t h o u t a t t a c h i n g any 

s i g n i f i c a n c e t o t h e symmetry o f t h e stages o f p r o d u c t i o n . 

±he r e t u r n s t o s c a l e are v a r i a b l e a c c o r d i n g t o t h e 

v a l u e s t a k e n by L and K. R e p l a c i n g 1 and K by XL and }\ K 

m t h e CAP f u n c t i o n , we have 
A( > L / L ) C i ( 1 " l n > L / l n ^ ( K/£)C A(1-ln ?kK/ln K) 

= { ( l / l ) C j / l n 1 ( K / K ) C * / ] n f } l n > Q 

= z l n ^ Q, say. 

I f t h e i n p u t s are i n c r e a s e d by a m u l t i f i l e o f ̂  , 
I n "X 

t h e ouput i n c r e a s e d by a m u l t i p l e o f z which i t s e l f i s 

a f u n c t i o n o f i n p u t s . 
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J a n v r y ' s ( 1 9 7 2 ) g e n e r a l i s e d power p r o d u c t i o n f u n c t i o n 

(GPPF) a l l o w s f o r nonhomogeneity and a l s o f o r v a n b i l i i y o f 

t h e r e t u r n s t o s c a l e , m a r g i n a l p r o d u c t i v i t i e s , e l a s t i c i t i e s 

o f p r o d u c t i o n , nr r g m a l r a t e s o f s u b s t i t u t i o n and e l a s t i c i t i e s 

o f s u b s t i t u t i o n . I t i n c l u d e s as s p e c i a l cases t h e Cobb Douglas 

and t r a n s c e n d e n t a l p r o d u c t i o n f u n c t i o n s . 

I f f ( S ) and g(X) are p o l y n o m i a l s o f any degree m t h e 

arguments o f t h e m d i m e n s i o n a l i n p u t v e c t o r X, t h e G-PF mr y 

b-1 w r i t t e n 

Q = ATT /, < ^ 

T h i s reduces t o t h e Cobb Douglas form i f f ( X ) =<< f o r a l l 3 and 

g(X) = 0. I f f J ( X ) =«j f o r a l l 3 and g(X) = T)rJm , t h e 

t r a n s c e n d e n t a l form r e s u l t s . 

The m a r g i n a l p r o d u c t o f f a c t o r Xj i s 

w h i c h can assume p o s i t i v e , z e r o or n e g a t i v e v a l u e s depending 

on t h e s p e c i f i c a t i o n o f t h e p o l y n o m i a l s and h^nce can d e s c r i b e 

a l l t h r e e stages o f p r o d a c ^ i r n f o r g(X) ̂  0. 

The GPPF i s homogeneous i f and o n l y i f t h e p o l y n o m i a l s 

f(X),3=1,...,m, and g(X) are homogeneous o f degree z e r o . 

The f u n c t i o n e x h i b i t s v a r i a b l e r e t u r n s t o s c a l e unless 

a l l f (X) are independent o f X which reduces t h e GPPF t o 

the Cobb Douglas form. 

The economic r e g i o n o f p r o d u c t i o n i s d e f i n e d by t h e 

s e t o f v a l u e s o f t h e X's such t h a t 0 < £ f J ( X ) t£ 1. 
j 

I n t h e s p e c i a l two i n p u t case 

Q = A X, X^e 

t h e m a r g i n a l p r o d u c t s are 
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dQ/ax,= ( a, + £,x z M i ) Q/y, 

SQ/ax^ ( * L 4 £,Ya i„ 'X, ) Q/x s 

For X, = _-(<*, + * t , = 0. I t i s maximum f o r 

iQAX,1' = 0, i . e . f o r X, = - (*M + J*&fit^ )/X{ 

Thus Xf has a p o s i t i v e and d c r e a s i n g m a r g i n a l p r o d u c t m 

the m t ? r v a l 

w h i c h i s a f u n c t i o n o f X t. Also X, has a n e g a t i v e m a r g i n a l 

p r o d u c t i f X L exceeds the c r i t i c a l l e > e l — jg( (°< t-f-f, X|") 

The e l a s t i c i t y o f s u b s t i t u t i o n o f the GPPF i s a 

v a r i a b l e parameter 

b 9- + a + 2b p,Xa 

where a = o(, and b = ^ + p , X r l n X, 

I f j j } = 0, tfc- 1 w h i c h i s the ̂ obb Douglas case. 

I f W; i n t r o d u c e a s u i t a b l e m u l t i p l i c a t i v e expon n t i a l 

i n t o Vmod's( 1 972) two i n p u t nnnhnmngpn.cus p r o d u c t i o n f u n - r 

e t i o n , an e x t e n s i o n o f Ja n v r y ' s f o r m may be o b t a i n . d . But 

t h e g e n e r a l f o r ^ a n v r y ' s p r o d u c t i o n f u n c t i o n a l l o w s many 

more p o s s i b i l i t i e s . 

Kmenta A p p r o x i m a t i o n 

Km<~nta a p p r o x i m a t i o n w h i c h was i n t r o d u c e d as a T a y l o r 

S' r i e s expansion up t o t h e second o r d e r terms o f t h e c o n s t a n t 

e l a s t i c i t y o f s u b s t i t u t i o n (CJS) p r o d u c t i o n f u n c t i o n , i s a 

commonly used r e l a t i o n m p r o d u c t i o n f u n c t i o n s t u d i e s , We 

may l o o k upon i t as an obvious e x t e n s i o n o f Cobb Douglas 

f u n c t i o n from w h i c h i t may be o b t a i n e d by t h e a d d i t i o n o f 

some a p p r o p r i a t e f a c t o r s . 

I t i s d i f f i c u l t t o l i n a r i s e and t s t i m a t t h e paramete 

o f t h e Cl'S f u n c t i o n w i t h n o n c o n s t a n t r e t u r n s t o s c a l e 
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Q = ( [ S L ^ + ( 1 - 5 )K \] 
or InQ/L = I n f + (V-1 ) l n L - \ f(\) 

t{\) = I n [ 5 + ( M ) ( K / L ) " * J 

= f ( 0 ) + ^ f ' ( O ) + f " ( C ) , vhen expanded around 

^ = 0 w i t h terms o f order,, t h a n t h e second o m i t t e d . S u c e 

f ( O ) = 0, f ' ( 0 ) = -(1 - 5 ) i n K/L 

f»(0)= S ( 1 - 5 ) ( l n F / L ) 2 

we have 

r ( ^ ) = _ ^ ( i - 5 ) i n I:/L + ^ \ 2S ( i - S ) f i n r./L> 2 

I f we s u b s t i t u t e a = l n ]f , a ^ V - 1 , a 2 = - v ' ( 1 - ^ ) , 

a-,= -4-V^5"(i_§) } w e have t h e Krnenta approxi n a t i o n 

I n Q/L - a Q + a ^ n L + a 2 l n K / I + a . J l n K/L)^ (3a) 

or e q u i v a l e n t l y , 

I n Q = a 1 0 + v S l n K + V ( 1 - § ) l n L - i ( 1 - 5 ) ( l n K - l n L ) 2 

=a^Q+a^ln K + a ^ I n L + a ^ ( l n K - I n I ) - . 

The l a s t t e r m on t h e r i aVt disappears i f ^ = 0 The 

a p p r o x i m a t i o n i s b e t t e r w i t h <̂  c l o s e r t o zero. I f i s n o t 

s i g m f i ce„ntly d i f f e r e n t from zero, the Cobb Douglas form may 

n o t be r e j e c t e d though Lnc exact s i t u a t i o n would be u n p r e d i c ­

t a b l e as a more g e n e r a l p r e d i c t i o n f u n c t i o n c o u l d r e s u l t i f 

a.p i s s i g n i f i c a n t l y d i f f e r e n t f rom z e r o . Moreover a ^ a l s o 

depends on d and 1-c> and t h a t make,-? t h e t e s t weak. 

The e s t i m a t e s o f t h e parameters a^ and a^ m (3a) 

and n e n c j o f S and d a r e not independent o f t n e u n i t s 
1 

o f measurement.So t h e e l a s t i c i t y o f s u b s t i t u t i o n may be evalu-

1At K = l , t h e a p p r o x i m a t i o n i s e x a c t. For e m p i r i c a l 
work, t h e u n i t s o f K and L may be so chosen m th e sample 
as t o equate t h e i r L e o r i e t r i c averages. 
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a t e d a t t h e m jan l e v e l o f a sample. The e l a s t i c i t y o f 

s u b s t i t u t i o n o f t h i s f u n c t i o n l e p ^nds on t h e i n p u t r a t i o 

and t h e f u n c t i o n may be s a i d t o bo h o m o t h e t i c . >'hile we 

s h a l l c o n s i d e r t h e concept of h o m o t h e t i c i t y m a l a t e r s e c t i o n , 

i t may s u f f i c e t o say t h a t h o m o t h e t i c i t y i m p l i e s t h a t , i f t h e 

expansion of t h e l a s t t e r m m the Kmenta a p p r o x i m a t i o n w i t h 

f r e s h c o e f f i c i e n t s v i z . , 

a l ( I n K/L) 2 = a ^ ( i n K ) 2 - 2 a i A I n K I n I + a ^ ( i n L ) 2 

i s t e s t e d m a l i n e a r h y p o t h e s i s framework, i t r e s u l t s m 
3 v - a i i . = a ! , 2 _ = a j • I f l x does n o t , a more g e n e r a l 

nonhomothetic p o l y n o m i a l f u n c t i o n deserves t o be c o n s i d e r e d 

S p e c i f i c a l l y ^ K m e n t a a p p r o x i m a t i o n belongs t o the s p e c i a l 

c l a s s o f h o m o t h e t i c p r o d u c t i o n f u n c t i o n s m t h - t i t s e l a s t i ­

c i t y o f s u b s t i t u t i o n depends on t h e i n p u t r a t i o . 

I t i s n o t necessary t o expand f (*?) around ^ = 0. 

Any o t h e r a p p r o p r i a t e v a l u e may be t a k e n . But th<~ e r r o r o f 

a p p r o x i m a t i o n depends on t h e e x t e n t t o w h i c h ^ & c t u a l v a l u e o f 

^ d e v i a t e s from t h e chosen v a l u e . I x a l s o depends on t h e i n p u t 

r a t i o as w e l l as on t h e v a l u e s of t h e o t h e r parameters m 

the f u n c t i o n , . The e x t e n t o f the s p e c i f i c a t i o n e r i o r r e s u l t i n g 

f r om t h e a p p r o x i m a t i o n depends on the closeness o f t h e 

a p p r o x i m a t i o n . 

Kmenta a p p r o x i m a t i o n o f t h e CES f u n c t i o n i s I m E a r m 

a l l parameters. Thus t h e best l i n e a r unbiased e s t i m a t e s can 

be o b t a i n e d from i t by u s i n g o r d i n a r y l e a s t squares method 

though t h e b i a s may have be. n caused by t h e d r o p p i n g o f t h e 

h i g h e r o r d e r t -rms. 
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The T r a n s l o g P r o d u c t i o n F u n c t i o n 

The p r o d u c t i o n f u n c t i o n u n d e r l y i n g t h e c o s t t h e o r y i s 

ncnhomogeneous. The f i r m has d e c r e a s i n g r e t u r n s t o s c a l e o t 

low o u t p u t l e v e l s , c o n s t a n t r e t u r n s t o s c a l e a t i n t e r m e d i a t e 

l e v e l s and I n c r e a s i n g r e t u r n s t o s c a l e a t h i g h e r l e v e l s o f 

o u t p u t . Such a g e n e r a l i s a t i o n i s n o t allowed by a homogeneous 

p r o d u c t i o n f u n c t i o n . A nenhomogeneous p r o d u c t i o n f u n c t i o n 

may a l l o w these v a r i a t i o n s . 

'.'e hove seen t h a t nonhomogeneity can m a n i f e s t i t s e l f 

when terms of second and h i g h e r o r d e r a r e added t o t h e Cobb 

Douglas f u n c t i o n . 

A nonhomothetic, g e n e r a l i s e d f o r m u l a t i o n o f t h e Cobb 

Douglas and Kmenta f u n c t i o n s may be w r i t t e n 
2. 2. . 

I n Q = I n A + « l n K + p I n L + Y j f l n K) + f l u ( l n I ) + J ^ l n K.lnL (3b) 

whose s c a l e e l a s t i c i t y i s ? i v e n by 

t = * T / U (2fkK+iL)ln K + ( 2 r L L + t ) l n L. 
The b r a c k e t e d terms o f t h e s c a l e e l a s t i c i t y v a n i s h i f ] = Y = - 'JS!-

m which case the f u n c t i o n nas c o n s t a n t s c a l e e l a s t i c i t y and 

becomes homogeneous I t le a d s t o t h e Cobb Douglas f u n c t i o n 

i f fyj= 0. The f u n c t i o n can be u s e f u l m t e s t i n g t h e homo-

t h e t i c i t y o f t h e Kmenta a p p r o x i m a t i o n . 

The expansion (3b) i s t h e two i n p u t case o f t h e 

G h r i s t e n s e n , Jorgensen and Lau's(1971) t r a n s l o g p r o d u c t i o n 

f u n c t i o n . The t r a n s l o g p r o d u c t i o n f u n c t i o n may be c o n s i d e r e d 

as a second o r d e r l o c a l a p p r o x i m a t i o n o f some u n d e r l y i n g 

f u n c t i o n . I t has b o t h l i n e a r and q u a d r a t i c terms and can admit 

an a r b i t r a r y number o f i n p u t s . I t may be viewed as an improved 

g e n e r a l i s a t i o n o f t h e Gobb Douglas and Pm^nta's CHS a p p r o x i ­

m a t i o n m t h a t , w i t h mor? t h a n two i n p u t s , and under r e a s o n a b l y 
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g e n e r a l c o n d i t i o n s i t enables us t o e s t i m a t e p a r t i a l e l a s t i ­

c i t i e s o f s u b s t i t u t i o n anong a l l forms o f i n p u t s . I n t h e 

case o f Cobb Douglas and C3S f u n c t i o n s , t h e s e p a r a b i l i t y 

c o n d i t i o n s have t o b? imposed 1.e., s p e c i f l e d a p r i o r i . I n 

t h e t r a n s l o g c:se t h e y can be t e s t e d . 

Suppose chere e x i s t s a t e c h n o l o g i c a l r e l a t i o n s h i p 

f o r o u t p u t / / i t h t h r e e i n p u t s : c a p i t a l ( K ) , l a b o u r (1) and 

raw m a t e r i a l (M), v i z . , 

I n Q - I n A + F ( 1n K, I n L, I n M ) . 

For t h e n i n p u t case I n Q = I n A + F ( i n X,, I n X L, . . . , ] n X„), 

a second o r d e r T a y l o r s e r i e s a p p r o x i m a t i o n m t h e n e i g h b o u r ­

hood about t h e p o i n t w i t h i n p u t s u n i t y r e s u l t s i n 

I n Q - I n A = F(C) + £ I n X-2-£ + -L X, L * j * 

i re hav^, m t h e t h r e e i n p u t case, w i t h s u i t a b l e n o t a t i o n a l 

changes, 

P = I n oi0 + tf^ln K + dL I n 1 + oC Hln ¥ 

+ h Uln K ) 2 + ^ r . t d n D 2 + * C[ln M ) 2 

+ T̂ i. I n K I n I + f l H l n I I n M + £, Kln M I n K 

By s u b s t i t u t i n g I n A + I n c(0 = I n A ^ , we have 

] n Q = I n A <X0 + °<Jn K + e t c . 

For p o s i t i v e m a r g i n a l p r o d u c t s we must have 

^ o r t h e f u n c t i o n t o be qu a s i concave a t every d a t a p o i n t , 

t h e b ordered Hessian m a t r i x should be n e g a t i v e and semi d e f i n i t e . 

I t i s found t h a t t h e t r a n s l o g f u n c t i o n , b e i n g a second 

o r d e r a p p r o x i m a t i o n and a q u a d r a t i c , i s n o t g l o b a l l y w e l l behaved, 

But i t may be c o n s i d e r e d as a good r e p r e s e n t a t i o n o f p r o d u c t i o n 

p o s s i b i l i t i e s f o r most d a t a . 
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Cobb Douglas S p l i n e s 

l o a r i e r ' s ( 1 9 7 ^ ) p i e c e w i s e s p l i n e s p e r m i t U shaped c o s t 

curves and p i e c e w i s e h o m o t h e t i c i t y a l t h o u g h d i f f e r e n t i a b i l i t y 

o f t h e f u n c t i o n s a l o n g l i n e s p a r a l l e l t o t h e i n p u t axes i s no 

l o n g e r p o s s i b l e . I n t h e Cobb Douglas f u n c t i o n , r e t u r n s t o 

s c a l e are n o n v a r y i n g so t h t the average c o s t curve i s n o t 

U shaped. With t h e Cobb Douglas s p l i n e s t he s x r u c t u r a l change 

and b e h a v i o u r o f t h e f u n c t i o n m each p i e c e can be t e s t e d . 

L e t and y3j be p o s i t i v e c o n s t a n t s and 9 so chosen as 

t o make t h e Cobb Douglas s p l i n e F(K,L) = 0 rL L c o n t i n u o u s I 

over t h e " p o s i t i v e quadrants formed by t h e I J r e c t a n g l e s 

d e f i n e d by t h e k n o t s m t h e meshes 

J\L= [L,<.L^. . .<Lj x\, A K = [K,-^ ..<.K I_ 1/ 

Using t h e c o n t i n u i t y c o n d i t i o n s 

I n 0 LI = I n 0 + ( < - ) I n F , I = 1 ,2, ... ,1-1 f o r a l l 3 
I n G t j j H= I n 9TJ+ ( f L - f ^ l n L j , 3 = 1,2,...,J-1 f o r a l l 1 . 

D e f i n i n g K = max ( i n E - I n K(,0) ,1 = 1,2,...,1-1 
L = max ( I n L - I n L^ ,0) ,3 = 1 ,2, . . . , J-1 

we have f o r a p-iven 0 and f o r a l l K and L 
1-1 J-1 

I n F(F,L) = I n 0„ + tf,ln K + A,In L + X of K/ + Z ^ L. 

where (V, /J/ r e p r e s e n t changes m t h e o u t p u t e l a s t i c i t i e s o f K & L 

For a f i x e d o u t p u t l e v e l Q„ ,the i s o q u a n t s over t h e r e c t a n g l e ( i , 

K = (CP0L1 /0(j) a r e c o n t i n u o u s though h a v i n g c o r n e r s a l o n g t h e 

g r i d l i n e s . They a r e s t r i c t l y convex i f and o n l y i f each o u t p u t 

e l a s t i c i t y i s a d e c r e a s i n g s t e p f u n c t i o n o f i t s r e s p e c t i v e 

o u t p u t * t ;> t x w , f ^ ( l J + ) , i=1 , ... ,1-1 ; j = 1 , . . . , J-1 . 

I t can be shown t h e t F(K,L) e x h i b i t s i n c r e a s i n g r e t u r n s 

t o s c a l e over a l l r e c t a ^ L e s below and t o t h e l e f t o f r e c t a n g l e 

(1,3) and d e c r e a s i n g r e t u r n s above and t o t h e r i g h t o f t h e 

r e c t a b l e (1 , 3 ) • 
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Th- C-S Production Function 
The second stace m the development of the production 

f u n c t i o n l d ^ a begins w i t h the constant e l a s t i c i t y of s u b s t i ­
t u t i o n (CES) production f u n c t i o n which was introduced by 
Arrow, Chcnery, Mmhas and Solow, b r i VI y, ACMS (1 961 ), and 
developed independently by Brown and de C a n i ( l 9 6 l ) . Next 
t o the Cobb Douglas f u n c t i o n , the O S f u n c t i o n has been the 
most used form m the l i t ' - r a t u r - on production f u n c t i o n s . 
Uza\?a(1962), M u k e r j i ( 1963), Mcfadden(1963), Harcourt(1966) 
and others have t r e a t e d and developed i t e x t e n s i v e l y at the 
t h e o r e t i c a l l e v e l . I t s e m p i r i c a l contents hsve been examined 
by several authors. As r i g h t l y pointed r u t by Heathfield(1971) 
"thr CCS f u n c t i o n seems t o hav- be -n born of e m p i r i c a l obs r -
vations m much th<~ same way as was the Cobb Douglas f u n c t i o n . " 
Minnas(1973) describes m d e t a i l the ACMS m t e r c o u n t r y data 
and methodrwhich were used to stimate the CES f u n c t i o n . 
Mmasian's (1961) study i s also c r o s s s e c t i o n a l m nature and 
estimates the e l a s t i c i t y of s u b s t i t u t i o n parameters from the 
CFS productivity-wage r e l a t i o n used on U.S. 1957 two d i g i t 
manufacturing i n d u s t r i e s . Other i n t e r e s t i n g crosssaction&l 
studies are by SO1OW(1964) Dhrym-.s( 1963) and Puchs(l963). 
Ryan(l975) uses company data and estimates a l l the parameters 
of the C_.S f u n c t i o n by nonlinear methods. 

Compar ̂  t o th r Cobb Douglas f u n c t i o n which i s confined 
to u n i t a r y e l a s t i c i t y of s u b s t i t u t i o n 6, th< CES f u n c t i o n 
allows 6 to take any p o s i t i v e constant v a l u . . Yet, f o r a 
simple estimation procedure t h - r e s t r i c t i v e assumptions of 
homogeneity and competitive conditions hav<j t o be made. 

Consistent estimates of thr- cT_,S f u n c t i o n arc not e a s i l y obtained. 
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Several extensions of thr C'S f u n c t i o n are concerned 
w i t h g e n e r a l i s a t i o n s t o the m u l t i - i n p u t cas s. Unfo r t u n a t e l y , 
they are not q u i t e cepabl* of removing some of the a r t i f i c i a l 
r e s t r i c t i o n s on th< e l a s t i c i t y of s u b s t i t u t i o n parameter. 
Attempts made by Muker^i(1963),Uzawa(1962), Mcfadden(1963) 
and Sato( 1964 ) m t h i s connection are noted m thk- f o l l o w i n g 
pages. Soskice's(1968) CrS f u n c t i o n w i t h v a r i a b l e r e t u r n s 
t o scale, o f f e r s a departure from the usual p a t t e r n . H i l h o r s t 
(1971) v a r i a t i o n does away w i t h the input p r i c e s and enables 
us to estimate thr- GES f u n c t i o n by means of r l a t i v r f a c t o r 
shares. 

Several extensions of the production f u n c t i o n forms 
during the l a s t f i f t e e n years hsvc been connected w i t h or 
hav^ emanated from t h _ C S f u n c t i o n which r e t a i n s a l l the 
ne o c l a s s i c a l p r o p e r t i e s of t h Cobb Douglas f u n c t i o n . I t 
allows d i m i n i s h i n g marginal products and v a r i a b l e r e t u r n s 
t o scale. 

I n t h e i r m t i a l study, ACMS(1961) used a s i m p l i f i e d 
v e r s i o n of t h CTS f u n c t i o n by f i t t i n g a l o g l i n e a r r e l a t i o n 
between average p r o d u c t i v i t y end wage per u n i t . Over a 
crosssection of sev^nt"* n c o u n t r i e s , s t p a r a t . GES estjmat^s 
w r e made f o r each of twenty f o u r manufacturing i n d u s t r i e s . 
Thi slope of t h r l a t i o n which stands f o r the p - l a s t i c i t y of 
s u b s t i t u t a o n , was found to be c o n s i s t e n t l y 1-ss than u n i t y . 
This was supposed t o challenge the Cobb Douglas assumption 
of u n i t a r y e l a s t i c i t y of s u b s t i t u t i o n . P r o f i t maxima sat}on , 
p e r f e c t competition and o p t i m i s i n g market behavjour are 
assumed and hypotheses on production e f f i c i e n c y and d i s t r i b u t i v 
shares are t e s t e d . Unfortunately, ACFS estimat- the parameters 
of t h ~ CES f u n c t i o n by i g n o r i n g possible i n t e r n a t i o n a l 
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d i f f e r e n c e s m production mod-Is. This implies t h a t a l l 
production parameters are i d e n t i c a l across c o u n t n - s But 
t h ^ countries thus brought tog-.th- r m a s i n g l e production 
f u n c t i o n ranf -> from h i g h l y d v loped c o u n t r i s lik>- America 
and Japan to underdeveloped countries l i k e I n d i a and I r a q so 
t h a t an estimated production f u n c t i o n may not b qu:ite r e l i a b l e . 
Owing to d i f f e r e n c e s m e f f i c i e n c i e s , t h a n d u s t r i s m the 
advanced countries may not b~. s i m i l a r to those m the d velopmg 
c o u n t r i e s . The in p u t i n t e n s i t i e s and technologies and the 
extent of the a v a i l a b i l i t y of c a p i t a l may d i f f e r over c o u n t r i e s . 

The establishment data used by us do" not s u f f e r 
from t h i s drawback. Although w> hav- put to g e t h - r manufactur­
i n g establishments b-longing t o d i f f e r e n t m d u s t r i - s t h y 
are not from diff<-r°nt countries whose technologies ar>- l i k e l y 
to bii at uncemparably d i f f e r e n t l e v e l s . Wor- ov r , t h daeta 
n ed not be confined to the assumption of u n i t a r y e l a s t i c i t y 
of s u b s t i t u t i o n . Th d'S f u n c t i o n can be used t o t t s t i f 
t h - l a t t e r i s d i f f r ^ n t from u n i t y . 

Th" C"S functionTigiven by 

where Y^ , ^ a r : ^ w o i n p u t s . I t i s l i n - a r and homogeneous 
w i t h constant r e t u r n s t o scale . I t belongs to a class of 
fu n c t i o n s w i t h mean valur of ord^r - o Paroush(1964) prov-d 
by m< ans of simple in t e g r a t e on and without any assumption 
about market c o n d i t i o n s t h a t ev^ry 13nearly homogeneous 
production f u n c t i o n , f m and Y ^ > w i t h a constant 
e l a s t i c i t 3 r of s u b s t i t u t i o n 6 i s a mean value of order 
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where f and £> ar- constants. 

Yasui(1965) has prov d , also without any assumption 
about the mark- t , th-^ more general theorem t h a t ovf-re­
production f u n c t i o n f m , Ji^ and w i t h a constant e l a s t i ­
c i t y of s u b s t i t u t i o n £ , i s of the form 

f = f f a ^ r l l - S ) X ^ } " , f 

wh<~re 0 i s any d i f f e r e n t i a l ^ u n c t i o n . I t i s a r b i t r a r y m 
so f a r as i t do 'S not c o n t r a d i c t economic considerations. 

As «̂->co , t h - CIS f u n c t i o n reduces t o the L e o n t i e f 
f i x e d p roportions f u n c t i o n . As 0 , i t reduces t o the 
Cobb Douglas f u n c t i o n . The C ",S f u n c t i o n has the marginal r a t e 
of t e c h n i c a l s u b s t i t u t i o n g i v n by 

MRS = w/r = ^ (K/L)'*5" 
and the input share r a t i o 

wL/rK = i ^ ( K / L ) * 
The marginal products arp p o s i t i v e and the second d r i v a t i v e s 
ar negative, e.g. wc have 

_ y-5 ,.S i+% r >-& , ] 
— t - 1 — Q L L S L ^ K - V i - i . J 

which i s n< g a t i v sine i - S <; | 
Henceforth, v a i l use velueadd^d V, instead of p h y s i c a l 
q u a n t i t y output Q, f o r t h - osj/v-enience of argument. 

ThL>Cobb Douglas to the CiS Function 

Under the assumptions of p e r f < c t competition and 
constant rr turns to scale t h Cobb Douglas f u n c t i o n i s 

V = A K** l ' " " 
wher^ Q has b e n replaced by value add^d V, f o r aaoveiuenc 1. 
The labour share 

oi = wl/V or V/L = w/cx 
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which may be w r i t t e n as a regression model 
I n V/L = - I n (X + b I n w 

where b can be shown to equal the e l a s t i c ! t y of s u b s t i t u t i o n 
between c a p i t a l and labour under competitive c o n d i t i o n s . 

ACMS(1961) showed t h a t the Cobb Douglas r e l a t i o n 
which confined b t o u n i t y and the Harrod Domar r e l a t i o n 
c o n f i n i n g Jl to zem both came from * more general r e l a t i o n 

-1/5 
which i s the CES production f u n c t i o n V= fCS"K~S + ( 1 - 5")L~^3 
where Y" i s the e f f i c i e n c y parameter,S the d i s t r i b u t i o n 
parameter of c a p i t a l , 1-S being t h a t of labour, S "the 
s u b s t i t u t i o n parameter from which can be found the 
e l a s t i c i t y of s u b s t i t u t i o n given by £ = 17^ • 

Discussing the c r u c i a l nature of e l a s t i c i t y of 
s u b s t i t u t i o n , ACMS remarked t h a t jconomic analysis based 
on zero or u n i t a r y e l a s t i c i t y of s u b s t i t u t i o n o f t e n leads 
to r e s t r i c t i v e conclusions. The i n s t a b i l i t y of the Harrod 
Domar growth model r e s u l t s from the assumption of zero 
e l a s t i c i t y of s u b s t i t u t i o n . I t may not be q u i t e reasonable 
to assume u n i t e l a s t i c i t y of s u b s t i t u t i o n to agree \ / i t h the 

1 
supposed constancy of input share m some cases A l l the 
sectors of an economy or d i f f e r e n t economies need 'not nece­
s s a r i l y have e i t h e r zero or u n i t e l a s t i c i t y of s u b s t i t u t i o n . 1With u n i t a r y e l a s t i c i t y of s u b s t i t u t i o n the e f f e c t of 
change m the r e l a t i v e i nput p r i c e s would be exactly compen­
sated by the change-in i n p u t ' r a t i o Reaving^the r e l a t i v e share 
unaltered. M.Bronfenbrenner(1960,J.of Pol.Economy) shows t h a t 
constancy of input shares i s p ossible f o r a wide range of 
values of the e l a s t i c i t y of s u b s t i t u t i o n . I f S^=wL/(v;L+rK) i s 
labour share, i t can be shown t h a t ( w r i t i n g z f o r L/K) 
dS-r/dz = (w/r)(1-S- L)2( <i -1 )/<< which shows the change m the 
lahour share as the labour c a p i t a l r a t i o changes expressed as 
a f u n c t i o n of e l a s t i c i t y of s u b s t i t u t i o n . I f 6 =1, t h i s 
equals zero implying a f i x e d labour share w i t h changes m L/K. 
Bronfenbreuner p o i n t s out t h a t the r i g h t hand side of t h i s 
expression does not d i f f e r much from zero when 6 / 1 and 
concludes t h a t 6 i s not n e c e s s a r i l y exactly equal to u n i t y m 
order f o r r e l a t i v e f a c t o r shares to be constant•Hote t h a t 
tfdS/d^tf = (™/r)(1-SL)2/<$2 
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I f we w r i t e y = V / l and x = K/L, the general form 
of the production function,V = F(K,L), may be w r i t t e n 

V/L = F(K/L, 1) 
or y = f ( x ) . 

Under competitive cenditions 
av/ai = w = f ( y ) - x i ' ( y ) = y - xy' 

and BV/aK = r = f 1 ( x ) = y'. 
I f m the r e l a t i o n 

I n V/L = - lnof + b ] n w 
we s u b s t i t u t e f o r w and w r i t e I n a=- ln<x , we have 

I n y = I n a + b I n (y - xdy/dx) 

A i* i V b 1 / b w 1/b or dy/dx= ( a y - y )/a x. 
Set ^ = -1 + 1/b, ĉ 2~ 3 and take I n as a constant 
of i n t e g r a t i o n , v/e then have 

y = ( S 1 + S 2 ) " 1 A . 
For marginal products t o be positi"v e, Sv > 0, <SZ > 0. 
3 ranges from -1 to 0 and 6 from <»to 0 since £ = -r-— . 

This f u n c t i o n comirises the f a m i l y of production func­
t i o n s w i t h constant e l a s t i c i t y of s u b s t i t u t i o n f o r a l l values 
of K/L. I f we w r i t e £,-*-S2.= Y and Si^f =5 , we have the usual 
form of the CES f u n c t i o n w i t h constant r e t u r n s t o scale, 

V = f U K + ( 1 - 5 )L^J f f>0, 0 < ^ 1 , <J > - 1 . 
Brown and de Cani(1963) generalised t h i s form bv 

i n t r o d u c i n g ^ ; , the r e t u r n s t o scale parameter 

V = YC^K* + 0 - 2 ) L ~ \ f ^ 
^ 1 implies i n c r e a s i n g , constant or d i m i n i s h i n g 

r e t u r n s t o scale, r e s p e c t i v e l y . 
The e x p l i c i t form of the GFS f u n c t i o n can be obtained 

by a number of d i f f e r e n t approaches. The assumption of 
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homogeneity and the constancy of e l a s t i c i t y of s u b s t i t u t i o n 
uniquely determine the a l g c b r a i c form of t h i s f u n c t i o n . 

For a homogeneous f u n c t i o n V = F(K,L) of degree t) 
the - l a s t i c i t y of s u b s t i t u t i o n DS given by 

F KF L 

(1 - v ) F K F L + v F F^i. 
where the s u f f i x e s to F denote appropriate p a r t i a l d e r i v a t i v e s 
Since A = ̂  , we have FkL/Fu - (1 + $/v)F K/V. W r i t i n g G(L) 
f o r an a r b r i t r a r y f u n c t i o n of L and i n t e g r a t i n g 

I n F u= I n V , + K c(L) 
or V = G(L) DV/^L. 

In t r o d u c i n g 9j(K) as an a r b r i t r a r y f u n c t i o n of K 
and 9j_(L) as a p r i m i t i v e of C(L),we have 
F = V = (-$A0^C©.(K) + O i ( L ) ] " W / S 

Homogeneity of degree ^ impli e s 
K F + L F L = iiV 

Since F K= (-"»V S)^'f©j (K) + 9 t ( I ) J § " fcVlO 

p t = (-^/O^Ce.CK) + G j L ) r " f " ' s . ' a ) 

we have, by s u b s t i t u t i o n 
K 9,'(K) + L 0^(L) = -SCe.(K) + 9/1)1 

Separating the two equations, wr get 
e.'(K)- * , e U L ) _ _ J _ 
g T T k ) - k e l t L T " l 

or 0,(K) = , 0 r ( L ) = S i L S 

S u b s t i t u t i n g ^ v 

we have , 
V = )f C**~ ̂  + (J —5 ) i - ] 7 

The Gcbb Douglas f u n c t i o n can also be derived m t h i s 
manner i f d u r i n g the i n t e g r a t i o n process we w r i t e % - 0, 
Vazquez(1971). A l l the other r e l a t e d forms of production 
f u n c t i o n s , l i k e ^ v a r i a b l 0 e l a s t i c i t y of s u b s t i t u t i o n 
f u n c t i o n can be derived s i m i l a r l y 
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A ] t > r n a t i v e l y , since, w i t h nonconstant r e t u r n s to 
scale,we can w r i t e 

V = L F ( 1 , K/L) 

or V/L = f ( x ) where x = K/L, we have 

€ " {i> - 1 ) x f - V x f f " 
The s u b s t i t u t i o n u = *X. r e s u l t s :n 

f 
du/u = + 1) dx/x since du/dx = V ( 1 - f f " / f • * ) - 1 

Hence u = v>f/f' - x = A j f 
or f = B(A + x"*) 
where A, B are constants of i n t e g r a t i o n . 
S e t t i n g A = Ĵ A , B = f 5*V\ we get 

v = Y + c>~*~> ^ J ~ v / * 
which i s the r e q u i r e d CSS f u n c t i o n . 

Another a l t e r n a t i v e i s t o make use of the concepts 
of p a r t i a l output e l a s t i c i t i e s w i t h resp-ct to labour(£L) 
and c a p i t a l ( t ^ ) . 
Crt = LF L/V = ^ * ~ x f since F^ • L _ 1( >' J -
f K = KF k/V = i l l since F k = 
With ^ = (r L + fe-^ , the MRS of labour f o r c a p i t a l i s given by 

s = _ y- c -

Since , v , ' 
- —= ; — — where ^. **" t* / 

f ( y f - x f f ) 

we have , e L ( v - O ^ c-̂  A C-L _ . c i — — •S' — — • •— Gf — - t ——7 - » 

-.f = B(* +xn ' 

of 

I t may be r<mark d t h a t any homogeneous production 
f u n c t i o n can be derived by using s u i t a b l e assumptions about 
i t s parameters and the r e l a t i o n s h i p between these parameters, 
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Several empincal studies show t h a t the e l a s t i c i t y 
of s u b s t i t u t i o n may vary w i t h changes i n input combinations. 
I t may be possible to assume constant e l a s t i c i t y of s u b s t i ­
t u t i o n m t i u case of time series or data w i t h a narrow 
range f o r the input r a t i o but i n the case of establishment 
data, l a r g e v u r i a t i o j e s i n i n p ut r a t i o s may be expected. 
For data at a higher l e v e l of aggregation, changes m 
input r a t i o may be n o t i c e d only m a r g i n a l l y but i n the cas-
of e s t a b l i ghmc n t data, there may be a wide range of s u b s t i ­
t u t i o n p o s s i b i l x t i es. The Cobb Douglas or the CI'S fu n c t i o n may 
be used f o r establishment data i f i t can be assumed t h a t 
the input r a t i o s are f a i r l y constant. Such an assumption may 
hold i f a l l the establishments are of n e a r l y the same size 
and belong to t_ie same i n d u s t r y But i f they come from 
d i f f e r e n t i n d u s t m >s or d i f f e r e n t countries as i n ACK3(1961), 
t h i s assumption may not be j u s t i f i e d However, the JLS f u n c t i o n 
has produced reasonably s a t i s f a c t o r y r e s u l t s i n many cases. 

MayorCl96.9)pointed out s i x possible source s of 
bias i n the e l a s t i c i t y of s u b s t i t u t i n estimates from 
cross s e c t i o n data w i t h the CES f u n c t i o n . There ar< v e n a t i o n s 
m labour q u a l i t y and output p r i c e s . The e f f i c i e n c y parameter 
and d i s t r i b u t i o n parameters can vary. Tnere i s wnat he 
c a l l s the problem of lags and dynamic adjustment. 

1 The assumption of long run competitive e q u i l i b r i u m 
m a cross s e c t i o n a l model may r e q u i r e th a t wages equal the 
marginal value product of labour and p r o d u c t i v i t y equal tne 
value appropriate f o r t h a t wage r a t e . The choice of technique 
may u s u a l l y be based on permanent r a t h e r than the measured 
wages which are used m the cross s e c t i o n a l model. Also the 
f i r m s do not remain on t h e i r optimal p o s i t i o n s through 
f l u c t u a t i o n s i n market forces and the p r o d u c t i v i t y has 
s i g n i f i c a n t c y c l i c a l movements. These t r a n s i t o r y elements m 
wages and p r o d u c t i v i t y introduce a bias due to the problem 
of lags and dynamic adiustm nts wnich do not have an e a s i l y 
d i s c e r n i b l e e f f e c t on the estimates. The probable d i r e c t i o n 
of bias, i f any, i s a matter of conjecture. See Mayor(1969). 
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Most of the ACNS(1961) assumptions w i t h respect t b 
the CYS f u n c t i o n were adopted by other t h e o r i s t s and e m p i r i c a l 
workers. These assumptions are constancy of r e t u r n s to scale, 
axogeneity of wage r a t e , absence of c o r r e l a t i o n between 
output and labour p r i c e s and e q u a l i t y of f a c t o r reward and 
marginal p r o d u c t i v i t y . Relaxation of one or more of these 
assumptions l e d t o some new forms of production r e l a t i o n s 
as m Fildcbrand and L:u(1965) and Nerlove( 1 967). 

The p o p u l a r i t y of the CT.S f u n c t i o n r e s t s on i t s 
conveniently s i m p l i f i ed v e r s i o n though e m p i r i c a l l y i t iray 
not always be superior to the Cobb -^ouglas f u n c t i o n . The 
nenconfinement to u n i t a r y e l a s t i c i t y of s u b s t i t u t i o n i s i t s 
important f e a t u r e though even t h a t i s not a v°ry re l i a b l e -
c h a r a c t e r i s t i c . K a d i r i ( l 9 7 0 ) and Kaxz(1969) f i n d t h a t tne CIS 
f u n c t i o n gives e l a s t i c i t y of s u b s t i t u t i o n estimates below 
u n i t y m the rase of 1ime series data and above u n i t y i n the 
case of cross s e c t i o n data. Nerlove(1965) remarked t h a t 

IThere i s p l e n t y of evidence to suggest t h a t the 
c r o s s s e c t i o n estimates of the e l a s t i c i t y of s u b s t i t u t i o n 
are greater than the time series estimates,which are 
l i k e l y to be of a short term nature as fiompdred to the 
cross s e c t i o n estimates. According to G r i l l i c h ' j s (1 967' , 
the downward bias m time senes estimates a r i s e s from the 
omitted v a r i a b l e s m the regression. Brown(1967) f i n d s t h a t 
"a p a t t e r n emerges of d i f f e r e n c e s between cross s e c t i o n and 
time sen.-s estimates of e l a s t i c i t y uf s u b s t i t u t i o n , namely, 
the former are g e n e r a l l y l a r g e r than the time series estimates. 
FsrpusonC1965) a t t r i b u t e s the downward bias m the time 
series estimates of the e l a s t i c i t y of s u b s l i t u t i o n to 
changes m the q u a l i t y of labour s e r v i c e . 

The estimation technique and the s p e c i f i c a t i o n of 
the model can i n f l u e n c e the value of - l a s t i c i t y of s u b s t i ­
t u t i o n . > e n the arrangement of data and the nature of 
c a p i t a l series used can a f f e c t i t See also 
Madda]a{196 5) a nd Luc as (19 63). 
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even minor d i f f e r e n c e s an s p e c i f i c a t i o n or methods of 
estimation r e s u l t e d m d i f f e r i n g estimates of the e l a s t i c i t y 
of s u b s t i t u t i o n parameter. 

C-apta(l968) questioned the v a l i d i t y of the 
ACfJS(1961) hypothesis of a common _roduction f u n c t i o n w i t h 
n e u t r a l d i f f e r e n c e s an the e f f i c i e n c y f a c t o r use f o r an 

1 
i n d u s t r y across countries These d i f f e r e n c e s are n j a t r a ] 
only ] f the marginal r-^te of h< b e t i t u t i c n i s t i i e seme 
across c o u n t j i e s f o r 3jch combination of K and L. 

?or tno CTS f u n c t i o n 

the marginal r a t e of s u b s t i t u t i o n i s given by 

^ l e r e ^ = 1/(1 + ̂  ). I f ̂  i s assumed to be a constant, 
s i s constant i m p l y i n g Hicks n e u t r a l i t y f o r each value of 
E/L provided ^ = 5^/S^ i s constant. 
Since Ds/BI- = ( K / L ) ^ - s / i , "/e are able to t 
the neutral j t y hypothesis by examining the variance of <t, . 

Assuming p e r f e c t competition which i s a long term 
and not a short term c o n d i t i o n we have s = w/r and 
&,/$2 = (L/K) 1 /*v;/r 

To t e s t the n e u t r a l i t y hypothesis i t eould be inappro­
p r i a t e to use 5-|/<§2 because the i n e q u a l i t y of s and w/r 
anywhere w i l l lead to various degrees of im p e r f e c t i o n i n 
product and f a c t o r markets, nonconstancy of re t u r n s and 
prevalence of d i s e q u i l i b r i u m m various markets, a l l of vhich 
tog.ther would amount to t e s t i n g a h i g h l y composite hypothesis. 
Even i f ACMS a r r i v e d at the n e u t r a l i t y hypothesis 

1Assuming unenbodied n e u t r a l t e c h n i c a l change 
ap p l i c a b l e to crosssection observations. 
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t h e i r conclusion must be r'-nected. 
Since S t = I - h* , *\/l>i -

i t would be wrong t o t e s t f o r n e u t r a l i t y by examining Var(<£l 
as PQ11S hav done, instead of V«t/-^-^ which should be used 
f o r t h - purpose. Also,since Var } > V a r ( ^ 1 ) 9 

the degree4*)o»nc u t r a l i t y w i l l be underestimated as ACMS have 
used t o t e s t the same. 

Again, ACFS found t h a t the assumption of a common 
i n d u s t r y production f u n c t i o n f o r a l l the cou n t r i e s m^sample 
was i n v a l i d because of n e u t r a l e f f i c i e n c y d i f f e r e n c e s across 
c o u n t r i e s . Consequently they r . v i s j d t h ^ i r estimates of 
on the assumption t h a t m each i n d u s t r y , the e f f i c i e n c y 
parameter v a r i e s p o s i t i v e l y among co u n t r i e s . This i s because 
,̂ = <̂/̂ 2. 1 S h i g h l y s e n s i t i v e to v a r i a t i o n s m 6 . As noted 
abov° since we can w r i t e 

i t f o l l o w s t h a t 
^\ S i \„ I 

I t i s possible t h a t :n s p i t e of d i f f e r e n c e s m the 
in p u t i n t e n s i t i e s of d i f f e r e n t c o u n t r i e s , t h e i r e l a s t i c i t i e s 
of s u b s t i t u t i o n may bi comparabl because of t h - v lativ° 
f l e x i b i l i t y of c a p i t a l i n t e n s i v e technologies being s i m i l a r 
to t h a t of labour i n t e n s i v e t_chnologies. ACMS allowed f o r 
paramet-r d i f f e r e n c e s across countries by s e t t i n g up th>~ hypo 
t h s i s of f a c t o r use e f f i c i - n c y d i f f e r rices, p u r e l y labour 
augmenting d i f f e r e n c e s and c a p i t a l augmenting d i f f e r e n c e s . 
Assuming constant 6 and w r i t i n g 
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the n e u t r a l i t y of input use im p l i e s constant Si/bi.for each 

country, a l l o w i n g f o r p r o p o r t i o n a l changes both m <§, and^ r. 
The labour augmenting hypoth-sis implies a v a r y i n g 6̂  and 
the c a p i t a l augmenting hypothesis implies a v a r y i n g S» . 
'they found as a f a i r working hypothesis t h a t i n t r n a t i o n a l 
production f u n c t i o n d i f f e r e n c e s are contained m jf", the 
e f f i c i e n c y parameter. 

According t o Peldst-m(1967), a weakness of the CES 
f u n c t i o n l i e s m the assumption of the < xogeneity of wage 
r a t e by ACMS(1961) m t h e i r e s t i m a t i o n procedure,another a 
weakness l i e s m the assumption of e q u a l i t y of wage r a t e 
and the marginal product of labour. The constant r e t u r n s 
to seal aspect of the C'S f u n c t i o n i s as questionable as 
i t i s m the case of t h Cobb Douglas f u n c t i o n . 

For nonconstant r e t u r n s t o scale w i t h wage rate-
equal to the- marginal value nroauct, the CFS wage p r o d u c t i v i t y 
r e l a t i o n gives a biased e l a s t i c i t y of s u b s t i t u t i e n b ccause, 
according to Feldstem, the appropriate r e l a t i o n i s 

I n V/L = a 1 + b' I n w +(l"*ffi M> i n V where a'= 6 lnf/»)<>£) 
The bias = ( 1 - 4 
where ^ i s the expected value of b as obtained from the 
CJS r e l a t i o n I n V/L = a + b I n w. 

Thus the e q u a l i t y of the wage rat= and the marginal 
value product of labour i s m doubt as i t depends on p e r f - c t l y 
competitive pr duct and labour markets w i t h a l l cost minimising 
f i r m s and absence of in c r e a s i n g r e t u r n s to scale f o r ̂ ach f r r m . 
This may le°d to a d d i t i o n a l bias m thr ^stun-to of 6 . 
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The CIS Function under Imperfect Coi p e t i t i o n 

I f i t i s desired to give t t h e assumption of p e r f e c t l y 
comoetitJtve markets, made m the case of most production 
f u n c t i o n s tudies, i n c l u d i n g the CES f u n c t i o n , then w r i t i n g 
^ Q f o r the e l a s t i c i t y of demand f o r outp t and 
^ f o r the e l a s t i c i t y of supply of labour, we may, w i t h 
Dh^y es(196 c0, make a c o r r ^ t i o n f o r the i n e q u a l i t y b^twee^ 
the marginal product of labour and the r e a l wage ^ate, 
a l l o w i n g f o r labour and output market conditions 

-3Q/S1 = w ] + ] ^ = w 0 ( 1 ) , say 

,vhQre the index 0(1) may depend on t i e or place, 
and Q stands f o r p h y s i c a l outp i t Q. 

Y/e may t h n w r i t e 

Q = 0 o ( l ) [ 0.(1) K~S - 0 2 ( I ) 

"vhere 0 , fi^, 0 2 ^re functions of 0. Also 0 1 + 0 2 = 1 . 
The CITS' product} v i t y na^e r e l a t i o n may be w r i t t e n 
I n Q/L = a + b I n 0 + b I n w 
Unfortunately accurate estimates of pQ 

cannot be e a s i l y obtained though Katz's(l969) attempt t o 
apTl y i t to cross s e c t i o n a l data may be noted. 

l f / i t h the net p r o f i t IT = pQ - wl - rK , 
the p r o f i t maximising c o n d i t i o n i s ^iven by 

0 = = p9Q/3L + Q(3pA Q) CBQ/aL) - w - Mu/3I 
i ̂  r\ T w + "3 w/̂  L L ^ + r\ wL / end^Q/9L = P Q = — — v>/p 

1 + / pQ 

/<here rj w J = (3W/3L) (L/W) and »̂  = (3p/2>Q) ( w / p ) , r e s p e c t i v e l y 
are the labour wage e l a s t i c i t y .-.rid output p r i c e e l a s t i c i t y 
m an imperfect market as mentioned above. 
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Under competitive c o n d i t i o n s 2Q/<3L = w/p. V/e have, t h e r e f o r e , 

^ 1±J^LL = V ) Q / ( 1 _ S ) (Q/L) Q " * 

or, I n Q/L = -±-? U - ^ W +• l» ~ - > P * ^ l 4_ ^ 

V/ritmg D = , ̂  v| f° r degree of i m p e r f e c t i o n i n 
f a c t o r and commodity markets and C = {^-6 ) —g~ , we mav 
w r i t e the above r e l a t i o n 

I n Q/L = a + 4 I n w + 6 I n b - 4 I n p + C I n Q 
Katz(1969) uses t h i s r e l a t i o n m h i s cross r e g i o n a l 

study of the CES f u n c t i o n . The hypothesis t e s t e d i s whether 
the extent of market i m p e r f e c t i o n i s d i f f e r e n t f o r d i f f e r e n t 
f i r m s depending on t h e i r sizes (or time f a c t o r ) i f the sample 
consists of crosssection (or time s e r i e s ) data. I n s p i t e 
of th" 1 t h e o r e t i c a l l y sound p o i n t s , the e m p i r i c a l worth of 
t h i s m o d i f i c a t i o n i s not very high unles accurate estimates 
of the v)'s are a v a i l a b l e . 

Some I M l u l t i - i n p u t Extensions 

The CES f u n c t i o n has been generalised not only t o allow 
f o r any degree of homogeneity but also to include any number 
of i n p u t s . 
For the n i n p u t s , X^, X^,.. , X^ , 

T-ukerji (1 963) gives the g e n e r a l i s a t i o n 

where V i s value added . 

Th° production f u n c t i o n i s symmetrical w i t h respect to a l l 
dimensions of f a c t o r i n t e n s i t y because i t r e s u l t s m constant 
and i d e n t i c a l p a r t i a l e l a s t i c i t i e s of s u b s t i t u t i o n . 
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A l^ s s u n r e a l i s t i c form was given l a t e r by Mukerji(1964) ' 

which i s shown t o have constant r a t i o s of p a r t i a l e l a s t i c i t i e s 
of s u b s t i t u t i o n (CR^S) . This amounts to a p a r t i a l g e n e r a l i ­
s a t i o n of the 0 S f u n c t i o n . I t has the added q u a l i t y of 
being nonhomogeneous ana nonhomothetic. I t i s nonhomogeneous 
so long as V ' S a r e n o ^ <r^ua^- among themselves and also not 
equal to c. . 
Th<- marginal product of the i t h i n p ut i s given by 

_ SZ - S\ ~ wh-reV* = 1, w i t h o u t loss 
^ *~ ^ ^ , + ^ ' of g e n e r a l i t y 

Sine- P n = Pf F - ^ ) and Pa, = I t f j , 

t'h e p a r t i a l e l a s t i c i t y of s u b s t i t u t i o n i s given by 
j - * J_J^—— . 

which i s not a constant. I t depends on input l ^ v l s and 
t h e i r combinations. The r a t i o s of p a r t i a l e l a s t i c i t i e s are 
constant though not n e c e s s a r i l y equal. 

When a l l ̂ t's are equal to ̂  , say, then <f\j-
When one of the subscripts coincides, the r a t i o i s indepen­
dent of the common sub s c r i p t 

rihe Mukcrni f u n c t i o n may be estimated by nonlinear 
l e a s t squares but the d i f f i c u l t y w i l l be greater, the larger 
the number of v a r i a b l e s . I f p e r f e c t competition i s assumed, 
then, denoting by w tthe p r i c e of input X L , we have 

which w i t h a l o g l i n e a r regression may be used t o estimate 

*t> V 1-
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The M u k e r j i f u n c t i o n r e s t r i c t s t h e r a t i o s o f p a r t i a l 
e l a s t i c i t i e s o f s u b s t i t u t i o n t o be c o n s t a n t . T h i s may be 
u n j u s t i f i a b l e on economic grounds. But t h e f u n c t i o n i s more y 3" 6 

t h a n the Cobb Douglas and OTS f u n c t i o n s w h i c h may be d e r i v e d 
as sp c i a l cases. 

Consider a t h r e e i n p u t M u k c r j i f u n c t i o n t o see how 

conv. n i 1 n t i t irny be t o make use (bf i t m p r a c t i c e . 

V/ithout l o s s o f g e n e r a l i t y , we may assume Y = ^ • 

T h i s f u n c t i o n i s homogeneous i f and o n l y i f 

^ = ^ L = sf3 = ^ . A l s o V 1 a c c o r d i n g as Si ^ 5 
«»2-

1 ^ 

Under c o n d i t i o n s o f p e r f e c t cempf t i t i o n 

I f we w r i t e ^l^/Ss^y = A, we have t h e r e g r e s s i o n e q u a t i o n 

I n wz/w3 = I n A - b L l n X L + b j l n X-̂  

I f t h e t h r e e v a r i a b l e s are c a p i t a l K, d i r e c t l a b o u r 

lip and u n s k i l l e d or i n d i r e c t l a b o u r L-j-, t h e n , w i t h s u i t a b l e 

s u f f i x e s a t t a c h e d t o t h e symbols, w- have t h e r e g r e s s i o n 

e q u a t i o n 

I n Wp/wj- = I n -A - b p l n L p + b^-ln L£ 

From t h i s ws may f i n d t h e e l a s t i c i t y o f s u b s t i t u t i o n between 

c a p i t a l and d i r e c t l a b o u r (^o) and between c a p i t a l and 

i n d i r e c t l a b o u r ^ I n t h e s h o r t r u n ,the e x t e n t o f complemen­

t a r i t y between c a p i t a l and d i r e c t l a b o u r and between 

c a p i t a l and i n d i r e c t l a b o u r may be found. 

To v e r i f y i f t h e p a r t i a l p l a s t i c i t y between any two 

p a i r s o f i n p u t s m t h e m u l t i p l e i n p u t p r o d u c t i o n f u n c t i o n w i t h 
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^ = ^ = c o n s t a n t , may be equal m a c t u a l p r a c t i c e , 

G u j a r a t 1 and Fabozzi(1972) proceed t o t e s t i t e m p i r i c a l l y 

and come t o t h e c o n c l u s i o n t h a t m th<= case o f t h e d a t a 

t h e y us°d, th.se p a r t i a l e l a s t i c i t i e s arc n o t the same. 

T h i s means t h a t tht. GrS p r o d u c t i o n f u n c t i o n w i t h more t h a n 

two i n p u t s and ^ = S may n o t be c o n s i d e r e d a r e l i a b l e form. 

T a k i n g a t a t i m e , two v a r i a b l e s out o f t h e t h r e e 

v a r i a b l e s K, L-̂  and L j 0 - u j a r a t i and Fabozzi make use o f 

t h e f i r s t f o u r o f t h e f o l l o w i n g s i x r e l a t i o n s h i p s t o estimate 

V/E = a r * where r i s t h . r a t e o f r e t u r n on c a p i t a l 

V / I D = b w / 

V/l-j- = C Vvj 

and L^/K = T < r A ^ ) , L r / K " c 

For d a t a on 18 m d u s t r i s t h e y found t h a t a l l t he 

e s t i m a t e d p a r t i a l e l a s t i c i t i s d i f f e r e d f r o m one ano t h e r 

f o r almost a l l th>~ i n d u s t r i e s . They concluded t h a t f o r 

t h n t h r ^ e i n p u t p r o d u c t i o n f u n c t i o n 

th< p a r t i a l e l a s t i c i t i e s , though t h e o r e t i c a l l y e q u a l , may 

no t be the same e m p i r i c a l l y . 

To get over t l v r e s t r i c t i v e d i f f i c u l t y o f c o n s t a n t 

p a r t i a l e l a s t i c i t i e s o f s u b s t i t u t i o n f o r a l l p a i r s o f f a c t o r s 

m a m u l t i - i n p u t CIS f u n c t i o n Uzawa(l962) and Mcfaddm(1963) 

a r r i v e d a t a s l i g h t l y d i f f e r - n t f orm which f o r t h ^ f o u r i n p u t 

case may be w r i t t e n $, ~ i > 

where + ^ - I , ~ i T * ^ ' ^ > + ?3i, 

and rfrj ^ ~ ^ 1 ~ ^ L t ~ ' 

http://th.se
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Th r set o f f o u r i n p u t s has been d i v i d e d i n t o sub­

groups w i t h i n each o f which t h e r e i s a common p a r t i a l 

e l a s t i c i t y o f s u b s t i t u t i o n which need n o t be t i r sam A f o r 

a l l th° subgroups. U n f o r t u n a t e l y , the c o n s t r u c t i o n c o n s t r a i n s 

the p a r t i a l e l a s t i c i t y brtween v a r i a b l e s of d i f f e r e n t sub­

groups t o u n i t y . 

For t h r - r - i n p u t s K , L , M the- mixed f o r m may be 

w r i t t e n as a Cobb Douglas-C^S h y b r i d . 

V = ( K*"5* + L ^ ' / V 1 

o r V =f(c( M^ , U- ( V / l ) * ' V 

The t h i r d i n p u t If may be t. x p r ss-.d as a m u l t i ­

p l i c a t i v e e x p o n e n t i a l 

V . f ( f *' • l " ' ' ) e-"/H 

o r V - W e W - ( V / l M ' 

A l t h o u g h these forms are i n t e r e s t i n g , t h e d i f f i c u l t y 

o f n o n l i n e a r e s t i m a t i o n remains. Problems o f e s t i m a t i o n 

and a r t i f i c i a l c o n s t r a i n t s a r e a common f <. ature^Muker j i , 

Uzawa and McPadden's models. As i s e v i d e n t f r o m the 

e m p i r i c a l r e s u l t s o f G u j a r a t i and P a b o z z i ( 1 9 7 2 ) , the 

t h e o r y happens t o be v r y d i f f e r e n t from p r a c t i c e . 

We now c o n s i d e r Sato's m u l t i - i n p u t e x t e n s i o n o f 

t h e CLS f u n c t i o n w h i c h i s , r e l a t i v e l y s p e a k i n g , more 

r e a l i s t i c t h a n some o f t h e forms g i v e n above. I t w i l l 

be g i v e n f i r s t m t h r n i n p u t cas: and then t o c o n s i d e r 

i t s p r a c t i c a l a s p e c t , m t h e t h r e e i n p u t case. 
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Sato's(1963) Two L e v e l CLS f u n c t i o n 

Under c e r t a i n c o n d i t i o n s , Sato's two l e v e l C 

f u n c t i o n generates d i f f r e n t p a r t i a l e l a s t i c i t i e s o f 

s u b s t i t u t i o n between d i f f e r e n t p a i r s o f i n p u t s . 

I f t h r p r o d u c t i o n f u n c t i o n i s 

V = F ( X ) 

= F ( X j ,X j.» • • • t x») 
and X i s p a r t i t i o n e d i n t o t subsets 

x = ( x' .x',... ,xfc) xt e xJ, xt £ x* 
i = 1,2,...,n; j , k = 1,2,...,fc 

t h e n , i f the p r o d u c t i o n f u n c t i o n i s s t r o n g l y S' p a r a b l e 

w i t h r e s p e c t t o such a p a r t i t i o n , we may w r i t e 

V = F [ g ^ X 1 ) + g l ( X A ) +...+ g ^ X 1 ) J . 

I f 6^ i s t he p a r t i a l e l a s t i c i t y o f s u b s t i t u t i o n 

w i t h i n t h t mth subset m which i t i s c o n s t a n t , and i f 
hi > 0, -1 <S, 1-

t h e n a two l e v e l Ĉ S f u n c t i o n may be c o n s t r u c t e d : 

v„= gjx") = c s G r x r r * - -"J~ , / r~ 
where 6 i s t h ^ e l a s t i c i t y o f s u b s t i t u t i o n w i t h i n t h e t 

i n p u t groups. We have the two l e v e l CUS f u n c t i o n g i v e n by 

^>*~ 7TF" 1 S "the i n t r a subset and 4 = i t h e m t e r s u b s e t 

e l a s t i c i t y o f s u b s t i t u t i o n . The d i r e c t p a r t i a l e l a s t i c i t y 

o f s u b s t i t u t i o n betwe n any two i n p u t s X l fXy i s 

tf,, - ̂  if x,, Xj e x**1 

where a = ^ - , J, ̂  - T l , c = ~-. , 

i s t h e r e l a t i v e share o f t h e i t h element o f subset r 

S i s t h e r e l a t i v e shar f o f t h e r"th subset o f i n p u t s . 

Thus t h e p a r t i a l e l a s t i c i t i e s o f any p a i r o f i n p u t s f r o m 

d i f f e r e n t groups are harmonic im ans o f <(,<^,*j_ and depend on 
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r e l a t i v e share s i z e s . I n g e n e r a l t h e y w i l l he d i f f e r e n t . 

Sato Three I n p u t CeS Punctien(Two L e v e l ) 

The Sato two< l e v ^ l CJS f u n c t i o n i s h o m o t h - t i c 

because i t s m a r g i n a l r a t e o f t h e c h n i c a l s u b s t i t u t i o n ( M R S ) 

depends o n l y on t h e i n p u t r a t i o and i s independent o f t h e 

s c a l e o f p r o d u c t i o n . 

A s t r o n g l y s e p a r a b l e f u n c t i o n w i t h i t s MHS between 

any two i n p u t s mdep nd n t o f o t h e r i n p u t s does n e t a l l o w 

m t e r d r p ndence among i n p u t s . A weakly s e p a r a b l e f u n c t i o n 

may, t h e r e f o r e , be c o n s i d e r e d . I f t h e t h r e e i n p u t s are 

X , ^ ,X X and t h e o u t p u t i s Y, t h i s f u n c t i o n w i l l be o f 

t h e f o r m 

Y = P { ( X f , X j ) f X k J 

The p a r t i a l e l a s t i c i t y o f s u b s t i t u t i o n between X̂  ,X̂  do-s 

n o t depend on X K. 

The p a r t i a l l a s t i c i t y o f s u b s t i t u t i o n between Xj ,X 

depends on X,; t h a t betw en X t,X kdepends on Xj. 

I f t h e t h r e e i n p u t s are c a p i t a l ( K ) , l a b o u r ( L ) and 

raw m a t c r i a l ( M ) , t h e weakly s e p a r a b l e f u n c t i o n i s 

Y = P { ( K,L ) , M} 

T h i s i m p l i e s t h r t m t h e f i r s t btage o f p r o d u c t i o n 

p r o c e s s , c a p i t a l and l a b o u r are combined t o produce t h e 

composite o u t p u t V which, combm-d w i t h M,leads t o t h e 

f i n a l o u t p u t 

Y = P ( V, M ) 

Le t rfc= rhf be t h e e l a s t i c i t y o f s u b s t i t u t i o n betwe 

K and L m t h ~ f i r s t stage GES f u n c t i o n 

Y = (cSK + hzK ). 

L " t 6= be the e l a s t i c i t y o f s u b s t i t u t i o n betw-

V and M a t t h - second stage C"S f u n c t i o n 

Y = I * , ( S t K + § ZL ) + «jM J 
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T h i s i s v e r y d i f f e r e n t from the h i g h l y r e s t r i c t i v e 

case o f c o n s t a n t , equal p a r t i a l e l a s t i c i t i e s o f s u b s t i t u t i o n 

Y = ( ^ f + ^ L C
 + ^ M _ L ) ~ ' A 

The Sato two l e v e l CT̂ S f u n c t i o n p r o v i d e s an a l t e r n a t i v e 

method f o r purposes o f comparison m e m p i r i c a l work though 

t h e amount o f work i n v o l v e d i s s u b s t a n t i a l . The constancy o f 

e l a s t i c i t i e s betwe< n K and L and between V and M do-s n o t 

n e c e s s a r i l y r e s u l t m equal p a r t i a l e l a s t i c i t e s o f s u b s t i t u t i o n 

so t h e t t h e r a t e o f s u b s t i t u t i o n between ¥ and any o t h e r 

i n p u t can be found. 

I f ^ = - 1 l.-c. t h e e l a s t i c i t y o f s u b s t i t u t i o n between 

V and M i s i n f i n i t e , t h e t w o l e v e l C,S f u n c t i o n reduces t o 

t h r u s u a l two i n p u t Ĉ S f u n c t i o n . As % tends t o -1 

Y «, t i , L'u r'/u ̂  
o r V = I - i%i K +- J * L- ) 

I f ^ i s i n f i n i t e , <s = 0 and again we a r r i v e a t the 

two i n p u t CeS f u n c t i o n w h i c h can d e s c r i b e t h t h r e i n p u t 

p r o d u c t i o n p r o c e s s . 

The OS P r o d u c t i o n F u n c t i o n w i t h Variable Returns t o Scale 

I n s t e a d o f as "•umiag c o n s t a n t r e t u r n s t o s c a l e i t may 

be p o s r i b l c t o assunk t h a t p o i n t r t u r n s t o s c a l e are r ^ l a t ^ d 

t o o u t p u t , as done by S o s k i c e ( 1 9 6 8 ) . I n t h a t case, t h e coranon 

pr o c e d u r e f o r e s t i m a t i n g the e l a s t i c i t y o f s u b s t i t u t i o n may 

be i n c o n s i s t e n t . 

For t h e p r o d u c t i o n f u n c t i o n V = F ( K , L ) , assuming 

t h t the p o i n t r e t u r n s t o s c a l e are a f u n c t i o n o f o u t p u t , or 

valu<- added, say h ( V ) , we have, s i n c e dL/L =dK/K, t h e p o i n t 

r e t u r n s t o seal., g i v e n by 

(dV/dK) K/V = (aV/3K) K/V + (^V/liL) L/V = h (V) 
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I f h(V) i s s u i t a b l y s p e c i f i e d , D a y as a q u e l r - ' t i c 
2 2 m re i'ay w r i t e h(V) = a + a.V + a 0V , a / > a a 0 . o 1 .̂ ' 1 ^ 0 £ 

I f g numbers a CES i s o q u a n t m g = S k 1 " 1 ^ + ( 1 - 5 ) L 1 " 1 / / 6 " 

we have 

dg ^ K y + 3 L y J " h l V J 

f f| d - V 6 ) 5 K ^ 1 ^ + (1-1/d ) ( 1 - ^ ) L 1 - 1 ^ = h ( y ) 

i . e . (1 - 1 / ^ ) | | f = a Q + & 1 V + a 2 V 2 

I f <X, j j a r e t h e r o o t s o f t h e quadratuc a Q+a^V +3.^ 

and l n f i s an a r b i t r a r y c o n s t a n t o f i n t e g r a t i o n , we 

can w r i t e t h e s o l u t i o n 

where a Q i s t h e r e t u r n s t o s c a l e parameter m t h e u s u a l 

CFS f u n c t i o n . The te r m beside V on t h e l e f t , v i z . 

(V -£X| |V ~p| r , a c t s as a d e f l a t o r o r m f l a t o r o f V 

depending on whether t h e a c t u a l r e t u r n s t o s c a l e i m p l y a 

h i g h e r o r l o w e r l e v e l o f o u t p u t t h a n t h a t i m p l i e d by t h e 

unchanging r e t u r n s t o s c a l e a . 

D i f f e r e n t s p e c i f i c a t i o n s f o r h(V) would r e s u l t m 

o t h e r forms o f p r o d u c t i o n f u n c t i o n s w i t h r e t u r n s t o s c a l e 

v a r y i n g w i t h output.The CLS case corresponds t o h(V)=a . 

F u r t h e r , t o o b t a i n a c o n s i s t e n t e s t i m a t e o£tf, i t i s 

u s u a l t o add I n V as an a d d i t i o n a l independent v a r i a b l e t o 

t h e ACMS e q u a t i o n r e l a t i n g I n V / l and I n w. T h i s i s v a l i d 

p r o v i d e d I n w i s o r t h o g o n a l t o the e r r o r v e c t o r and t h i s 

may n ot be t h e cose u s u a l l y . The use o f an a p p r o p r i a t e 

i n s t r u m e n t a l v a r i a b l e may be h e l p f u l . Moreover, 

i t a l s o r e q u i r e s t h e assumption of c o n s t a n t r e t u r n s t o s c a l e 

t o be made. I f t h e r e t u r n s t o s c a l e a r e n o t 
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c o n s t a n t and a, ^ o, a t 4 o m h ( V ) , t h r i g r - s s i o n o f 

I n V/L on I n w and I n V y i e l d s an i n c o n s i s t e n t e s t i m a t e o f 6 . 

W i t h v a r i a b l e s measured f r o m t h e i r means, t h i s e q u a t i o n may 

be w r i t t e n w i t h o u t a c o n s t a n t t e r m , 

I n V / I = 6 I n v; + {^-6) a u -1 I n V 

' " n t m ; f = v |v - * | ^ f v - j M ^ P ^ v c ^ y ; 

we have, s i n c e 2 i f - ^ 22t _ ^ 2>y 

I n f / L - 6 I n w £V + 0 - <i) °^zl U Vf 

I n 'V/L = 6 I n w + (1 - 6) a u -1 I n V 4- 6 \n 2¥-

w h i c h m v o l v - s two a d d i t i o n a l v a r i a b l e s , v i z . , In'h'f/^V, 

and I n 0 (V) which are m i s s i n g from t h e o r i g i n a l e q u a t i o n . 

Now t> (V) and 2>f/3V are g e n e r a l l y h i g h l y c o r r e l a t e d w i t h 

V though t h e x t e n t d.ptnds on t h e rang* 2 o f v l u s o f V. 

I f I n w i s o r t h o g o n a l t o I n V, t h e o m i t t e d v a r i a b l e s do n o t 

m a t t e r s i g n i f i c a n t l y . 

H i l h o r s t ' s C-S V a r i a t i o n 

H i l h o r s t ' s( 1 971 ) GliS v a r i a t i o n docs n o t r e q u i r e d a t a 

on f a c t o r p r i c e s . I t i s enough t o h^v- i n f o r m a t i o n about 

r e l a t i v e f a c t o r shares. 

H i l h o r s t g i v s a mort g e n t r a l f o r m u l a t i o n o f the 

C"S f u n c t i o n 

V = (<=*. L + ( i K ) ' 

wh i c h i s homogeneous o f degree h/c i f a = b = h. I t i s 

l i n e a r l y homogeneous vh°n a = b = c but nonhomogeneous 

wh> n a = b ^ c. 

'J-ht f u n c t i o n makes use o f t h e o p t i m i s a t i o n r e s u l t 

t h a t t h e e n t r e p r e n un aim a t m i n i m i s i n g c o s t p e r u n i t o f 

th e product»' 
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= r/w = IL*"' 

S i n c e , w i t h c o n s t a n t r t u r n s t o s c a l e , 

and V . f & 1 • 4 k* 
£ / Jil \ - t * »L 

by t a k i n g l o g a r i t h m s and u s m g ; 5T x u4*" / vv' k L y 

we have two e q u a t i o n s t o e s t i m a t e t h e parameters 

^'hese e q u a t i o n s h e l p us t o t s t t h e s u p p o s i t i o n 

o f minimum c o s t s and t h e e f f e c t s o f t h e s i z e o f t h e 

s t a b l i s h m n t on t h e use o f the i n p u t s . 

'̂'o c a r r y out t h e e m p i r i c a l work, a s u i t a b l e i t e r a t i o n 

method may be used. For i n s t a n c e , we may. f i r s t assume a = b. 

From t h i s a/c and b/c may be found a p p r o x i m a t e l y and t h e 

q u a n t i t i e s 1 + ^ ~ and 1 + ~ ^ c a l c u l a t e d . 

H i l h o r s t found t h e i t e r a t i o n process ending q u i c k l y . 

A l t e r n a t i v e l y , w r i t i n g t h e CL'S f o r m u l a t i o n m i t s 

u s u a l n o t a t i o n 

V = } f l > l f * + ( 1 -S ) l*]"*'* 
where i> i s t h e r e t u r n s t o s c a l e param-ter, we may w r i t e 

v . W L * [ 1 + JLt ( K / i ) - ' r"A 

Assuming t h e e q u a l i t y o f s u p p l y e l a s t i c i t i e s o f l a b o u r 

and c a p i t a l , we have 

2>V/SL =vw, aV/2K = Vv 

so t h a t , , , j . o 

We th e n have V = Y Y ) - * ) I - () + i * / « ̂  ) 

and I n V = i n f - \ ^ + v ^ L - $ ^ 0 * * * > L > 

T h i s r e l a t i o n s h i p g i v e s t h e v a l u e s o f >! cji d ^ . 

5 may be found by i t e r a t i o n or by det r m i n m g i t exog^n o u s l y . 

w i t h on"^ o f t h e s e v e r a l s i d e r e l a t i o n s o f the- CES f u n c t i o n , 

l i k e I n t K / w L - l*» ̂  + % U L/K . 



68 

Kadiyalals Heneral Form 

K a d i y a l a ( 1 9 7 2 ) g i v e s a form o f p r o d u c t i o n f u n c t i o n 

ehi ch may be c o n s i d e r e d as a d i r e c t g e n e r a l i s a t i o n o f Cobb 

Douglas end t h e GES f u n c t i o n s . The v a r i a b i l i t y o f t h e 

r e s u l t i n g e l a s t i c i t y o f s u b s t i t u t i o n i s n o t c o n f i n e d t o a 

monotonic r i s e or f a l l w i t h t h e i n p u t r a t i o as i s t h e case 

w i t h t h e usaa] Y~£ f u n c t i o n s ; i t i s syiiimeti i c a l w i t h r e s p e c t 

t o t h e TWO endpomts o f th e j_nput r a t i o and passes 

t h r o u g h maximum and minimum s t a g e s . 

The Kadiyalu n i n p u t case may be w r i t t e n 
? = A [ I 5 L K + 2 ZJ- 3 t j X ( A j J 

where ZSL t l I S ^ t / ' 1 • I n t h e tv/o i n p u t case w i t h K and I , 

V = A U,K^ + 25,WK ' L + ^ 1 ) where + ^ = 1 

For nonnegaxive n i a r g m a l p r o d u c i s and a hrrnogeneous f u n c t i o n 

o f degree one we must have %t+ %L = 2<< 

The f u n c t i o n reduces t o the C ,S form Cor <5(i=G, t o t h e 

Cobb Douglas form f o r ^->0,5lt=0; t c l u F l e t c h e r VIS form f o r 

<5* =0 and t o Sato Hoffman V^S form f o r S,=C. 

There are moximuii1 and nam mum v a l u e s o f e l a s t i c i t y o f 

s u b s t i t u t i o n f o r *J>0 and Cor ^ <- 0. I f the ̂  exponents are 

unequal, t h e Cunction would be d i f f i c u l t to use. 

F e y Q r and I a d i y a l a( 1 97^) conducted - t i p i n e a l t e s t s by 

f i t t i n g v a r i o u s c o n s x r a m e d and u n c o n s t r a i n e d forms o f p r o d ­

u c t i o n f u n c t i o n s t o a g r i c u l t u r a l expen/ii n t d a t a . The Cobb 

Douglas, CFS and E a d i y a l a •_ u n c t i o n s were t he t h r e e a l t e r n a t i v e 

forms used. Two se t s o f r e s u l t s were o b t a i n e d one w i t h t h e 

c o n s t r a i n t o f c o n s t a n t r e t u r n s t o s c a l e and the o t h e r w i t h o u t 

t h e c o n s t r a i n t . The non c o n s t a n t r e t u r n s t o s c a l e v e r s i o n gave 

a s i g n i f i c a n t l y b e t t e r f i t w h ich was improved by movm r from 

t h e Cobb Douglas t o t h e CiS t o t h e F a d i y a l a f u n c t i o n . ITonlmear 

e s t i m a t i o n methods " e r e used. 
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P r o d u c t i v i t y R.-lations and P r o d u c t i o n F u n c t i o n s 

w e now c o n s i d e r some e x t e n s i o n s o f the p r o d u c t i o n 

f u n c t i o n forms b e g i n n i n g once a g a i n w i t h the Cobb Douglas 

and Ĉ S f u n c t i o n s . The approach f o l l o w e d i s n o t d i f f e r e n t 

from t h a t m the s e c t i o n on t h e cas o f Cobb Douglas f u n c t i o n . 

I n s t e a d o f < deling o n l y t e c h n i c a l v a r i a b l e s t o the Cobb Douglas 

f u n c t i o n , economic v e - n e b l s w i l l a l s o be added t o a r r i v e a t 

s o r now forms w h i c h c o n t a i n t h e essence o f b o t h t h e Cobb 

Douglas and the Ĉ S f u n c t i o n s . The a u t h o r s o f t h ^ e x t e n s i o n s 

p r e s L n t e d m t h i s s e c t i o n happen t o have begun w i t h t h r 

p r o d u c t i v i t y i n s t e a d o f t h p r o d u c t i o n f u n c t i o n , f o r t h ^ 

d-v lopment o f t h e i r forms. 

Th/ re i s a good scope f o r the a d d i t i o n o f d i f f e r e n t 

t y p es o f v a - n e b l ^ s m a p r o d u c t i v i t y r l a t i o n and u s u v i t 

f o r e m p i r i c a l purpos s s u b l e t t o the conomic v a l i d i t y o f 

t h e r - l a t i o n s h i p . l h e procedure i s u s e f u l m c a r r y i n g out 

e x p r n n r n t s r e g a r d i n g t h e consequences o f ste p w i s e a d d i t i o n 

or s u b s t i t u t i o n o f some f a x t o r s b e g i n n i n g w i t h any b a s i c 

p r o d u c t i v i t y r e l a t i o n s h i p . 

I n vi°w o f t h e n a t u r o f our d a t a and t h - a v a i l a b i l i t y 

o f an. adequate number o f v a r i a b l e s i t s h ould be p o s s i b l e t o 

ix p r i m i n t w i t h s e v e r a l p r o d u c t i v i t y r e l a x i o n s h i p s and a r r i v e 

a t sonK c o n v e n i e n t forms o f p r o d u c t i o n f u n c t i o n s f o r our 

purpose. V/c have c o n s i d e r d t h e t h - o r e t i c c l development o f 

some o f the forms though l a t e r f o r e m p i r i c a l work we have 

s e l e c t e d o n l y a few. 

BPHinnmg w i t h the Cobb Douglas and C S p r o d u c t i v i t y 

r e l a t i o n s wc s h a l l c o n s i d e r t h f u n c t i o n s d v e l o p d by 

l u F l e t c h c r ( 1968), Tsang and Thing (1974 X, Vazquez ('97!), 
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The Cobb Douglas f u n c t i o n V = A K L may be w r i t t e n 

as a p r o d u c t i v i t y r e l a t i o n 

V/L = A ( K / l f I 5 " / 3 " ' 

o r I n V/L = I n A i * l n ( K / L ) + O -1) I n L 

I f t h e assumptions o f p r r f - - c t c o m p e t i t i o n and p r o f i t 

m a x i m i s a t i o n are made, xhc Cobb Douglas p r o d u c t i o n f u n c t i o n 

l e a d s t o a p r o d u c t i v i t y r e l a t i o n b-tween l a b o u r p r o d u c t i v i t y 

and t h e wage r a t e • 

V/L = m w 
where m i s a c o n s t a n t and w i s t h t wage r a t e which i s 

^quat<'d t o the m a r g i n a l p r o d u c t i v i t y o f l a b o u r . I f th'- steps 

are r e t r a c e d by s u b s t i t u t i n g w = f ( x ) - x f 1 ( x ) where x = K/L, 

we a r r i v e a t the o r i g i n a l Cobb Douglas f u n c t i o n . 

Th' CPS p r o d u c t i v i t y r e l a t i o n , a s used e m p i r i c a l l y 

by ACMS(1961), i s g i v e n by V/L - m w* 

wher c b i s n o t c o n f i n e d t o u n i t y . T h i s i s u s u a l l y w r i t t e n 

and used m t h ' l o g - f o r m 

In y = a + b I n w whi.ro a = I n m, y = V/L 

Th' depend nee o f V/L on K/L as m t h e Cobb Douglas 

r e l a t i o n and on w as m the C 'IS r - l a t i o n may h. used t o c o n s i d e r 

a j o i n t d p nd nee o f V/L on b o t h . Other p o s s i b i l i t i e s may 

a l s o b- m v s t i g a t c d . 

H i l d e b r a n d and L i d ( 1 9 6 5 ) , m a s t u d y o f two d i g i t U.S. 

i n d u s t r i e s n o t e d t h a t a b e t t e r f i t f o r ^ p r o d u c t i o n f u n c t i o n 

c o u l d be o b t a i n e d i f som>- key v a r i a b l e s d t e r m m e d t h e r e l a t i o n . 

They suggested th= i n c l u s i o n o f K/L as an a d d i t i o n a l e x p l a n a t o r y 

argument m t h ' C'̂ S f u n c t i o n . Lu and F l e t c h e r ' s (1968) V3S 

p r o d u c t i o n f u n c t i o n was d nv>'d f r o m a l i n e a r r e l a t i o n 

betw<^ n V/L and K/L and w. 

I n V/L = a + b l n w + c l n x where x = K/L 

http://whi.ro
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T h i s r e l a t i o n may be l o o k e d upon as a hl?nd o f t h e GTS 

p r o d u c t i v i t y r e l a t i o n I n V/L = 3 4 b I n w and t h e 

Cobb Douglas r e l a t i o n c o n s t r a i n e d by c o n s t a n t r e t u r n s t o 

s c a l e , I n V/L = a' + b ' l n K / l . V'e may a l s o v i s u a l i s e i t 

as o b t a i n e d from one economic and one t e c h n i c a l e x p l a n a t o r y 

f a c t o r m t h e seme r e l a t i o n i n s t e a d o f o n l y one o f t h e 

tv/o e x p l a n a t o r y v a r i a b l e s . But t h i s r e l a t i o n i s n e i t h e r 

the Cobb Douglas nor i t s g n e r a l i s a t i o n , t h e CTS f u n c t i o n 

but i n c l u d e s b o t h as s p e c i a l cases. G r i l l i c b e s ( 1 9 6 7 ) , 

g i v i n g an a l t e r n a t i v e s t a t i s t i c a l i n t e r p r e t a t i o n t o 

t h e r e l a t i o n and c o n s i d e r i n g two e q u a t i o n s ( t h e Cobb 

Douglas and t h e CLS r e l a t i o n s g i v p n above) m t h e 

system p o i n t s out an i d e n t i f i c a t i o n problem here. 

Me now c o n s i d e r t he p r o d u c t i o n f u n c t i o n t h a t may 

be ^ e r i v e d from t h e r e l a t i o n ( 4 b ) . I t may be n o t e d 

t h a t t h e a d d i t i o n o f any terms t o t h e CTS p r o d u c t i v i t y 

r e l a t i o n i s l i k e l y t o make t h e e l a s t i c i t y o f s u b s t i t u t i o n 

parameter a v a r i a b l e q u a n t i t y . I n o t h e r words, t h e 

r e s u l t i n g p r o d u c t i o n f u n c t i o n becomes a v a r i a b l e 

e l a s t i c i t y o f s u b s t i t u t i o n ( VTS) p r o d u c t i o n f u n c t i o n . 

Of course, t h e v a r i a b i l i t y o f e l a s t i c i t y o f s u b s t i t u t i o n 

can be brought about m o t h e r ways so t h a t d e s c r i b i n g 

a p r o d u c t i o n f u n c t i o n as a V3S f u n c t i o n does n o t g i v e 

i t some e x c l u s i v e q u a l i t y n o t t o be found elsewhere. 
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The Lu Flc-tcher V^S P r o d u c t i o n F u r . c t i o n 

I n t h e Lu F l e t c h e r r e l a t i o n ( 4 b ) , where a,b,c are 

c o n s t a n t s , i f we assume homogeneity o f degree one, we 

have, by s u b s t i t u t i n g y f o r V/L and u s i n g t h e r e l a t i o n s 

v = f ( x ) - x f ' ( x ) and r = f ' ( x ) , 

I n y = I n a + b I n ( y - x dy/dx) + c I n x 

wh i c h , when s o l v e d r e s u l t s :n t h e p r o d u c t i o n f u n c t i o n 

v . ( p'-'i . • r t
f f e ( i A ) ' " n t A k-" 

where ^ i s a c o n s t a n t o f i n t e g r a t i o n . I f we w r i t e 

= -1 + i / b , a = ( 1 - § )~b y'~h, |J = J f 

we have V = f t 5 l T ? + (1 -S) ( K / L ) _ t ' H L " ! ] " ' / 5 

"Cxcept f o r t h e m u l t i p l i c a t i v e f a c t o r a s s o c i a t e d w i t h L 

t h i s f u n c t i o n has th,_ samt f o r m as t h e CES f u n c t i o n t o which 

i t reduc-s i f c = 0, I t has p o s i t i v e m a r g i n a l p r o d u c t s , 

downward s l o p i n g m a r g i n a l pro-'uet c u r v s o v ^ r t h r e l e v a n t 

rang'e o f t h e i n p u t s and homogeneity o f d e g r e t one. The 

v a r i a b l e e l a s t i c i t y o f s u b s t i t u t i o n v a r y i / j g w i t h t h e 

i n p u t r a t i o i s g i v e n by 

v , b _ b 
1 - c f / x f ~ 1 - c £ 1 + ( f - x f ' ) / x f ' "3 

- b 
1 - c( 1 + wL/rK) 

under c o n d i t i o n s o f p e r f e c t c o m p e t i t i o n . Lu and F l e t c h e r 

g i v e a manag;abl< e x p r e s s i o n f o r 6 as an e x p l i c i t f u n c t i o n <©f 
b 

1 - c£ 1 + izl { x»*-̂ k >>k- c/(b+c-1 

By u s i n g s i d e c o n d i t i o n s f o r m a r g i n a l p r o d u c t i v i t y and 

c a l c u l a t i n g t h e average v a l u e o f — — , t h e v a l u ^ o f 6 a t 
) — c 

any p o i n t on t h e i s o q u a n t can be d e r i v e d . 
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The Lu F l e t c h e r r e l a t i o n (4b) has w and K/L 

as e x p l a n a t o r y f a c t o r s . We have l o o k e d upon t h i s r e l a t i o n as 

a b l e n d o f t h e r e s t r i c t e d Cobb Douglas f u n c t i o n and t h e 

CFS p r o d u c t i v i t y r e l a t i o n . I f we make a b l e n d o f t h e 

Cobb Douglas r e l a t i o n m t h e form 

I n V/L = a + oc I n K/L + + 1 ) l n L 

w i t h t h e CES p r o d u c t i v i t y r e l a t i o n , we f i n d a n o t h e r r e l a t i o n 

w i t h t h r e e e x p l a n a t o r y f a c t o r s , v i z . , w, K/L and L. 

A l t e r n a t i v e l y , m t h e Lu F l e t c h e r r e l a t i o n w i t h 

one t e c h n i c a l and one economic f a c t o r , one more t e c h n i c a l 

f a c t o r L may be i n t r o d u c e d on t h e ground t h a t i t does 

n o t f i n d adequate r e p r e s e n t a t i o n an t h e Lu F l e t c h e r 

r e l a t i o n . What we have d e s c r i b e d as a b l e n d was g i v e n 

by Tsong and Yeung(1974) as a p r o d u c t i v i t y r e l a t i o n 

between average p r o d u c t i v i t y , wage r a t e , i n p u t r a t i o and 

t o t a l l a b o u r 
h—1 

I n V/L = i n a + b I n w + c I n w/L + d I n L 

Wi t h o u t l o s s o f g e n e r a l i t y , we may w r i t e 

d = ( h - 1 ) ( l - b ) and t h e n we have 

I n y = I n a + b I n w/L''1 ^ + c I n x 

where y = V/L h. I f h - 1 ,then y = V/L. 

I f p e r f e c t c o m p e t i t i o n i s n o t absumed and and ^ 

s t a n d f o r t h e e l a s t i c i t i e s o f p r o d u c t demand and l a b o u r 

s u p p l y , r e s p e c t i v e l y , we have 

p = oc' V , w = p' L 

where p and w are o u t p u t and l a b o u r i n p u t p r i c e s 

r e s p e c t i v e l y . 
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For maximum p r o f i t c o n d i t i o n s 

= m w, say, assuming p t o bo c o n s t a n t . 

I f t h - f u n c t i o n i s homog neous of degree h, 

m w = ^ ( L^y ) - ( h y - x dy/dx) lh ' 

Thus I n y = I n a + b l n ( h y - xdy/dx)/m + c I n x 

or dy/dx = ( h - a hm x J'y 1 ,' ,) y/x 

Using t h e s u b s t i t u t i o n z = y *, t h e s o l u t i o n i s 

where |J i s a c o n s t a n t o f i n t e g r a t i o n . 

I f we w r i t e h = -1 + 1/b 

\ 

> _ a ( 1 - b ) 
*c~ h ( 1 - b ) - c 

1 - h( -1 + 1/b) 

we a r r i v e a t 

z = x ( | i + m o < 0 x W ) 

The r e s u l t i n g p r o d u c t i o n f u n c t i o n i s 

V = L/2K + * L (K/L) ] where % 0 = c/b - ot0 m 

Thv. form res-mbles t h e COS f u n c t i o n except f o r 

t h ^ m u l t i p l i c a t i v e t e r m I n K/L a s s o c i a t e d w i t h L. Tho 

r e s u l t i n g term L ] - L (K/L) may be regarded as a composite 

l a b o u r v a r i a b l e a s s o c i a t e d w i t h c a p i t a l i n t e n s i t y . 

The Lu Fl> t c h t r p r o d u c t i o n f u n c t i o n has t h e same 

fo r m as t h e Tsang Young f u n c t i o n b cause t h e l a t t e r i s 

d e r i v e d f r o m t h ^ Lu F l e t c h e r p r o d u c t i v i t y r e l a t i o n w i t h 

th> a d d i t i o n a l f a c t o r L which i s absorbed m t h e e x i s t i n g 

L f a c t o r o f t h e p r o d u c t i v i t y rf l a t i o n , m th<- process o f 

d e r i v i n g t h e e x p l i c i t p r o d u c t i o n f u n c t i o n 
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I n t h i s p r o d u c t i o n f u n c t i o n w h i c h i s mor.j o f a f i r m 

mod^.1 f u n c t i o n , economic ma^nixud^s l i k p r i c - s and l a s t i c i t i s 

hav~ "b r n e x p l i c i t l y i n c l u d e d . I t i s homogeneous o f decree h, 

has p o s i t i v e and d i m i m s h m m a r g i n a l p r o d u c t s f o r c e r t a i n 

v a l u e s of t h e parameters, v a r i a b l e e l a s t i c i t i e s o f s u b s t i t u i^ion 

and v a r i a b l e f a c t o r shares. I t i n c l u d e s as s p e c i a l cases, 

t h e Cobb Douglas f u n c t i o n 

V = A K L f o r /3 = 0, A = oc 

and t h e Crs f u n c t i o n 

V = £fK + <yL L J f o r c = 0 

Und r c o n d i t i o n s o f p r r f ~ c t c o m p e t i t i o n , dt may be r e p l a c e d by 

oi0 s i n c e ,th'n m = 1. 

I t mov n o t be q u i t e u s e f u l to i n t r o d u c e more f a c t o r s 

: n t o t h e l o g l i n e a r p r o d u c t i v i t y r e l a t i o n because t h e number 

o f t h e av l i a b l e d i f f e r e n t f a c t o r s i s s m d l and t h e e f f e c t o f 

any a d d i t i o n a l f a c t o r s may be c o n t a i n e d m t h e e x i s t i n g f a c t o r s . 

There i s t h e r i s k o f m u l t i c o l l m r a r i t y t o e . I t was a l s o n o t i c e d 

t h a t t h e e m p i r i c a l r e s u l t s o b t a i n e d f r o m t h e use o f s u c c e s s i v e 

p r o d u c t i v i t y r e l a t i o n s stopped showing any improvements when 

u't, v ached t h r Tsang Y :une p r o d u c t i o n f u n c t i o n w h i c h added 

l i t t l e t o t h e r e s u l t s . 

There does n o t s."m t o be much scope beyond t h e use 

o f & few i m p o r t a n t t e c h n i c a l and economic v a r i a b l e s m t h e 

p r o d u c t i v i t y r e l a t i o n . 

Vazquez( 1 971) I m - a r P r o d u c t i v i t y R e l a t i o n 

\J, may now c o n s i d e r a v a r i a t i o n m t h e L u - F l e t c h e r 

f o r m by t a k i n g a l i n e a r p r o d u c t i v i t y r e l a t i o n ( w i t h o u t u s i n g 

l o . a r i thms) i n s t e a d o f a l o g l i n e a r p r o d u c t i v i t y r e l a t i o n . 

I f we assume a l i n e a r r e l a t i o n s h i p between V / l , w and x 

under c o n d i t i o n o f p e r f e c t c o m p e t i t i o n 

V/L = a + b w + c y 
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W'~ hav~ y = a + "b(y - x dy/dx) + ex 
L 

vhose s o l u t i o n i s g i v e n "by y = x(Ax f c+ c) + a/(1-b) 

where A n s a c o n s t a n t o f :int g r a t a on. 

The e x p l i c i t form o f t h e p r o d u c t i o n f u n c t i o n i s 

The m a r g i n a l p r o d u c t i v i t i r s a r e g i v n by 

i —i> 

which are p o s i t i v f o r any v a l u e o f K/L w i t h a^O, c^O. 

I f t h i s p r o d u c t i o n f u n c t i o n i s homog necus o f d gree 

one, t h e e l a s t i c i t y c f s u b s t i t u t i o n depends on t h e i n p u t r a t i o 
6 = y' ( x y 1 - y ) 

xyy" 

( a + ( b - l ) y +cx) ( y - a - cx) 
" ( b - 1 ) y ( y - c x ) +ay 

The f u n c t i o n reduces t o t h e Gohh Douglas f o r m i f 

a = 0 = c. I f o n l y c = 0 we have Bruno's model 

Y = L K I - ~ L w i t h 6= 1 - a l / V . 

I f o n l y a= 0, we have 

Y = A K*L X+ cK w i t h <S = 1 - c K / ( l - b ) V . 

I f b > 1 , c > 0 , t h ' n 6 i s always g r e a t e r t h a n u n i t y . 

As V/L i n c r e a s e s , m o n o t o n i c a l l y approach s u n i t y f r o m above. 

I f c < 0 , i s always l e s s t h a n u n i t y and m o n o t o n i c a l l y 

approaches u n i t y f r o m below as V/L i n c r e a s e s . 

The l i n e a r p r o d u c t i v i t y r e l a t i o n ; l v e n above i s 

q u i t e m x - r e s t i n g b caus< i t can b^ handled w i t h o u t any 

t r a n s f o r m a t i o n and i t o f f e r s a s t r a i g h t f o r w a r d e - n c r a l i s a t i o n 

o f t h i Cobb Douglas form. I n a d d i t i o n i t o f f e r s a n a t u r a l 

e x t e n s i o n o f t h - Bruno f u n c t i o n w h i c h on i t s own m^y be 

c o n s i d : r ~ d r a t h e r asymmi t r i c a l b etwren i n p u t s . But i t i s 
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n o t more - e n c r a l t h e n t h e L u - F l e t c h r p r o d u c t i v i t y 

r e l a t i o n b. cauoe i t do f s n o t i n c l u d e the CES f u n c t i o n as 

c p a r t i c u l e r cas r i. So f a r as t h ' f i t i s concerned w. 

found t h e r e was n o t h m r t o choose betwe> n the two f r o m 

th<- p o i n t o f VILW o f our d a t a t h e l i n e a r as w e l l as t h e 

l o g l i n e a r p r o d u c t i v i t y r . - l a t i o n s b o t h gave u s s i m i l a r 

f i t s . Between the two we p r f e r t h e l u - F l r t c h . r r e l a t i o n 

w hich t h r e f o r m , hsve used e m p i r i c a l l y j n d e t a i l . 
* * * * 

T h i s s e c t i o n on p r o d u c t i v i t y r e l a t i o n s may be l o o k e d 

upon as an e x t e n s i o n o f t h e s e c t i o n s on t h e Cobb Douglas 

as w e l l as t h e Ĝ S f u n c t i o n s . Because o f i t s convenience, 

t h e use o f p r o d u c t i v i t y r e l a t i o n s i s a common f e a t u r e 

o f p r o d u c t i o n f u n c t i o n s t u d i e s . V/e have c o n s i d e r e d above 

a few e x t e n s i o n s o f t h e CFS p r o d u c t i v i t y r e l r t i o n s . 

Depending on t h e importance and t h e need f c r i n c l u s i o n , 

more v a r i a b l e s may be added t o an e i s t i n g r e l a t i o n . 

For i n s t a n c e , i f i t i s known t h a t ( i n K/L) can p l a y a 

s i g n i f i c a n t e x p l a n a t o r y e x p l a n a t o r y r o l e , t h e Lu F l e t c h e r 

p r o d u c t i v i t y r e l a t i o n may be extended t o be m t h e f o r m 

I n V/L = a + b I n w + c I n F/L + d ( l n K/L) , though i t i s 

n o t l i k e l y t h a t i t may h e l p much. However, a p r o p e r e x p l i c i t 

form o f p r o d u c t i o n f u n c t i o n cannot be d e r i v e d f r o m t h i s 

r e l a t i o n 

T x t e n s i o n s o f o t h e r p r o d u c t i v i t y r e l a t i o n s may 

be o b t a i n e d cn s i m i l a r l i n e s b u t t h e i r v a l u e would l i e 

m t h e i r economic v a l i d i t y . 
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V3S P r o d u c t i o n F u n c t i o n s d e r i v e d fTom E l a s t i c i t y o f 

S u b s t i t u t i o n R e l a t i o n 

E x t e n s i o n s o f p r o d u c t i o n f u n c t i o n forms may be made 

b^ t h e use o f the e l a s t i c i t y o f s u b s t i t u t i o n w h i c h i s assumed 

t o have a f u n c t i o n a l r e l a t i o n s h i p w i t h t h e i n p u t r a t i o or 

somp o t h e r f a c t o r . T h i s mode o f d e r i v a t i o n o f p r o d u c t i o n 

f u n c t i o n forms i s based on the argument t n a t a c o n s t a n t or 

u n i t a r y e l a s t i c i t y o f s u b s t i t u t i o n i s n o t a v r y r e a l i s t i c 

assumption. 

The form o f p r o d u c t i o n f u n c t i o n r e s u l t i n g from t h e 

r e l a t i o n between 6 and the i n p u t r a t i o depends on t h e t y p e 

o f assumed r e l a t i o n . Moreover, t h e r e a r e two p o s s i b i l i t i e s i : 

t h e casw o f a two i n p u t f u n c t i o n w i t h E and L mpuxs. One 

may assume 6 t o lepend on K/L or L/K. I n e i t h e r case, we 

do sway w i t h t h e t a c i t assumption o f Cobb Douglas and CIS 

furic Lions wmch r e q u i r e somo k i n d o f f i x t d t e c n n i c a l s u b s t i ­

t u t i o n between i n p u t s . 

\ ' h i l e i t i s d i f f i c u l t t o p r e d i c t t h e b e h a v i o u r o f 

e l a s t i c i t y o f s u b s t i t u t i o n m p r a c t i c a l cases i t i s c e r t a i n l y 

pos l b l e t o d e r i v e some c o n c l u s i o n s f r o m observed r e s u l t s . 

I n s t e a d o f assuming 6 t o be zero ( v a r V o d Domar) or u n i t y 

(Cobb Dougl-s) or i n f i n i t y ( s t r a i g h t l i n e i s o q u a n t ) or 

even a c o n s t a n t between zero and i n f i n i t y (CES f u n c t i o n ) , i t 

may be u s e f u l t o assume t h a t 6 v a r i e s w i t h t h e i n p u t r a t i o . 

S e v e r a l p o s s i b i l i t i e s may be c o n s i d e r e d . 

6 i s s m a l l a t low i n p u t r a t i o s , r i s i n g as t h e r a t i o 

r i s e s , reaches a maximum and decreases a t a c e r t a i n v a l u e 

o f t h e i n p u t r a t i o . 
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Cr, may b~ h i f h a t low i n p u t r a t i o s , f a l l m ~ 

w i t h a r i s e m the r a t i o . 

A l t e r n a t i v e l y , i s s m a l l a t low i n p u t r a t i o s 

and m c r ascs as th e r a t i o r i s e s . 6 may IK assumed t o 

v a r y w i t h any o t h e r f a c t o r or f a c t o r s p r o v i d e d such a 

v a r i a t i o n can be e c o n o m i c a l l y j u s t i f i e d . 

U n f o r t u n ? t r l y i t i s n o t easy t o i n c o r p o r a t e v a r i o u s 

q u a l i t i e s expected o f the. parameter 6 m t h ; some f u n c t i o n . 

A t t e m p t s hav>- be-n made m t h / l i t e r a t u r e t o d e a l w i t h 

s i m p l e r cases. 

'Empirically, i f 6 i s f o u n d n o t t o v a r y s i g n i f i ­

c a n t l y w i t h c a p i t a l deepening t h e v a l i d i t y o f t h e 0 i/S 

f u n c t i o n f o l l o w s . Eut t h e constancy o f e l a s t i c i t y o f 

s u b s t i t u t i o n i s n o t a c h a r a c t e r i s t i c o f the r e a l w o r l d . 

i t i s c o u n t e r i n t u i t i v e . T h i s has l e d t o a sea r c h f o r 

s u i t a b l e f u n c t i o n s w i t h v a r i ^ b l ^ e l a s t i c i t y o f s u b s x i x u x i o n . 

Ps a r l y as 1931, H i c k s , m h i s Theory o f Wages emphasised 

t h a t e l a s t i c i t y o f s u b s t i t u t i o n l n c r ^ a s - d w i t h an i n c r e a s e 

m c a p i t a l and t h a t s h o u l d r e s u l t m the making and 

a d o p t i n g o f a labour-saving i n v e n t i o n . A f u n c t i o n a l r e l a t i o n 

between e l a s t i c i t y o f s u b s t i t u t i o n and c a p i t a l l a b o u r 

r a t i o was i m p l i < d m Hicks', sug c s t i o n . 

Thr concept o f a v a r i a b l e e l i s t i c i t y o f s u b s t i t u t i o n 

(V rS) p r o d u c t i o n f u n c t i o n i f c o n f i n e d t o a p a r t i c u l a r 

f u n c t i o n i s n o t q u i t e v i a b l e inasmuch as any p r o d u c t i o n 

f u n c t i o n which i s n o t a G f u n c t i o n i s , by d e f i n i t i o n a 

VES f u n c t i o n f o r w h i c h an i n f i n i t y o f p o s s i b i l i t i e s can be 

d i s c o v e r e d . Moreover a VTHS f u n c t i o n , m t h e sense m which 

i t i s b-mg u n d e r s t o o d , j u s t a l l o w s f o r on' 's u n w i l l i n g n e s s 
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t o ascume constancy a l o n g an i s o q u a n t . I n t h a t case, 

one s h o u l d he e q u a l l y u n w i l l i n g t o assume constancy 

a l o n g a r a y , t h i s i s t h e approach o f t h e ho m o t h e t i c 

p r o d u c t i o n f u n c t i o n s . But what i s needed i s an a l g e b r a i c 

f o r m w h i c h i s s u f f i c i e n t l y g e n e r a l , l i n e a r m parameters 

and c o n v e n i e n t t o e s t i m a t e . The VES f u n c t i o n s , d e r i v e d 

w i t h t h e h e l p o f t h e e l a s t i c i t y o f s u b s t i t u t i o n r e l a t i o n 

do n o t n e c e s s a r i l y possess these q u a l i t i e s . However, 

depending on t h e assumptions made about t h e e l a s t i c i t y o f 

s u b s t i t u t i o n , some o f these q u a l i t i e s may be i n t r o d u c e d 

i n t o t h e f u n c t i o n s t h a t are d e r i v e d . 

V/e w i l l a r r i v e a t some known forms o f p r o d u c t i o n 

f u n c t i o n s by g i v i n g d i f f e r e n t v a l u e s t o t h e e l a s t i c i t y o f 

s u b s t i t u t i o n . The VES f u n c t i o n s w i l l r e s u l t by assuming t h a t 

i t i s dependent on t h e c a p i t a l l a b o u r r a t i o , K / L . ACMS(1961), 

i n t h e i r s tudy o f t h e CDS f u n c t i o n , puggest such a depen­

dence. Wise and Y e h ( l 9 6 5 ) , m t h e i r i n t e r - c o u n t r y s t u d y o f 

wage and p r o d u c t i v i t y d i f f e r e n t i a l s f i n d t h a t t h e e l a s t i c i t y 

o f s u b s t i t u t i o n i n c r e a s e s t o a c e r t a i n p o i n t above u n i t y as 

K/L i n c r e a s e s and t o l e s s t h a n u n i t y as K/L decreases. 

We w i l l c o n s i d e r t h e forms developed by S a t o ( l 9 6 5 ) 

and Revankar(1971). A more g e n e r a l form w i l l a l s o be g i v e n . 

The f o l l o w i n g f o r m u l a w i l l bo found t o be c o n v e n i e n t t o 

d e r i v e the forms r e f e r r e d t o above. 

4 _ _ y ' ( y - xy') 
xyy" ' 

I f i t i s assumed t h a t 6= 0, we have y/x = y' . 

T h i s leads t o y=Ax, where A i s a c o n s t a n t o f i n t e g r a t i o n . 

Since x=K/L, y=V/L, t h i s r e l a t i o n may be v / r i t t e n V = AK. 
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Anoth* r p o s s i b l e s o l u t i o n i s V = BL i f the f o r m u l a 

f o r e l a s t i c i t y o f s u b s t i t u t i o n us s 1/x = L/K i n s t e a d 

o f x = K/L. Th- complete s o l u t i o n i s the l i n e a r p r o d u c t i o n 

f u n c t i o n : 

V = A K + fi> L, w i t h p o s i t i v e and c o n s t a n t 

m a r g i n a l p r o d u c t s . I f t i n e q u a t i o n s V = A K and V = 8 1 

are b o t h t r u e o r o n l y on> has m anmg, w< have t h e l e o n t i e f 

f i x e d p r o p o r t i o n s c as c 
V = mm (A K, 6L). 

I f 6 = 1, we have t h d i f f e r e n t i a l e q u a t i o n 

y" + y'/x - ^'VV - ^ 

whos-- s o l u t i o n i s y = A x ' or V/L = A (K/L) 

v/hich i s t h e Cobb Douglas f u n c t i o n . 

Th assumption 6 = a c o n s t a n t and the r e s u l t i n g 

d i f f ' - r - n t i a l e q u a t i o n y" + ^} 4 - V V b - A 

l e a d t o the CDS f u n d i o n . 

S a t o ( l 9 6 5 ) d c r i v d t h ~ e x p l i c i t forms o f som, V ,5 

p r o d u c t i o n f u n c t i o n s under t h e assumptions o f p e r f e c t 

c o m p e t i t i o n anr" c o n s t a n t t e c h n o l o g y . L e t t h e l a s t i c i t y 

o f s u b s t i t u t i o n K assumed t o be u. l i n e a r f u n c t i o n o f x =K/L» 

i . e . , 4 ( x ) - l£lZ2l^ - o, + bx d k O > 0 

S u b s t i t u t i n g u = y/y', 
i _ J-

we have : — • 
or I n ( u -x) = _L U ^ x

 + c 

c > 0 because u - x = m a r g i n a l r a t e o f s u b s t i t u t i o n > G. 

W r i t i n g A f o r ^ a r b i t r a r y e o n i t a n r 
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I f an e x p l i c i t s o l u t i o n i s d e s i r e d f o r t h e 

above e x p r e s s i o n t h e n a S i m p l i f i c a t i o n may be i n t r o d u c e d 

by assuming a t o be a r a t i o n a l number equal t o n/m 

where n,m are p o s i t i v e i n t e g e r s . G i v i n g s u i t a b l e 

v a l u e s t o a, a v a r i e t y o f forms of p r o d u c t i o n f u n c t i o n s 

can be generated. Only some o f these forms may be a s e f u l 

m p r a c t i c e . 

We c o n s i d e r now some forms o f VES f u n c t i o n s . 

A g e n e r a l i s a t i o n i s a l s o suggested. 

Revankar'f VFS p r o d u c t i o n f u n c t i o n , a l t h o u g h a 

p a r t i c u l a r case o f S a t o ( 1 9 6 5 ) , was i n t r o d u c e d i n d e p e n d e n t l y 

and may be c o n s i d e r e d m i t s own r i g h t . Revankar(1969) 

makes t h e asaumption t h a t t h e e l a s t i c i t y o f s u b s t i t u t i o n i s 

a f u n c t i o n o f t h e c a p i t a l l a b o u r r a t i o 

6(x) = 1 + bx where x = K/L. 

T h i s a l l o w s a t e s t o f t h e n u l l h y p o t h e s i s b = 0 t o f i n d 

i f t h e f u n c t i o n s h o u l d be a Cobb Douglas f u n c t i o n . 

The e x p l i c i t f o r m o f tho p r o d u c t i o n f u n c t i o n i s 

g i v e n by 

V . Y K 1 - S S [ I • ( 1 - 1 * 1 * 
where b = /* . The parameters 5 and <̂  a r e a f f e c t e d 

by t h e u n i t s o f measurement so t h a t i t i s always p o s s i b l e 

t o secure t h e c o n d i t i o n 0 < S < 1 as a m a t t e r o f 

c o n v e n t i o n . 

To ensure t h a t 

«* = 1 + K/L > 0 

t h e r e s t r i c t i o n i s L/K >> \-%\ 

Revankar's f u n c t i o n can be m o d i f i e d t o be one w i t h 

homogeneity o f degree 

V = f V ^ ) [ L + (^)k]] 
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Th C~"S f u n c t i o n cannot b> d r - r i v d from Revankcr's 

VtS f u n c t i o n . The l a t t e r i s more g - n e r a l , howevi r , m 

t h a t , as a g a i n s t a c o n s t a n t e l a s t i c i t y o f s u b s t i t u t i o n 

md~p. ndent o f the l ^ v e l o f o u t p u t , a t a l l p o i n t s o f an 

i s o q u a n t , i t has the s u b s t i t u t i o n parameter c o n s t a n t o n l y 

a l o n g a r a y w h i l e v a r y i n g a l o n g an i s o q u a n t . 

I f we w r i t e L , = I + - 1) K 

t h r f u n c t i o n become s 

V = I K L, 

which means t h a t t h - use o f L i n s t e a d of I j m t h e Cobb 

Douglas f u n c t i o n i n v o l v e s sp c i f i c a t i o n e r r o r . W i t h 

^ ^ 1, L t may be regarded as a composite l a b o u r i n p u t 

m t h c o n t e x t o f th- Cobb Douglas f u n c t i o n . 

A l t r n . l i v e l y , w r i t i n g ¥ = y A(K/L) K L 

wh-r- A ( K / I ) = £l + ( ^ - 1 ) K/L"] V <** 

we m^y compare i t w i t h 

v = y( K L 

Ravankar's f u n c t i o n s a t i s f i e s t h ^ prop r t i e s o f a 

n e o c l a s s i c a l p r o d u c t i o n f u n c t i o n 

M/JK = (1 - JS)V/K + V<5$(^- 1 )V/[L+(^-1 )Kl ^ 0 
73V/^L = vJS V/£L+(<S-1)K] ̂  0 

i/s =ikms = ^ 4- - t - i ! £ , J * £ \ >/0 

The f a c t o r shares asymm t r i c a l and n o n c o n s t a n t . 

They depend on t h e i n p u t r a t i o . 

S L LV . 

Revankar's VES f u n c t i o n i n c l u d e s as sp> c i a l cases 

Harrod Domar case: f o r % = 0 , V = .AK 

Cobb'Douglas f u n c t i o n * 1 or ^ = 1 , V = ^ K L 
The S t . L i n e I s o q u a n t f n . : f o r I A, V = Jl £i l Ci- 5) K 3 
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Sato and Hoffman(1 9 6 8 ) u s i n g t h e d e f i n i t i o n o f 
e l a s t i c i t y o f s u b s t i t u t i o n , d e r i v e a workable f o r m o f 
p r o d u c t i o n f u n c t i o n . 

w y' ( y - *y') 
- x y y" 

^ = * exp \ -—jj^Z = A exp J V ( x ) dx , say. 

To s o l v e t h i s i t i t n ecessary t o get an e x p l i c i t 

i n t e g r a t i o n r e s u l t f o r j f y ( y ) dx. I f ( x ) stands f o r 

l a b o u r share, assume \ ( x ) - S-jU>/x . 

Le t S^ ( x ) be a l i n e a r f u n c t i o n o f x : 

( x ) = ax + x 

the-h Y ( x ) = a + 1 
J = / £ x 

Thus , by making s u i t a b l . assumptions about an 

e x p r e s s i o n i n v o l v i n g K/L f o r «̂  , i t i s p o s s i b l e t o 

ge n e r a t " a v e r i e t y o f forms o f p r o d u c t i o n f u n c t i o n s . 

T h i s form namely, y =Ae£v''x x ̂  i s v ^ r y easy t o handle 

and i s u s e f u l p r o v i d e d t h e assumptions a s s o c i a t e d w i t h 

i t arr j u s t i f i e d . Th" assumptions g i v n above, v i z . , 

"Sr ( x ) = S^ ( x ) / x and S^ ( y ) = ax + x have been made 

o n l y t o a r r i v e a t a simple f o r m f o r t h e p r o d u c t i o n f u n c t i o n . 

Sato and Hoffman f i t t ' d t h i s VTS f u n c t i o n t o U.S. 

and Japan t i m - s e r i - s d a t a and found r - s u i t s w h i c h were 

mor s a t i s f a c t o r y t h a n those o b t a i n e d f r o m t h e Cobb Douglas •** 

CIS f u n c t i o n . 

Th'. dep-ndrnce o f € on K/L has b - j n j u s t i f i e d on 

t h e o r e t i c a l as w 11 as e m p i r i c a l grounds. V/e hav- n o t e d 

t h a t H icks suggested such a d p^ndenc^ as e a r l y as 1931 

m h i s Theory o f "/ages. A l t h o u g h ACMS(1(161) t h mselvcs 

d i d n o t mak 0 use o f such a c o n n e c t i o n t h e y d i d suggest i t . 



As noted e 3 r l i e r ( s e e p.78), no d e f i n i t e r u l e about 

t h e "behaviour of 6 w i t h K/L has been n o t i c e d . On t h e same 

l i n e s , we may expect t h e dependence o f 6 on L/K, w i t h t h e 

be h a v i o u r o f d , w i t h changes m L/K^not f o l l o w i n g any 

d e f i n i t e r u l e . Since a h i g h K/L i m p l i e s a low L/K, i t i s 

u s u a l t o t h i n k t h r t a r e l a t i o n w i t h one imbibes an i n v e r s e 

r e l a t i o n w i t h t h e e t h e r . T h i s may n o t be so i n p r a c t i c e . 

I t may De surmised t h o t 4 depends on b o t n unou hh n o t 

n e c e s s a r i l y s y m m e t r i c a l l y and thax t he r e a c t i o n o f 6 t o 

changes m K/L need n o t o b v i a t e i t s r e a c t i o n t o changes i n 

L/K. I n o t h e r words, i t i s suggested t h a t t h e c a p i t a l 

i n t e n s i t y and l a b o u r i n t e n s i t y may n o t have any p r e d i c t a b l e 

m v e n e e f f e c t s on e l a s t i c i t y o f s u b s t i t u t i o n . The s u b s t i ­

t u t i o n o f c a p i x a l f o r l a b o u r i s a g r a d u a l process w h i c h has 

been ^omg on f o r c e n t u r i e s , ^he s u b s t i t u t i o n o f l a b o u r f o r 

c a p i t a l i s r e l a t i v e l y an uncommon phenomenon, i t t a k ^ s pla.ce 

sometimes under c e r t a i n c i r c u m s t a n c e s and m a manner, 

u s u a l l y d i f f e r e n t f r o m t h a t o f t h e s u b s t i t t i o n o f c a p i t a l 

f o r l a b o u r . 

I t may be u s e f u l t o mo d i f y t h e assumption o f <f 

depending on K/L a l o n e . To a v o i d more c m p l i c a t e d r e l a t i o n s , 

] e t us assume r l i n e a r r e l a t i o n beti'^en 6 and t h e two r a t i o s 

K/L and L/K, m xhe form 

* = a + b K/L + c L/K 

a + b x + c / x where x = K/I 

where a,b,c are unknown q u a n t i t i e s and need t o be de t e r m i n e d . 

From t h i s r e l a t i o n i t i s p o s s i b l e t o a r r i v e a t an 

e x p l i c i t form o f p r o d u c t i o n f u n c t i o n i f we use t h e d e f i ­

n i t i o n o f 3 l a s t i c i t v o f s u b s t i t u t i o n 

http://pla.ce


6 = _ y f ( y - x y 1 ) = a + bx + c/x 
xyy' 

w h i c h nay be w r i t t e n 
2 2 (c + ax + bx ) ( y ' 7 y ) - x ( y ' / y ) + y'/y = 0 

or (c + ax + b x 2 ) ( l - ^ - ^ ) - y + 1 / u = 0 where u = y'/y. 

I f we v / r i t e 0 = - ;—, , we have 

d_ i_ = e ^ + x e 0 d$/dx 
dx u 

' y'/y = C x + b e ~ 0 ( x ) ] 1 

Hence y = A exp J ^ 

where A, B are a r b i t r a r y c o n s t a n t s . For an e x p l i c i t s o l u t i o n 

we must have an e x p l i c t s o l u t i o n f o r 0 ( x ) . We have 
0 ( x ) = _ 2 t a n 2 a x + c l f 4a-b > c

2 

V 4ab - c6" V 4ab - c 

2/(2ax +c) i f 4ab = c 2 

= _ 1 I n 2ax+c- y c 2 - 4 a b i f 4ab c 2 

J~c2 - 4ab 2ax+c+ ,/c2-4ab 
2 

C o n c e n t r a t i n g on t h e l a s t case w i t h 4 a b < c and s u b s t i t u t i n g 
a _ c-7c^-4ab -u _ c+ ,/c 2-4ab „ _ 
ao — '>b° *Ta" ' °o- s/c^ -4ab 

we gat - 0 ( x ) = l n [ | ^ g . J ^ 

so t n a t y = A e x p j f ^ ^ 6 C J ± ^ )
C t j " J

J x 

= A eypf- <* ̂ c > C O ^ L , 

= A e x p / ^ j j dx , say, 
where l ( x ) , R(x) are "polynomials o f a degree wh i c h w i l l be 

assumed t o be an i n t e g e r as t h e n o n - i n t e g e r case cannot be 

s o l v e d . 

The s o l u t i o n may be w r i t t e n 
ft fa h 

y = A(y - * , ) ( x - ^ ) . . . ( x ->„) 
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where o^, cx̂ , . • ,0^ are t h e r o o t s o f R(x) and none o f t h e r o o t s 

i s r e p e a t e d so t h a t P ( x ) / R ( x ) = iL ̂ u/C*-c-O 

I f cX(, o(L, . .. ,« n are r e p e a t e d r o o t s such t h a t o( i s 

r e p e a t e d m t i m e s , 1 = 1,2, . ..,n, t h e n R(x) = ( x - * ( ) " " . ' . . (x-»»,) 

«ru» F ( x ) / R ( x ) = Z" H P / ( x - 0< ) J so t h a t 

I l ^ - i l f'J + i | V | m ( x - « ) + i n A 
where I n A i s a c c n s t a n t o f i n t e g r a t i o n . W r i t i n g = |3 y 

we have t h e e x p l i c i t s o l u t i o n g i v e n by 

A { e x p £ x ' - h ( x - « } f r ( x - a ) ^ ' 

I f we w r i t e ^ ( x ) = ( x - * ) P ( x ) / R ( x ) and i t s t t h d e r i ­

v a t i v e i s denoted by J ^ ^ , we can f i n d 

P""t ( m 1 - 1 ) ! 

R(x) has r e p e a t e d r o o t s i f R(x) and R^x) have a common 

r o o t . For i n s t a n c e , r e p e a t e d r o o t s a r e p o s s i b l e i f a Q = b , i . e . 

(c - A / C ^ - 4ab )/2a = (c + «/c2 - 4ab )/2a or c 2 = 4ab. 

I f each m =1, the si m p l e case o f nonrepeated r o o t s f o l l o w s . 

Assuming nnnrepeated r o o t s and s u b s t i t u t i n g x = K / I , we g et 

the p r o d u c t i o n r e l a t i o n 

V = AL(K/L-^ 1)(K/L-C( 2)...(K/L-V n) 

The e x p r e s s i o n V/L = A 1?" (K/L - fX i s a p o l y n o m i a l m K/L >̂ t-^ 1 «i 
o f degree X ^ . 

I f a l l t h e r o o t s are equal o r i f t h e r e i s a s i n g l e r o o t 
(3 

t h e e x p r e s s i o n reduces t o t h e fo r m V/L = A(K/L - "X ) whi cn i s 

a p o l y n o m i a l o f degree m K/L. T h i s i s t h e s i m p l e s t 

e x p r e s s i o n t h a t may be a r r i v e d a t f o r p r a c t i c a l work u n l e s s 

(X = C m wh i c h case i t i s reduced t o t h e Cobb Douglas f o r m 

w i t h c o n s t a n t r e t u r n s t o s c a l e . I n t h i s f o r m , Cx way be 

co n s i d e r e d as a c o r r e c t i o n f a c t o r f o r K/L. 
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The p r o d u c t i o n r e l a t i o n 
Y/L = A (K/L - V y (A) 

s a t i s f i e s n e o c l a s s i c a l r e q u i r e m e n t s i f 0 < x _ ^ < 1, so t h a t 

3V/3L = (1 - ^ )V/L > 0; 2V/?YL = _ J L . V/K > 0. 

The MRS i s g i v e n by s - x ~ s o "that t h e e l a s t i c i t y 

o f s u b s t i t u t i o n i s a f u n c t i o n o f 1/x m t h i s s i m p l e case* 

<i = 1 - -p^px which i m p l i e s a=1,b=0,c= ~ "prp, » a n d 

w h i c h reduces t o 6 = 1 i f Cx = 0. 

The e s t i m a t i o n of the r e l a t i o n (A) r e q u i r e s the use o f 

n o n l i n e a r r e g r e s s i o n t e c h n i q u e u n l e s s the v a l u e o f ^ i s known. 

I t s h e u l d be p o s s i b l e to e s t i m a t e t h e r e l a t i o n more e a s i l y i f 

o( ( o r Xj jOtg» • • • f 0^ m th e n - r o o t case) can be found. T h i s may 

be done by e s t i m a t i n g a,b and c f i r s t . 

One way o f e s t i m a t i n g a,b,c i s by t h e method o f o r d i n a r y 

l e a s t squares. Assuming t h a t t h e p r o d u c t i o n r e l a t i o n y = y ( x ) 

i s a p o l y n o m i a l m x, i t i s p o s s i b l e t o o b t a i n approximate 

n u m e r i c a l v a l u e s o f t h e d e r i v a t i v e s y' and y" w i t n the h e l p 

o f d a t a on x and y. I f t h e n s e t s o f v a l u e s o f x,y,y',y" a r e 

s u b s t i t u t e d m t h e f o r m u l a f o r (5* , t h e c o r r e s p o n d i n g n v a l u e s 

o f 6 are o b t a i n e d . From t h e r e l a t i o n 

<*> ̂  = a + bx + c/x^ l = 1,2,...,n 

a,b,c may be e s t i m a t e d by o r d i n a r y l e a s t squares. 

The p r o d u c t i o n r e l a t i o n developed m t h i s s e c t i o n i s 

g i v e n as an i n t e r e s t i n g e x t e n s i o n p o s s i b i l i t y . There may be 

a l o t o f c c m p u t a t i o n a l work h e r e . 
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I n s p i t o f th° inadequacy o f t h ^ V^B f u n c t i o n s t h e 

e l a s t i c i t y o f s u b s t i t u t i o n parr-meter r - c e i v e d ample a t t e n t i o n . 

I t r s u i t e d m some m t r e s t i n g forms o f p r o d u c t i o n f u n c t i o n s . 

The l i t e r a t u r e do^s n o t have many cases o f e s t i m a t i o n o f 

t h e e n t i r e p a r a m t t _ r s e t o f any i m p o r t a n t f u n c t i o n a l forms. 

ACMS(1961) d i d i t m t h - i r s e m inal paper but i t was don e 

m v e r y f e w e m p i r i c a l s t u d i e s t h e r e a f t e r . Perhaps t h i s was 

because o f the d i f f i c u l t i e s a s s o c i a t e d w i t h t h e i r e s t i m a t i o n 

and a l s o b-cause th= p r o d u c t i o n f u n c t i o n phenomenon serins 

t o have <volved m a manner t h a t does n o t a l l o w o n r t o go 

f a r . Overy^thmg semis t o r e v o l v e around a few chosen 

concepts and so much l a b o u r has gone i n t o t h e s t u d y o f t h -

b a s i s o f these concepts t h a t i t has become d i f f i c u l t t o 

g i v ^ them up m spate o f many f a i l u r e s . The parameters 

thorns clv<y happen t o have been d e f i n e d m such a way t h a t 

many hypotheses can bn t - s t e d even w i t h o u t e s t i m a t i n g some 

o f th'- parameters. 

The CBS \rs VIS A p p r o x i m a t i o n s 

Thi Second o r d e r A p p r o x i m a t i o n s of t h e CJS & V ilS F u n c t i o n s 

Both t h ' C JS and ViJS f u n c t i o n s are n o n l i n e a r m 

parameters. N o n l i n e a r e s t i m a t i o n rnpthods used t o ^ s t i m a t e 

t h e peramet r s are u n c e r t a i n and d i f f i c u l t t o handle so 

t h a t some i n d i r e c t methods bas^d on s t r o n g assumptions or 

a p p r o x i m a t i o n s hav- t o be used though t h e r e s u l t i n g e s t i ­

mates are n o t n c c - s s a r i l y r e l i a b l e . For i n s t a n c e , The CLIS 

f u n c t i o n i s sometimes r e p l a c e d by Kmenta a p p r o x i m a t i o n . 

^s shown by Maddala and Kadane( 1967), by t h e use o f 

Monte C a r l o methods, t h i s proc d u r ^ does n o t r e s u l t m 
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r e l i a b l e e s t i m a t e s o f t h e e l a s t i c i t y o f s u b s t i t u t i o n 

a l t h o u g h i t g i v r s r e l i a b l e e s t i m a t e s o f the n t u r n s t o 

s c a l e paramet r . Again, t h e use o f t h p o p u l a r p r o d u c t i ­

v i t y - w a g e r e l a t i o n s h i p , i n s t e a d o f the p r o p e r 0''S f u n c t i o n , 

i s based on som< s t r o n g assumptions. 

Th e s t i m a t i o n o f t h e parameters o f th<- V 'S f u n c t i o n 

i n v o l v e s us m d i f f i c u l t i e s s i m i l a r t o thos^ o f t h - G'_S 

f u n c t i o n . A l t h o u g h the V~JS f u n c t i o n i s expected t o be 

s u p e r i o r t o t h e CJS m sonr r sp c t s , Corbo(l974) has 

shown t h a t t h e second o r d e r a p p r o x i m a t i o n s o f b o t h t h ^ CIS 

and VJS f u n c t i o n s have t h ^ same form which, wh« n c o n s i d e r d 

as an a p p r o x i m a t i o n o f tbeV'S f u n c t i o n i s , m g e n e r a l , 

s u p e r i o r t o th> a p p r o x i m a t i o n o f t h e CT"S f u n c t i o n . 

A c c o r d i n g t o Corbo, i t i s n o t p r o p e r t o use t h e Kmenta 

a p p r o x i m a t i o n t o "make i n f e r e n c e s w i t h resp c t t o parameters 

o f a Ĉ S f u n c t i o n w i t h o u t s t r o n g independent e v i d nee t h a t 

t h e t r u e p r o d u c t i o n mod 1 i s m J r c d a CXS f u n c t i o n . " 

Km<nta(l967) a l s o observes t h a t i f a f u n c t i o n f| i s an 

a p p r o x i m a t i o n t o f x , what i s r e l e v a n t i s how w e l l f j 

a p proximates f% w i t h i n some range o f p r a c t i c a l i m p o r t a n c e . 

.Allowing f o r n o n c o n s t a n t r e t u r n s t o s c a l e , t h ^ CHS 

f u n c t i o n i s g i v e n by 

The Bruno f o r m o f the VIS f u n c t i o n may be v r i t t e n 

o <: £ <L f 5 > -| 

The T a y l o r s e r i e s expansion up t o t h e second o r d e r 

t e r m o f each around ^ = 0 i s g i v e n by 
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CIS I n V = I n f + ^ I n K +v(1-S>) I n L - $ i t f * & ) ( l n K - l n L ) 2 

VTS I n Y = I n f + V £ £ + m (1 -S )J I n K- u ( l - S ) ( m - l ) I n L 

_ i -f<j$(i-S)(m-1 ) 2 ( I n K - l n L ) 2 

As the; two e x p r e s s i o n s have t h e same common fo r m , 

th° CHS e x p r e s s i o n e n n o t "be used t o e s t i m a t e t h e c o e f f i c i e n t s 

o f a CLS f u n c t i o n w i t h o u t a p r i o r i i n f o r m a t i o n t h ~ t t h e C7S 

i s indeed t h e t r u e model. I f t h i s common form i s 

I n y = I n V/L = I n f + ] n x + I n x ) 2 , x = K/L 

t h e r e i s t h e problem o f mult3 c o l l m c - a r i l y i f x, t h e c a p i t a l 

l a b o u r r a t j o i s l i m i t e d m range. A h i g h c o r r e l a t i o n between 

I n x and ( i n x ) may i m p l y t h e i r v a r y i n g mv.'e^scly w i t h 

each o t h e r and l a r g e s t a n d a r d e r r o r s o f c o e f f i c i e n t s . 

A l l VTS f u n c t i o n s dc n o t n e c e s s a r i l y have t h e same 

r e s u l t a n t a p p r o x i m a t i o n as t h a t f o r t h e CES f u n c t i o n . The 

Bruno VTS form approximates t o t h e Kmenta form, as n o t e d above 

because the CFS f u n c t i o n i s a s p e c i a l case o f Bri no f u n c t i o n 

and i s n e s t e d w i t h i n i t . I t may n o t be n e s t e d w i t h i n some 

o t h e r VPS f u n c t i o n s . Gee H a r v e y ( 1 9 7 7 ) . A T a y l o r s e r i e s 

expansion around ^ =1 0 f Revankar VTS f u n c t i o n 

v = y K CL + ( S - 1 ) KJ % 

r e s u l t s m * ] n y ^ l n y" + ( i / - 1 ) l n 1 +v(1-£$)ln x + "v<5 (^-1)x 

w h i c h i s d i f f e r e n t from t h e Kmenla a p p r o x i m a t i o n m t h a t i t 

has a term m x i n s t e a d o f ( i n x ) and enables an i n d i r e c t 

estimation o f a l l t h e parameters. As m t h e case o f Kmenta 

a p p r o x i m a t i o n , t h e s i g n i f i c a n c e o f t h e c o e f f i c i e n t o f x 

a l l o w s a t e s t o f t h e h y p o t h e s i s t h c t t h e t r u t f u n c t i o n i s 

o f t h e Cobb Douglas form. 
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Returns t o Scale v a r y i n g w i t h O utput, nomothetic P r o d u c t i o n 

"Functions 

The r a t e o f r e t u r n s t o s e a l ? nicy or may n o t v:a:y 

w i t h t _ i c o u t p u t l e v e l , -''hen i t V . T I P S m v e r s l y \ ; i t h t h e 

o u t p u t , t h optJmum l e v e l o f p r o d u c t i o n can be d e t e r m i n e d , 

'"'hen i t i s c o n s t a n t which happens ^hen t h e pi o d u c t i o n 

f u n c t i o n i s homogeneous o f decree one, t h - optimum p r o d u c t i o n 

l e v e l does n o t e x i s t . 

I f the r a t e o f r e t u r n s t o sc <le v a r i e s d i r e c t l y w i t h 

t h e o u t p u t l e v e l t h e cptjrnum p r o d u c t i o n l e v e l may s t i l l be 

found f o r xhe whole d a t a . I n t h i s case i t v o u l d "be some 

h n a o f a^era^e o f the p o i n t r e t u r n s t o s c a l e over d i f j e r e n t 

o u t p u t l e v e l s and t h e p r o d u c t i o n f u n c t i o n i s no more homo­

geneous. I f , m such a case, a homogeneous p r o d u c t i o n 

f u n c t i o n i s assumed, t h j n a t u r e o f e r r o r w i l l depend on t h e 

e x t e n t t o which p o i n t r e t u r n s t o s c s l e v a r y w i t h o u t p u t . 

F o n o x h e t i c p r o d u c t i o n f u n c t i o n s , i n t r o d u c e d "by °hephard 

(195 3) p r o v i d e a u s e f u l framework o f p r o d u c x i o n processes 

As a p p l i e d t o t h e t\;o i n p u t Cc'se, h o m o t h e t i c i t y i m p l i e s 

the constancy and uniqueness of t h e slopes o f xhe i s o q u a n t s 

a l o n g a r a y from t h e o r i g i n . Th^. e l a s t i c i t y o f s u b s t i t u t i o n 

i s c o n s t a n t a l o n g a r a y but n o t n e c e s s a r i l y so a l o n an i s o q u a n t . 

To assumption about t h e e l a s t i c i t y o f s u b s t i t u t i o n iie-ds t o 

be made i f t h e h o m o t h e t i c i t y p r o p e r t y i s t o measure v a r y i n g 

r e t u r n s t o s c a l e o f a p r o d u c t i o n p r o c e s s . 

H o m o t h c t i c i t y i s a g eometric p r o p e r t y . For t h e e n t i r e 

c l a s s o f f u n c t i o n s r e l a t e d t o an u n d e r l y i n g f u n c t i o n , 
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i t i s u s e f u l t o s t u d y p r o d u c t i o n b e h a v i o u r based on the 

p r e s e r v a t i o n o f t h ^ h o m o t h < ~ t i c i t y o f thr~ i s o q u a n t msp. 

Thus w^ can sep a r a t e t h e v a r i a t i o n s m t h e o u t p u t 

1 v 1 from t h ' e l a s t i c i t y o f s u b s t i t u t i o n c h a r a c t - r i s t i e s 

o f und r l y i n p p r o d u c t i o n f u n c t i o n s . Homogeneous f u n c t i o n s 

arc a subset o f t h e homoth°tic f u n c t i o n s . 

I t i s l o g i c a l t o us" h o m o t h o t i c f u n c t i o n s w h i c h can 

o f f r b o t h n o n v e n e b i l i t y m r t u r n s t o s c a l e as w e l l as 

e l a s t i c i t y o f s u b s t i t u t i o n . O f t e n i t i s d i f f i c u l t t o 

j u s t i f y the- us 1 o f a f u n c t i o n l i k e t h ~ (XS which a l l o w s 

n o n v a r i a b l ' e l a s t i c i t y o f s u b s t i t u t i o n and c o n s t a n t r t u r n s 

t o s c a l e even though th._ U-shaped l o n g - r u n average c o s t cu-r^s 

n~c s s a r i l y i m p l y v a r i a b l e r> t u r n s t o s c a l e . 

A p r o d u c t i o n f u n c t i o n 

V = F ( X , j X b . , M Xn) V >y 0 

f o r v h i c h o u t p u t m c r - a s e s s t e a d i l y as one moves from t h e 

o r i g i n t o t h e i n p u t s p ? c , i s n o m o t h e t i c i f cv r y i s o q u a n t 

i s a r a d i a l blow up o f ^ v _ r y o t h e r i s o q u a n t . A l l i s o q u a n t s 

ar r e l ^ t - d by t r a n s f o r m a t i o n s h o m o t h e t i c t o t h t o r i g i n . 

Homoth' t n c 3 t / i s a prop r t y o f th° i s o q u a n t s and i s n o t 

a f f ' ^ c t ^ d by t h - o u t p u t l a b e l s a t t a c h e d t o them. No r a y 

f i o m t h o r i g i n can m t r s ~ c t any i s o q u a n t mor> t h a n once. 

I f P i s h o m o t h e t i c so are g (F) and h ( g ) =h jg( £) j. 

wh re g an h are o r d e r p r r s c r v m r t r a n s f o r m a t i o n s . H .re 

i t may b- n o t e d t h a t g (JF) i s h o m o t h e t i c i f and o n l y i f 

F i s homor .n ous. 

Again i f P i s homogeneous of d f r e e jJ , t h e n 
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That i s , m t h e h o m o t h e t i c p r o d u c t i o n f u n c t i o n , t he 

m a r g i n a l ra t < i o f s u b s t i t u t i o n i s independent o f *X , t h e 

s c a l e o f p r o d u c t i o n . T h i s me^ns'that t h e e l a s t i c i t y o f 

s u b s t i t u t i o n i s c o n s t a n t J r n j a r a y fr o m t h e o r i ? i n b u t 

may n o t be c o n s t a n t a l o n g an i s o q u a n t ,ov^ t h a t , a l o n g a r a y 

from t h e o r i g a n , t h e slopes o f t h e isoquants are unique and 

equ a l . The unique r e l a t i o n s = Y"(K/L) betweon t h e s l o p e s 

o f the i s o n u a n t s -nd the s l o p e o f t h e r a y i n t e r s e c t i n g i t 

( w h i c h i s t h e i n p u t r a t i o ) , i s a d i f f e r e n t i a l e q u a t i o n 

o f t he f i r s t o r d e r which l e a d s t o t h e h o m o t h e t i c f u n c t i o n 

V = g ( f (K, L ) ) 

Compared t o t h e homogeneous f u n c t i o n s , h o m o t h e t i c 

f u n c t i o n s have t h e advantage t h a t t h e y r e f l e c t v a r i a b l e 

r e t u r n s t o s c a l e v a r y i n g w i t h o u t p u t m a p r o d u c t i o n p r o c e s s , 

^ven t e c h n i c a l p r o g r e s s o c c u r i n g an v a r i o u s forms can be 

t e s t e d w i t h t h e h e l p o f h o m o t h e t i c f u n c t i o n s . n o m o t h e t i c ! t y 

i m p l i e s , an even d i s t r i b u t i o n o f r e t u r n s t o s c a l e among a l l 

t h e i n p u t s . 

I t can be e a s i l y seen t h a t any homogeneous f u n c t i o n 

i s h o m o t h e t i c . T h i s f o l l o w s i f we prove s l s a f v?*c t i on 

o f K / I omly. 

A homogeneous p r o d u c t i o n f m i c t i o n o f d t ^ r e e h m?y be wr±ten 

V = F ( K, 1 ) 
= L*" f ( K/JJ ) 

Since PK = I ^ ' f ' and F L = l''~'(hf - ( K / L ) f 0 f 

we have t h e m r r m a l r a t e o f t e c h n i c a l s u b s t i t u t i o n 

s = ?L / P K = h f / f ' - K/L 

= y ( K / L ) 

i . e . t h e MKTS i s a f u n c t i o n o f K/L o n l v . For a homothaifcic 
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f u n c t i o n th< MRTS i s c o n s t a n t a l o n g a r a y from t h - o r i g i n . 

C l r m h o u t ( 1 9 6 8 ) , M< y r ( l 9 7 C ) and Z c l l n e r - R a v a n k a r 

(1969) hev=- develeped some forms o f homoth' ctic p r o d u c t i o n 

f u n c t i o n s . 

Z e l l n e r and Ravankar(1969) show t h a t ~ny n e o c l a s s i c a l 

p r o d u c t i o n f u n c t i o n w i t h an a r b i t r a r y dcgr^ a of homogeneity 

and c o n s t a n t or v a r i a b l e returns^scal° can be t r a n s f o r m e d 

i n t o emother n e o c l a s s i c a l g e n e r a l i s e d p r o d u c t i o n f u n c t i o n 

(G-PP) with^l a m p e l a s t i c i t y o f s u b s t i t u t i o n ajid w i t h t h o 

r e t u r n s t o scale v a r i a b l e and s a t i s f y i n g a p r - a s s i g n e d 

r e l a t i o n s h i p t o t h l n v - 1 o f o u t p u t . Clemhou"te( 1 968) homothte-

t i c i s o q u a n t p r o d u c t i o n f u n c t i o n ( H I P F ) assumes h o m o t h e t i c i t y 

r a t h e r t h a n t h e more r ^ s t r i c t i v i homogeneity of the p r o d u c t i o n 

f u n c t i o n . The i d e a m each case and p a r t i c u l a r l y m t h ^ 

cas' o f Z 0 l l n e r and Ravank~r f u n c t i o n s i s t h a t c e r t a i n 

f e a t u r e s o f t h - n e o c l a s s i c a l p r o d u c t i o n f u n c t i o n s are r e t a i n e d 

and used t o f o r m a new p r o d u c t i o n f u n c t i o n w i t h v a r y i n g 

r e t u r n s t o s c a l e . Th- n<~w f u n c t i o n s , GPP, e x h i b i t a wide 

v a r i - t y of the b e h a v i o u r o f r e t u r n s t o s c a l e and can be 

us^d t o r - c o n c i l e t h e f a c t o r share c o n t r o v e r s y . 

The frPF cannot be used a t t h r micro l ^ v e l , b cause 

i t dof s n o t ob<~y t h e law o f v a r i a b l e p r o p o r t i o n s , w i t h 

t h cons^quenc- t h a t the i n h e r e n t m i c r o p r o d u c t i o n f u n c t i o n s 

remain unknown. I t may s t i l l be used on data w i t h a l o w e r 

degree o f ag r e g a t i o n . P u r e l y m i c r o d a t a are d i f f i c u l t t o 

o b t a i n m p r a c t i c e . 
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r - e n e r a l i g e l P r o d u c t i o n "Function 

Z e l l n e r and Ravankar's (1968) gt n o r a l i sed p r o d u c t i o n 

f u n c t i o n (G- P F ) r e s u l t s from t h Q t r a n s f o r m a t i o n o f ~ neo­

c l a s s i c a l p r o d u c t i o n f u n c t i o n w i t h c o n s t a n t or v a r i a b l e 

e l a s t i c ] t y o f s u b s t i t u t i o n i n t o a n e o c l a s s i c a l <T P F wife 

t K-e same e l a s t i c i t y o f s u b s t i t u t i o n and v a r i a b l e r e t u r n s 

t o s c a l e s a t i s f y i n g a p r c a s s i g n e d r e l a t i o n s h i p t o the l e v e l 

o f o u t p u t . l e t t h e n e o c l a s s i c a l p r o d u c t i o n f u n c t i o n m 

two i n p u t s , F ( K, L ) be o f an a r b i t r a r y d e j r e e o f 

ncmO'/eriL l t y l e t 

V = g ( F ) , fi (o) = o , dg/df > o f o r F ^ O 

so t h a t 3V / dL = (dg / d f ) ( d f / a i ) ^ o 

av / as = ^dg / d f ^ a F /dK)?o 

g (F) I S a c o n t i n u o u s , p o s i t i v e , Inonototoic i n c r e a s i n g 

f u n c t i o n and has t h e same " l a s t i c i t y o f s u b s t i t u t i o n as f- . 

I t was c a l l e d a ho m o t h e t i c p r o d u c t i o n f u n c t i o n by iShephiru 

(1953) and i t s p o t e n t i a l as a v a r i a b l e r e t u r n s t o sea 1e 

f u n c t i o n was r t v e d l e d by Z e l l n e r and Rav^nkar. 

V = g (,F) s a t i s f i e s t h e n e o c l a s s i c a l c o n a i t i o n ^ 

Cor a p r o d u c t i o n f u n c t i o n . 

Th'- MRS f o r t h i s f u n c t i o n i s l v e n by 

s = ^ 4i IT ar-/ai 

w h i c h i s t h e sam* as t h i t f o r F ( K , L ) , t h e u n d e r l y i n g f u n c t i o n 

s i n c e s and x are t h ^ same f o r b o t h . 



For a p r e a s s i g n e d r e t u r n s t o s c a l e f u n c t i o n (-(V), we 

have, by ^ u l e r ' s theorem 

V t (V) = L 3L. + K 2 ^ 

where F i s assumed t o be homogeneous o f degree £ f . 

(dV/dF)(F/V) = £(V) 

whose s o l u t i o n g i v e s t h e p r o d u c t i o n f u n c t i o n V = g ( F ) . 

For t h e GPF, f a c t o r shares depend on t h e o u t p u t , 

t h e i n p u t r a t i o and t h - e l a s t i c i t y o f s u b s t i t u t i o n . 

I f p e r f e c t c o m p e t i t i o n p r e v a i l s 

W ~ 7)1 2F U 
The l a b o u r share o f V = g ( F ) i s g i v e n by 

S = _L aV I dg L & F 
1 Y H ' T dV F a L 

' v sst 

where S. i s t h e l a b o u r share o f F ( K , L ) . 
r r - ^ " ^ For example, i f F = f j_J K + ( I - 5 ) L J «^ 

S, - (1 - Y/o) v f . ' - * > * r ' - ' 

Thus S L depends on V, K/L, ^ and o t h - r f a c t o r s . 

For <^> 1, S L f a l l s as V and K/L m r e a s e . 

For 0 1, S L r i s e s t o a maximum and t h e n 

f a l l s as V and K/L i n c r e a s e . 

The GPF embodies v a r i a b l e r e t u r n s t o s c a l e a r d 

a l l o w s f o r a v a r i e d b e h a v i o u r o f f a c t o r shares. 

Z e l l n e r and Revankar(1969) a p p l y t o c r o s s s e c t i o n 

d a t a t h e GIF r e s u l t i n g f r o m 

where <^=ot'h, h = ( l - b ' O T f © = ©*h; c<',b' > 0, b ' e ' < 1 . 

I f © > 0,t(V) f a l l s f rom <* ( a t V=0) t o z e r o ( a s V «> ) 

I f 0 < O , t - f v ) n s e s f r o m o( ( a t V=0) to<x'(at V=b) to«*j(as V 

I f 9 =0, (r (V) = a c o n s t a n t . 
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I f we s o l v e t h e e q u a t i o n 

dV = dF h 
V F 1 + GV 

we get Ve* v = c K F where cA i s a c o n s t a n t o f i n t e g r a t i o n . 

I f F i s o f the Cobb Douglas form: F = A K L , w i t h r e t u r n s 

t o s c a l e oi' t we have 

V e = A K L 0 ^ < b < M ; £ , c X > 0 

or I n V + 9 V = I n A + * ( i _ f c ) i n K + ^ l n I = u t 

wh^re the e r r o r t-rms u ( are n o r m a l l y and i n d e p e n d e n t l y 

d i s t r i b u t e d w i t h zero mean and c o n s t a n t v a r i a n c e and 

I n K, I n L are independent o f u . 

The parameters may be ^ s t i m a t ^ d by t h e maximum 

l i k e l i h o o d method. Z e l l n e r and Revankar found r e t u r n s t o 

s c a l ^ v a r y i n g w i t h o u t p u t f o r 1957 s t a t e d a t a f o r U.S. 

t r a n s p o r t a t i o n equipment i n d u s t r y . 

N e r l o v e ( 1 9 6 3 ) suggested t h e form 
I n V + 6 V = o t l n K/L + f I n L 

w i t h t h e s c a l e e l a s t i c i t y g i v e n by (r (V) = — — 
- & J 14 6 V 

R m g s t a d 1 s(1971) p r e a s s i g n e d r e t u r n s t o s c a l e 

£(V) = t i n ©/"V, 0 > V, a l o n g w i t h an u n d e r l y i n g Cobb Douglas 

f u n c t i o n , F = A K 1' , le a d s t o 

V - 0 a' K I J where ^' = c i h , /3' = (Jh 

ot'+fi= h( * + p ) = h <rf 

An i n f i n i t e numb r o f a l g e b r a i c forms can be used t o 

e s t i m a t e a p r o d u c t i o n f u n c t i o n . Clemhout(1968) i s n o t s a t i s ­

f i e d w i t h t h e h i g h l y r e s t r i c t i v e economic assumptions made 

m t h e a v a i l a b l e forms and suggests a h o m o t h e t i c i s o q u a n t 

p r o d u c t i o n f u n c t i o n ( H I P F ) w h i c h a l l o w s v a r i a b l e r e t u r n s t o 

s c a l e . The u n d e r l y i n g f u n c t i o n i s homogeneous but t h e t r a n s ­

f o r m a t i o n a l l o w s any form f o r t h e p r o d u c t i o n f u n c t i o n . 



The f u n c t i o n mJces us'- o f t h - prop r t y o f homoth> t i c l t 

t h a t t h - slope o f an i s o q u a n t a l o n g a g i v e n r a y f r o m t h 

o r i g i n i s a f u n c t i o n o f t h - s l o p ? o f t h a t r a y . Thus any 

economies or diseconomies t h a t a r i s e ar' o f t h e n e u t r a l 

t y p r . 

L°t F(K,L) b~ a n« o c l a s s i c a l p r o d u c t i o n f u n c t i o n 

homog^n-ous o f d' gr°>- o f one. The g e n e r a l f o r m o f t h 

homothr t i c f u n c t i o n may be w r i t t e n V = g (F) 

Th^ s l o p - o f t h i s o q u a n t g i v e s t h e d e f i n i t i o n o f homo-

t h - t i c i t y ' - dK/dL = Y(K/L) 

W r i t i n g L f ( K / L ) = F( K , L ) , w. have w i t h x = K/L, 
f \ d K ? f / 3 L 

f ( x ) - x f ' ( x ) 
f ' ( x ) 

1, have f ' / f = 0 ( x ) = x _ ^ ( x ) 

.\ f = e J 

or F ( K , L ) ^ L € 

where the m t e e r a l has b n approxi m a t e d by a p o l y n o m i a l 

t o f i n d a s^-ric s f o r F. 

t> ( x ) i s n o t known b u t i t may bt found i f some 

assumption about f a c t o r payments i s madt. Und-r c o n s t a n t 

r t u r n s t o s e a l , m a r g i n a l p r o d u c t s equal f a c t o r p r i c e s . 

Then w> have 

y ( x ) = F 7 i 7 r = "T 1+ wL/rK 

Mey r ( l 9 7 0 ) t o o k an approximate v a l u - o f x = 2.9 

( n _ a r l y equal t o t h t c a p i t a l r a t i o o f h i s S B T I s whic h was 

3.07), approximated y ( x ) by a T a y l o r ' s seri< s and by ad d i n g 

s u c c e s s i v e l y h i f h e r powers o f -2.9 by s t - p w i s e 1-ast 
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squares a r r i v e d a t a q u a d r a t i c e q u a t i o n , th'- h i g h e r powers 

h a v i n g b^en found t o be i n s i g n i f i c a n t . I n t e g r a t i o n o f 

t h i s q u a d r a t i c gave f<p(-x.) dx and henc^ F. 

Out o f t h e f a m i l y o f curves o f v a r i o u s degrees f o r 

t h ' p o l y n o m i a l £ a i x A g i v i n g t h e b e s t f i t i . e . the one 

w i t h t h e h i g h e s t v a l u e o f c o r r e l a t i o n between x and 0 ( x ) 

s e r i e s i s chosen. We get t h e F s e r i e s f r o m w h i c h t h e HIPF 

i s o b t a i n e d . 

The e l a s t i c i t y o f s u b s t i t u t i o n o f t h e HIPF i s f r e i 

t o v a r y f o r d i f f e r e n t K/L v a l u e s . 

A _ (x) _ x 0*" - 0 wh.re 0 ( x ) = 1 
^ ~ xy* ( x ) ~ x 0^ + x 0' x-y(x) 

V / r i t e t h ^ r e t u r n s t o s c a l e f u n c t i o n 

•\ dV F ^ /\ = — =:?- and t h t r a n s f o r m a t i o n V = F 
Q.D V . 

Since V i s observ d and F can be c a l c u l a t e d , an e s t i m a t e 

of ^ can be o b t a i n e d . The f i n d f o r m o f t h e p r o d u c t i o n 

f u n c t i o n i s V = A e F w h i c h happens t o be a 

homogeneous f u n c t i o n . For r e g r e s s i o n purposes t h i s f o r m 

was used by Glemhout t o determine a measure o f r e t u r n s t o 

s c a l e f o r d a t a f r o m p r i v a t e nonfarm domestic economy, U.S. 

1929-1953, w i t h o u t any e x p l i c i t f o r m u l a t i o n f o r r e t u r n s t o 

scale .Three d i f f e r e n t measures f o r c a p a c i t y c a p i t a l s t o c k 

were used. The r e s u l t i n g c o e f f i c i e n t s were n o t v e r y 

s e n s i t i v e t o v a r i a t i o n s m measurement. 

W o l k o w i t z ( 1 9 7 1 ) d e r i v e s h o m o t h a t i c i s o q u a n t product­

i o n f u n c t i o n s f r o m economic r e l a t i o n s h i p ? drawn d i r e c t l y 

f r om t h ' p r o d u c t i o n p r o c i ss. Tn<" p r o d u c t i o n process i s 

n o t s p e c i f i e d a p r i o r i and i s t h e r e f o r e e m p i r i c a l l y a mort 

u s e f u l c o n c ( p t . 



I f *»] and > ] K a r p t h i - s u p p l y l a s t i c i t i e s o f l a b o u r 

and c a p i t a l r e s p e c t i v e l y , we have^,under e q u i l i b r i u m 

c o n d i t i o n s , the m n r r m a l r a t e o f s u b s t i t u t i o n g i v e n by 

Since s = ^ ( K / L ) = - d K / d l , we have, f o r K/L = x, 

t h - Cl^mhout r e s u l t , F (K,L) = I e J vvh«_r- 0 ( x ) = ~ y u ) 

w i t h o u t a e x p l i c i t s o l u t i o n f o r F. The n u m e r i c a l s e r i e s i s 

n o t easy t o handle and d^p^nds on an a p p r o x i m a t i o n f o r 

s m a l l v a l u e s o f x. 

Wolkowitz t r i e s t o s a t i s f y b o t h economic and mathe­

m a t i c a l c r i t e r i a by s e l e c t i n g V ( x ) 1 1 1 such a way as t o 

have 0 (x) m an m t e TaiiLe f o r m . A l t h o u g h i t amounts t o 

a c o n s t r a i n t , an e x p l i c i t s o l u t i o n f o r F can be guaranteed 

and som^ t e s t a b l e h y p o t h e s f s may be e s t a b l i s h e d . Wolkowitz 

g i v e s s e v e r a l e x p l i c i t forms. 

CR-bSH P r o d u c t i o n F u n c t i o n 

Uzawa's n - m p u t GES g e n e r a l i s a t i o n shows t h a t f o r 

c o n s t a n t A l l e n e l a s t i c i t i e s f u r t h e r g e n e r a l i s a t i o n i s n o t 

p o s s i b l e . FcFadden, u s i n g a l t e r n a t i v e d e f i n i t i o n s o f e l a s t i ­

c i t i e s , proved t h e t constancy o f e l a s t i c i t i e s i m p l i e s even 

more s t r i n g e n t r e s t r i c t i o n s on t h e p r o d u c t i o n f u n c t i o n . S a t o 1 s 

two l e v e l GES f u n c t i o n , u s i n g a CPS f u n c t i o n among composite 

goods, each o f which was a CLS c o m b i n a t i o n o f s e v e r a l f a c t o r s , 

gave a f o r m " h i c h was d i f f i c u l t t o e s t i m a t e . M u k e r j i ' s c o n s t a n t 

r a t i o s o f e l a s t i c i t i e s o f s u b s t i t u t i o n ( C R E S ) f u n c t i o n i s n o t 

homogeneous or hom o t h e t i c so t h a t i n d i v i d u a l e l a s t i c i t i e s o f 

s u b s t i t u t i o n v a r y w i t h o u t p u t as w e l l as i n p u t c o m b i n a t i o n s 

C-orman( 1965) p o i n t e d out t h a t m t h e Ruker?ji f u n c t i o n , 

if'S wand ^ aire f u n c t i o n s o f o u t p u t V, r a t h e r t h a n c o n s t a n t s , 

t h e CRFS g e n e r a l i s a t i o n c o u l d s t i l l r e s u l t . A c c o r d i n g t o 

Hanoch(1971), t h i s wouJd a l t e r t h e p a t t e r n o f change 



o f i n d i v i d u a l e l a s t i c i t i e s o f s u b s t i t u t i o n w i t h o u t p u t as v / e l l 

as t h e c u r v a t u r e o f the expansion l i n e s w i t h o u t removing t h e 

r e s t r i c t i o n s on com b i n a t i o n s o f e l a s t i c i t i e s w h i l e p r e s e r v i n g 

the CRSS p r o p e r t y , but these e l a s t i c i t i e s would r o t be n e g a t i v e 

when t h e parameters v a r y w i t h o u t p u t . Hanoch has g i v e n a number 

o f a d d i t i o n a l i n t e r e s t i n g p r o p e r t i e s o f the K u k e r p f u n c t i o n . 

He p o i n t s out t h a t t h e M u k e i j i f u n c t i o n does n o t n e c e s s a r i l y 

l e a d t o nonhomogeneous or nonhomothetic p r o d u c t i o n f u n c t i o n . 

His GRJ-SH p r o d u c t i o n f u n c t i o n s h o m o t h e t i c or homogeneous m 

a d d i t i o n t o h a v i n g t h e ORES p r o p e r t y . For e m p i r i c a l work, he 

gi v e s v a r i o u s cases i n c l u d i n g t h a t f o r c r o s s s e c t i o n a l s t u d i e s 

o f i n d i v i d u a l f i r m s m c o m p e t i t i v e f a c t o r markets. 

The CR7SH f u n c t i o n i s u s e f u l _n s t u d y i n g p a t t e r n s o f 

s u b s t i t i t i o n or c o m p l e m e n t a r i t y among t h r e e o r more f a c t o r s 

l i k e d i f f e r e n t k i n d s o f s t a l l s or forms o f c a p i t a l , where t he 

CIS model f a i l s because i t assumes away these d i f f e r e n c e s . 

S e v e r a l w e l l known forms are s p e c i a l cases o f t h e CRE5H 

f u n c t i o n . An a n a l y s i s from t h e e m p i r i c a l p o i n t o f view, o f t h e 

e s t i m a t i o n o f Hanoch's CRESH as w e l l as HCDE(homothetic c o n s t a n t 

d i f f e r e n c e s o f e l e s t i c i t i e s o f s u b s t i t u t i o n ) f u n c t i o n s may be 

found m H a n o c h ( l 9 7 l ) and Weiss(1977). 



Somi- o t h e r g e n e r a l forms 

Vazquez(1971) assumes a f u n c t i o n a l r e l a t i o n s h i p 

between the r a t i o s o f o u t p u t e l a s t i c i t i e s ( o r r e l a t i v e 

s hares) and K/L under p e r f e c t c o m p e t i t i o n and homogeneity 

c o n d i t i o n s : 

SI/SK. = a + b x*" where x = K/L 

Prom t h i s i s d e r i v e d a new and more g e n e r a l f a m i l y o f 

p r o d u c t i o n f u n c t i o n s v / i t h i n t e r e s t i n g p r o p e r t i e s . 
J 

T 
o o V f-X f ' Q X f ' 
Si nee S, - , S. _ 

we have dv_ d f _ *̂  ^ y 

y ~ f x(1+a+b x c ) 

y = A ' - VO+~) 

Where A i s a c o n s t a n t o f i n t e g r a t i o n _ . 
Since y = A £(l+a) x ^ + b ^ CC !+-<*> 

t h e p r o d u c t i o n f u n c t i o n may be w r i t t e n _ Jii 

V = A [_ b L + (1+a) (L/K) K J 

The r t u r n s t o s c a l e are n o t c o n s t a n t 

a=0, c=-1 g i v e s s t r a i g h t l i n e i s o q u a n t s , 

a=0, b=0 g i v e s r i g h t a ngled i s o q u a n t s , 

b=0 g i v e s the Cobb Douglas f u n c t i o n 

a=0 g i v s t h ' C ̂S f u n c t i o n 

c=-1 g i v e s Ravankar IVLS f u n c t i o n 
<x£i-M) r T <* & H V L [ K + (<>-l) L ] 

1+a+b a + l 

I f a, b are p o s i t i v e , th-= m a r g i n a l p r o d u c t i v i t i e s a re 

p o s i t i v e : 

3V/3K = (W/KX 1+a+b x*) 

dV/dL = ( W / L ) ( a + b x c ) (1+a+b x l f ' 
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1 ds a+b( 1 +c )x~ 
x(a-*b x£) dX = ~ xMa+b x c ) ^ 

I f ds i s n e g a t i v e , t h e i s o q u a n t s w i l l have t h e c o r r e c t 
dx 

c o n v e x i t y f o r a l l x i f c £ -1 

For c <L -1 and x b (1+c) 
t l u i s o q u a n t s have a p o i n t o f i n f l e x i o n . 

For x < x * , t h e i s o q u a n t s arc w e l l behaved. 

For x > y * , th°y arc concave from below. 
Since 3 V _ v v 1-*+a+b( 1 + c ) x C 

~bY^ ~~ K-3" (1+a+b x c ) 4 

3 V v V (1--VQ (a+b x c f + a + b ( U c ) x c 

H 1 - " " L (1+a+b xc)1 

T h i s means t h a t the m a r g i n a l p r o d u c t curves are m o n o t o m c a l l y 

d e c r e a s i n g or i n c r e a s i n g f o r s u i t a b l e v a l u e s o f c, V . 

The e l a s t i c i t y o f s u b s t i t u t i o n i s a v a r i a b l e q u a n t i t y , 
a + b x c 0 ^ < * ^ 1 f o r c ^ 0 

^•ufA^ \ o 6 > 1 f o r -1 < c ^ 0 a+b(,1+c)x 
6 > 1 f o r c < - 1 over x x* 

When a,b have t h e same s i g n , t h e p o s s i b i l i t y o f f a c t o r 

s u b s t i t u t i o n d i m i n i s h e s wiLh i n c r e a s i n g amounts o f c a p i t a l 

per u n i t o f l a b o u r . 

Sato and Beckman(1968) 

A c c o r d i n g t o Sato and Beckman, i t i s p o s s i b l e t o 

c a r r y out m u l t i v a r i a t e a n a l y s i s c'rnong subsets of v a r i a b l e s 

i f t h e two i n p u t r e s t r i c t i o n i s dropped. A l s o instead o f a 

p r i o r s p e c i f i c a t i o n o f the p r o d u c t i o n f u n c t i o n f o r m i t i s 

p r e f e r e a b l e t o t e s t p r o d u c t i o n r e l a t i o n s e m p i r i c a l l y and 

t h e n g e n e r a t e f i n a l forms. T h i s i s done by s p e c i f y i n g a 

l o g l i n e a r r e l a t i o n s h i p between a l l t h e commonly used v a r i a b l e s 

m p r o d u c t i o n f u n c t i o n a n a l y s i s and t h e n proceedoijto o b t a i n 

a l t e r n a t i v e s p e c i f c a t i o n s o f the d i f f e r e n t forms. 



The seven v a r i a b l e s used bv Beckman anr] Sato a r s 

y = V/L o u t p u t l a b o u r r a t i o 
x = K/L c a p i t a l l a b o u r r a t i o 
y/x = V/K o u t p u t c a p i t a l r a t i o 
w = y' wage r a t e 
r = y - xy' r a t e o f r e t u r n on c a p i t a l 
s = ( y - y y ' ) / y ' m a r g i n a l rate, o f s u b s t i t u t i o n 
S-̂ = xy'/y l a b o u r share 

tf = y * ( y - x y ' ) e l a s t i c i t y o f s u b s t i t u t i o n -xyy" 

The most g e n e r a l r e l a t i o n s h i p may be w r i t t e n 

£(y-xy')/y} a ( x y ' / y ) b ( y - x y 1 ) ^ y ' d ( y / x ) g y h x m = c 0 

where c i s a c o n s t a n t . The a u t h o r s f i t t e d subsets o f v a r i a b l e s 

i n o t epwise r e g r e s s i o n a n a l y s i s and came t o the c o n c l u s i o n t h a t 

o n l y f o u r forms deserved c o n s i d e r a t i o n 

I n y = c o n s t . + & I n x Cobb Douglas 

I n y = c o n s t . + b ^ l n w CiiS 

I n y = c o n s t . + b 0 l n w + c 0 l n x + d 9 l n r Oobo Douglas-CES 
2 b=0 i f d / 0 

d=0 i f b t 0 
I n r = const.+b-,ln w+c.ln x+d , l n y P a r a m e t r i c form 

J J J 

The l a s t one gave the best r e s u l t s f r e e from m u l t i -

c o l l m e a r i t y w h i c h was suspected t o be p r e s e n t m t h e Cobb 

Bouglas-CLS case though t h e l a t t e r gave good r e s u l t s a l s o . The 

CES case y i e l d e d good r e s u l t s but s u f f e r e d from m u l t i c o J l i n e a r ] t y 

e f f e c t s . The Cobb Douglas form gave m o s t l y good r e s u l t s . 
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An a t t e m p t has been made m t h i s survey t o b r i n g 

t o g e t h e r some o f t h e p r o d u c t i o n r e l a t i o n s found s c a t t e r e d 

a l l over t h e l i t e r a t u r e on the s u b j e c t . The survey J S n o t 

c o r r p l e t e and many more forms and ideas r e l a t e d t o t h e 

s u b j e c t have t o be l e f t out as we have a l r e a d y gone beyond 

th e scope o f our s t u d y . The e m p i r i c a l a n a l y s i s an t h i s s t u d y 

w i l l be m a i n l y concerned w i t h t h e Cobb Douglas and t h e CE3 

f u n c t i o n s and a l s o w i t h some o f t h e i r e x t e n s i o n s . The i n c l u s i o n 

o f h o m o t h e t i c f u n c t i o n s m t h i s survey i s o n l y an a t t e m p t 

t o make i t r a t h e r l e s s i n c o m p l e t e . 

The procedure f o l l o w e d i n d e v e l o p i n g t h e d i f f e r e n t 

forms makes use o f t h e l i n k s o f t e c h n i c a l and economic 

v a r i a b l e s w h i c h w i l l be caisadered m t h e n e x t c h a p t e r . The 

e m p i r i c a l work m t h i s s t u d y depends v e i y much on a d i s t i n c ­

t i o n between these two t y p e s o f v a r i a b l e s . The method used 

t o o b t a i n e x t e n s i o n s o f p r o d u c t i o n f u n c t i o n forms seems t o 

b r i n g out t h e meaning o f cauh f o r m mor f c c l e a r l y . I t s h o u l d 

b° p o s s i b l e t o a r r i v a cxt a number o f forms as s p e c i a l cases 

of some more g e n e r a l f o r m or by making s u i t a b l e assumptions 
1 

about t h e parameters 

1 For i n s t a n c e , ( u s i n g the n o t a t i o n m t h e t e x t J , i n t h e 
case o f homogeneous p r o d u c t i o n f u n c t i o n s , t h e r e l a t i o n s h i p 
between d, s and t , t h e o u t p u t e l a s t i c i t y o f l a b o u r , may be 
u t i l i s e d t o develop any su i t a / b l o form o f a homog^n-ous 
p r o d u c t i o n f u n c t i o n . S i n c e , w i t h r e t u r n s t o s c a l e s , we have 
(r = V - x f * / f , i t f o l l o w s t h a t f = exp J dx. o r , 
V = L exp J - ~L^L/^A*., where V-̂  i s t h p m a r g i n a l p r o d u c t o f 
l a b o u r . g i v e n by V L = ( V - x f ' / f ) V / I = £ V/L. 

S i m i l a r l y , from t h e r e l a t i o n FRS = s = v > f / f - x, we get 
V = L expJV+l c , , c • From <4 = (dx/ds) ( s / x ) or s = exp J-§r;t cl-* 
we a l s o get V = L exp iA*JAS Here cj 1, s and£ are assumed t o 
be f u n c t i o n s o f x. J 7 L + * ^ 

Foo t n o t e Gontd. 
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There are s e v e r a l o t h e r forms of p r o d u c t i o n r e l a t i o n s 
t o be found m th e l i t e r a t u r e . Sato's(1977) nonhomothetic 
f u n c t i o n s p r o v i d e a more g e n e r a l and more m e a n i n g f u l c l a s s 
of GTS f u n c t i o n s . Hanoch's(19 7 1 ) c o n s t a n t d i f f e r e n c e o f 
e l a s t i c i t i e s o f s u b s t i t u t e on(CDT?) mentioned e a r l i e r i s a 
m u l t i f a c t o r p r o d u c t i o n f u n c t i o n which makes use o f i n p u t 
v a r i a b l e s and t h e i r p r i c e s . The d u a l i t y between c o s t and 
p r o d u c x i o n has- now l o n g been use i n t h e l i t e r a t u r e , see f o r 
i n s t a n c e , Walters(1 9 6 3 ). The t h e o r y o f p r o d u c t i o n f u n c t i o n 
now a l l o w s a f o r m a l r e p r e s e n t a t i o n o f almost any u n d e r l y i n g 
p r o d u c t i o n r e l a t i o n s h i p even though i t may n o t be easy t o 
d e t e r m i n e how xhese r e l a t i o r i s n i p s d e termine t h e s p e c i f i c 
f orm o f the p r o d u c t i o n f u n c t i o n . 

I f k = >;(1-°0, V = L exp J LJS j * . = AK L , we have t h e 
Cobb Douglas f u n c t i o n . 
I f t = V (1 -£,)/( 1 +Gx-x) , we get t h e Revankar VLS f u n c t i o n 
V = A K ^ r i ( H G x - x r ^ 
I f we t a k e , i n s t e a d , = " U~J^",we get the GES f u n c t i o n 
V = A [ S K S + ) 1 S J ' V A 

I f fc = » J « * ' ( 1 - 5 ' ) / ( 1 - S +<5x"^'5),we e a t t h e H i l d e b r a n d - L i u 
f o r m o f t h e V^S f u n c t i o n -v/z 



CHAPTKR THREE 

THE EMPIRICAL FRAMEWORK AND THE HYPOTHESES 

I n t r o d u c t i o n 

On the b a s i s o f a few s e l e c t e d p r o d u c t i o n models 

an econometric s t u d y o f the m a n u f a c t u r i n g e s t a b l i s h m e n t s 

o f Prance, I n d i a , I s r a e l , Japan and Y u g o s l a v i a i s t o be 

c a r r i e d o u t . Perhaps a s t r a i g h t f o r w a r d p r o d u c t i o n 

f u n c t i o n a n a l y s i s o f t h e o b s e r v a t i o n s f r o m these f i v e 

c o u n t r i e s s h o u l d f u l f i l t h e main aim o f t h i s s t u d y ; t h i s 

has been done i n good d e t a i l w i t h t he h e l p o f f i f t e e n 

s e l e c t e d forms o f p r o d u c t i o n f u n c t i o n s and t h e r e s u l t s 

compared. But a r e a p p r a i s a l o f t h e d a t a on m a n u f a c t u r i n g 

e s t a b l i s h m e n t s shows t h a t t h e r e i s ample scope f o r a 

st u d y o f the u n i f o r m i t y o f t h e m a n u f a c t u r i n g s e c t o r s o f 

the c o u n t r i s concerned. T h i s i s because the method o f 

c o l l e c t i n g t h e d a t a , t h e d e f i n i t i o n s o f t h e v a r i a b l e s used 

and t h e p e r i o d o f r e f e r e n c e a r e almost i d e n t i c a l i n a l l 

t h e c o u n t r i e s . 

W i t h t h e h e l p o f d i f f e r n t p r o d u c t i o n models we 

i n t e n d t o an a l y s e t h e e m p i r i c a l v i d e n c e on t h e t e c h n i c a l 

asp c t s o f i n d u s t r i a l p r o d u c t i o n overshadowed by the economic 

a s p e c t s , on an i n t e r n a t i o n a l l y comparable b a s i s . The 

a d o p t i o n o f the i n d u s t r i a l system i s a t the r o o t o f mod r n 

economic development whic h i s t h e common a s p i r a t i o n o f 

a l l c o u n t r i s. 

/ p r o p e r comparison o f t h e p r o d u c t i o n performance 

o f d i f f . r e n t c o u n t r i s would r e q u i r e , f o r a c o n s i d e r a t i o n 

o f t he changes t a k i n g p l a c e t h r o u g h i n d u s t r i a l i s a t i o n , 

t h e e x a m i n a t i o n o f the movements o f gross domestic p r o d u c t 

o f each c o u n t r y , the n a t u r e <*wA quantum o f i t s n a t u r a l 
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r e s o u r c e s and i t s i n t e r n a t i o n a l t r a d e , the r e l a t i o n s h i p 

between i t s i n p u t c o s t and i n p u t u s t and t h i n a t u r e o f 

i t s p r o d u c t i o n f u n c t i o n . I f we compare any c o u n t r y w i t h 

o t h e r s on t h b a s i s o f one or mor 1 o f t h e s t c o n s i d e r a t i o n s , 

we must, a t the sam t i m e , a s c e r t a i n t h a t t h e r°maining 

un c o n s i d e r e d f a c t o r s do n o t v a r y s i m i f i c e n t l y i f a 

p r o p e r a n a l y s i s i s t o be c a r r i e d o u t . U n f o r t u n a t e l y , i t 

i s n o t p o s s i b l e t o do so b -cause t h e r e are n o t many 

c o u n t r i e s which show much resemblance m these m a t t e r s . 

The p r o d u c t i o n f u n c t i o n a n a l y s i s m the f o l l o w i n g 

c h a p t e r s cannot e l i m i n a t e t h = d i f f i r e n c e s w h i c h are t o o 

obvious t o b concealed by any means. There are d i f f e r e n c e s 

m t h e r a t e r o f c a p a c i t y u t i l i s a t i o n , l e v e l s o f economic 

and t e c h n o l o g i c a l development, a v a i l a b i l i t y and ^ x t e n t 

o f r - s o u r c e s and t h ^ i r u t i l i s a t i o n . 

Yet v/e must proce-d t o d i s c o v e r i f th>_ p r o d u c t i o n 

f u n c t i o n s have som t h i n g comparable t o o f f e r , e v _ n though 

a p r o p e r comparison would r q u i r e a c o n s i d e r a t i o n o f a l l 

th> f a c t o r s mentioned above and perhaps many mor-. 

I n any p r o d u c t i o n f u n c t i o n a n a l y s i s some assumptions 

are almost i n e v i t a b l e . I t would bt easy f o r i n s t a n c e , 

t o mak-~ th° assumption of smooth i n p u t s u b s t i t u t a b i l i t y , 

p e r f - c t c o m p e t i t i o n m p r o d u c t and f a c t o r markets and a 

p r o f i t m a x i m i s i n g f i r m b e h a v i o u r . But i t i s n o t always 

necessary t o make t h _ s e assumptions. 

Th v a l i d i t y o f the r e s u l t s depends on a p r o p e r 

s t a t i s t i c a l mt' r p r , t a t i o n bas-d on a c o r r e c t approach m 

terms of conomic t h e o r y . I t i s p o s s i b l e t h a t t h e c o n c l u s i o n s 

drawn from oviv r e s u l t s m th r- case o f the f i v e c o u n t r i s 

under s t u d y may n o t h o l d m t h - case.jother c o u n t r i e s . 



\10 

But t h - c o n t r a r y i s more l i k e l y s i n c e our sample o f 

c o u n t r i e s i s s u f f i c i 3 n t J.y r^pr<" s m t a t i v t and any c o n c l u s i o n s 

commonly a p p l i c a b l e t o a l l t h f i v e c o u n t r i e s may "be 

expected t o be more or l e s s g e n e r a l . Th r v a l i d i t y o f t h e 

r e s u l t s depends f u r t h e r on t h e assumption t h a t t h e s e l e c t e d 

e s t a b l i s h m e n t s c o n s t i t u t e t h _ n a m body o f , or r - p r ' S _ n t 

a d e q u a t e l y , t h i n d u s t r i a l s e c t o r o f , the c o u n t r y concerned. 

We make t h i s assumption and t h e m p i r i c a l r e s u l t s t h a t w i l l 

f o l l o w j u s t i f y t h i s . 

The f i v e c o u n t r i e s are c h a r a c t e r i s e d by a number o f 

i n d i v i d u a l f e a t u r e s w h i c h are known t o d i f f e r s i g n i f i c a n t l y 

f r o m one a n o t h e r . I n t h ^ m i d s t o f d i s s i m i l a r i t i e s based 

on h i s t o r y , c u l t u r e , t e c h n o l o g y , r e s o u r c e endowments, 

socio-economic c o n s t r a i n t s and environm-nt i t may seem 

improper t o l o o k f o r any s i m i l a r i t y . Except f o r t h ^ 

c h a r a c t e r i s t i c s o f s ' I f i n t e r e s t and e x i s t e n c e common t o 

a l l n a t i o n s , t h e on° p o s s i b l y common f a c t o r among these 

c o u n t r i ' s i s g a m i n g p o l i t i c a l independence or ^ r r r m c e 

or a r e b i r t h f o l l o w i n g th>- s 5cond w o r l d war. 

For France i t was a f r e s h p o l i t i c a l s t a r t u n d j r 

s t a b l e c o n d i t i o n s . The p o s t l i b e r a t i o n governm n t m 

1946 made a f i r m d ( c i s i o n t o guide t h economy t h r o u g h 

p r o p e r p l a n n i n g . 

I n d i a gamed Independence m 1947 a f t e r a l o n g p e r i o d 

o f c e l o n i s a t i o n and passed t h r o u g h some yea r s o f t r i a l 

and e r r o r . I n 1951, I n d i a r e s o r t e d t o p l a n n i n g w i t h 

i n c r e a s i n g emphaeis on modern i n d u s t r y . 

I s r a e l was e s t a b l i s h e d as a s t a t e m 1948 and 

s u c e s s f u l l y scraped t h r o u g h major economic and p o l i t i c a l 
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upheavals. 

Japan's t o t a l d e f e a t m 1945 l e f t t h e economy m 

a s t a t e o f d i s o r d e r a s s o c i a t e d w i t h l a r g e s c a l e c a p i t a l 

d e s t r u c t i o n . T h i s was f o l l o w e d by r e h a b i l i t a t i o n and 

r e c o n s t r u c t i o n a t a h i g h r a t e o f r e c o v e r y and gr o w t h . 

The r e c r e a t i o n o f Y u g o s l a v i a began a f t e r the 

l i b e r a t i o n m 1945 and t h e c o u n t r y procc-ded towards t h e 

f o r m a t i o n o f a s o c i a l i s t s o c i e t y . Th worker managed 

e n t e r p r i s : system passed t h r o u g h s e v e r a l phases l e a d i n g t o 

a continu o u s development o f the economy. 

We have thus f i v ^ c oun.tri- s making some s o r t o f 

b e g i n n i n g a t about t h e same p e r i o d o f t i m e . Had t h e y a l ] 

been i d e n t i c a l m t e c h n o l o g y , resourc- endowments and 

o t h e r f e a t u r e s m an m t i a l p e r i o d , th° d i f f e r e n c e s m 

th e s - c h a r a c t e r i s t i c s a f t e r a c e r t a i n p e r i o d o f t i m e would 

a l l o w an i n t e r e s t i n g t r e n d s t u d y . These f i v e economies 

b°gan n o t o n l y w i t h d i f f e r e n c e s m environment, m t e c h ­

n o l o g y and r e s o u r c a l l o c a t i o n b u t a l s o w i t h ma;]or 

d i f f e r e n c e s m p o l i t i c a l , economic and s o c i a l s t r u c t u r e s . 

Th-re were d i f f e r e n c e s m 1964-66, our p e r i o d o f r e f e r e n c e , 

and even today, thr se c o u n t r i ' s a r - a t v a r i o u s stages o f 

i n d u s t r i a l i s a t i o n , f o l l o w m t d i f f e r n t p o l i t i c a l i d e o l o g i e s , 

p o s s e s s i n g v a r y i n g degrees o f m a r g i n a l competence and 

s u b j e c t t o a v a r i e t y o f socio-economic c o n s t r a i n t s . Thr 

q u a n t i t y , q u a l i t y and p r o d u c t i v i t y o f f a c t o r s d i f f e r as 

a l s o t h e s t r e n g t h o f t h - i r c u r r > n c i < s . 

We c^n say t h a t these economics have passed t h r o u g h 

s i g n i f i c a n t l y d i f f e r n t paetterns o f i n d u s t r i a l i s a t i o n and 

c o u l d be c o n s i d e r d as b e l o n g i n g t o d i f f r - n t c a t e g o r y s. 
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, To se e i f each o f t h - s e happens t o bo t y p i c a l o f soim-

c a t o g o r y bas .d on some c i c c . p t ^ d c l s s i f i c a t i o n , we may 

c o n s i d e r Black's(1 9 6 6) s u b d i v i s i o n o b t a i n e d by l i n k i n g 

p o l i t i c a l f a c t o r s t o the d*-v lopm'nt o f i n d u s t r i a l i s a t i o n 

m d i f f e r n t c o u n t r i e s . 

Black ( l 9 6 6 ) g i v e s s~v n p a t t e r n s w h i c h cover t h ^ 

w o r l d ' s 148 o r g a n i s e d s o c i e t i e s . Th- f i r s t p a t t e r n 

covers B r i t a i n and Prance. Th second p e t t . r n c o n s i s t s 

o f th-^ U n i t e d S t a t s, Canada and such o t h e r c o u n t r i e s as 

hav^ European S t t l > r s . The t h i r d i s irnde o f most West 

and East european c o u n t r i e s w h i c h c o n s o l i d a t e d t h e i r 

I r a d f r s h j p a f t ' r t h • French r v o l u t i o n . Th f o u r t h 

p a t t e r n c o n s i s t s o f L a t i n American c o u n t r i e s . C o u n t r i e s 

l i k e Russia, Japan and Turk y b o l o n g t o t h f i f t h p a t t e r n ; 

t h c s e are such c o u n t r i e s as w^re i n f l u e n c e d by the p a t t e r n s 

m n t i o n d e a r l i r p but began t o mod r n i s =• i n t e r n a l l y and 

w e r e n o t und-r c o l o n i a l r u l - because o f t h ^ i r m i l i t a r y 

s t r e n g t h , i n a c c e s s i b i l i t y or o t h e r w i s e . The s i x t h p a t t e r n 

i s formed by th-' c o u n t r i e s which were one-, c o l o n i a l 

s o c i e t i e s l i k e I n d i a , <'gypt or Malaysia. A l s o b e l o n g i n g 

t o t h i s p a t t e r n ar< I s r a e l and some c o u n t r i e s w h i c h d i d 

n o t e x i s t b f o r e . The seventh p a t t r n comprises c o u n t r i e s 

o f t h _ sub-Soharan A f r i c a v/hich wwie r e q u i r e d t o undergo 

t h ' whole o f t h e m o d e r n i s i n g sequence a f V r t h e i r independence . 

Of th''1 c o u n t r i s whos'1 d a t a w<_ art.- g o i n g t o d - a l 

w i t h , France belongs t o t h f i r s t p a t t e r n , Y u g o s l a v i a t o 

t h t h i r d , Japan t o the f i f t h and I n d i a and I s r a f - l be-.Long 

t o t h e s i x t h p a t t e r n . Thus, w f i n d t i n t f o u r p a t t - r n s 

f i n d a r e p r e s e n t a t i o n m our study._ 
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A few r e p r e s e n t a t i v e c h a r a c t e r i s t i c s o f t h s - l ^ c t f d 

c o u n t r i s may he n o t _ d . 

Prance A \V> s t e r n "uropean i n d u s t r i a l l y advanced 

economy; under t h C- rman o c c u p a t i o n f o r som< t i m e d u r i n g 

the s-cond w o r l d war. 

I n d i a • An A s i a n x - c o l o n y w i t h a d'-velopmr economy; 

w i t h t h ' second l a r g ' s t p o p u l a t i o n m the w o r l d , a deep 

r o o t e d c a p i t a l i s t system ^xp m i n t i n g w i t h some s o c i a l i s m . 

I s r a e l • A M i d d l e - a s t , f a s t d e v e l o p i n g economy; 

r e q u i r e d t o make a t o t a l l y f r e s h s t a r t f rom s c r a t c h . 

Japan : The o n l y non-v/est' r n c o u n t r y t o become o major 

i n d u s t r i a l i z e d c a p i t a l i s t economy. Almost t h o n l y c o u n t r y 

m A s i a , A f r i c a and L a t i n America t h a t escaped b e i n g 

t u r n e d i n t o a c o l o n y or d^p„ndency o f Western Europe. 

Y u g o s l a v i a : An -astern Uropean economy; r e l a t i v l y w e l l 

advanced i n d u s t r i a l l y ; b e l o n g i n g t o t h s o c i a l i s t b l o c k 

but h a v i n g an m d p^nd n t c h a r a c t e r o f i t s own. 

Some o t h e r c o u n t r i e s need t o be r e p r e s e n i e d b u t 

we a r _ handicapped by t h n o n a v a i l a b i l i t y o f adequate d a t a . 

S e v e r a l shades o f i d ' o l o g i e s and economies remain u n r - p r — 

sented . But we s h a l l make t h e best use o f what w> have 

by b r i n g i n g i t under a common, comparabl a n a l y s i s and t h e n 

see how f a r t h e d i f f e r i n g f a c t o r s i n t e r a c t w i t h r e f e r e n c e 

t o t h p r o d u c t i o n s t r u c t u r e o f t h - c o u n t r i ' s . 

Some i s s u e s 

Do t h e boundaries s r t by t h e environment o f a c o u n t r y 

p l a y such an i m p o r t a n t r o l e as t o i n c r e a s e i t s i n d i v i d u a l i t y 

m t h e n a t u r e o f i t s i n d u s t r i a l i s a t i o n , o r , do^s some k i n d 



o f m t ~ r a t i o n a l i s a t i o n phenomenon t e n d t o e l i m i n a t e 

d i f f e r e n c e s , i f any, w i t h t h passage o f t i m - 9 The 

two s i d " S o f t h e q u e s t i o n may he c o n s i d - r e d s e p a r a t e l y . 

Th^ i n d i v i d u a l i t y h y p o t h e s i s would suggest t h a t 

m s p i L ^ o f i m i t a t i o n o f and b o r r o w i n g from o t h e r 

e s t a b l i s h e d i n d u s t r i a l i s e d c o u n t r i s and dr a w i n g l e s s o n s 

f r o m xh°ir successes and f a i l u r e s , each c o u n t r y tends 

t o adopt an economic p a t t e r n w h i c h i s most s u i t e d t o 

i t s own r e s o u r c e s , t r a d i t i o n and environment. G r a d u a l l y , 

t h i s -merging p a t t e r n i s e s t a b l i s h - d and a f t c r a c e r t a i n 

s t e g e , i t becomes d i f f i c u l t t o make a s h i f t away from 

i t e i t h e r becaus° o f s h c e r m T t i a or because of r : a l 

or i m a g i n a r y r i s k s i n v o l v e d m d o i n g so. T h i s e s t a b l i s h e d 

p a t t e r n r e s u l t s m r e t u r n s w h i c h d i f f > r f r o m one s o c i e t y 

t o a n o t h e r b^caus c o f t h e v o l v m g d i f t e r e n c e s and m 

s p i t 2 o f a d i s c e r n i b l e m t e r d e p nd nee. iTach such s o c i e t y 

develops i t s own i n n o v a t i v i n v e s t m e n t , t e c h n o l o g y and 

-conomic p a t t r n s . There i s a c . r t a m t y o f r e t u r n s m 

a w e l l e s t a b l i s h e d s o c i e t y w i t h advanced t chnology and 

f a s t growing economic p a t t r n s . There i s what l a s t e r b r o o k 

(1966) c a l l s a p e r s i s t nee zone m a s o c i ; t y w i t h a 

t r a d i t i o n a l or c o l o n i a l n a t u r e , s u f f - n n ~ f r o m a h i g h r i s k 

s i t u a t i o n l e a d i n g t o low and even n - g a t i v e r e t u r n s , a s s o c i a t e d 

w i t h s i m p l e economic and t - c h n o l o g i c a l changes, w i t h a 

d.p, nd nc 1 on e x t - r n a l f o r c e s and mt< r n a l and e x t r n a l 

p r e s s u r e s o f u n c r t a m t y . Th r e i s a t r a n s f o r m j t i o n zone 

m such c o u n t r i e s as have a s u f f i c i e n t s e c u r i t y o f r t u r n s 

m whic h mv' stment o f r sourc s i s n o t a u t o m a t i c a l l y 

i n d u c e d by t h ^ - x i s t m g s t r u c t u r e s b u t i s a r e s u l t o f 



autonomous d> c i s i o n making about mv-stm. n t . The r i s k i s 

a t a normal commercial l e v e l and i n s t i t u t i o n a l s u p p o r t 

i s a v a i l a b l ' f rom the s o c i e t y m a l l e s s e n t i a l forms. 

The o t h e r p o s s i b i l i t y i s what may be c a l l e d an 

an m t ^ n a t i o n a l i s a t i o n ,phenomenon whic h e x p l a i n s away 

th-.se d i f f e r e n c e s . At a c e r t a i n stage t h u i n d u s t r i a l 

s o c i ^ t i s t e n d t o l o o k and even become s i m i l a r and t h e 

d i f f ' rences arr > l i m m a t e d g r a d u a l l y . Th° l e s s i n d u s t r i a l i s e d 

s o c i e t i e s d t r i v r t h ~ - i r i n d u s t r i a l i s a t i o n , p a r t l y or f u l l y 

f rom the advanced s o c i e t i e s . How t h i s happens can be 

seen, v a r i o u s l y , t h r o u g h t he w o r k i n g o f the f a c t o r y system, 

sp c i a l i s a t i o n , t h - manner o f s u b s t i t u t i o n amonr i n p u t s 

and t h . n a t u r e o f '-cnnomirs o f s c a l e f o r d i f f e r e n t c o u n t r i e s . 

Perhaps, one c o u l d suggest t h . t m a t e r i a l r e q u i r e m e n t s o f 

p r o d u c t i o n , c o n s u i r p t i on and s u b s i s t e n c e can put spy^re 

l i m i t a t i o n s on t h - v a n t y o f forms o f i n d u s t r i a l i s a t i o n 

t h a t d i f f e r e n t s o c i e t i e s may wishfcadopt. As l u r n e r ( l 9 7 5 ) 

says," t e c h n o l o g i c a l forms ar c n o t i n f i n i t e l y v a r i a b l -

and c e r t a i n s a l i e n t f e a t u r e s o f the m a t o r i a l environment 

on which t h e t chnology h.is t o o p e r a t " w i l l a l s o e x e r t 

t h e i r own l i m i t i n g e f f o r t s b u t . '.'man's a b i l i t y t o 

g e n e r a t " v a r i e t y w i l l h o l d o u t ^ p o s s i b i l i t y o f a r a n g -

o f s o c i a l forms t o br> e x p l o r t d." I n a d d i t i o n t h - process 

o f m t " r n a t i o n a l i s a t i o n goes on. 

There a r e numerous f o r c e s b e h i n d t h e process o f 

m t e r m t i o n a l i s a t i on. T e c h n o l o g i c a l development made 

some o f t h e e x t e r n a l i t i e s o f t h e p r o d u c t i o n and consumption 

process i n t e r n a t i o n a l m c h a r a c t e r . As observed by 

Lmdbeck( 1977), " t h e a c c e n t u a t i o n o f t h e r e t u r n s t o s c a l e 

m some i n d u s t r i e s f o r c - d s m a l l and medium s i z e d c o u n t r i e s 
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t o s p e c i a l i s e i n a mort end more narrow ran^e o f ^ r o r 1 u c t s , 

the i n c r e a s e d r o l e o f t e c h n o l o g y m p r o d u c t i o n mena-3-m-nt 

s t i m u l a t e d t r a d j m t e c h n o l o g y w h i c h r s u i t ' - J n o t o n l y m 

an expansion o f t r d m p a t e n t s and machines but a l s o , 

due t o t h e c o m p l e m e n t a r i t y V t w e ^ n t e c h n o l o g y and men->eement, 

m an m t r n a t i o n a l i s a t i o n o f e n t r e p r e n e u r s h i p . " 

I n a d d i t i o n t o economic and t e c h n i c a l f c t o r s , 

p o l i t i c a l d e c i s i o n s and i n s t i t u t i o n a l changes have a l s o 

a c c e l e r a t e d the m t e r n a t i o n a l i s a t i o n p r o c e s s . A f t e r a 

c e r t a i n sta.ge these changes a r beyond c o n t r o l so t h a t the 

p o l i t i c a l system p r a c t i c a l l y g i v e s m t o t h e i n t e r n a t i o n a l i s e d 

system. According t o Lmdback, "most i m p o r t a n t e x t e r n a l 

e f f e c t s o f p r o d u c t i o n and consumption are e x t 3 r n e l t o 

n a t i o n s and n o t o n l y t o f i r m s and households." 

I t i s d i f f i c u l t t o say c a t e g o r i c a l l y , as t o w h i c h of 

abov- c o n t e n t i o n s i s c o r r e c t . Shat o f d i v e r g e n c e and 

i n d i v i d u a l i t y or m t ^ n a t i o n a l i s a t i o n . The d i f f i c u l t y i s 

a l l t h e g r e a t e r because o f t h - i n d e t e r m i n a c y o f th> t i m e 

o f a r r i v a l and t h e n a t u r - o f i n d u s t r i a l i s a t i o n m a g i v e n 

s o c i e t y . I d e a l l y , we sh o u l d l i k ^ t o b e g i n w i t h a number o f 

d i f f e r e n t s o c i e t i ' s , r e s e m b l i n g one another m son-e r e s p e c t s . 

Ue may th> n, aft-er a c . r t a m p e r i o d o f t i m e , say t w e n t y f i v e 

y e a r s , s t u d y t h e s t a t e o f a f f a i r s m each o f t h ^ s o c i e t i e s 

under c o n s i d e r a t i o n and compare n o t e s . I n s t e a d , we have 

f i v - c o u n t r i ~ s , w i t h f u n d a m e n t a l l y d i f f e r e n t b e g i n n i n g s and 

c i r c u m s t a n c e s . v/e impose an a r t i f i c a l l y common b e g i n n i n g 

f o r th° c o u n t r i e s and s t u d y th° s t a t e of a f f a i r s a f t e r 

a p e r i 0 d o f about two decades . That do s n o t make i t 

a t r e n d s t u d y because t h e r e may be any o t h e r m t i a l p e r i o d 

or none a t a l l . T h i s s t u d y remains a c r o s s s a c t i o n a l s t u d y 

m any case and c o n s i d e r s t h ' happenings m t h ^ p e r i o d o f 



referenc°. 

I n view o f t h e probl'ms a s s o c i a t e d w i t h th<~ p r o c r d u r e 

t o bp f o l l o w e d m coming t o a c o n c l u s i o n and m measuring 

and comparing t h r e x t e n t o f i n t ^ r n a t i o n a l i s a t i o n or d i v e r g e n c e 

betwe n t h 2 economies, we s h a l l narrow our f i e l d o f 

i n q u i r y t o t h e m a n u f a c t u r i n g e s t a b l i s h m e n t s o f t h e c o u n t r i s; 

we s h a l l c o n f i n e o u r s e l v e s t o c o n s i d e r i n g t h e problem m 

th° l i g h t o f a p r o d u c t i o n f u n c t i o n a n a l y s i s w h i c h need n o t 

n e c e s s a r i l y answer a l l our q u e r i e s b u t which c o u l d t o u c h 

s e v e r a l ma3or aspects o f t h e problem. 

Much o f what we s h a l l do depends on t h e q u a l i t y 

and q u a n t i t y o f d a t a we have. We have f i v e c o u n t r i e s each 

m an e n t i r e l y d i f f e r e n t s - t o f c i r c u m s t a n c e s m t h _ m a t t e r 

o f r e s o u r c e s , economic development, p o l i t i c a l and s o c i a l 

s t r u c t u r e . The o n l y p o s s i b l e common f a c t o r i s t h p e r i o d 

immediately f o l l o w i n g t h l a s t war. I f m s p i t e o f d i f f e r e n c e s 

we f i n d s i m i l a n t i ' - s m the p r o d u c t i o n f u n c t i o n c o e f f i c i e n t s , 

h y p o t h e t i c a l l y * a f t e r " a p e r i o d o f about two decades or any 

o t h e r p e r i o d o f t i m e / t h e r e may be much t o recommend t h e 

p o s e i b i l i t y o f m t e - r n a t i o n a l i s a t i o n or som< k i n d o f conver-

g~nce tot„common s i t u a t i o n . I f however, d i s s i m i l a r i t i e s m 

th e p r o d u c t i o n p a r a u i c t ' i b ar> n o t i c e d , the m t e i n a x i o n a l i s a t i o n 

nom^non would s t a n d r ^ f u t i . d . 

Some R e l a t e d S t u d i e s 

We have t r i e d t o reduce a comparative s t u d y o f t h e 

s t r u c t u r a l c h a r a c t e r i s t i c s o f m a n u f a c t u r i n g s e c t o r s t o t h a t 

o f a s t u d y o f p r o d u c t i o n f u n c t i o n s o f m a n u f a c t u r i n g e s t a b l i s h ­

ments. 
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" / h i l c t r y i n g t o pui t h e whole t h i n g m a s i m p l e 

fo r m , wc are n o t unaware o f t h . p o s s i b i l i t y t h a t many 

contpl x process s may b a t work w i t h i n . But i t may s t i l ] 

be p o s s i b l e t o f i n d i f the i n d u s t r i e s m d i f f i r e n t c o u n t r i e s 

h a v c been i n f l u e n c e d s i m i l a r l y or d i f f e r e n t l y by a v a n - t y 

o f c i r c u m s t a n c - s and w h e t h r r t h i s had l e d t o any s t r u c t u r a l 

d i f f e r e n c e s m t h e i r i n d u s t r i a l s e c t o r s . 

By making mt< r n e t i o n a l comparisons, Hoffman( 1958) 

analysed t h e g n e r a l p a t t e r n o f development o f m a n u f a c t u r ­

i n g i n d u s t r y and found s t r i k i n g s i m i l a r i t i e s m the process 

o f growth o f v a r i o u s neetional economies. D i v i d i n g t h e 

whole I n d u s t r i e ! economy o f each c o u n t r y i n t o two broad 

s e c t o r s c o n s i s t i n g o f consumer goods and c a p i t a l goods 

i n d u s t r i e s he p o s t u l a t e d t h a t t h e f o r m e r develop f i r s t 

d u r i n g t h " process o f i n d u s t r i a l i s a t i o n and t h l a t t r r 

s oon d v e l o p f e s t r r t han t h a t . Th' r a t i o o f v a l u ^ added 

o f th-'' consumer good m d u s t r i s c o n t i n u a l l y d e c l i n e s as 

compared w i t h t h a t o f c a p i t a l goods m d u s t r i s. A c c o r d i n g 

t o Hoffmen, t h e date of i n d u s t r i a l i s a t i o n m any c o u n t r y 

hac n o t a f f e c t e d these p a t t e r n s o f i n d u s t r y . On t h e b a s i s 

o f a t i m e S e r i e s a n a l y s i s h a r r i v e d a t t h e c o n c l u s i o n , 

a p p l i c a b l e t o any economy, t h a t i r r e s p e c t i v e o f r e l a t i v e 

amounts o f f a c t o r s of p r o d u c t i o n , l o c a t i o n f a c t o r s and 

s t a t e o f t c h n o l e g y , " t h e s t r u c t u r e of t h m a n u f a c t u r i n g 

s e c t o r o f the economy has always > f o l l o w e d a u n i f o r m 

p a t t r n . " 

Korcp' cky(1969) u s i n g a contemporary c r o s s s ' e t i o n 

a n a l y s i s o f 2 - d i g i t st< ndard i n d u s t r i a l c l a s s i f i c a t i o n 

d a t a on m e n u f a c t u n n g found t h a t u n i f o r m i t y c o u l d be 

caused by u n i f o r m f a c t o r s t h a t p e r s i s t e d . R - l a t i n " - t h 
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t h r e e h i e r a r c h i e s ( 1 ) uages and t h e p r o p o r t i o n s i n w h i c h 
s k i l l s are d i s t r i b u t e d , (11) ~ a p i t a l andlalbour i n t e n s i t y and 

(111) o u t p u t per worker , each o f wnich he found sTable over 

t i m e , he concluded t h a t changes m t h e s t r u c t u r e o f 

m a n u f a c t u r i n g were markedly i n t h e d i r e e t i o n o f t h e h i g h e s t 

average o u t p u t per worker b u t n o t m t h e d i r e c t i o n o f 

c a p i t a l and l a b o u r i n t e n s i v e i n d u s t r i e s . Koropecky 

suggested t h a t t h e p a t t e r n o f change i s l i k e l y t o be 

" s t a b l e over t i m e and these c h a r a c t e r i s t i c s o f s t r u c t u r a l 

change m t h e manufactur_ng s e c t o r extend beyond t h e 

contemporary c r o s s s e c t i o n s . " 

The Average P r o d u c t i o n F u n c t i o n 

The p r e s e n t s t u d y i s a p r o d u c t i o n f u n c t i o n a n a l y s i s 

a t t h e d i s a g g r e g a t e d l e v e l o f mixed e s t a b l i s h m e n t d a t a f o r 

euch c o u n t r y . The r e s u l t i n g p r o d u c t i o n f u n c t i o n and t h e i r 

c h a r a c t e r i s t i c s a r c some k i n d o f averages which do n o t 

r e p r e s e n t any p a r t i c u l a r e s t a b l i s h m e n t b u t 1 -hich can be 

q u i t e u s e f u l f o r comparison purposes. 

Owing t o t h e n a t u r e o f d a t a a t our d i s p o s a l , t h e 

r e s u l t i n g p r o d u c t i o n f u n c t i o n i s t h e average over i n d u s t r i e s 

s i n c e t h e r e are e s t a b l i s h m e n t s b e l o n g i n g t o d i f f e r e n t 

i n d u s t r i e s . 

Tne concept o f t h e average p r o d u c t i o n f u n c t i o n i s 

u s e f u l i n e s t i m a t i n g t h e average o u t p u t o f a f i r m , g i v e n 

a c e r t a i n i n p u t c o m b i n a t i o n . But i t i s n o t u s e f u l m 

d e t e r m i n i n g t h e e f f i c i e n c y , t h e degree o f r e s o u r c e u t i l i ­

s a t i o n or the p r o d u c t i o n c a p a c i t y o f an economy or i n d u s t r y . 

I t i s d i f f i c u l t t o extend t h e i d e a t o t h e m a n u f a c t u r i n g mdus 

t r y m g e n e r a l though, i n t h a t case, t h e o u t p u t measured 

m v a l u e terms c o u l d s t i l l be used. U n f o r t u n a t e l y , t h i s 

v a l u e may n o t correspond t o any good. The m a n u f a c t u r i n g 

i n d u s t r y p r o d u c t i o n f u n c t i o n c o n s t r u c t e d from e s t a b l i s h m e n t 
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daxa must be d i s t i n g u i s h e d from t h e i n d u s t r y ' s aggregate 

p r o d u c t i o n f u n c t i o n which r e l a t e s aggregate o u t p u t s 

w i t h aggregate i n p u t s . The i n d u s t r y ' s aggregate p r c d u c t i o n 

f u n c t i o n may sometimes be approximated by the average 

p r o d u c t i o n f u n c t i o n m t h e absence o a g g r e g a t e d a t a . I n 

p r a c t i c e , however, t h e r e v e r s e may be t h e case s i n c e f i r m 

d a t a are more d i f f i c u l t t o g e t . H i l d e b r a n d and l i u ( 1 9 6 5 ) 

have sugg s t e d t h e use o f r e p r e s e n t a t i v e e s t a b l i s h m e n t s 

t o e s t i m a t e m a n u f a c t u r i n g p r o d u c t i o n f u n c t i o n s . 

Firms f a c i n g d i f f i c u l t p r o d u c t i o n c o n s t r a i n t s , may, 

when c o n s i d e r e d t o g e t h e r , r e p r e s e n t an average t e c h n o l o g y . 

A i g n e r and Chu(1°68) suggested t h a t " t h e e s t i m a t e d produc­

t i o n f u n c t i o n r e p r e s e n t s t h e average p r o d u c t i o n surefacee 

f o r t h e i n d u s t r y " . They c o n s i d e r t h e divergences f r o m t h e 

p r o d u c t i o n s u r f a c e as random f l u c t u a t i o n s due t o chance. 

I n e s t i m a t i n g t h e average o u t p u t from a g i v e n s e t 

o f i n p u t s , i f i;e n o t e d i f f e r e n c e s m expected average 

o u t p u t , t h e y s h o u l d be due t o d i f f e r e n c e s i n t e c h n i c a l 

e f f i c i e n c y . The e s t i m a t e d p r o d u c t i o n f u n c t i o n may, t h e n 

be used as a measure o f r e l a t i v e e f f i c i e n c y . T his suggests 

a u s e f u l method f o r nandOm- our d a t a w h i c h c o n s i s t o f 

i n d i v i d u a l e s t a b l i s h m e n t s o f d i f f e r e n t s i z e s and b e l o n g 

t o d i f f e r e n t i n d u s t r i e s . 

B r o n f e n b r e n n e r ( 1 9 4 4 ) , Karschak and Andrews(1944) 

and K e r l o v e ( 1 9 6 5 ) m t h e i r works on t h e e s t i m a t i o n o f 

m i c r o p r o ' m c t i o n f u n c t i o n s aesume t h e e s t i m a t e d f u n c t i o n t o 

be an average p r o d u c t i o n f u n c t i o n f o r t h e i n d u s t r y . T h i s 

i m p l i e s t h a t some some fi x m s c o u l d produce more t h a n t h e 

average and t h e o t h e r s l e s s t h a n t h e average. But t h e 

sense m which t h e term average i s used 
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may be q u e s t i o n a b l e . 

The average p r o d u c t i o n f u n c t i o n cannot be assumed t o 

be a f u n c t i o n f o r a f i r m o f average s i z e u n l e s s an assumption 

i s a l s o made t h a t t h e parameters o f t h e f u n c t i o n a re random 

v a r i a b l e s w i t h averages c o r r e s p o n d i n g t o those o f t h e average 

s i z e d f i r m . S i m i l a r l y an average T e c h n o l o g y i s n o t a f e a s i b l e 

i d e a s i n c e i t would r e q u i r e t h e c o n s i d e r a t i o n o f an average 

c o r r e s p o n d i n g t o d i f f e r e n t i n p u t s . 

The p r o d u c t i v e c a p a c i t y i s m e a n i n g f u l o n l y i f t h e 

o u t p u t l e v e l can be s u s t a i n e d . But the- average p r o d u c t i o n 

f u n c t i o n cannot r e p r e s e n t t h a t because i t does n o t embody 

th e l o n g r u n ove r t o n e s a s s o c i a t e d w i t h t h e argument. 

I f a l l t h e e s t a b l i s h m e n t s b e l o n g t o t h e same i n d u s t r y , 

t h e d i s t i n g u i s h i n g f e a t u r e s o f t h e p r o d u c t i o n f u n c t i o n o f 

e s t a b l i s h m e n t s may be embodied m a t t a i n a b l e v a l u e s f o r 

c e r t a i n t e c h n i c a l parameters m t h e i n d u s t r y p r o d u c t i o n f u n c t i o n , 

any d i f f e r e n c e s m them r e f l e c t i n g r e l a t i v e s c a l e s o f o p e r a t i o n , 

v a r y i n g o r g a n i s a t i o n s t r u c t u r e s e t c . See A i g n e r and C h u ( l 9 6 8 ) . 

I f an envelope i s o q u a n t i s c o n s t r u c t e d f o r t h e i n d u s t r y , 

as i s done by F a r r e l l ( 1 9 5 7 , 1962), t h e p r o d u c t i o n f u n c t i o n 

o f any f i r m may c o n c e p t u a l l y be o b t a i n e d from t h e i n d u s t r y 

f u n c t i o n upto t h e e x t e n t o f t h e f i r m s a b i l i t y t o o b t a i n t h e 

o p t i m a l parameter v a l u e s o f t h e i n d u s t r y . The i d e a may be 

extended from t h e i n d u s t r y p r o d u c t i o n f u n c t i o n s t o the 

m a n u f a c t u r i n g i n d u s t r y p r o d u c t i o n f u n c t i o n s , s i n c e m p r a c t i c e , 

f i r m s m a n u f a c t u r i n g i d e n t i c a l , s i n g l e p r o d u c t s are i m p o s s i b l e 

t o o b t a i n and t h e n o t i o n o f v a l u e added from p r i c e w e i g h t e d 

o u t p u t s i s common. Thus we t e n d t o l o o k upon a l l e s t a b l i s h ­

ments as g i v i n g r i s e t o a m a n u f a c t u r i n g i n d u s t r y p r o d u c t i o n 

f u n c t i o n w i t h i n t h e same c o u n t r y . The d i f f e r e n c e s , i f any, 
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a r e expected t o a r i s e , l e s s from d i f f e r e n c e s m t h e n a t u r e 

o f i n d u s t r y b u t much more from t h e d i f f e r e n c e s m t h e 

q u a n t i t y and q u a l i t y o f c a p i t a l , l a b o u r and r e l a t e d 

f a c t o r s . 

I t s h o u l d be made c l e a r a t t h i s p o i n t t h a t p r o d u c t i o n 

f u n c t i o n s e s t i m a t e d by r e g r e s s i o n a n a l y s i s are c o n d i t i o n a l 

median p r o d u c t i o n f u n c t i o n s , see G-oldberger(1 9 6 8 ) . The 

p r o b a b i l i t y i s one h a l f f o r any a c t u e l o u t p u t p o i n t t o 

l i e o u t s i d e t h e p r o d u c t i o n s u r f a c e . The n e o c l a s s i c a l 

p r o d u c t i o n f u n c t i o n i s d i f f e r e n t from t h e s t a t i s t i c a l 

p r o d u c t i o n f u n c t i o n because i t expresses t h e maximum 

o u t p u t t h a t may be o b t a i n e d from a g i v e n c o m b i n a t i o n o f 

i n p u t s a t t h c e x i s t i n g s t a t e o f t e c h n o l o g y . T h e , . p r o b a b i l i t y 

o f a p r o d u c t i o n p o i n t l y i n g o u t s i d e t n e d e f i n e d p r o d u c t i o n 

s u r f a c e i s zero m t h e case o f a n e o c l a s s i c a l p r o d u c t i o n 

f u n c t i o n . I f p r o d u c t i o n p o i n t s t e n d t o l i e i n s i d e t h e 

s u r f a c e a r_ew t ^ c n n o l o g y may be i m p l i e d . I n an i n t e r - f i r m 

c r o s s s e c t i o n s t u d y , an average p r o d u c t i o n f u n c t i o n ca vi 

a p p r o x i m a t e an a r g r e g a t e -production f u n c t i o n though i t 

w ould be d i f f i c u l t t o v i s u a l i s e a f i r m employing average 

c a p i t a l , average l a b o u r or average t e c h n o l o g y . 

I r o b l e m s and Techniques o f E s t i m a t i o n 

There are s e v e r a l problems i n t h e e s t i m a t i o n o f 

a p r o d u c t i o n f u n c t i o n These are d e s c r i b e d b r i e f l y i n 

A p p e n d i x A. Some t e c h n i q u e s o f e s t i m a t i o n , w i t h s p e c i a l 

r e f e r e n c e t o t h e Cobb Douglas and t h e CDS f n o t i o n s have 

a l s o been g i v e n . 



Use o f O r d i n a r y Least Squares Method 

I n view o f the v e r y l a r r e numbtr o f r e g r e s s i o n s 

a t t e m p t e d m t h i s s t u d y and because o f a l a r r e amount o f 

c o m p u t a t i o n a l work i n v o l v e d i t has been decided t o make 

use o f o r d i n a r y l e a s t squares t e c h n i q u e which seems t o be 

adequate f o r our purpose, T h i s s h o u l d enable us t o concen­

t r a t e on t h e c o m p a r a t i v e a n a l y s i s o f a l a r g e number o f r e s u l t s . 

The l e a s t squares e s t i m a t o r has a number o f d e s i r a b l e 

p r o p e r t i e s . By Gauss-Markov theorem i t is t h e b e s t among 

t h e c l a s s o f unbiased l i n e a r e s t i m a t e s . I f t h e random 

elements are i n d e p e n d e n t l y and n o r m a l l y d i s t r i b u t e d , t h e l e a s t 

squares e s t i m a t o r s maximise t h e l i k e l i h o o d f u n c t i o n . But t h e 

l e a s t squares pro c e d u r e i s n o t e f f i c i e n t i f t h e d i s t u r b a n c e s 

are h e t e r o s c e d a s t i c , th>± p o s s i b i l i t y o f which i s n o t r u l e d out 

m our d a t a . liven when t h e method may g i v e r e l a t i v e l y l o w e r 

s t a n d a r d e r r o r s o f c o e f f i c i e n t s , t h e p o s s i b i l i t y o f b i a s and 

i n c o n s i s t e n c y remains. 

The use o f s i m u l t a n e o u s e q u a t i o n methods, two stage 

l e a s t squares 0 / maximum l i k e l i h o o d , r e q u i r e s t h e c o n s t r u c t i o n 

o f a complete p r o d u c t i o n and j n p u t model. The o r d i n a r y l e a s t 

squares e s t i m a t e s are n o t c o n s i s t e n t and s u f f e r f r o m s i m u l t a n ­

eous e q u a t i o n b i a s r e s u l t i n g from t h e c o r r e l a t i o n between t h e 

random e r r o r term and t h e dependent v a r i a b l e ; t h e b i a s cannot 

be e l i m i n a t e d by i n c r e a s i n g t h e sample s i z e though t h e use 

o f s u i t a b l e i n s t r u m e n t a l v a r i a b l e s may h e l p w i t h c r o s s s e c t i o n a l 

data l i k e o u r s . The p o s s i b i l i t y of a h i g h c o r r e l a t i o n between 

th-> e r r o r term and t h e dependent v a r i a b l e i s m i n i m i s e d i f we 

assume a l a c k o f any c o n n e c t i n g f a c t o r among f i r m s . Use o f 

s u i t a b l e a d d i t i o n a l v a r i a b l e s may reduce the upward b i a s 

a s s o c i a t e d w i t h o r d m a r y l e d s t squares e s t i m a t e s . 



A h?«jfW degree o f disaggregation m our d a t a and 

n o m n c l u s i o n o f v e r y s m a l l e s t a b l i s h m e n t s are l i k e l y t o 

r e s u l t m low "biases wh i c h g e n e r a l l y r e s u l t from a g g r e g a t i o n 

and s p e c i f i c a t i o n e r r o r s . I n a d d i t i o n , o u r d a t a a r e r e a s o n ­

a b l y r e l i a b l e and u n a f o r m l y c o l l e c t e d . A l l t h i s i s n o t t o 

deny t h e b e t t e r r o l e t h a i c o u l d oe p l a y e d by a m u l t i - e q u a t i o n 

model. 

I n t h ' e s t i m a t i o n o f the production f u n c t i o n by t h e 

o r d i n a r y l e a s t squares method, Z e l l n e r , Kmenta and Drezfi. 

(1966) r e s t o r e d f a i t h m t h e s i n g l e e q u a t i o n model under 

t h e assumption o f i d e n t i c a l p r o d u c t i o n f u n c t i o n s --across 

f i r m s w i t h r e s p e c t t o f o r m and parameters which are s t o c h a s t i c . 

T h i s makes t h e f i r m s ' p r o f i t f u n c t i o n random. 

Thp o p t i m a l i t y o f th.^ e s t i m a t e s o f t h e p r o d u c t i o n 

f u n c t i o n by o r d i n a r y l e a s t squares depends on t h e assumption 

o^ m a x i m i s a t i o n o f expected p r o f i t s r a t h e r t h a n p r o f i t s w i t h 

p r i c e g i v e n and known v / i t h c e r t a i n t y t o t h e e n t r e p r e n e u r . 

T h i s assumption may b§ f u l f i l l e d m a market economy where 

e i t h e r p e r f e c t c o m p e t i t i o n or m o n o p o l i s t i c c o m p e t i t i o n may 

p r e v a i l . I n a s o c i a l i s t economy we can n o t be t o o sure 

o f t h e c o r r e c t n e s s o f such an assumption. One o f t h e c o u n t r i e s 

m our model i s Y u g o s l a v i a which has a s o c i a l i s t i c economy 

whose r e s u l t s may be expected t o be d i f i e r e n t from those o f 

o t h e r c o u n t r i e s . The a c t u a l nicinpower or manhours employed 

by an e s t a b l i s h m e n t m a market economy may t e n d t o equate 

m a r g i n a l revenue p r o d u c t t o wage r a t e though,owing t o 

m i s c a l c u l a t i o n s , o n l y a p a r t i a l a d j u s t m e n t t o e q u i l i b r i u m 

c o n d i t i o n s may be a t t a i n e d . The s i t u a t i o n may be e n t i r e l y 

d i f f e r e n t m a s o c i a l i s t economy. 
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F o l l o w i n g t h e Zellner-Kmenta-Dreze model, ] t i s 

assumed m t h i s s t u d y , thax the e n t r e p r e n e u r , faced vnth 

t h e u n c e r t a i n t y o f n o n - i n s t a n t a n e o u s p r o d u c t i o n , seeks 

t o maximise h i s expected p r o f i t s w h i l e t h e p r o d u c t i o n 

f u n c t i o n i s d i s t u r b e d by t h e e r r o r t e r n . The t r a n s m i s s i o n 

o f the d i s t u r b a n c e from t h e p r o d u c t i o n f u n c t i o n t o t h e 

m a r g i n a l p r o d u c t i v i t y r e l a t i o n s i s i g n o r e d . 

Economic and T e c h n i c a l V a r i a b l e s 

Throughout t h i s s t u d y , use has been made o f t h e 

d i s t i n c t i o n "between economic and t e c h n i c a l v a r i a b l e s 

which occur m p r o d u c t i o n f u n c t i o n a n a l y s i s . I n t h e l a s t 

c h a p t e r t h i s d i s i m c t i o n was u t i l i s e d t o assess t h e 

ex t e n s i o n s o f some p r o d u c t i o n f u n c t i o n forms. An a t t e n p t 

w i l l be made now t o c l a r i f y t h e meaning o f t h e t h e concept 

o f economic and t e c h n i c a l v a r i a b l e s . 

The acx o f p r o d u c t i o n being t e c h n i c a l i n n a t u r e , 

t h e f a c t o r s e n t e r i n g i t muct have a t e c h n i c a l c h a r a c t e r . 

T e c h n i c a l v a r i a b l e s are s p e c i f i c a t i o n s f o r i n p u t s and 

o u t p u t s w h i l e economic v a r i a b l e s t e n d t o be s p e c i f i c a t i o n s 

o f i n p u t and o u t p u t p r i c e s . I n g e n e r a l , v a r i a b l e s c o n s i ­

dered b e f o r e t h e a c t o f p r o d u c t i o n are t e c h n i c a l m n a t u r e . 

"Variables s u b j e c t t o market f o r c e s , expressed m money u n i t s , 

may be c a l l e d economic v a r i a b l e s ; u s u a l l y t h e y a r i s e a f t e r 

t h e a c t o f p r o d u c t i o n has a l r e a d y t a k e n p l a c e . 

I t i s d i f f i c u l t t o p l a c e c e r t a i n v a r i a b l e s l i k e 

t h e number o f s h i f t s worked, t h e r a t e o f c a p a c i t y u t i l i ­

s a t i o n or t h e age o f e s t a b l i s h m e n t m e i t h e r o f t h e two 

c a t e g o r i e s . They may i n f l u e n c e , and be i n f l u e n c e d by, b o t h 

economic as w e l l as t e c h n i c a l c o n s i d e r a t i o n s . 
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The money f a c t o r i s always p r e s e n t , a t l e a s t m t h e 

background, and i n f l u e n c e s a l l aspects o f p r o d u c t i o n . I t 

i n f l u e n c e s t e c h n i c a l as v e i l as a l l t h e o t h e r v a r i a b l e s 

w i t h w h i c h a p r o d u c t i o n r e l a t i o n may be concerned. I f 

o u t p u t p r i c e s are h i g h , t h e r a t e o f c a p a c i t y u t i l i s a t i o n 

o r t h e number of s h i f t s worked i s l i k e l y t o go up. The 

economic o u t l o o k o f an o l d e r e s t a b l i s h m e n t may be q u i t e 

d i f f e r e n t f r o m t h a t o f a new e s t a b l i s h m e n t . 

Because o f t h e i n c o n v e n i e n c e m the use o f p h y s i c a l 

u n i t s , when a t e c h n i c a l v a r i a b l e has t o be expressed m 

money terms, t h e process o f change m t h e n a t u r e o f u n i t s 

may n o t n e c e s s a r i l y a l l o w t h e v a r i a b l e t o r e t a i n i t s 

o r i g i n a l n a t u r e . C a p i t a l , though a t e c n n i c a l v a r i a b l e , i s 

a lmost i n v a r i a b l y expressed i n money terms b u t s t i l l 

r e t a i n s i t s t e c h n i c a l n a t u r e because l t j m s o f c a p i t a l a re 

n o t purchased f r e q u e n t l y and t h e v a r i a b l e may n o t be 

s e r i o u s l y i n f l u e n c e d by p r i c e f l u c t u a t i o n s . On t h e o t h e r 

hand, o u t p u t , when expressed m v a l u e terms t h r o u g h p r i c e 

w e i g h t i n g , may l o s e i t s t e c h n i c a l c h a r a c t e r and may become 

an economic v a r i a b l e i n t h ^ f o r m o f t o t a l v a l u e o f o u t p u t 

o r v a l u e added. 

Wages may n o t behave as a t e c h n i c a l v a r i a b l e because 

t h e r e q u i r e m e n t o f l a b o u r m p r o d u c t i o n does n o t n e c e s s a r i l y 

depend on t h e va^es. Tven though,more c a p i t a l i n t e n s i v e 

t e c h n i q u e s can reduce t h e dependence on l a b o u r t o some 

e x t e n t , y e t a c e r t a i n minimum r e q u i r e m e n t f o r l a b o u r s t i l l 

remains i r r e s p e c t i v e o f h i g h o r low wages w h i c h may n o t 

n e c e s s a r i l y be r e l a t e d t o t h e q u a l i t y or q u a n t i t y o f l a b o u r . 
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The same wages may n o t e y t r a c t equal q u a n t i t i e s o f work 

from d i f f e r e n t u n i t s o f l a b o u r . Moreover, t h e f o r c e s o f 

demand and su p p l y p l a y an i m p o r t a n t r o l e m the d e t e r m i n a t i o n 

o f wages. 

A l t h o u g h w i s equal t o the m a r g i n a l p r o d u c t m 

c o m p e t i t i v e e q u i l i b r i u m and m a r g i n a l p r o d u c t i s a t e c h n i c a l 

m a t t e r , the e q u i l i b r i u m i n v o l v e s s u p p l y as w e l l as 

demand wnich are economic f o r c e s . The manager o f an 

e s t a b l i s h m e n t may t r v t o move h i s p r o d u c t i o n f u n c t i o n 

t o an a p p r o p r i a t e p o s i t i o n so t h a t w may appear t o be 

a t e c h n i c a l v a r i a b l e but t h i s may n o t oe u s u a l l y p o s s i b l e 

because of f l u c t u a t i o n s m p r i c e s , t r a d e u n i o n a c t i v i t i e s 

and t he n a t u r e o f work i _ i t h e e s t a b l i s h m e n t w h i c h may 

n o t n e c e s s a r i l y be r e l a t e d t o l a b o u r p r o d u c t i v i t y . 

P r a c t i c a l l y t h e same arguments can be g i v e n m 

the case of r a l e n f r e t u r n on c a p i t a l I n c o m p e t i t i v e 

e q u i l i b r i u m i t may tend t o equal t h e m a r g i n a l i r o d u c t 

o f c a p i t a l and s i n c e t h a t i n v o l v e s f o r c e s o f demand and 

su p p l y o f c a p i t a l , t h e r a t e o f r e t u r n on c a p i t a l i s an 

economic v a r i a b l e . 

The r a t i o w/r may tend tc equal t h e m a r g i n a l r a t e 

o f t e c h n i c a l s u b s t i t u t i o n end may be expected t o behave 

as a t e c h n i c a l v a r i a b l e on t h e same l i n e s as ^ or r . 

Eut under t h e i n f l u e n c e o f economic f o r c e s , m p r a c t i c e , 

i t behaves as an economic v a r i a b l e . 

-i.s f o r t h e f a c t o r share r a t i o , " t h e i n t r u s i o n o f 

t e c h n i c a l change between the s i m p l e f a c t s o f f a c t o r r a t i o s 
1 

and f a c t o r rewards" g i v e s i t a c h a r a c t e r o f i t s own and i t s 
e f f e c t i v e n a t u r e may depend on the influence e y e r t e d by t h e 

eccnomic and t e c h n i c a l f a c t o r c o m b i n a t i o n m i t . 
1SO1OV/( 1958) 
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The manner i n v h i c h t h e p r o d u c t i o n f u n c t i o n i s 

d e f i n e d and used i n a c t u a l p r a c t i c e does n o t seem t o a l l o w 

w a t e r t i g h t compartments f o r economic and t e c h n i c a l 

v a r i a b l e s . A l s o , i t may not be easy t o c l a i m e q u i v a l e n c e 

o f n a t u r e o f d i f f e r e n t t e c h n i c a l ( o r economic) v a r i a b l e s . 

But t h e d i f f e r e n c e between t e c h n i c a l and economic v a r i a b l e s , 

m the manner .-e have c o n s i d e r e d i t , w i l l be used t o 

examine v a r i o u s c r i t e r i a used f o r c r o u a m g e s t a b l i s h m e n t 

d a t a and a l s o t o c o n s i d e r t h e e f f e c t i f any, o f t h i s 

d i f f e r e n c e , on t h e homogeneity o f m a n u f a c t u r i n g Q s t a b l i s h m e n t 

data o f t h e c o u n t r i e s under s t u d y . 

I t may be p o s s i b l e t n l o o k upon some t e c h n i c a l 

v a r i a b l e s as q u a n t i t i e s and some economic v a r i a b l e s as 

p r i c e s a l t h o u g n i t s h o u l d be remembered t h a t t h e r e l a t i v e 

i m portance o f t h e p r i c e w e i g h t s used m some q u a n t i t i e s 

may v a r y from one v o r i a b l e t o a n o t h e r and an exact c a t e ­

g o r i s a t i o n may be d i f f i c u l t . 
1 

The e f f e c t o f economic and t e c h n i c a l v a r i a b l e s on t h e 

g r o u p i n g o f m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a and on p o o l and 

group r p g r e ; s i o n a n a l y s i s w i l l be s t a d i e d l a t e r . The r e s u l t s 

o f a n a l y s i s o f c o v a r i a n c e w i l l a l s o be consi dared w i t h 

r e f e r e n c e t o t h i s concept 
1The us^e o f these terms i s n o t uncommon m t h e l i t e r ­

a t u r e . Tne concepts o f "economic1' and " t e c h n i c a l ' e f f i c i e n c y are 
w e l l known. R e c e n t l y we came across t h e use o f ' t h e s e terms 
n e a r l y made m t h e same sense as we have, done T h i s was m 
K . H i l t o n and H. Dtalphm( 1 970) , C a p i t a l and c a p a c i t y u t i l i s a t i o n 
m t h e U.F . , BulOx\ Uni v. I n s t . o f Tcon dSta't. , V o l . 32 where a 
r e f e r e n c e t o ' T l e i r ^ 1 . n . ( 1 960),Some t h e o r e t i c a l i s s u e s on t h e 
measurement o f capaci t y , Lbonometrica, V o l . 2X8" i s a l s o t o be 
found. ^ \ 



r s t a b l i s h n e n t S i z e . Grouping o f r s t a b l i s h m e n t Data. 

The s i z e o f e s t a b l i s h m e n t i s a measure o f c r u c i a l 

imporxance an any p r o d u c t i o n f u n c t i o n s t u d y o f m t e r c o u n t r y 

d i f f e r e n t i a l s . An i m p o r t a n t r o l e i s p l a y e d by t h e s i z e o f 

e s t a b l i s h m e n t an group r e g r e s s i o n a n a l y s i s <'hach has been 

c a r r i e d out m ch a p t e r s i x . The fo c u s o f st u d y m t h a t c h a p t e r 

and c h a p t e r seven w i l l be-->the v a r i a t i o n s o b t a i n e d by t h e use 

of economic and t e c h n i c a l v a r i a b l e s t o group t h e e s t a b l i s h m e n t 

d a t a . 

For a s u i t a b l e o r d e r i n g and g r o u p i n g o f t h e e s t a b l i s h ­

ments, we are n o t m a p o s i t i o n t o make use o f s t a n d a r d i n d u s t ­

r i a l c l a s s i f i c a t i o n numbers because t h e r e a r ; n o t enough 

e s t a b l i s h m e n t s c o r r e s p o n d i n g t o each such number. V/e r e s o r t , 

t h e r e f o r e , t o o t h e r c r i t e r i a w h i c h can be m terms o f economic 

p e r f o r r a n c e and irey be i n f l u e n c e d try t h e p r e v a l e n t economic 

s >stem, t h e s i z e o f t h e market and t h e l e v e l o f econcm. . 

development, o r , th e y can be r e l a t e d t o t h e t e c h n o l o g y and 

may oe u s e f u l m the s t u d y o f c e r t a i n problems w i t h p o l i c y 

i m p l i c a t i o n s . Some causes o f v a r i a t i o n s m f a c t o r e l a s t i c i t i e s , 

economies o f s c a l e and e l a s t i c i t y o f s u b s t i t u t i o n between i n p u t s 

can be s t u d i e d i n t h i s manner. 

I t i s d i f f i c u l t t o s i n g l e out any c r i t e r i o n f o r a 

measure o f e s t a b l i s h m e n t s i z e o r economic performance Even 

though t e c h n i c a l performance i s o f t e n exj'ressed m economic 

terms and v i c e v e r s a , i t i s d i f f i c u l t t o make any g e n e r a l r u l e 

about t h 1 c o r r e l a t i o n between t h e two. There are no commonly 

agreed measures o f e s t a b l i s h m e n t s i z e or economic performance 

an spa Le o f t h e two being b r a c k e t e d t o g e t h e r sometimes m 

p r a c t i c e. 
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V a r i a b l e s l i k e c a p i t a l assets and l a b o u r n u s t e " i s t 
b e f o r e any economic performance i s n o t i c e d To a c e r t a i n e x t e n t 
the n a t u r e o f economic p e r f o r r a n c e can be v i s u a l i s e d from a 
knowledge o f these v a r i a b l s which are b a s i c a l l y t e c h n i c a l i n 
n a t u r e . E s t a b l i s h e s ! z e may a l s o be determined bv v a r i a b l e s l i k e 
g r o c s or n e t o u t p a t , o u t p u t l a b o u r r a t i o , r a t e o f r e t u r n o r 
s a l e s which a l s o hagptn t o be measures o f economic performance. 
These l a t t e r v a r i a b l e s are u s u s a l l y measured i n v a l u e terms 
and as economic v a r i a b l e s , most v a r i a b l e s measuring economic 
performance, a r e , more or l e s s , c l o s e l y r e l a t e d t o the economic 
r a t h e r t h a n t h e t e c h n i c a l aspect o f p r o d u c t i o n w i t h w h i c h t h e 
e s t a b l i s h m e n t s i z e v a r i a b l e s are concerned. I t may be expected, 
t h e r e f o r e , th-vt a g r o u p i n g o f e s t a b l i s h m e n t s on t h e b a s i s o f 
these two types o f v a r i a b l e s s h o u l d g i v e d i f f e r e n t r e s u l t s . 
We w i l l s e t t h i s up as an h y p o t h e s i s and t e s t i t e m p i r i c a l l y . 

v!e w i l l now c o n s i d e r t he r e l e v a n c e o f some measures o f 

e s t a b l i s h m e n t s i z e and economic performance m a i n l y f r o m t he 

p o i n t o f view o f g r o u p i n g our da t a . Moreover, we xake t h e 

o p p o r t u n i t y t o r j u s t i f y t h e use o f a common p r o d u c t i o n f u n c t i o n 

f o r a l l m a n u f a c t u r i n g e s t a b l i s h m e n t s or groups o£ e s t a b l i s h m e n t s 

i r r e s p e c t i v e o f i n d u s t r y c o n s i d e r a t i o n s . 

The economic p-rformance o f l a r g e companies i s o f t e n 

compared by p u t t i n g them t o g e t h e r i n t h e oame a n a l y s i s w i t h o u t 

r e f e r e n c e t o t h e i n d u s t r y t o which t h e y may be l o n g . See, f o r 

example,Wood(1975) or t h e Fo r t u n e D i r e c t o r y o f f i v e hundred 

l a r g e s t American f i r m s w h i c h occurs i i c r i o d i c a l l y and has been 

a source o f i m p o r t a n t i n f o r m a t i o n and can p r o v i d e m a t e r i a l f o r 

economic a n a l y s i s . I n comparisons l i k a t h e s e t h e performance or 

" e f f i c i a n c y " o f a f i r m i s measured by and graded a c c o r d i n g t o 

r a t e o f r e t u r n , s a l e s t u r n o v e r , v a l u e added, p r o d u c t i v i t y o r a 

s u i t a b l e c o m b i n a t i o n o f th e s e . 
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Measurements a r e u s u a l l y c a r r i e d out m money u n i t s as p h y s i c a l 

u n i t s are d i f f i c u l t t o han d l e . 

Sales t u r n o v e r , on i t s own or m r e l a t i o n t o c a p i t a l 

employed, i s a commonly used mpasure o f e f f i c i e n c y by managers. 

U n f o r t u n a t e l y , t h e money v a l u e o f items g o i n g i n t o s a l e s may be 

so d i f f e r e n t f r o m one f i r m t o ano t h e r and from t i m e t o t i m e 

t h a t t h i s measure may n o t always be c o n s i d e r e d as a r e l i a b l e 

measure. 

Wood(l975) f i n d s v a l u e added an a x t r c c t i v e measure o f 

economic performance. A c c o r d i n g t o him, added v a l u e as a measure 

of performance can be c o n s i d e r e d t o be p a r t i c u l a r l y r e l i a b l e 

b f - cause"it i s n o t a f f e c t e d by d e p r e c i a t i o n p o l i c y , i n t e r e s t 

charges, development c o s t s , government g r a n t s , wage l e v e l s , e t c . , 

. c o n t a i n e d w i x h m t h e added v a l u e . . . ( a n d ) i s o n l y m a r g i n a l l y 

a f f e c x e d by changes i n s t o c k v a l u a t i o n methods. "\/ood g i v e s 

s e v e r a l reasons and examples m s u p p o r t o f h i s c o n t e n t i o n . 

For e m p i r i c a l a n a l y s i s , one may choose t o measure 

e s t a b l i s h m e n t s i z e Tby t h e s i z e o f l a b o u r f o r c e , r a t h e r t h a n 

by o u t p u t or s a l e s t u r n o v e r . I t would t h e n imply a decrease m 

e s t a b l i s h m e n t s i z e i f the number o f workers decreases even though 

o u t p u t may have i n c r e a s e d a t the same t i m e becaus. o f a h i g h 

c a p i t a l i n t e n s i t y . As r r y o r ( l 9 7 3 ) says, " i f t h e average 

employment s i z e o f e s t a b l i s h m e n t s -.n a g i v e n branch o f i n d u s t r y 

i s d e t e r m ined by t h e l e v e l o f t e c h n o l o g i c a l knowledge a v a i l a b l e 

t o a l l n a t i o n s t h e n any d i f f e r e n c e i n t h e average s i z e o f 

i n d u s t r i a l e s t a b l i s h m e n t can be e x p l a i n e d by d i f f e r e n c e s m t h e 

d i s t r i b u t i o n o f employment arronr i n d u s t r i a l branches." 

There are n o t many ~xudies about i n t e r n a t i o n a l comparisons 

o f e s t a b l i s h m e n t s i z e or economic performance because o f l a c k o f 

dat a or because o f d i f f i c u l t i e s o f g e n e r a l i s a t i o n w i t h t h e h e l p 

of c a u s a l f a c t o r s u n d e r l y i n g e s t a b l i s h m e n t s i z e . 
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Bam' s (1970) s t u d y o f i n t e r n a t i o n a l d i f f e r e n c e s m i n d u s t r i a l 
s t r u c t u r e compares t h e p l a n t s i z e s o f Bight c o u n t r i e s as measured 
by t h e number o f employees. I n L a v i g m ' s ( 1 9 7 0 ) s t u d y o f s o c i a l i s t 
economies, t h e comparisons made are q u a l i t a t i v e m n a t u r e . Good 
co m p a r a t i v e s t u d i e s p e r t a i n i n g t o t h e Z~ti£ c o u n t r i e s a r e common 

A c c o r d i n g t o P r y o r ( 1 973), who c a r r i e s out an a n a l y s i s o f 
s i z e o f p r o d u c t i o n e s t a b l i s h m e n t s i n m i n i n g and m a n u f a c t u r i n g 
o f copim mi st and c a p i t a l i s t c o u n t r i e s , t he t h e o r e t i c a l anal"'sis 
o f e s t a b l i s h m e n t s i z e depends v e r y much on t h e measure o f s i z e 
t h a t i s employed. On t h e grounds o f a v a i l a b l e d a t a he chooses t o 
measure e s t a b l i s h m e n t s i z e by l a b o u r f o r c e . I n a c r o s s s e c t i o n 
a n a l y s i s o f m a n u f a c t u r i n g e s t a b l i s h n e n t s o f e i g h t c o u n t r i e s 
he f i n d s t h a t i t i s p o s s i b l e t o rank c o u n t r i e s a c c o r d i n g t o 
e s t a b l i s h m e n t s i z e and t h e r e s u l t s o b t a i n e d by u s i n g d i f f e r e n t 
i n d i c a t o r s o f s i z e are s i m i l a r , ^here a r e s e v e r a l such i n d i ­
c a t o r s o f s i z e . One i s t h e a r i t h m e t i c mean(A.M.) o f employees 
m a l l t h e e s t a b l i s h m e n t s The second i s t h e "entropy Index o f 

T h e i l ( 1967), denoted by T m t h e e x p r e s s i o n I n E = I n L - 2 t ln-~i 

l ti 

where 1 i s t o t a l l a b o u r f o r c e and t i s t h e p r o p o r t i o n o f l a b o u r 

employed i n t h e i t h p r o d u c t i v e u n i t . The Niehan's Int? ex t N= Ht L 
A 1 1 

where the l a b o u r f o r c e employed by t h e i t h u n i t i s denoted by L . 

On t h e b a s i s o f these i n d i c a t o r s , I r y o r f i n d s t h e average 

employment s i z e o f m a n u f a c t u n n g °ttablishments m s e v e r a l c o u n t ­

r i e s . Given m t h e t a b l e below are t h e r e s u l t s f o r f o u r o f t h e 

f i v e c o u n t r i e s m our s t u d y as t h e d e t a i l s f o r I n d i a a r e n o t 

a v a i l a b l e . The t a b l e has been adapted from P r y o r ( l 9 7 3 ) and 

m i t s o r i g i n a l f o r m , c o n t a i n s d e t a i l s about s e v e r a l o t h e r 

c o u n t r i e s . 



Average Fmployment Size o f M a n u f a c t u r i n g L s t a b l i shments 

Year o f 
r e f e r e n c e 

A.M. 
Index 

E n t r o p y 
Index 

Niehan 
Index 

Percentage o f 
s Labour f o r c e 

in estbmnt. 

Franc e 1962 122 337 1620 20.3 

I s r a e l 1965 74 128 220 21 .9 

Japan 1963 87 224 667 16.6 

Yugo­
s l a v i a 

1963 269 566 1C64 33.1 

The average e s t a b l i s h m e n t s i z e m Y u g o s l a v i a m p a r t i c u l a r 

and m F a s t e r n Furope an g e n e r a l i s v e r y l a r g e i n comparison / i t h 

t h a t m Western Furope; on the average i t i s up t o f o u r t imes t h e 

s i z e o f t h e e s t a b l i s h m e n t i n W t s t e r n Europe. As n o t e d by F r y o r , 

t h e e s t a b l i s h m e n t s i z e m Hungary and Poland i s even l a r g e r t h a n 

t h a t . T h i s i s because the c e n t r a l d i r e c t i o n o f m a n u f a c t u r i g 

m Y u g o s l a v i a has b^en v . r y much l e s s t h a n an Hungary and Poland 

a l t h c u h rany m a n u f a c t u r i n g e s t a b l i s h m e n t s i n Y u g o s l a v i a were b u i l t 

when t h e c e n t r a l government had c o n s i d e r a b l e c o n t r o l over 

i n v e s t m e n t and t h e s m a l l e r e s t a b l i s h m e n t s were d i s c o u r a g e d . 

As compared t o t h e o t h ^ r c o u n t r i e s m our s t u d y , t h e p o l i t i c a l 

i n f l u e n c e an t h e case o f Y u g o s l a v i a i s so s i g n i f i c a n t as t o 

s m g l j i t out as a s p e c i a l case from t h - p o i n t o f view o f . 

u n i f o r m development o f m a n u f a c t u r i n g a c t i v i t y . 

u'e now c o n s i d e r a few more measures o f - s t a b l i s h m t n t 

s i z e and economic performace o f e s t a b l i s h m e n t s . We w i l l a l s o 

c o n s i d e r t h e p o s s i b i l i t y o f i n t e r c h a n g e a b L i t y o f some o f th e s e 

measures. 
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A c c o r d i n g t o Moyer(1968), "two i m p o r t a n t i n d i c e s 

o f performance m i n d u s t r y s t u d i e s e r e t h e degree o f 

u t i l i s a t i o n o f p r o d u c t i o n c a p a c i t y and some measure o f 

r a t e o f r e t u r n s . A n a l y s i s u s u a l l y focuses on v a r i o u s 

s t r u c t u r a l c o n d i t i o n s t h a t i n f l u e n c e these and o t h e r 

measures o f performance as v e i l as on t h e e f f e c t o f 

market conduct performance. T h i s i s because , knowledge 

o f t h e o p e r a t i n g r a t e can h e l p p r e d i c t p r o f i t w i t h o u t 

one's b e i n g r e q u i r e d t o e s t i m a t e c o s t s , p r i c e s and o t h e r 

f a c t o r s . " 

The s t u d y o f t h e r e l a t i o n s h i p between these f a c t o r s 

i s a l s o u s e f u l f o r p u b l i c p o l i c y , p u r p o s e s . The r a t e o f 

r e t u r n p r o v i d e s a b a s i c l e v e l f o r p r o j e c t e v a l u a t i o n and 

i t s knowledge can be u s e f u l m s t u d y i n g t h e performance 

o f d i f f e r e n t s e c t o r s o f an economy or d i f f e r e n t groups o f 

e s t a b l i s h m e n t s . A m a l f u n c t i o n i n g o f t h - c a p i t a l market may 

be expected i f s i g n i f i c a n t d i f f e r e n c e s i n t h e r a t e o f 

r e t u r n m d i f f e r e n t s e c t o r s do n o t t e n d t o narrow down over 

t i m e and , m t h e case o f e s t a b l i s h m e n t s , a c e r t a i n a c c e p t a b l e 

t r e n d i s n o t n o t i c e a b l e among groups o f e s t a b l i s h m e n t s 

formed on t h e b a s i s o f a c e r t a i n s i z e p a t t e r n . 

I n s t e a d o f g r o u p i n g xhe e s t a b l i s h m e n t s by t h e i r 

economic ^performance or by t h e s i z e o f one or t h e o t h e r 

v a r i a b l e we may group them on t h e basi s of t h e r a t e o f 

t e c h n i c a l p r o g r e s s o f t h e i n d u s t r i e s t o w h i c h t h e y b e l o n g . 

For i n s t a n c e , s t e e l p r o d u c t s , chemicals and machinery 

may belong t o t h e h i g h t e c h n i c a l p r o g r e s s group and most 

consumer goods lik° f o o d , tobacco and l e a t h e r may b e l o n g 

t o t h e low t e c h n i c a l p r o g r e s s groun. Other groups 
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may a l s o be f o r m e d . U n f o r t u n a t e l y , t h e s e groups a r e 
l i k e l y t o be s u b j e c t i v e m n a t u r e and compact d i v i s i o n s 
a r e d i f f i c u l t t o make between d i f f e r e n t i n d u s t r i e s . Morever, 
m i n t e r n a t i o n a l comparisons t h e r e i s t h e p o s s i b i l i t y o f 
v a r i a t i o n s m t h e r a t e o f t e c h n i c a l p r o g r e s s m d i f f e r e n t 
i n d u s t r i e s . The n a t u r e o f a p a r t i c u l a r i n d u s t r y i s n o t 
l i k e l y t o be t h e same i n d i f f e r e n t c o u n t r i e s . A l s o some 
c o u n t r i e s may be d i s p r o p o r t i o n a t e l y r e p r e s e n t e d by some 
i n d u s t r i e s . 

Grouping o f e s t a b l i s h m e n t s may be based on t h e 

q u a l i t y r a t h e r t h a n t h e q u a n t i t y o f c e r t a i n i n p u t s used. 

For q u a l i t a t i v e g r o u p i n g t h e problem i s t h a t o f d e f i n i n g 

and l o c a t i n g s i m i l a r q u a l i t i e s o f i n p u t s m d i f f e r e n t k i n d s 

o f d a t a c o l l e c t e d f r o m a v a r i e t y o f sources. The q u a l i t y 

o f c a p i t a l , may, f o r i n s t a n c e , be decided on the b a s i s 

o f age o f e s t a b l i s h m e n t o r the age o f machinery and 

equipment used but t h e r e i s no guarantee t h a t any 

m e a n i n g f u l and d e t a i l e d d a t a on these o r o t h e r s u i t a b l e 

c h a r a c t e r i s t i c s a r e u s u a l l y a v a i l a b l e . Perhaps i t may be 

e a s i e r to group t h e da t a on t h e b a s i s o f l a b o u r q u a l i t v 

p r o v i d e d such c l a s s i f i c a c i o n i s c o n f i n e d t o t h e same 

c o u n t r y . Some r a t i o s c o u l d prove lo be u s e f u l as 

a l t e r n a t i v e modes o f groupm~. The c a p i t a l l a b o u r r a t i o , 

t h e d i r e c t - i n d i r e c t l a b o u r r a t i o o r v a l u e added-laibour 

r a t i o a r e some examples f o r t h e purpose. 

As t h e d i s t i n c t i o n between economic and t e c h n i c a l 

v a r i a b l e s forms an i m p o r t a n t p a r t o f our s t u d y , i t may 

be u s e f u l t o p l a c e som c o f t h e v a r i a b l e s above,which have 

n o t o c c u r r e d e a r l i e r , m s u i t a b l e c a t e g o r i e s . 
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Forming t e c h n i c a l p r o g r e s s groups can be a u s e f u l 

t e c h n i c a l c r i t e r i o n o f g r o u p i n g t h e m a n u f a c t u r i n g 

e s t a b l i s h m e n t d a t a p r o v i d e d t h e d i v i s i o n s based on i t 

a r e n o t s u b j e c t i v e i n n a t u r e and are comparable over 

c o u n t r i e s . T h i s c r i t e r i o n may, however, be handicapped by 

t h e v a r i a t i o n s m t h e q u a l i t y and q u a n t i t y o f d a t a m 

d i f f e r e n t c o u n t r i e s . 

As f o r t h e q u a l i t a t i v e g r o u p i n g based on t h e age 

o f machinery or t h j age o f e s t a b l i s h m e n t , i t may be 

d i f f i c u l t t o p l a c e t h e measure m a s u i t a b l e c a t e g o r y 

though 1 1 i s n e a r e r t o b e i n g a x ecL inca l g r o u p i n g c r i t e r i o n 

based on t h e ti m e f a c t o r and e x p e r i e n c e . The c a p i t a l l a b o u r 

r a t i o s o f t h e o l d e r e s t a b l i s h m e n t s are l i k e l y t o be d i f f ­

e r e n t f r o m those o f new e s t a b l i s h m e n t s . But w i t h i n each 

c o u n t r y , t h e t e c h n i c a l and economic f o r c e s t e n d t o 

reduce any d i f f e r e n c e s r e s u l t i n g f r o m t h i s q u a l i t a t i v e 

f a c t o r ; t h e accummulated t e c h n i c a l and economic e x p e r i e n c e 

o f some e s t a b l i s h m e n t s can be e a s i l y shared o r n e u t r a l i s e d 

by o t h e r establish'-ments w i t h i n t h e c o u n t r y o r even f r o m 

o t h e r c o u n t r i e s . We can argue on t h e same l i n e s about t h e 

accummulated experi e n c e m t h e fo r m o f q u a l i t y o f l a b o u r 

used as a g r o u p i n g c r i t e r i o n . We may e x p e c t , t h e n , t h e 

age o f e s t a b l i s h m e n t as a g r o u p i n g c r i t e r i o n , t o have t h e 

c h a r a c t e r i s t i c s o f b o t h a t e c h n i c a l and an economic 

v a r i a b l e . 

U t i l i s a t i o n o f p r o d u c t i o n c a p a c i t y i s a n o t h e r 

i n t e r e s t i n g f a c t o r w h i c h may be used as a g r o u p i n g c r i t e r i o n . 
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ecariovni o a n d 

I t i s s u b j e c t t o b o t h A t e c h n i c a l f o r c e s . I n t h e t e c h n i c a l 

sense i t may be r e l a t e d t o t h e maximum p r o d u c t i o n m an 

e s t a b l i s h m e n t , t h e number o f hours worked, t h e number o f 

s h i f t s worked, s t r a i n on machinery and equipment and so on. 

I n t h e economic sense, i t may be l i n k e d w i t h t h e a v a i l a b i l i 

o f r e s o u r c e s and t h e i r c o s t s , p r o d u c i n g a g i v e n o u t p u t 

a t a minimum average c o s t , and w i t h t h e a t t a i n m e n t o f 

economic e f f i c i e n c y m g e n e r a l . For mixed e s t a b l i s h m e n t 

d a t a , t h i s may be.a b e t t e r p o i n t o f view but t h e t e c h n i c a l 

sense i s a l s o i m p o r t a n t w i t h i n each c o u n t r y . U t i l i s a t i o n 

o f c a p a c i t y may i n f l u e n c e , and be i n f l u e n c e d by, c a p i t a l 

l a b o u r r a t i o , p r o d u c t i v i t y o f c a p i t a l , r a t e o f r e t u r n and 

n a t u r e and s i z e o f an i n d u s t r y . 

I t may be i n t e r e s t i n g t o compare groups o f 

e s t a b l i s h m e n t s o f d i f f e r e n t s i z e s and h a v i n g t h e same 

degree o f c a p a c i t y u t i l i s a t i o n . But 1hat would be d i f f i c u l t 

However, i t i s p o s s i b l e t o put t o g e t h e r e s t a b l i s h m e n t s 

b e l o n g i n g t o c e r t a i n c l a s s i n t e r v a l s o f percentage c a p a c i t y 

u t i l i s a t i o n . 

As a g r o u p i n g c r i t e r i o n , t h e number o f s h i f t s 

worked may a l s o be c o n s i d e r e d on p r a c t i c a l l y t h e same 

l i n e s as c a p a c i t y u t i l i s a t i o n . Both these f a c t o r s , v i z . , 

p e r c e n t a g e u t i l i s a t i o n o f c a p a c i t y and t h e number o f 

s h i f t s worked, t h e r e f o r e , may be l o o k e d upon as h a v i n g 

t h e f e a t u r e s o f t e c h n i c a l as w e l l as economic v a r i a b l e s 

The age o f e s t a b l i slim -nt f a l l s i n t h a t c a t e g o r y . 
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A s a t i s f a c t o r y e x p r e s s i o n f o r t h e s i z e o f an 

e s t a b l i s h m e n t may n o t n e c e s s a r i l y be found i n any one 

or more o f the measures mentioned above. High wages may 

be a s s o c i a t e d w i t h a r e l a t i v e l y s m a l l e s t a b l i s h m e n t , 

low c a p i t a ] a s s e t s m some e s t a b l i s h m e n t may be capable 

o f y i e l d i n g r e l a t i v e l y h i g h v a l u e added. C r i t e r i a o t h e r 

t h a n t h e one under c o n s i d e r a t i o n , m d e t e r m i n i n g t h e 

e s t a b l i s h m e n t s i z e , may a l s o p l a y an i m p o r t a n t r o l e . 

A measure combining t h e e s s e n t i a l elements o f v a r i o u s 

measures i s d e s i r a b l e but d i f f i c u l t t o c o n s t r u c t . 

A rough comparison o f these nieasures may be made 

by means o f Spearman's rank c o r r e l a t i o n . Table 7, appendix, 

g i v e s t h e rank c o r r e l a t i o n s , f o r a l l t h e c o u n t r i e s under 

stidy, between every p a i r o f the f o l l o w i n g v a r i a b l e s : 

t o t a l v a l u e o f p r o d u c t i o n , v a l u e added, t o t a l l a b o u r , 

d i r e c t l a b o u r , n e t c a p i t a l a s s e t s , machinery v a l u e , 

annual d e p r e c i a t i o n a l l o w a n c e s , t o t a l wages, c a p i t a l - l a b o u r 

r a t i o , v a l u e edded-labour r a t i o , v a l u e a d d e d - c a p i t a l r a t i o , 

r a t e o f c a p a c i t y u t i l i s a t i o n , age o f e s t a b l i s h m e n t , 

age o f machinery, p e r c e n t a g o f motors o p e r a t e d m s h i f t one 

e l e c t r i c i t y consumption m kv/h and c a p a c i t y o f motors i n kwh 

As can be seen f r o m t a b l e 7, t h e v a l u e o f rank 

c o r r e l a t i o n i s d i f f e r e n t f o r d i f f e r e n t p a i r s o f v a r i a b l e s . 

T h i s i m p l i e s t h a t t h e analyses based on d i f f e r e n t c r i t e r i a 

o f e s t a b l i s h m e n t s i z e are l i k e l y t o produce d i f f e r e n t 

r e s u l t s . 

Great care m s e l e c t i n g t h e b°st measure i s u s u a l l y 

n o t taken m p r a c t i c e e i t h e r because i t i s assumed t h a t 

d i f f e r e n t measures are c o r r e l a t e d and t h e r e f o r e i n t e r ­

changeable or because b e t t e r measures are n o t a v a i l a b l e 

and use has t o be made o f whatever measure i s f o u n d 
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t o "be r e l a t i v e l y more c o n v e n i e n t . The rank c o r r e l a t i o n 

i s n o t a v e r y r e l a b l e method f o r t h e purpose o f making 

a c h o i c e o f t h e measure. Unless t h e p r a c t i c a l c o n s i d e r a t i o n 

o f the a v a i l a b i l i t y o f the messures r e s t r i c t s t h e c h o i c e , 

economic and s t a t i s t i c a l f a c t o r s s h o u l d c o n t r o l t h e 

s e l e c t i o n o f t h e best c r i t e r i o n . The c m p n i c a l r e s u 1 t s 

o b t a i n e d by u s i n g d i f f e r e n t measures are n o t n e c e s s a r i l y 

t h e same and r i g o r o u s c o n d i t i o n s may need t o be c o n s i d e r e d 

f o r m t e r c h a n g e a b i l i t y o f d i f f e r e n t measures. Smith, 

Boyes and Peseau(1975) show one p o s s i b l e way o f interchanging 

d i f f e r e n t measures o f e s t a b l i s h m e n t s i z e p r o v i d e d t h e y 

are r e l a t e d l i n e a r l y m some cases and l o g l i n e a r l y m 

some o t h e r cases w i t h u n i t e l a s t i c i t y . 

1 L e t and Y? be two a l t e r n a t i v e measures o f 

f i r m s i z e . I f t h e r e i s p e r f e c t c o r r e l a t i o n between t h e i r 

l oga_ ithms so t h a t ^ = a
Q Y 2 ' a o ' ^ °> 

t h e n b i s t h e e l a s t i c i t y o f w i t h r e s p e c t t o ^ • 

W r i t i n g = I n Y-] a n ( i ^2 ~ ~ L n ̂ 2 ' w e h a v e 

= a + b £ 0 v/here a = I n a , 

I f ^1 i s used t o s t u d y a c h a r a c t e r i s t i c ID, 

we may w r i t e 

0 = c + d <£ 1 where 0 = I n ID 

Hence, 0 = c + ad + b d j g . 

The a l t e r n a t i v e measure o f f i r m s i z e y i e l d s t h e 

same e l a s t i c i t y f o r ID w i t h r e s p e c t t o f i r m s i z e 

i f bd = d o r , b = 1. 
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Some comments on t h e data w i t h r e f e r e n c e t o t h i s p r o d u c t i o n 

f u n c t i o n s t u d y 

I n a s t u d y o f m t r - i n d u s t r y p r o d u c t i o n f u n c t i o n s 

or m t c r - e s t a b l i s h m e n t p r o d u c t i o n f u n c t i o n s i t i s necessary 

t h a t t h e da t a s a t i s f y c e r t a i n r e q u i r e m e n t s . 

Th l a b o u r and c a p i t a l v a r i a b l s s h o u l d b f a i r l y 

homog neous across m d u s t r i s or s t a b l i s h m e n t s . T h i s i s 

u s u a l l y n o t p o s s i b l e . To a c e r t a i n e x t e n t , we may get around 

thf p r o b l m bv assuming t h a t d i f f - r ^ n t q u a l i t i e s o f a v a r i a b l e 

s t a n d f o r d i f f e r e n t v a r i a b l s. 

For a p r o p e r p r o d u c t i o n a n a l y s i s , i n d u s t r i e s or 

e s t a b l i s h m e n t s must b 1 c l o s e t o ont a n o t h e r m th>- m a t t e r o f 

t e c h n o l o g y and e f f i c i e n c y . A c o r r e c t i o n f o r d i f f ' r e n e w s 

m t j c h n o l r o g y and e f f i c i e n c y may bv made by i n t r o d u c i n g 

i n t o th° p r o d u c t i o n mod^-l some p o s s i f e l - m asures o f these 

f a c t o r s . I n p r a c t i c e t h i s r e q u i r e m e n t can be o n l y p a r t i a l l y 

met. I t may a l s o b- d e s i r a b l e t o m k t a c o r r . ^ c t i o n f o r c a p a c i t y 

u t i l i s a t i o n w h i c h may v a r y from one o b s e r v a t i o n t o a n o t h e r . 

T h i s i s b' caus \ s t r i c t l y sp-akmg, each e s t a b l i s h m e n t has 

i t s own r e e l boundaries and each p o i n t on i t s p r o d u c t i o n 

f u n c t i o n stands f o r c e r t a i n t e c h n i c a l p o s s i b i l i t i s p < c u l i a r 

t o i t s < . - l f and n o t t o any g e n e r a l l y a p p l i c a b l e t h e o r y . I n 

t h e o r y , as t h e p r o d u c t i o n f u n c t i o n r e p r e s e n t s a l l p o s s i b l e 

c o m b i n a t i o n s o f i n p u t s r e s u l t i n g m an o u t p u t , i t amounts 

t o t he s o l u t i o n o f an optimisation problem r " s u i t i n g f rom a 

c o n s i d e r a t i o n o f a l l such c o m b i n a t i o n s o f i n p u t s . T h i s 

i m p l i e s t h a t no commodity c j n h a v d i f f e r e n t p r o d u c t i o n 

f u n c t i o n s wh v< v r i t may hav- b"~n produced. Such an 

ar^um .nt tends t o i g n o r e a number o f happeme^s a s s o c i a t e d 

w i t h each e s t a b l i s h m e n t m r e a l i t y . I d f n t i c a l amounts of 
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i n p u t s i n d i f f e r e n t r e g i o n s con produce d i f f e r e n t amounts 

o f o u t p u t . The d i f f e r e n c e s may "be e x p l a i n e d p a r t l y a t l e a s t 

by d i f f e r e n c e s m i n p u t q u a l i t i e s , c a p a c i t y u t i l i s a t i o n and 

e n v i r o n m e n t a l f a c t o r s . 

I n t h p r e s e n t s t u d y i t has n o t been p o s s i b l e t o 

s a t i s f y a l l the r e q u i r e m e n t s . But t h i s s i t u a t i o n a p p l i e s 

t o a l l the s t u d i e s on t h e s u b j e c t . Moreover, d i f f e r e n t 

t y p e s and s i z e s o f m a n u f a c t u r i n g e s t a b l i s h m e n t s have been 

p o o l e d t o g e t h e r m t h i s s t u d y . Sonu o b s e r v a t i o n s m t h i s 

c o n n e c t i o n may be madri. 

P o o l i n g D i f f e r e n t Typ^s o f E s t a b l i s h m e n t s : a J u s t i f i c a t i o n 

Th^ nature and quantum o f our drxta do n o t a l l o w 

us t o c a r r y out our comparative s t u d y w i t h r f ^ r e n c e t o 

i n d i v i d u a l i n d u s t r i a l s e c t o r s . V/e have, t h r ' - f o r e , p o o l e d 

t o g e t h e r d a t a on a l l t h e establishm- n t s and f i t t d p r o d u c t i o n 

f u n c t i o n s t o a c r o s s s c c t i o n o f i n d i v i d u a l e s t a b l i s h m e n t s 

m ^aeh c o u n t r y w i t n o u x d i s t i n g u i s h i n g between i n d u s t r i e s . 

D i f f e r e n t t y p - s and S I Z Q S of e s t a b l i s h m e n t s have been 

br o u g h t t o g e t h e r though t h e r e l a t i v e l y s m a l l ones are n o t 

i n c l u d e d . 

We b e g i n by making t h e commonplace apology about the 

p a u c i t y o f a p p r o p r i a t e d a t a w h i c h can f o r c e t h e a n a l y s t 

t o make t h i best u s r o f what i s a v a i l a b l e , even a t the 

c o s t o f some exactness or r e a l i t y . As f o r t h e e s t a b l i s h m e n t 

l e v e l d a t a , i t i s h a r d t o come by and many a p r o d u c t i o n 

f u n c t i o n s t u d y a t a d i s a g g r e g a t e d l e v e l has been g i v e n up 

m f a v o u r o f an aggregate s t u d y . We do n o t have f u l l y 

s a t i s f a c t o r y d a t a b u t we a r e n o t f a r from i t and would 



c a r r y out t h r > p r o d u c t i o n f u n c t i o n a n a l y s i s on o t h e r w i s e 

v a l u a b l e d a t a . There w i l l "be some amount o f a g g r e g a t i o n . 

For i n s t a n c e , t h e v a l u e added i s found by w e i g h t i n g t h e 

n e t o u t p u t s o f i n d i v i d u a l items by t h ^ i r p r i c e s . T h i s i s 

u n a v o i d a b l e as t h o r ^ are h a r d l y any e s t a c l i s h m n t s m 

p r a c t i c w h i c h produce one homo-en' ous p r o d u c t . "I von i f 

t h e r e wer~ such f i r m s , t h e y c o u l d be p r o d u c i n g i t ~ m s o f 

v a r y i n g q u a l i t y . 

P o o l i n g of t h i s t y p e i s n o t uncommon m the l i t e r a t u r e 

on p r o d u c t i o n f u n c t i o n s . G r i l l i c h e s and R m g s t a d ( 9 i 71) hove 

don^ i t m t h - i r famous p r o d u c t i o n f u n c t i o n s t u d y . Solomon 

and P o r s y t h ( 1 9 7 7 ) and P a c k ( l 9 7 6 ) do t h e same. 

An advantage we hav^ i s m the f o r m o f a number o f 

redeeming f e a t u r e s a s s o c i a t e d w i t h t h e data w h i c h arc mors 

r e l i a b l - t h a n most o t h e r s i m i l a r d a t a . Thuy p r o v i d e us 

w i t h two measures o f o u t p u t , a f~v/ measur s of l a b o u r and 

about a doz^n m-asures o f c e e p i t e l . \V- have i n a d d i t i o n , go Kid 

measures o f c a p a c i t y u t i l i s a t i o n , i n v e n t o r i e s , mt< r m e d i a t " 

i n p u t s , f u e l consumption, c a p a c i t y o f motors "ork-^d, age 

o f machinery, age o f e s t a b l i s h m e n t , s h i f t s worked end t h e 

us^ o f l a b o u r and p r c ntage o f motors operated m each 

s h i f t . Th>st ar v a r i a b l e s w h i c h p r o d u c t i o n f u n c t i o n s t u d i e s 

havi oft'-n t o nonage w i t h o u t . 

Th b e h a v i o u r of a f i r m b e l o n g i n g t o one i n d u s t r y 

may n o t conform t o t h a t o f o t h e r i n d u s t r i e s . But i t i s tru<~ 

t h a t t h e b e h a v i o u r o f i n d i v i d u a l f i r m s does n o t n - c Q s s s r i l y 

conform t o t h a t o f o t h e r u n i t s m t h e sam° i n d u s t r y or 

t o what t h e whol-. i n d u s t r y does. At t h e sam t i m e , i t may 

b>- d i f f i c u l t t o p r o v i t h ' c o n t r a r y . A f i r m b l o n g i n g t o 

any i n d u s t r y k.-ps a w t c n f u l ^ye on f i r m e b ^ l o n r m g t o o t h - r 

m d u s t r i s. Th - workers a l r e a d y engaged m any i n d u s t r y and 



t h o s ^ y e t t o ] o m some i n d u s t r y as w e l l as t h e t r a d e u n i o n 

l e a d e r s have a f a i r l y good idea o f t h e ci r c u m s t a n c e s 

a v a i l a b l e m o t h e r i n d u s t r i e s . I n a mark-t economy w i t h 

good m o b i l i t y o f l a b o u r , t h e elom-nt o f c o m p e t i t i o n among 

d i f f e r e n t ;]obs can n o t be e a s l ] _ y avoided. Th same can be 

s a i d «bout c e p i t a l w h i c h tends t o move towards d i f f e r e n t 

i n d u s t r i e s a c c o r d i n g t o t h e p a t t e r n o f r e t u r n s . I t do-s n o t 

h e s i t a t e t o d e s ~ r t c e r t a i n i n d u s t r i e s a c c o r d i n g t o t h e 

same p a t t 1 r n . Expected r e t u r n s p l a y an i m p o r t a n t r o l e m 

d e t e r m i n i n g t h - d i r e c t i o n , q u a n t i t y and q u a l i t y o f c a p i t a l 

f l o w i n g m t e i n d u s t r i e s . While i t i s t r u e t h a t t h - use o f 

a d d i t i o n a l c a p i t a l m any e s t a b l i s h m e n t dep-nds on t h t 

c i r c u m s t a n c e s a v a i l a b l e m t h a t e s t a b l i s h m e n t ^ i t i s a l s o 

t r u e t h a t t h e i n t r o d u c t i o n o f s u b s t a n t i a l q u a n t i t i e s o f 

f r e s h c a p i t a l or t h e use o f c a p i t a l m a new e s t a b l i s h m e n t 

d-ep> nds on expected r t u r n s r a t h e r t h a n on the n a t u r ~ o f 

i n d u s t r y a l o n e . 

Th i i m p l i c i t assumption about t h e constancy o f p r o d u c t i o n 

f u n c t i o n f o r a l l < s t a b l i s h m n t s m t h - same1 i n d u s t r y mey 

n o t n c> s s a r i l y bi t r u e . Such an assumption mak-s t h e 

s e l - c t e d p r o d u c t i v e t> chniques a f u n c t i o n o f r l a t i v e 

f a c t o r p n c ° s . The samt can be s a i d about t h - assumption 

c o n c e r n i n g t h ^ constancy o f p r o d u o t i o n f u n c t i o n f o r a l l 

e s t a b l i s n m n t s i r r e s p e c t i v : o f i n d u s t r y . I f , t h r e f o r e , 

we f a i l t o d i s c o v e r such a constancy we w i l l have op°n t o 

us t h a l t r n e t i v e t o t e s t the < x t e n t and n a t u r e o f v a r i a b i l i t y 

o f p r o d u c t i o n f u n c t i o n s m our d a t a . T h i s w i l l be done by 

a r r a n g i n g the d a t a a c c o r d i n g t o c e r t a i n c r i t - n a ^ f i t t i n g 

p r o d u c t i o n f u n c t i o n s t o d i f f r < n t p a r t s o f i t and c a r r y i n g 

out the a n a l y s i s o f c o v a r i a n c e . 



The e x i s t e n c e o f d i f f e r e n t p r o d u c t i o n f u n c t i o n s can r 

•-nabl Q us t o .xamme the d u a l c h a r a c t e r i s t i c s observed m 

t h - i n d u s t r i a l s e c t o r o f any c o u n t r y . 

/ comparison o f p r o d u c t i o n f u n c t i o n s o f d i f f e r e n t 

c o u n t r i c s i s u s u a l l y done on an a g g r e g a t e l e v e l . A s t u d y 

o f e s t a b l i s h m e n t s b l o n g i n g t o d i f f e r e n t i n d u s t r i e s , pooled 

t o g e t h e r may thro w a d d i t i o n a l l i g h t on t h e r e s u l t s . 

The t e c h n i c a l s tandards o f a l l t h e e s t a b l i s h m e n t s 

i n c l u d e d m such a s t u d y would g e n e r a l l y be n o t t h e same, 

more so when t h e y b e l o n g t o d i f f e r e n t i n d u s t r i e s . Whether 

or n o t t h i s may be th° case , th-"> outcome needs t o be c a r e f u l l y 

a n a l y s e d . Th r e may, f o r i n s t a n c e , be some i n t e r n a l pecu­

l i a r i t i e s m some e s t a b l i s h m e n t s and n o t m o t h e r s . 

I f t h e r e av major d i f f e r e n c e s t h e y may be r e v e a l e d 

t o a c e r t a i n e x t e n t , m a p r o d u c t i o n f u n c t i o n a n a l y s i s . 

I t i s n o t u n l i k e l y t h a t t h e c o n c l u s i o n drawn f r o m a p a r t i a l 

s e t oC e s t a b l i s h m e n t s f r o m each c o u n t r y may arouse s u s p i c i o n 

because s v e r a l aspects o f these c o u n t r i e s may n o t have 

been t a k e n i n t o account. For i n s t a n c e , t h e r e may be tremendous 

d i f f e r e n c e s m e s t a b l i s h m e n t s i z e s m d i f f e r e n t c o u n t n - s . 

There may be d i f f i c u l t y m measuring the e s t a b l i s h m e n t s i z e 

a c c o r d i n g t o an accepted p a t t r n . T h e r e may be d i s s i m i l a r i t i e s 

m th> p a t t e r n s o f i n d u s t r i e s and t h e i r pe.rc' ntage r e p r s e n t -

a t i o n . 

But some or more o f these d i f f i c u l t i e s w i l l always 

b< p r e s e n t m any p r o d u c t i o n f u n c t i o n s t u d y , and m s p i t e o f 

t h a t we are l o o k i n g f o r some u n i f o r m i t y o f p a t t e r n . Th 

i n t e n t i o n i s n o t t o i g n o r e t h % d i f f e r e n c e s b u t t o c a r r y out 

a comparative a n a l y s i s o f d i f f e r e n t c o u n t r i s under d i f f e r e n t 

c i r c u m s t a n c e s and i n f l u e n c e s . The d i f f e r e n c e s a r i s i n g from 
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t h e p a t t e r n and p r o p o r t i o n o f i n d u s t r i e s cannot he e l i r r m a t e d . 

But t h e m o b i l i t y of f a c t o r s and t h e i r a d justment e l i m i n a t e a 

number o f d i f f e r e n c e s , whatever t h e i n d u s t r y . The f a c t o r s 

c o n t i n u e t o compete w i t h one a n o t h e r even when t h e y b e l o n g 

t o d i f f e r e n t i n d u s t r i e s . 

The p o o l i n g o f m a n u f a c t u r i n g e s t a b l i s h m e n t s f o r a 

p r o d u c t i o n f u n c t i o n s t u d y can be a u s e f u l e x e r c i s e . At times 

p o o l e d date may prove t o be s u p e r i o r t o t h e d a t a o f i n d i v i d u a l 

i n d u s t r i e s . A c c o r d i n g t o S t e m d l ( 1 9 6 A ) w:o has c a r r i e d out 

a s t o c h a s t i c s t u d y of f i r m s o f d i f f e r e n t c o u n t r i e s , " i f t h e 

mass o f f i r m s i s d i v i d e d a c c o r d i n g t o i n d i v i d u a l l i n e s o f 

m a n u f a c t u r i n g or t r a d e , t h e d i s t r i b u t i o n o f t e n becomes i r r e g u l a r . 

Aneot d i v i s i o n o f f i r m s , i f i t goes beyond t h e broad d i v i s i o n 

o f m a n u f a c t u r i n g , t r a d e , e t c . , i s a r t i f i c i a l because o f t h e 

a r b i t r a r y a l l o c a t i o n o f manv f i r m s , and because, f i r m s 

i n g r o w i n g spread from one business t o the o t h r , t h e 

s t o c h a s t i c process w h i c h accounts f o r the r e g u l a r i t y i s more 

a p p l i c a b l e t o t h e broad f i e l d o f a l l fj.rms t h a n t o narrow 

l i d u s t r i a l d i v i s i o n s . " 

The r e g r e s s i o n a n a l y s i s i n c h a p t e r f i v e i s basea on 

p o o l e d m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a The O r o u p r e g r e s s i o n 

a n a l y s i s m ch a p t e r s i r i s a l s o c a r r i ed out w i t h o u t r f e r m c e 

t o t h e i n d u s t r i e s t o w h i c h the e s t a b l i s h m e n t s may belong. 

As we w i l l see, t h e use o f v a r i o u s ot_ k.er c r i t e r i a , i n s t e a d o f 

i n d u s t r y - w i s e g r o u p i n g can a l s o produce i n t e r e s t i n g r e s u l t s . 



The Hypotheses 

On t h e "basis o f a c r o s s s e c t i o n a l p r o d u c t i o n f u n c t i o n 

a n a l y s i s o f t h e m a n u f a c t u r i n g e s t a b l i s h m e n t s o f France, I n d i a , 

I s r a e l , Japan and Y u g o s l a v i a d u r i n g t he p e r i o d o f r e f e r e n c e 

1964-66, we s e t up t h e h y p o t h e s i s t h a t , i r r e s p e c t i v e o f t h e 

i n d u s t r i e s t o w h i c h t h e m a n u f a c t u r i n g e s t a b l i s h m e n t s o f a 

c o u n t r y may b e l o n g , t h e p o o l r e g r e s s i o n s f o r a l l t h e e s t a b ­

l i s h m e n t s t a k e n t o g e t h e r s h o u l d p r o v i d e s t a t i s t i c a l l y meaning­

f u l r e s u l t s p r o v i d e d t h e s i z e o f t h e e s t a b l i s h m e n t s i s n o t 

und u l y s m a l l and p r o v i d e d a p p r o p r i a t e p r o d u c t i o n models are 

used f o r t h e a n a l y s i s . 

I t i s u s u a l t o group m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a 

a c c o r d i n g t o s t a n d a r d i n d u s t r i a l c l a s s i f i c a t i o n numbers. 

I t i s suggested t h a t e c o n o m i c a l l y m e a n i n g f u l groups can a l s o 

be formed by means o f c r i t e r i a o t h e r t h a n those o f s t a n d a r d 

i n d u s t r i a l c l a s s i f i c a t i o n . We s e t up t h e h y p o t h e s i s t h a t 

f r o m t h e p o i n t o f view o f c r o s s s e c t i o n a l p r o d u c t i o n f u n c t i o n 

a n a l y s i s , such groups a r e s t a t i s t i c a l l y m e a n i n g f u l p r o v i d e d 

the number o f e s t a b l i s h m e n t s m any group i s r e a s o n a b l e from 

a s t a t i s t i c a l p o i n t o f view and s u i t a b l e c r i t e r i a are used 

t o form xhe groups. 

I t i s h y p o t h e s i s e d t h a t t h e p o o l r e g r e s s i o n s , i f based 

on a more or l e s s complete s e t o f m a n u f a c t u r i n g e s t a b l i s h m e n t 

d a t a o f a c o u n t r y s h o u l d p r o v i d e s t a t i s t i c a l l y and e c o n o m i c a l l y 

s u p e r i o r r e s u l t s t o t h e group r e g r e s s i o n s based on any subset 

o f t h e complete d a t a . The p o o l d a t a and t h e p r o d u c t i o n f u n c t i o n s 

f i t t e d t o them s h o u l d , t h e r e f o r e , r e p r e s e n t the; m a n u f a c t u r i n g 

s e c t o r o f any economy more f u l l y t h a n any groups and t h e 

p r o d u c t i o n f u n c t i o n s f i t t e d t o them. 
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I n t h e absence o f t i m e s e r i e s d a t a , i t J S n o t 

p o s s i b l e t o compare r e s u l t s a t two d i f f e r e n t p o i n t s o f 

t i m e I n s t e a d , t h e r e f o r e , w i t h t h e h e l p o f our m a n u f a c t u r i n g 

e s t a b l i s h m e n t d a t a , we s e t up tb e h y p o t h e s i s t h a t , f o r 

c o u n t r i e s wm ch are i n d u s t r i a l i s e d o r which s i 2- on t h e i r 

way t o i n d u s t r i a l i s a t i o n , t h e process o f i n t e r n a t i e n a l i s a x i o n 

may be r e f l e c t e d m t h e almost i d e n t i c a l r e a c t i o n o f 

each c o u n t r y t o any a p p r o p n e t e p r o d u c t i o n model, p r o v i d e d 

a f a i r sample o f a l l types o f m a n u f a c t u r i n g a c t i v i t y w i t h i n 

t h e c o u n t r y i s t a k e n I n o t h e r words, t h e t e c h n i c a l aspect 

o f t h e p r o d u c t i o n f u n c t i o n s h o u l d be n o t i c e a b l e m t h e 

comparable v a l u e s o f t h e t e c h n i c a l parameters o f d i f f e r e n t 

c o u n t r i e s . This may be v e r i f i e d by p o o l r e p r e s s i o n s . 

The hypotheses o f constancy of r e t u r n s t o s c a l e and 

ncn u n i t a r y e l a s t i c i t y o f s u b s t i t u t i o n w i l l be v - r i f i e d by 

means of p r o d u c t i o n f u n c t i o n a n a l y s i s o f t h e m a n u f a c t u r i n g 

e s t a b l i s h m e n t d a t a 

The p r o d u c t i o n f u n c t i o n b e i g a t e c h n i c , 1 r e l a t i o n s h i p , 

t e c h n i c a l f a c t o r s should be a b l e t o e x p l a i n t h i s r e l a t i o n s h i p 

f u l l y I n p r a c t i c e , i t i s d i f f i c u l t t o a v o i d t h e i n f l u e n c e 

o f econrmic f o r c e s winch p l o y a prominent r o l e m 
1 

p r o d u c t i o n . I t t e c h n i c a l f a c t o r s a re found t o be inadequate 

as e x p l a n a t o r y f a c t o r s , t h e use o f economic magnitudes s h o u l d 

h e l p . Depend: i.£ on t h e method o f o r d i n a r y l e - s t squares,"": s e t 

up t h e hypothesis that t h e e x p l a n a t o r y power of a production model may 

be improved i f t e c h n i c a l as w e l l as economic v a r i a b l e s 

1I'or i n s t a n c e , t h e SMAC(1%1) Ĉ S f u n c t i o n and Hanoch 
( l 9 7 1 ) C D r or c o n s t a n t d i f f e r e n c e o f e l a s t i c i t i e s o f s u b s t i ­
t u t i o n f u n c t i o n h a v e , i n c l u d e d i n them, economic magnitudes 
l i k e p r i c e s and e l a s t i c i t i e s W l ] " > c " 
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are used t o g e t h e r as e x p l a n a t o r y f a c t o r s . I n o t h e r words, 

even though, t h e o r e t i c a l l y , t h e p r o d u c t i o n f u n c t i o n i s a 

p u r e l y t e c h n i c a l concept, m p r a c t i c a l a p p l i c a t i o n s , 

t h e use o f t e c h n i c a l as w e l l as economic magnitudes as 

e x p l a n a t o r y f a c t o r s s h o u l d improve t h e s t a t i s t i c a l r e s u l t s . 

T n i s h y p o t h e s i s w i l l be t e s t e d w i t h t h e m a n u f a c t u r i n g 

e s t a b l i s h m e n t d a t a o f each c o u n t r y under s t u d y i , i t h t h e 

h e l p o f TDOOI r e g r e s s i o n s as v e i l as group r e g r e s s i o n s , 

i n c h a p t e r s f i v e and s i x . 

Chapter seven p r e s e n t s t h e a n a l y s i s o f c o v a r i a n c e 

o f group r e g r e s s i o r s f o r each c o u n t r y 

S e v e r a l t e c h n i c a l and economic c r i t e r i a o f s i z e w i l l 

be used t o d i v i d e t h e m a n u f a c t u r i n g e s t a b l i s h m e n t data o f 

each c o u n t r y i n t o t h r e e n e a r l y equal groups, each c o n t a m g 

about one t h i r d t h e t o t a l number o f e s t a b l i s h m e n t s , arranged 

m an i n c r e a s i n g o r d e r o f magnitude o f t h e s i z e c r i t e r i o n 

us ed. 

V/e w i l l t e s t t h e h y p o t h e s i s t h a t w i t h i n each c o u n t r y , 

t h e c o r r e s p o n d i n g t e c h n i c a l parameters o f any p r o d u c t i o n 

r e l a t i o n f i t t e d t o each gmup w i t h i n a c o u n t r y , a r e s t a t i s t i ­

c a l l y n o t d i f f e r e n t . I n o t h e r words, w i t h t h e h e l p o f 

a n a l y s i s o f c o v a r i a n c e , we w i l l v e r i t y t h e homogeneity o f 

d i f f e r e n t groups v i t h m each c o u n t r y . Since, h e t e r o g e n e i t y 

o f groups r e s u l t i n g from g r o u p i n g by t h e dependent v a r i a b l e 

m a p r o d u c t i o n r e l a t i o n i s a s t a t i s t i c a l a r t i f a c t a r i s i n g 

f rom sample s e l e c t i o n b i a s , our concern w i l l be m a i n l y v / i t h 

independent v a r i a b l e s m t h e p r o d u c t i o n r e l a t i o n or o t h e r suitable 

v a r i a b l e s a v a i l a b l e m t h e data . I t t e d t h a t , i n t h e 

r e v e l a t i o n o f homogeneity by t h e use o f d i f f e r e n t c r i t e r i a , 

some d i s c r e p a n c i e s can be i n t r o d u c e d because of" d i f f e r e n c e s 

i n t h e economic and t e c h n i c a l n a t u r e o f t h e g r o u j m g c r i t e r i a . 
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The c o n c l u s i o n s drawn from t h e a n a l y s i s o f c o v a r i a n c e 

w i l l t e s t t h e s t a b i l i t y and u n i f o r m i t y o f the m a n u f a c t u r i n g 

s e c t o r w i t h i n each c o u n t r y . 



CHAPTER FOUR 

THF DATA AND THT VARIABLES 

I n t r o d u c t i o n 

Thc-re are numerous d a t a problems m any econometric 

s t u d y . A p a r t from the- problem o f a v a i l a b i l i t y o f s a t i s f a c t o r y 

d a t a , t h - r i s the s e r i o u s q u e s t i o n o f the i m p l i c i t l y assumed 

homogeneity o f i n p u t s l i k e : c a p i t a l and l a b o u r . Ho o p e r a t i o n ­

a l l y s a t i s f a c t o r y s o l u t i o n t h a t c o u l d t a k e care o f t h e non-

homogen^ity o f i n p u t s has be^n found m p r o d u c t i o n f u n c t i o n 

a n a l y s i s . Other p r o b l f m s a r ^ concerned w i t h i n p u t u t i l i s a t i o n 

t h e r o l e o f some i n p u t s whose measures are e i t h e r n o t 

a v a i l a b l e or n o t r e l i a b l e . I t i s n o t c l e a r whether a l l o w i n g 

f o r these d e f e c t s or d e v e l o p i n g t e c h n i q u e s t o take care 

o f the shortcomings i s w o r t h t h e a d d i t i o n a l c o m p l i c a t i o n s 

t h a i may b>- l n t r o d u c - d . Our d a t a may be c o n s i d - r e d r e a s o n ­

a b l y s a t i s f a c t o r y p a r t i c u l a r l y because t h e y have be'n 

u n i f o r m l y and syst°mic~lly c o l l e c t e d by e x p e r t s . 

We b e g i n by d s c r i b i n g t h e n e t u r e o f the d a t a used. 

T h i s i s f o l l o w e d by a c o n s i d e r a t i o n o f the v a r i e t y o f 

measures a v a i l a b l e m t h e d a t a f o r ^ach v a r i a b l y a s u i t a b l e 

c h o i c e o f a few v a r i a b l e s out o f t h - s i - has be i n made. 

Nature o f t h j Data Used 

Any e f f o r t t o e v a l u a t e and measure t h e performance 

o f an economy, p a r t i c u l a r l y m t h e i n d u s t r i a l s e c t o r , must 

c o n c e n t r a t e on the i n d i v i d u a l e s t a b l i s h m e n t or t h f i r m 

w hich i s the d e c i s i o n making u n i t and which a l o n g w i t h 

o t h e r s i m i l a r o r d i s s i m i l a r u n i t s m t h e economy i s t h e 

s o u r c o f useful i n f o r m a t i o n . A s t u d y o f t h ^ r e l a t i v e l y 

l a r g e r m a n u f a c t u r i n g e s t a b l i s h m e n t s u s i n g l a r g e q u a n t i t i e s 
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o f c a p i t a l and l a b o u r can bo h i g h l y r e w a r d i n g . 

We have a t our d i s p o s a l d e t a i l e d i n f o r m a t i o n about 

t h m a n u f a c t u r i n g e s t a b l i s h m e n t s o f France, I n d i a , I s r a e l 

Japan and Y u g o s l a v i a . For ^ach o f i t * f i v i c o u n t r i s we w i s h 

t o c a r r y out a p r o d u c t i o n f u n c t i o n a n a l y s i s o f t h e c r o s s -

s e c t i o n over i n d i v i d u a l e s t a b l i s h m e n t s . The y=ar o f r e f e r ^ n c t 

i s 1964-66 and t h e d a t a have been o b t a i n e d from t h e U.N. 

P r o f i l e s o f I n d u s t r i a l J s t a b l i s h m ^ n t s p u b l i s h e d from 1969 

onwards. The data w c r e c o l l e c t e d on t h ~ same u n i f o r m 

p a t t r n t o e l i c i t i n f o r m a t i o n f r o m s e l e c t e d m a n u f a c t u r i n g 

- s t a b l i s h m e n t s m each o f t h e c o u n t r i - s mentioned l i t r e . The 

U . N . r e p r e s e n t a t i v e s from the s e c t i o n on t h ' development 

and o r g a n i s a t i o n o f i n d u s t r i e s v i s i t e d and c a r r i e d out 

an extensive s u r v e y o f t h e i r r s t a b l i s h m n t s . The p a r t i c i p a t i n g 

p e r s o n n e l o f s e l e c t e d .-stsblishm n t s were b r i e f e d and guided 

by a s p e c i a l e x p e r t group o r g a n i s e d m each c o u n t r y 1o 

a s c e r t a i n t h ' u n i f o r m i t y o f the c o l l e c t e d d a t a w h i c h wer~ 

l a t e r ch>ck d f o r c o n s i s t e n c y . 

Th 1 number o f o b s e r v a t i o n s s e l e c t e d from each c o u n t r y 

i s as f o l l o w s : 

France 64 

I n d i a 117 

I s r a e l 69 

J apan 63 

Y u g o s l a v i a 145 

The p a t t e r n o f da t a c o l l e c t i o n remains t i n same 

t h r o u g h o u t . I n t h case o f France, I n d i a , I s r a e l and 

Japan t h o b s e r v a t i o n s are on what may be d e s c r i b e d as 

i n d i v i d u a l e s t a b l i s h m r n t s . I n t h case o f Y u g o s l a v i a t h e 

te r m used i s cnt<rpriS3S which are d e s c r i b e d as f i n a n c i a l l y 



and manag ^ n a l l y s°lf c o n t a i n e d u n i t s . Th: p a t t e r n o f 

t h e s t a b l i s h m e n t sxzz. d i f f e r s f rom c o u n t r y t o c o u n t r y and 

docs n o t n e c e s s a r i l y r e f l e c t the s i z e o f t i e und r l y m g 

t e c h n o l o g i c a l u n i t s . The concept o f s i z e i t s e l f n reds some 

c l a r i f i c a t i o n and Vifls been c o n s i d e r e d s e p a r a t e l y . 

E s t a b l i s h m e n t s w i t h l ^ s s t h a n t e n workers or n e g a t i v e 

v a l u e addea are n o t i n c l u d e d m our d a t a . Wages f o r d i r e c t 

and i n d i r e c t l a b o u r were u s u a l l y a v a i l a b l s e p a r a t e l y but 

on a few occassions had t o be e s t i m a t e d on t h e b a s i s o f 

comparable, r e l a t e d e s t a b l i s h m e n t s . I n t h e l a t e r s t a g e s , 

t h e a n a l y s i s d i d n o t r e q u i r e t h ; use o f s e p a r a t e d wagws -

The E s t a b l i s h m e n t , t h e L o c a l U n i t , the E n t e r p r i s e 

The d i f f e r e n c e between t h e e s t a b l i s h m e n t , t h e l o c a l 

u n i t and the ent r p r i s - may be n o t ; d m t h ~ l i g h t o f the 

d e f i n i t i o n g i v e n m The Growth o f World I n d u s t r y 1938-1961 : 

N a t i o n a l Tables,New York, 1963. 

Th e S t ; b l i s h m e n t i s an economic u n i t which engages 

under a s i n g l e ownership or c o n t r o l , m one or predominantly 

one k i n d o f i n d u s t r i a l a c t i v i t y a t a s i n g l e l o c a t i o n : e.g. 

t h e i n d i v i d u a l workshop, f a c t o r y or g e n e r a t i n g s t a t i o n . 

Th l o c a l 1 u n i t comprises a l l t h i n d u s t r i a l a c t i v i t i e 

c a r r i e d on a t a s m g l r l o c a t i o n under a s m g l ownership 

or c o n t r o l . 

Th e n t r p n s " , a l e g a l e n t i t y , i s an i n d i v i d u a l 

p r o p r i c t c r s h i p or any a s s o c i a t i o n o f persons or o r g a n i s a t i o n 

owning and c a r r y i n g on a business u n d e r t a k i n g , engaged m 

one or mor ~ m d u s t r i d s i c t i v i t i e s a t one or more l o c a t i o n s . 

I t may be d i v i s i b l : i n t o e s t a b l i s h m e n t s or l o c a l u n i t s . I n t i f t i s 

s t u d y t n e Yugoslav e n t e r p r i s e s are t r e a t e d as e s t a b l i s h m e n t s . 



THE VARIABLES 

The m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a w h i c h we ere 

go i n g t o use, o f f e r s us ample opportune t y m t h e m a t t e r o f 

choice o f v a r i a b l e s . There are two measures o f o u t p u t * 

t o t a l v a l u e o f p r o d u c t i o n and v a l u e added, t h e l a t t e r 

o b t a i n e d f r o m t h e former by t h e s u b t r a c t i o n o f t h e v a l u e o f 

i n t e r m e d i a t e i n p u t s . N e i t h e r o f the two measures can be used 

m p h y s i c a l terms because w i t h a s i n g l e o u t p u t p r o d u c t i o n 

f u n c t i o n and w i t h mixed i n d u s t r y d a t a , we are f o r c e d t o use 

money measures. I n any case, i t would be h a r d t o f i n d 

many e s t a b l i s h m e n t s o f t h e same t y p e , p r o d u c i n g one and 

t h e same commodity. 

Y/e have s e v e r a l measures o f c a p i t a l o r i t s p r o x i e s . 

There are v a r i o u s d i f f i c u l t i e s a s s o c i a t e d w i t h i t s measure­

ment. But we have been a b l e t o get over t h e d i f f i c u l t y t o 

a c e r t a i n e x t e n t by p u t t i n g i n t o s e r v i c e as many as a 

dozen d i f f e r e n t measures o f c a p i t a l . Such d i v e r s e items 

as n e t v a l u e o f c a p i t a l a s s e t s , consumption o f e l e c t r i c i t y 

m kwh, v a l u e o f e l e c t r i c i t y consumed i n money terms 

and c a p a c i t y o f motors were f i t t e d i n t o t h e same p r o d u c t i o n 

model, w i t h t h e same s e t o f d a t a . A l t e r n a t i v e s e t s o f d a t a 

and p r o d u c t i o n models ware a l s o t r i e d . The r e s u l t s o b t a i n e d 

were found t o be rem a r k a b l y c l o s e t o one a n o t h e r . A p a r t i a l 

d e s c r i p t i o n o f t m s e x e r c i s e i s g i v e n m t h e n e x t s e c t i o n on 

S e l e c t i o n o f V a r i a b l e s . H i g h l y s i g n i f i c a n t v a l u e s o f rank 

c o r r e l a t i o n s between p a i r s o f these v a r i a b l e s were a l s o 

found, see appendix t a b l e 7. 

A s o r t i n g o f o t h e r measures was a l s o c a r r i e d out en 

s i m i l a r l i n e s . 
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I t may be remarked t h a t t h e i n t r i n s i c h e t e r o g e n e i t y 

o f p h y s i c a l measures o f i n d u s t r i a l p r o d u c t i o n r e n d e r s them 

u n f i t f o r purposes o f comparison and a g g r e g a t i o n w h i c h 

a r e i m p o r t a n t r e q u i r e m e n t s i n many economic s t u d i e s . 

W e i g h t i n g o f p h y s i c a l q u a n t i t i e s by p r i c e s r e s u l t s i n 

homogeneous common u n i t s which may enable one t o e v a l u a t e 

t h e c o n t r i b u t i o n o f v a r i o u s stages o f p r o d u c t i o n w i t h i n an 

e s t a b l i s h m e n t . But t h e use o f t h e concept o f market p r i c e s 

may n o t be q u i t e a p p r o p r i a t e because, i n s p i t e o f t h e 

assumption u s u a l l y masle about them ,the- markets a r e n o t p e r f e c t . 

I n t h e absence o f p e r f e c t s p e c i a l i s a t i o n and d i s t i n c t 

a c t i v i t i e s t h e r e can be a wide range o f c o s t a and p r i c e s 

i n t h e same market,as f o r example, i n t h e e m p i r i c a l measure­

ment o f the v a l u e o f t o t a l or n e t o u t p u t . 

Only a l i m i t e d number o f v a r i a b l e s w i l l be used 

s u b s e q u e n t l y a l t h o u g h t h e d e s c r i p t i o n o f t h e v a r i a b l e s g i v e n 

below i n c l u d e s t h a t o f some which were t r i e d b u t w h i c h d i d n o t 

j u s t i f y t h e i r i n c l u s i o n i n t h e d e t a i l e d s t u d y . Even though some 
1 

v a r i a b l e s d i d n o t f i n d a p l a c e i n t h e a n a l y s i s t h e y were 

found u s e f u l as c r i t e r i a f o r g r o u p i n g t h e e s t a b l i s h m e n t s . 

T o t a l Value o f P r o d u c t i o n 

The dependent v a r i a b l e i n our s t u d y i s almost i n v a r i a b l y 

some measure o f o u t p u t o f o u t p u t per u n i t o f laboulr o r o u t p u t 

per u n i t o f c a p i t a l . The n o n a v a i l a b i l i t y o f a p h y s i c a l 

measure o f o u t p u t f o r c e s us t o use t h e v a l u e o f t o t a l 

o u t p u t or t h e v a l u e o f n e t o u t p u t . The l a t t e r i s d e s c r i b e d 

under t h e name o f v a l u e added. We w i l l c o n s i d e r here 

t h e i n g r e d i e n t s o f t o t a l v a l u e o f o u t p u t . 



T h i s r e f j r s t o t h e gross v a l u e o f goods and s e r v i c e s 

produced d u r i n g t h ̂  y e ar under s t u d y . T h i s does n o t i n c l u d e 

i n t e r n a l l y consumed i t " m s but any p r o d u c t s s o l d f o r revenue 

or meant t o "be s o l d r e g a r d l e s s o f t h e i r h a v i n g b Q i n s o l d or 

n o t are- i n c l u d e d m i t . T h i s v a r i a b l e thus i n c l u d e s 

shipments f o r s a l e , t r a n s j f c s t o s i s t e r e s t a b l i s h m e n t s , f-es 

r - ^ c e i v i d f o r any c o n t r a c t or commission work p e r f o r i ed m 

m a t - r i a l s s u p p l i e d by o t h e r s as w e l l as o t h e r r a - w s 

a r i s i n g f r o m use o f p r o d u c t i v e f a c i l i t i e s l i k - r " p a i r s , 

i n s t a l l a t i o n . , t r a n s p o r t a t i o n , s t o r a g e = t c , , m a r k e t a b l e 

b y - p r o d u c t s and p r o c e s s i n g wastes. T o t a l v a l u e o f p r o d u c t i o n 

i s c a l c u l a t e d by f i n d i n g t h e v a l u e s o f i n d i v i d u a l p r o d u c t s 

a t u n i t v e l u s w h i c h a r c f a c t o r y d e l i v - r y p r i c e s e x c l u d i n g 

s a l ' s t a x wh're d i f f e r e n t p r o d u c t s arc lumped t o g e t h e r f o r 

c o n v e n i nee; t h e i r u n i t p r i c e r e p r i - s . n t s a w e i g h t e d average 

o f t h e p r i c e s o f t h e s p e c i f i c components. 

I t i s d i f f i c u l t t o imagine a t r u l y homogen~ous u n i t 

o f o u t p u t l r o m a l l establishm- n t s m an e m p i r i c a l s t u d y . 

The t o t a l or average o f a l l t h J goods and s e r i e s produced 

can b^ don° o n l y m money terms m most cases and a v o i d s 

th<- p r o b l r m o f v e n a t i o n m t h - i n t e r m e d i a t e goods mix used. 

U n f o r t u n a t e l y , by t h i s nr t h o d ,th r - s o u r c e s would appear 

t o b used w i t h equal e f f i c i e n c y . Th^, problem do~s n o t 

v a n i s h i f w. are mor~ s t r i c t about the c h o i c e o f e s t a b l i s h m e n t 

w o r k m on comparable l i n e s • t h e r e w i l l n o t b- many such case 

V a l u ^ Added 

A c c o r d i n g t o v/ood(1976) , " A l l p r o d u c t i v e economic 

a c t i v i t y i s d-signed t o add v a l u e t o m a t e r i a l s by u s i n g 

t h s k i l l s and e f f o r t s o f t h f people coupled w i t h c a p i t a l 

r e s o u r c e s m t h e f o r m o f machinery and b u i l d i n g s . " 
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Th v a n a b l e " v a l u e added" m our d a t a i s equal t o 

the d i f f e r e n c e betwe n the t o t a l v a l u e o f p r o d u c t i o n and 

t h = c o s t o f a l l " i n t e r m e d i a t e i n p u t s " , d e f i n e d s e p a r a t e l y . 

A l t e r n a t i v e l y , v a l u e added as used h'-r< i s t h e sum 

o f a number o f i n g r e d i e n t s 

I ) wares and s a l a r i e s i n c l u s i v e o f income t a x ^ s and s o c i a l 

s e c u r i t y c o n t r i b u t i o n as a l s o o f bonus or payments m 

hand, i f any 

I I ) a d m i n i s t r a t i v e or w e l f a r e expenses on e m p l o y e s 

I I I ) annual d - p r e e i a t i o n and r o y a l t i e s p a i d o u t , i f any 

I V ) c e r t a i n i n d i r e c t t a xes ( o t h e r t h a n s a l e s t a x e s ) charg-d 

t o c o r p o r a t i o n s and n o t t r a n s f e r r e d o v e r t l y t o customers 

v ) r e n t a l s 

v i ) s u b s i d i e s as a n e g a t i v e component o f v a l u e added 

vii ) oth°r gross busm-ss uncome o b t a i n e d as a r e s i d u a l : 

t o t a l gross v a l u - o f p r o d u c t i o n minus t o t a l consumption 

of m a t e r i a l s , energy and non f a c t o r s°rvices e t c . thie. 

-quals the sum o f c o r p o r a t e income taxes , d i v i d e n d s , 

r e t a i n e d p r o f i t s and i n t e r e s t p£ i d on f i n a n c i a l l i a b i l t i 

I t i s common t o use v a l u . added as a p r o x y f o r p h y s i c a l 

o u t p u t . I t i s a good pr o x y p r o v i d i - d t he p r i c e i m p l i c i t l y 

used :n i t does n o t change s y s t - m a t i c a l l y w i t h one or more 

o f t h e e x p l a n a t o r y v a r i a b l e s . I n a c o m p e t i t i v e i n d u s t r y 

excess p r o f i t s r e s u l t i n g f r o m t e c h n o l o g i c a l p r o g r e s s may 

hav> bt-^n e l i m i n a t e d so t h a t t h e p r i c e w i l l be t h e l o w e s t 

p o s s i b l e . The r e g r e s s i o n o f value added on the o t h e r 

v a n - b l < s do.s n o t n f l e e t thi£ exa.ct s i t u a t i o n i m p l i c i t 

m a p r o d u c t i o n - f u n c t i o n based on p h y s i c a l o u t p u t i d e a . 

I n p a r t i c u l a r , t h e t t c h n o l o g i c a l progr°ss i s c oncealed. 

Thus t h ' assumption mad2 about p r i c p l o s e s m-anjng m a 
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c o m p e t i t i v e , p r o f i t m a x i m i s i n g s i t u a t i o n . A l s o a c c o r d i n g 

t o E u l e r ' s theorem, s i n c e payments s a t i s f y i n g m a r g i n a l 

p r o d u c t i v i t y c o n d i t i o n r exhaust a l l o u t p u t , v a l u = added 

must m a i n t a i n th° samp r e l a t i o n t o i n p u t s i r r e s p e c t i v e o f 

t h e i r p r o d u c t i v i t i e s under c o n d i t i o n s o f c o n s t a n t r e t u r n s 

t o s c a l e . 

I n s p i t e o f some p r o b l ms a s s o c i a t e d w i t h v a l u e added 

as a m asurc o f o u t p u t , i t i s one o f t h ^ most c o n v e n i e n t 

and commonly used m^asur cs. V a l u ^ add^d as w e l l as v a l u e 

of p h y s i c a l c a p i t a l may u s u a l l y be employed d i r e c t l y , w i t h o u t 

b e mg d e f l a t e d m c r o s s s e c t i o n a n a l y s i s . 

C a p i t a l 

We have t h e f o l l o w i n g mee^ur s t h a t meiy r ^ p r J s e n t 

c a p i t a l . 

1 . Gross c a p i t a l a s s e t s 

2. Net c a p i t a l essets 

3. D e p r e c i a t i o n allowance f o r t h e y e a r , b i n g t h e 

d i f f rence between gross and n e t assets 

4. F i x e d c a p i t a l e x c l u d m r machinery and equipment 

5. Machinery and equipment 

6. Q u a n t i t y o f f u e l consumed : e l e c t r i c i t y , gas, c o a l , 

wat<~r 

7. Value o f f u e l consumption 

8. - i l t c t n c i t y consum- d m KWH 

9. Valu'- o f e l e c t r i c i t y consumed 

10. C a p a c i t y o f e l e c t r i c i t y motors 

11. C a p i t a l s t o c k i n c l u d i n g p r - f e r e n c e and ^ q u i t y 

12. Net worfe o f c a p i t e l s t o c k 

Thi v a l u p o f f i x e d a s s e t s m our da t a i s t h e book 

v a l u f a f t ^ r d . p r J C I O t i o n . I t i s o b t a i n e d by s u b t r a c t i n g 



t o t a l depr^ c i a t i o n charged u p t o 3 g i v e n date f r o m the 

v a l u f b e f o r e d e p r e c i a t i o n v h i c h i s t h e accummuLation o f 

t h e h i s t o r i c a l purchase v a l u e s . I n t h e case o f Y u g o s l a v i a 

we have d a t a on revalued c a p i t a l a s s e t s which a r i a p p r e c i a t e d 

v a l u e s . These have been t a k e n under t h e same h e a d i n g as 

c a p i t a l a s s e t s a f t e r d e p r e c i a t i o n . 

Machinery and equipment ar<~ lumped t o g e t h e r . T h i s 

v a r i a b l e can be e a s i l y used as an a l t e r n a t i v e measure o f 

c a p i t a l . Another me sure o f c a p i t a l , which may r e p r e s e n t 

t h e t o t a l of l i q u i d and f i x e d c a p i t a l i s t h e c a p i t d s t o c k 

i . e . the t o t a l o f p r e f e r r e d and common s t o c k . The n e t w o r t h 

o f t o t a l a s s e t s , i s t h e sum o f c a p i t a l s t o c k p l u s r e s e r v e s 

and r e t a i n e d e a r n i n g s . 

Annual d e p r e c i a t i o n i s m terms o f a perc e n t a g e o f 

book-value a f t e r d e p r e c i a t i o n a t t h e end o f t h e p r e v i o u s 

y e a r . The measure do-s n o t n e c e s s a r i l y r e f l e c t t h e r a t e 

o f c a p i t a l u s ^ . Th m rthod o f c a l c u l a t i o n may d i f f e r f r o m 

one e s t a b l i s h m e n t t o a n o t h e r . 

Replac^mrnt v a l u e i s c e t i m e x t d as t h e c o s t o f r e p l a c i n g 

an e x i s t i n g u n i t by a n e t f u n c t i o n a l e q u i v a l e n t w h i c h may 

be zero m t h e case o f an a n t i q u a t e d u n i t . 

Average age o f machinery 

The a v i r a g e age o f machinery m years i s c a l c u l a t e d 

b - g i n n i n g w i t h t h - y<-ar o f make which i s ossum< d t o b t h e 

same as t h - f i r s t y e a r o f i t s use. D e t a i l s about t h i s 

v a r i a b l e are n o t p r o p e r l y a v a i l a b l e over a l l e s t a b l i s h m e n t s . 
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Labour 

The two major c a t e g o r i e s i n t o which t o t a l l a b o u r i s 

d i v i d e d ere d i r e c t l a b o u r and i n d i r e c t l a b o u r . D i r e c t 

p r o d u c t i o n l a b o u r ( d e n o t e d by L-^) c o n s i s t s o f p r o d u c t i o n 

workers engaged m m a n u f a c t u r i n g p r o p e r as w e l l as m 

i m p o r t a n t a n c i l l a r y o p e r a t i o n s such as p r e p a r a t i e n o f raw 

m a t e r i a l s , i n s p e c t i o n and packaging. I n d i r e c t l 3 b n u r ( L T ) 

c o n s i s t s o f management and o t h e r a u x i l i a r y a c t i v i t i e s l i k e 

p r o d u c t i o n p l a n n i n g , r e s e a r c h and development, a c c o u n t i n g , 

s a l e s and purchases, c l e r i c a l work and those u n r e l a t e d t o 

t h e p r i m a r y m a n u f a c t u r i n g p r o c e s s . We a l s o have a cross 

c l a s s i f i c a t i o n between educated l a b o u r i n c l u d i n g t hose w i t h 

c e r t a i n s k i l l s ( I y ) and o t h e r l a b o u r ( D Q ) w i t h no s i g n i f i c a n t 

t r a i n i n g p e r i o d . The t o t a l o f and L-j- i s t o t a l l a b o u r ( L ) 

w h i c h i s a l s o t h e t o t a l o f L-p and LQ. Thus t h e d i r e c t / i n d i r e c t 

and educeted/other c l a s s i f i c a t i o n s o f l a b o u r are n o t m u t u a l l y 

e x c l u s i v e . 

We a l s o have the o p t i o n o f measuring l a b o u r by t h e 

number o f w o r k i n g hours. T h i s i s because t h e a c t u a l number 

o f hours worked m each e s t a b l i s h m e n t are ava.ilu.ble. I f 

H-p r e l a t e s t o d i r e c t l a b o u r w o r k i n g hours and H-j-

t o i n d i r e c t w o r k i n g hours t h e n t o t a l w o r k i n g hours o f a l l 

l a b o u r may be w r i t t e n H = H-̂  + H 

Yet a n o t h e r measure o f l a b o u r or w o r k i n g hours may be 

c o n s t r u c t e d . Thus, we may d e f i n e n e t w o r k i n g h o u r s , 

w h i c h we may denote by , as t h e sum o f t h e d i r e c t w o r k i n g 

hours and s u i t a b l y w e i g h t e d i n d i r e c t w o r k i n g h o u r s . The 

w e i g h t s c o u l d be o b t a i n e d , f o r i n s t a n c e , from t h e r a t i o o f 

i n d i r e c t t o d i r e c t va, -s f o r f-pch e s t a b l i s h m e n t Such 

http://ava.ilu.ble
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w e i g h t i n g c o u l d have thc j f f e c t o f a r r i v i n g a t a mor" appro­

p r i a t e measure o f w o r k i n g h o u r s . 

C a p i t a l as w e l l as l e b o u r ar? b o t h l i k e l y t o work 

a t d i f f ' - r ^ n t d e r r e s o f m t - n s i t y which can change r a p i d l y 

and a r c d i f f i c u l t t o e r a s u r e . 

Wages 

T h i r e are t h r e e complementary measures o f wage earnings 

Y/p wage a r n i n g s o f d i r r c t l a b o u r 

Wj wage earnings o f i n d i r e c t l a b o u r 

o t h e r e x p e n d i t u r e on employees 

The t o t a l wages ar- g i v e n by W = WD + W_£ + 

ft-ost of t h e time have madt use o f wag^-s p e r u n i t o f t o t a l 

l a b o u r which i s giv-^n by w W/L 

The o t h e r c o r r ' spondmg measures are d i r e c t and 

i n d i r e c t wag cs p e r u n i t 

I n t e r n a d i a t c I n p u t s 

Purchases f r o m o u t s i d e , m t r a - f i r m t r a n s f r s and 
n e t w i t h d r a w l s from the s t o c k o f m a t e r i a l s t o g e t h e r make 

t h e m t rm°diate i n p u t s v/hich i n c l u d e t h f o l l o w i n g i t ems * 

I ) work p r f o r m ^ d by s u b - c o n t r a c t o r s 

I I ) r e p a i r s and m s i n t a i n a n c e 

I I I ) m a t e r i a l s ( n o t i n c l u d i n g mat' r i a l s purchased on c a p i t a l 

account 

I V ) mat T i a l j n p u t f o r a u x i l i a r y a c t i v i t i s 

v ) n o n - f a c t o r s e r v i c e i n p u t s 



Ca-prcity U t i l i s a t i o n 

I n our d a t a , t h e f i g u r e f o r c a p a c i t y u t i l i s a t i o n i s 

o n l y a rough e s t i m a t e s u p p l i e d "by t h - Management p e r s o n n e l 

o f each e s t a b l i s h m e n t . I t cannot be c o n s i d e r e d t o be an 

o b j e c t i v e e s t i m a t e . I n t h e s u r v e y d a t a , i t was found t o 

have been g i v e n m t h _ f orm o f "a p o t e n t i a l p e rcentage 

i n c r e a s e m t h e f o l l o w i n g y e a r ov- r the a c t u a l prodin i i on 

t h i e y-?r p r o v i d e d c e r t a i n a d d i t i o n a l p r o d u c t i o n f a c i l i t i e s 

a re mad r a v a i l a b l e t o t h management. 1 1 T a k i n g t h i s p o t e n t i a l 

percentage f i g u r e g i v c n by th ^ management m express q u a n t i ­

t a t i v e terms, as r e p r e s e n t i n g f u l l c a p a c i t y u t i l i s a t i o n , 

w- have d e r i v e d t h e f i g u r e s f o r a c t u a l c a p a c i t y u t i l i s a t i o n 

f o r t h ^ y e ar o f r e f e r e n c e . The f i g u r e s a r r i v e d a t are 

bound t o be o f a s u b j e c t i v e n a t u r e . 

i - t t h e i n d i v i d u a l f i r m l e v e l , p r o f i t m a x i m i s a t i o n 

or c o s t m i n i m i s a t i o n a r . suppos d t o guide xhe e n t r e p r e n e u r 

t o a r r i v e a t an e q u i l i b r i u m l>-vel o f o u t p u t w h i c h i s most 

e f f i c i e n t from t h p r o f i t or c o s t p o i n t s o f VIBW r e s p c t i v e l y . 

T h i s o u t p u t l e v e l i s t h e c a p a c i t y o u t p u t o f t h e f i r m . The 

problems a s s o c i a t e d w i t h t h use o f t h concept o' c a p a c i t y 

o u t p u t arc the u s u a l problems a s s o c i a t e d w i t h an aggregate 

p r o d u c t i o n f u n c t i o n . Iv-n i f we use e s t a b l i s h m e n t d a t a , 

problems l i k e d i s s i m i l a r i t e s o f p r o d u c t i o n f u n c t i o n s , 

t e c h n o l o g y and e n t r e p r e n u r i a l a b i l i t i e s f o r d i f f e r e n t 

f i r m s , nonhomoeeneous i n p u t s and o u t p u t s " d i s s i m i l a r i t y o f 

s u p p l y c o n s t r a i n t s s t i l ] r emain. 
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I n v e n t o r i e s 

I n v e n t o r i e s a r e t h e sum o f d i r e c t p r o d u c t i o n 

m a t e r i a l s , o t h e r i n p u t m a t e r i a l s l i k e energy, p a c k i n g , 

r e p a i r s and maintenance and a u x i l i a r y a c t i v i t y m a t e r i a l s , 

work m process and f i n i s h e d p r o d u c t s v a l u e d a t s e l l i n g 

p r i c e or p r o d u c t i o n c o s t s . D i f f e r e n c e s m v a l u a t i o n 

procedures i n t r o d u c e a p o s s i b l e element o f e r r o r w h i c h 

i s n o t expected t o be v e r y s i g n i f i c a n t I n t h e case o f 

Y u g o s l a v i a , t h e d a t a on i n v e n t o r i e s are n o t 

a v a i l a b l e . T h e r e f o r e , m t h e case o f Y u g o s l a v i a o n l y , 

a n o t h e r v a r i a b l e , which has n o t h i n g t o do w i t h i n v e n t o r i e s , 

has been i n c l u d e d ; t h i s i s t h e i n t e r e s t p a i d by t h e 

e n t e r p r i s e f o r t h e l o a n t a k e n . T h i s i s a f e a t u r e p e c u l i a r 

t o Y u g o s l a v i a where each e n t e r p r i s e pays t h i s i n t e r e s t 

every y e a r ; t h e i n t e r e s t covers o n l y t h e c o n t r i b u t i o n s 

t o the c e n t r a l i n v e s t m e n t f u n d w h i c h a r e d i f f e r e n t f rom 

i n t e r e s t on loans and are l e v i e d on business o - e r a t i c n a l 

f u n d s , fiX'-d a s s e t s end w o r k i n g c a p i t a l . The r a t e v a r i e s 

f r o m one t o s i x per cent f o r d i f f e r e n t i n d u s t r i e s . 

dumber o f S h i f t s 

The number o f s h i f t s i s e i t h e r one, two or t h r e e , 

''/e do have an approximate measure o f c a p i t a l u t i l i s a t i o n d a t a . 

But i n t h e absence o f a c t u a l c a p i t a l u t i l i s a t i o n d a t a , 

a c c o r d i n g t o N a d i r i and Ros-n(l973), a d i r e c t r e l a t i o n between 

c a p i t a l u t i l i s a t i o n and t h e number o f s h i f t s may be assumed. 

Roughly speaking, f u l l u t i l i s a t i o n may bo assumed t o c o r r e s ­

pond t o t h r e e s h i f t s wnere each normal shift i s of eight hours. 
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Two s h i f t s may be l i n k e d t o t w o - t h i r d u t i l i s a t i o n o f 

c a p a c i t y and one s h i f t t o one - T h i r d u t i l i s a t i o n , 

o n l y f o r convenience. 

SELECTION OF VARIABLES 

The number o f v a r i a b l e s m our data b e i n g l a r g e , 

i t may be p o s s i b l e t o mak. a ch o i c e between s e v e r a l 

d i f f e r e n t c l a i m a n t s t o r e p r e s e n t some o f t h e v a r i a b l e s 

f o r t h e purpose o f p r o d u c t i o n f u n c t i o n a n a l y s i s . Since 

we are g o i n g t o use s e v e r a l p r o d u c t i o n r e l a t i o n s Cor 

t h e data o^ f i v e c o u n t r i e s , t h e c o m p u t a t i o n >;ork may 

prove t o be r a t h e r heavy. We w i l l s e l e c t t h e r e f o r e , o n l y 

one r e p r e s e n t a t i v e f o r each v a r i a b l e r e q u i r e d , so f a r as 

p o s s i b l e . To t h i s end, t h e Cobb Douglas f u n c t i o n was f i t t e d 

t o t h e data o f each o f the f i v e c o u n t r i e s u s i n g d i f f e r e n t 

c l a i m a n t s f o r each v a r i a b l e ; t h e one g i v i n g t h e b e s t o v e r a l l 

r e s u l t s was s e l e c t e d f o r f i n a l a n a l y s i s . 

S e l e c t i o n o f t h e C a p i t a l and Output V a r i a b l e s 

We have two measures o f o u t p u t m v a l u e terms* 

gross v a l u e o f o u t p u t , Y and n e t v a l u e added, V. 

There are s e v e r a l measures o f c a p i t a l , K. The r e s u l t s 

o b t a i n e d by t h e use o f some o f these measures o f K 

a l o n g w i t h t o t a l l a b o u r , L, i n t h e Cobb Douglas f u n c t i o n s 

Y = A it if and V = A K* if 

w i l l now be g i v e n . The equ a t i o n s g i v e n below have 

been s e l e c t e d from a l a r g e r s e t o f r e s u l t s m w h i c h 

n o t o n l y t he measures o f c a p i t a l d e s c r i b e d e a r l i e r 

hav" been t r i e d b u t a l s o s e v e r a l o t h e r measures w i t h 
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c o r r e_ c t i o n s appli°d f o r c a p a c i t y u t i l i s a t i o n and t h e e f f e c t s 

o f i n t e r m e d i a t e i n p u t s and i n v e n t o r i e s . The c o r r e t t i o n s 

and m a n i p u l a t i o n s m the measures of c a p i t a l d i d n o t seem 

t o h e l p much. For a p r o p e r comp3rison t o ~bc made o f thc 

r°sults emanating f r o m d i f f e r e n t measures o f c a p i t a l and 

o u t p u t , we s h a l l us? th° f o l l o w i n g s u f f i x e d n o t a t i o n ' 

C a p i x a l V a r i a b l e exponent oi" K Exponent o f L, 

K Net c a p i t a l a s s e t s oC ^ 

Kjyjc Machinery and equipment ( X M t ^v^c 

K P F D e p r e c i a t i o n <X pp ^ ^ f 

Kptf Valut o f f u e l consumed °̂  pv ^ f V 

K^L " l e c t r i c i t y consumed <X el_ £1-I 3 

Kgv Value o f e l e c t r i c i t y consumed °(r-v |3 £ v 

Th> r a n k c o r r l a t i o n b twe n s e v e r a l p a i r s o f t h Q s e 

d i f f r'-nt c a p i t a l m asurc s was found t o be h i g h l y s i g n i f i c a n t 

f o r e a c h p a i r t a k e n . T h i s s h o u l d , t o a good e x t e n t , r u l f 

out t h 1 n-'d t o f i t p r o d u c t i o n f u n c t i o n s w i t h d i f f e r e n t 

c l a i m a n t s . 

Th' f o l l o w i n g p r o d u c t i o n f u n c t i o n s w^.re o b t a i n e d 

case o f I n d i a , one o f t h " fiv° c o u n t r i 

V = A K L 0.91 
V - A 

O 6fc2 
L 0.89 

V = A o 1° 6 c 6 0.89 
V = A L ° 7 3 ' 0.86 
V = A Y°t77 0.86 
V = A 0 US 

K £ L 
1 0.87 
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Y = A K.466 L.519 .85 
Y = A K - 3 7 8 L.569 .84 
Y = A K.430 L'533 .83 
Y = A K.384 L.582 .82 

Y = A K.285 L.618 .82 

Y = A K.303 L.656 .81 

I t i s d i f f i c u l t t o choose between V and Y from t h e 

above r e s u l t s but perhaps "the r e s u l t s , / i t h V may be c o n s i d e r e d 

p r e f e r a b l e . I n any case we have chosen t o use V m our 

e m p i r i c a l work. Many e m p i r i c a l p r o d u c t J o n f u n c t i o n s t u d i e s 

have o r e f e r r e d t o use V i n s t e a d o f Y, f o r d i f f e r e n t reasons 

See f o r i n s t a n c e , G r i l l i c h e s and Rmgstad( 1 971 ) . 

As f o r t h e c a p i t a l v a r i a b l e , we decided t o make use 
1 

o f n e t c a p i t a l a s s e t s . I t would be d i f f i c u l t t o handle 

s e v e r a l r e p r e s e n t a t i v e s o f c a p i t a l m an a n a l y s i s w h i c h i s 

c o m parative m n a t u r e and makes use o f a number o f p r o d u c t i o n 

r e l a t i o n s . T h i s i s n o t t o deny t h e i m p o r t a n t r o l e which 

v a r i a b l e s l i k e i n t e r m e d i a t e i n p u t s , c a p a c i t y u t i l i s a t i o n , 
2 

percentage o f motors operated and c a p a c i t y o f motors used can 
p l a y m t h i s c o n n e c t i o n , m i m p r o v i n g the q u a l i t y of t h e 
c a p i t a l v a r i a b l e . 

1Some e m p i r i c a l r e s u l t s g i v e n on t h i s page and t h e l a s t 
were n o t t h e f i n a l d e t e r m i n i n g f a c t o r s m t h e s e l e c t i o n o f t h e 
c a p i t a l i n p u t . Data o f o t h e r c o u n t r i e s wore a l s o used Moreover, 
s e v e r a l , though n o t a l l , p e r m u t a t i o n s o f ""-enables were t r i e d 
and t h e d i f f e r e n c e s m v a r i o u s s e t s o f r e s u l t s were n o t v e r y 
l a r g e . T h i s i s n o t t h e best c r i t e r i o n o f s e l e c t i n g t h e v a r i a b l e . 
An a t t e m p t has been made t o s e l e c t a f a i r l y r e p r e s e n t a t i v e 
v a r i a b l e out o f s e v e r a l a v a i l a b l e 

2See f o r i n stanc ~j, Bauti s t a R. ( 1 975 ) , I n d u s t r i a l c a p i t a l 
u t i l i s a t i o n i n t h e r h i l l i p p h m e s , M i m e o , I B R D , H e a t h f i e l d D.(1972) 
The measurement o f c a p i t a l usage u s i n g e l e c t r i c i t y consumption 
r"ate f n r t h e UK, J of" t h e Royal St.Soc . I I , 1 35 , H i l t o n K.(197C), 
C a p i t a l and c a p a c i t y u t i l i s a t i o n i n t he U.K.,Disc.1aper 7003, 
Pconometric Mod^l Progress Paper A6,Univ.of Southampton;Kim Y. 
& G.Kwon(1973)Capital u t i l i s a t i o n m Korean mfg., Morawetz D. 
( 1975),The e l e c t r i c i t y measure o f c a p i t a l u x i l i s a t i o n , T n e I a u r i c e 
P a l k I n s t . f o r ^con.Research m I s r a e l , D i s c u s s i o n Paper 755. 
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Choice o f t h e Labour V a r i a b l e 

There are s e v e r a l measures o f l a b o u r i n p u t i n i t s 

d i f f e r e n t asoects a v a i l a b l e t o us 

1 t o t a l l a b o u r 
LD d i r e c t l a b o u r 
L I i n d i r e c t l a b o u r 

educated l a b o u r 

L o o t h e r l a b o u r 

LN ne t l a b o u r 

H t o t a l w o r k i n g hours 
HD d i r e c t w o r k i n g hours 
H I i n d i r e c t v,orking hours 

% n e t w o r k i n g h o u r s . 

I t may be n o t e d tho 

I = L-j-j + = Lp 

H = H D + Hj 

hr LD + LI-VWD 
% = HD + H J . W J / W J J 

v/here w-j- and w-̂  are t h e wage3 earnings o f d i r e c t and i n d i r e c t 
1 

workers r e s p e c t i v e l y . The rank c o r r e l a t i o n betv.'een p a i r s o f 

some o f these v a r i a b l e s , l i k e 1 , L-̂ , was found t o be 

s i g n i f i c a n t . Also t o t a l w o r k i n g man hours i n s t e a d o f t o t a l 

manyears d i d n o t improve upon t h e l a t t e r i n t h a t t h e y d i f f e r 

more or l e s s by a c o n s t a n t m u l t i p l e . 

1 D e r i v e d i n d e p e n d e n t l y 
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Using a procedure s i m i l a r t o t h a t f o r c a p i t a l , i t 

was f e l t t h a t t o t a l l a b o u r c o u l d be a p p r o p r i a t e c h o i c e f o r 

our s t u d y . The use o f net l a b o u r or n e t w o r k i n g hours d i d 

n o t seem t o improve upon t h e r e s u l t s o b t a i n e d w i t h t h e 

h e l p o f t o t a l l a b o u r . The reason p o s s i b l y may l i e m t h a t , 

f r o m a t e c h n i c a l p o i n t o f view, which i s more r e l e v a n t f o r 

p r o d u c t i o n f u n c t i o n a n a l y s i s , w e i g h t i n g by "'ages may be 

i n a p p r o p r i a t e as i t i s l i k e l y t o i n t r o d u c e an olement o f 
1 

b i a s a g a i n s t i n d i r e c t l a b o u r . 

1 I t i s n o t i m p l i e d t h a t i n d i r e c t l a b o u r c o n t r i b u t e s 
t o p r o d u c t i o n m t h e same way as d i r e c t l a b o u r . D i r e c t 
l a b o u r w i t h o u t s u p p o r t from i n d i r e c t l a b o u r i s n o t a l l t h a t 
h e l p l e s s but t h e " i n d i r e c t " s t i l l remain t o be done. The use 
of d i r e c t l a b o u r t o do these jobs m t h e absence o f i n d i r e c t 
l a b o u r i m p l i e s l o s s o f resources m t h e same wa^ as t h e use 
of die type-of equipment t o do some job w h i c h could be more 
a p p r o p r i a t e l y h a n d l e d by a d i f f e r e n t t y p e o f equipment. 

As f o r t h e a d m i n i s t r a t i v e f u n c t i o n s , t h e r o l e and 
range of a c t i v i t i e s performed by t h e adrnim s t r a t i ve 
pe r s o n n e l have i n c r e a s e d c o n s i d e r a b l y m an age o f 
r a p i d t e c h n o l o g i c a l p r o g r e s s w h i c h i s accompanied by a 
growing complexi+y o f p r o d u c t i o n and f i n a n c i a l p l a n n i n g . 
H i g h managerial s k i l l s are e s s e n t i a l n o t o n l y m advanced 
economies but a l s o m d e v e l o p i n g economies v/hich may 
i m p o r t t h e i r t e c h n o l o g y from advanced economies and are 
thus o b l i g e d t o use t h e i r methods t o o . 

* 



An e x a m i n a t i o n o f c a p i t a l and l a b o u r v a r i a b l e s 

t o g e t h e r m t h e d i f f e r e n t Cobb Douglas f i t s suggested an 

obvious c h o i c e o f n e t c a p i t a l a s s e t s end t o t a l l a b o u r f o r 

purposes o f p r o d u c t i o n a n a l y s i s . 

To sum up, o n l y f o u r b a s i c v a r i a b l e s w i l l be usee 

subasjue&tly a l t h o u g h m some c°ses, a few o t h e r v a r i a b l e s 

w i l l be needed. The f o u r mam v a r i a b l e s are K,L,w and V. 

The o t h e r v a r i a b l e s used m some models w i l l be ( d i r e c t 

l a b o u r ) , L-j- ( i n d i r e c t l a b o u r ) , M (raw m a t e r i a l ) , Y ( t o t a l 

v a l u e o f o u t p u t ) and r ( r a t e o f r e t u r n ) . The f o u r main 

v a r i a b l e s w i l l a l s o be used m c e r t a i n c o m b i n a t i o n s m 

d i f f e r e n t f u n c t i o n a l forms and w i t h some t r a n s f o r m a t i o n s . 

A l t h o u g h we have a r r i v e d a t t h i s s m a l l number o f v a r i a b l e s 

a f t e r a c a r e f u l c h o i c e made out o f numerous p o s s i b i l i t i e s 

and a l s o a f t e r a v e r y l a r g e number o f r e g r e s s i o n f i t s , 

s e v e r a l r e g r e s s i o n s w i l l s t i l l have t o be e s t i m a t e d . We 

w i l l have f i f t e e n p r o d u c t i o n models m ele v e n o f which V, 

v a l u e added or V/L, v a l u e added per u n i t o f l a b o u r o r V/K, 

v a l u e added per u n i t c a p i t a l w i l l be t h e dependent v a r i a b l e 

m one case Y, t o t a l v a l u e o f o u t p u t w i l l be t h e dependent 

v a r i a b l e . Other dependent v a r i a b l e s have been used m the 

l a s t t h r e e cases. 

Mature o f A g g r e g a t i o n m our E s t a b l i s h m e n t Data 

Th e s t i m a t e s o f mi c r o p r o d u c t i o n f u n c t i o n s s h o u l d 

d i r e c t l y r e f l >ct t l i m i c r o t e c h n o l o g i e s because a t low 

l e v e l s o f a g g r e g a t i o n extraneous i n f l u e n c e s s h o u l d be l e s s 

i m p o r t a n t , AS observed by Bosworth(1976), t h f "problems o f 

ar-gregationcan r e s u l t m f a i l u r e o f a g ' r e r a t e p r o d u c t i o n 
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f u n c t i o n s t o r e f l e c t t h e u n d e r l y i n g t e c h n o l o g y o f p r o d u c t i o n . 

Such f e a r s g i v e m i c r o s t u d i e s much o f t h e i r a p p eal." 

Our e s t a b l i s h m e n t d a t a , c o l l e c t e d s y s t e m a t i c a l l y 

by e x p e r t s , may be assumed t o be r e l a t i v e l y f r e e f r o m 

extraneous i n f l u e n c e s . But t h e y a r e n o t f r e e from a c e r t a i n 

amount o f a g g r e g a t i o n v/hich i s m t h e f o r m o f a d d i t i o n o f 

o u t p u t s as w e l l as i n p u t s c o r r e s p o n d i n g t o v a r i o u s processes 

w i t h i n each e s t a b l i s h m e n t . I n any c a s j , s t r i c t l y homogeneous 

o u t p u t s and i n p u t s are d i f f i c u l t t o o b t a i n . An e s t a b l i s h m e n t 

i s g e n e r a l l y r e q u i r e d t o produce a v a r i e t y o f o u t p u t s which 

a r e u s u a l l y added by w e i g h t i n g by p r i c e s . There are d i f f e r e n c e s 

m t h e q u a l i t y and i n t e n s i t y o f i n p u t use and i n t e r m e d i a t e 

p r o d u c t s . D i f f e r e n t items o f c a p i t a l a r e n o t a l l homogeneous, 

a l t e r n a t i v e i t ems may produce t h e saim o u t p u t per u n i t o f t i m e . 

There may be v a r i a t i o n s m t h e d u r a b i l i t y , q u a l i t y and p e r ­

formance o f d i f f e r e n t items o f c a p i t a l . The same can be 

s a i d about l a b o u r . 

The problem o f homogeneous o u t p u t i s n o t s o l v e d even 

i f we are s t r i c t about t h e c h o i c e of t h e e s t j b l i s h m e n t s 

by s e l e c t i n g o n l y those t h a t s h o u l d be w o r k i n g on comparable 

l i n e s and p r o d u c i n g s i m i l a r i f n o t i d e n t i c a l o u t p u t s . The 

v a r i a t i o n s i n o u t p u t per u n i t o f i n p u t w i l l n o t be e a s i l y 

o b s e r v a b l e and the e f f i c i e n c y i n t h e use o f r e s o u r c e s may be 

d i f f e r e n t . A l s o , market i m p e r f e c t i o n s may a f f e c t t h e 

e s t a b l i s h m e n t s d i f f e r e n t l y * 

As we would l i k e t o be c o n f i n e d t o t h e s i n g l e o u t p u t 

p r o d u c t i o n f u n c t i o n s , t h e o u t p u t o f each e s t a b l i s h m e n t 

w i l l be measured m v a l u e terms. T h i s w i l l n o t i n v o l v e t h e 

problem o f v a r i a t i o n s i n t h e mix o f i n t e r m e d i a t e goods 

used. 
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At t h e l e v e l o f i n d i v i d u a l e s t a b l i s h m e n t d a t a , i t i s 

p o s s i b l e t o c o n s t r u c t a p p r o p r i a t e and more a c c u r a t e s e r i e s 

w i t h an improved degree of homogeneity m o u t p u t s and i n p u t s 

though the e x t e n t o f improvement depends on t h e number and 

c o m p l e x i t y o f t h e u n d e r l y i n g p r o d u c t i o n processes. U n f o r t u ­

n a t e l y we cannot t a k e f u l l advantage o f t h e f a c i l i t y o f 

h a v i n g a more homogeneous s e r i e s because, t h e number o f 

o b s e r v a t i o n s f o r each i n d u s t r y b e i n g s m a l l , we have t o form 

a p o o l e d s e r i e s o f e s t a b l i s h m e n t s b e l o n g i n g t o d i f f e r e n t 

i n d u s t r i e s . 

Our a g g r e g a t i o n i s m v a l u e terms so t h a t t h e m a r g i n a l 

p r o d u c t s w i l l a l s o be m v a l u e terms. T h i s i s a c o n v e n i e n t 

compromise because we have d i f f e r e n t i n d u s t r i e s p o o l e d 

t o g e t h e r . That would be d i f f i c u l t u n l e s s we b r o u g h t m th e 

medium o f v a l u e . 

Such a g g r e g a t i o n i s n o t q u i t e v a l i d u n l e s s t h e r e 

are c o n s t a n t r e t u r n s t o s c a l e . T h i s c o n d i t i o n would a p p l y 

even when t h e o u t p u t s are a l l i d e n t i c a l and t h a t i s a c o n d i t i o n 

which i s h a r d t o o b t a i n . Our r e s u l t s may s u f f e r , t h e r e f o r e , 

f r o m some a g g r e g a t i o n b i a s which cannot be avoided i n any 

case because t h e b a s i c c o n d i t i o n s o f i d e n t i t y o f p r o d u c t i o n 

f u n c t i o n s and c o n s t a n t r e t u r n s t o s c a l e may n o t n e c e s s a r i l y 

be s a t i s f i e d m p r a c t i c e . 
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CHAPTER FIVE 
r M P I R I C A L R E S U L T S 

POOL REGRESSIONS 

I n t r o d u c t i o n 

This chapter gives the mam s t a t i s t i c a l r e s u l t s 
and a summary of f i n d i n g s . The d e s c r i p t i o n of our data has 
alreacty be>n given. There are 64 manufacturing establishments 
from Erance, 117 from I n d i a , 69 from I s r a e l , 63 from Japan 
and 145 from Yugoslavia. The observations from d i f f e r e n t 
c o u n l r i c s have not been pooled together : the data f o r each 
countryhave been analysed separately and comparable r e s u l t s 
and conclusions presented. I n view of the n o n a v a i l a b i l i t y 
of a s u f f i c i e n t l y l a r g e number of establishments belonging 
t o each of the several standard i n d u s t r i a l c l a s s i f i c a t i o n 
(SIC) numbers or even r e l a t e d SIC numbers a l l establishments 
m each country h ve been looked upon as productive u n i t s 
which make use of d i f f e r e n t q u a n t i t i e s of c e r t a i n i n p u ts 
and show d i f f e r e n c e s m economic performance. D i f f e r e n t 
c r i t e r i a w i t h t h e i r various i n t e r p r e t a t i o n s have been e x p l o i t e d 
t o rearrange the establishments m a s u i t a b l e order which 
helped m forming p o s s i b l y more homogeneous groups whose 
c h a r a c t e r i s t i c s could be subjected t o a proper analysis 
of covanance. 

The Three Stages of Analysis 

The r e s u l t s are analysed m three stages. I n thp 
f i r s t stage, a l l the establishments m each country have 
been taken as observation u n i t s and various production 
models have been f i t t e d t o them on i d e n t i c a l l i n e s . These 
have been c a l l e d pool regressions. 
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Thi r e s u l t s f o r each of these regressnms, corresponding t o 
d i f f e r e n t production models are given m a l p h a b e t i c o l order 
f o r a l l the f i v e c o u ntries m the f i r s t row of each block 
m ta b l e s 1 to 6, * 

The second stage consists of the corresponding r e s u l t s 
f o r the groups of establishments formed on the basis of K, 
the c a p i t a l assets of establishments m each country. i-ach 
group includes n e a r l y one t h i r d of the t o t a l number of 
establishments belonging t o the small K, medium K and l a r g e 
K categories. The r e s u l t s obtained from grouping based on 
a l t e r n a t i v e c r i t e r i a are also given and compared. 

I n the t h i r d stage, the analysis of covariance i s 
given. Various sets of r e s u l t s are obtained but the mam 
r e s u l t s are f o r groups formed on the basis of K. 

The tables showing the r e s u l t s f o r some a l t e r n a t i v e 
c r i t e r i a f o r grouping are given =>nd analysed. 

The Froduction Relations Used m the Empirical Study 

For the e m p i r i c a l a n a l y s i s , f i f t e e n forms of production 
relations have been selected. A l l these r e l a t i o n s , derived 
from the o r i g i n a l forms,have been m use m e m p i r i c a l studies 
m the l i t e r a t u r e though some of them l i k e t h - Cobb "Douglas 
and the CIDS f u n c t i o n s have been used more commonly. 

The explanatory side of these r e l a t i o n s v ; i l l be looked 
upon as having been composed of t e c h n i c a l and /or economic 
v a r i a b l e s . The e f f e c t of the i n c l u s i o n of d i f f e r e n t v a r i a b l e s 
m thp r e l a t i o n s w i l l be studied w i t h the help of regression 
a n a l y s i s . The ordinary l e a s t squares method w i l l b& used 
throughout. 
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The regressions f i t t e d t o t h ^ t o t a l number of manu­
f a c t u r i n g establishments m each country w i l l be c a l l e d pool I 
regressions. I n the next chapter where grouping of th<- estab­
lishments i s done, the regression equations f i t t e d t o the 
groups w i l l be c a l l e d group regressions f o r which the same 
production r e l a t i o n s and ordinary lea.st squares method as f o r 
the pool t regressions w i l l be used. Table 0 gives the 
mathematical expressions f o r the f i f t e e n r e l a t i o n s used 
and the order m which they w i l l occur i n the a n a l y s i s . 

Table 0 i s m s i x p a r t s . 

Part one shows the Cobb Douglas production f u n c t i o n 
(1a) w i t h two inputs K,I and (1b) w i t h three inputs K,L,M. 

Part two shows the Cobb Douglas f u n c t i o n (2a) w i t h 
three inputs K,L D,Lj and also(2b) w i t h three inputs K,Lg,L c. 

Part three has (3a) the Kmenta approximation and 
(3b) the t r a n s l o g production f u n c t i o n . 

Part four consists of (4a) the CK3L r e l a t i o n between 
output per u n i t of labour and wages per u n i t ; (4b) the VESL1 
r e l a t i o n between labour p r o d u c t i v i t y and wages per u n i t and 
c a p i t a l labour r a t i o as explanatory v a r i a b l e s , i t has been 
denoted by VESL1 to d i s t i n g u i s h i t from (4c) the VESL2 r e l a t i o n 
between labour p r o d u c t i v i t y and wages per u n i t , c a p i t a l labour 
r a t i o and labour as explanatory v a r i a b l e s . 

Part f i v e has three r e l a t i o n s corresponding t o those of 
pa r t four. (5a) The CESK is the r e l a t i o n between output per 
u n i t of c a p i t a l and r a t e of r e t u r n , (5b) the V3SK1, the r e l a t i o n 
between output per u n i t of c a p i t a l and TTajfce of retunh, it and 
labour c a p i t a l r a t i o L/K, and (5c) the VTSK2, the r e l a t i o n 
between output pea? u n i t of c a p i t a l and Y,L/K and K. 

Part s i x has ( 6 a ) , (6b)^two side r e l a t i o n s of the CLS 
f u n c t i o n and (6c) derived from the CPS f u n c t i o n . 
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The M u l t i p l e Regression Results. Tables 1-6. 

The e m p i r i c a l r e s u l t s f o r the f i f t e e n production 
r e l a t i o n s have been summarised m s i x tables which correspond 
to the s i x p a r t s of t a b l e 0. 

Tables 1, 2 and 3 give two forms each and tables 
4, 5 and 6 cover three forms each. The tables give f o r 
each form, the ordinary l e a s t squares regression c o e f f i c i e n t s 
which m some cases have a s t r a i g h t f o r w a r d economic meaning 
whi l e m others the meaning can be worked out. 

The v e r t i c a l l i n e s m each of the tables 1-6 separate 
th° r e s u l t s f o r d i f f e r e n t production r e l a t i o n s . The value 

2 
of R i s given :n each case. The f i r s t row m each block 
gives the pooled regression c o e f f i c i e n t s along w i t h t h e i r 
t-vaJ_ues. The otherrows m each block correspond to groups 
and w i l l be considered m the f o l l o w i n g chapter. 

The r e s u l t of the pool regression of each model 
w i l l be studied on i t s own as well as m comparison w i t h 
other models. Changes m r e s u l t s obtained as we move from 
one production r e l a t i o n to the other w i l l be noted. I n 
p a r t i c u l a r , the e f f e c t s of a l t e r a t i o n s made m a production 
form and of the a d d i t i o n of t e c h n i c a l and economic v a r i a b l e s 
m a form w i l l be considered. 

The numbering of the equations i s m s t r i c t c o r r e s ­
pondence w i t h the numbering of the t a b l e s . The two sides 
of t a b l e 1 correspond to two production equations which are 
numbered (1a) and (1b) throughout. Table four has three p a r t s 
which correspond t o production equations numbered ( 4 a ) , (4b) 
and (4c), and so on. Th correspondence between the t a b l e 
numbers and equation numbers i s maintained m a l l the 
f o l l o w i n g chapters. 
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POOL REC-RESSIOFS 

The r e s u l t s and analysis of each of the f i f t e e n 
production r e l a t i o n s f o l l o w s . There w i l l be references to 
the tables m the appendix but i t w i l l not be always necessary 
to r e f e r to them because the e s s e n t i a l parts of each t a b l e 
are given along w i t h the t e x t . 
The Coob Douglas Function 

The l e f t side of table 1, appendix, gives the r e s u l t s 
f o r the two inp u t Cobb Douglas f u n c t i o n 

V = A K* L^ (1a) 
On the r i g h t are the r e s u l t s of the three input Cobb Douglas 
f u n c t i o n 

Y = A F 1K L M (1b) 
where K,L,F,V,Y stand f o r c a p i t a l , labour,raw m a t e r i a l s , 
value added and value of t o t a l output r e s p e c t i v e l y . The f i r s t 
l i n e of eochblock m the "table shows t h a t the c o e f f i c i e n t s 
of a l l the f a c t o r s m both (1a) and (1b) are s t a t i s t i c a l l y 
s i g n i f i c a n t . The f i t s are good and the Cobb Douglas f u n c t i o n 
seems to represent thr data very w e l l . 

Table 1 a ( l ) gives the summary r e s u l t s f o r a l l the 
countries i n the case of the two input Cobb Douglas f u n c t i o n 
(1a). The ret u r n s t o scale parameter i>= <x+|3, i s near u n i t y 
f o r a l l the c o u n t r i e s . To check f o r the ccnstancy of return s 
to scale, the two input Cobb Douglas f u n c t i o n m the form 

V/L = A ( K / l f L*+P"~ * 
was f i t t e d t o the data and the s i g n i f i c a n c e of h = << + j3 -1 
was tested against the a l t e r n a t i v e h = 0. A l l the h values 
were found to be i n s i g n i f i c a n t end we conclude t h a t constant 
retur n s to scale p r e v a i l f o r the manufacturing establishments 
of a l l the countries under co n s i d e r a t i o n . 



Table 1a (1 ) 
The Two Input Cobb Douglas Production Function V=A K*L^ 

France 64 fir m s v = 1 * + f 
I n V = 2 . 8 8 + 0.197 I n K + 0.752 I n L 0.&9 0.95 

(4.6) (13.2) 

I n d i a : 117 f i r m s 
I n V = 0.5 I + 0.465 I n K + 0.605 I n L 0.91 1.07 

111.0) LV^ill 

I s r a e l 69 f i r m s 
I n V = 2 . 9 7 + 0 . 1 5 7 I n Y + 0 . 6 5 6 I n I O.84 0 . 8 1 

(3 ^ 8 ) 19^531 

Japan* 63 firms 
I n V - 1.16 + C .456 I n I + 0 . 5 2 9 I n L 0 . 9 6 0 . 9 9 

(7.C) £6.12 

Yugoslavia* 14.5 f i r m s 

I n V = 0.17 + 0 . 3 3 5 I n K + 0.641 I n 1 0 . 8 n . 0 . 9 8 

(8^32 LlUll 
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Use of Raw M a t e r i a l Input 

The onission of m a t e r i a l input from production f u n c t i o n 
studies i s i m p l i c i t l y assumed w i t h value added as a measure 
of output. I t may be useful to check i f raw m a t e r i a l input U'1) 
has a r o l e to play w i t h the help of Cobb Douglas f u n c t i o n . 

According to Klem(1962), M as an input should be 
t r e a t e d the same way as I and L because i t may not have any 
f i x e d r e l a t i o n w i t h output; at d i f f e r e n t l e v e l s of operation 
there may be economies or diseconomies of scale m the use of M. 
Mmhas(1963)takes raw m a t e r i a l s as a constant p r o p o r t i o n of 
output, arid thus assumes a zero e l a s t i c i t y of s u b s t i t u t i o n 
between m a t e r i a l input and value added since M - aY, 
V=Y-M=(1-a)F(K,L) so t h a t V may be used instead of Y i f a i s 
a constant or i s uncorrelated w i t h K or L. A l t e r n a t i v ^ l y , t h e 
assumption may be made th a t the e l a s t i c i t y of s u b s t i t u t i o n 
between V" and M m g [ F ( K , I ) , F j = g(,V,M) i s i nf i i n t e. Accordi ng 
to G-rilliches and Ringstad(1971),"the r o l e of m a t e r i a l s may be 
intermediate or more complicated than e i t h e r one of these two 
extreme models." 

D i f f e r e n t c o u n t r i zs may face d i f f e r e n t Sdts of circum­
stances m procuring t h ~ i r raw m a t e r i a l s . Costs may be d i f f e r e n t 
depending on time and place and the production f u n c t i o n may n6t 
remain uninfluenced by the i n t r o d u c t i o n of t h i s i n p u t . I n 
p a r t i c u l a r , i t may be i n t e r e s t i n g to know i f the production 
f u n c t i o n r e s u l t s f o r d i f f e r e n t countries show some u n i f o r m i t y 
of r e a c t i o n w i t h respect to raw m a t e r i a l i n p u t . Ve w i l l nak^ 
use of the three input Cobb Douglas f u n c t i o n f o r the purpose. 

With a l l f a c t o r s m p h y s i c a l t^rrrs i n Lne production r e -
l o t i o n Q=F(K,1,M), t h ^ situation could be e a s i l y analysed i f a l l 
1he establi shn ents produced i d e n t i c a l goods wi t h uniform, i d e n t i c a l 
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u n i t s of a l l i n p u t s . I n p r a c t i c e , every establishment 
manufactures a number of items and uses a l a r g e v a r i e t y of 
inputs "Roth the sides, t h e r e f o r e need t o be s u i t a b l y weighted. 
Un f o r t u n a t e l y the measure of c a p i t a l weighted by p r i c e i s 
not n e c e s s a r i l y r e l a t e d t o t h a t f o r the output. 1 i s u s u a l l y 
measured m man-days or man-hours. ¥ i s measured m terms of 
costs i n c u r r e d which,again,may have no proper connection w i t h 
output or f i n i s h e d goods p r i c e s . The anomalies are d i f f i c u l t 
t o r e c o n c i l e as the q u a n t i t i e s on the two sides of the 
production f u n c t i o n correspond to d i f f e r e n t u n i t s or t o d i f f e r ­
ent systems of p r i c i n g . There may be a s i g n i f i c a n t time and 
place l a g between the sets of prices of raw m a t e r i a l an' output. 
The c a p i t a l compnent may be valued, revalued, depreciated or 
d e f l a t e d i n d i f f e r e n t ways. The v a l u a t i o n p r i c e s may be h i g h l y 
u n r e l i a b l e or i n c o n s i s t e n t m most cas~\s. The d e p r e c i a t i o n 
r a t e s may d i f f e r from one establishment to another. 

I n s p i t e of these d i f f i c u l t i e s the money values of the 
concepts can help and we have replaced Q by Y, the gross value 
of output (not by Y, the value adced) and assum- d t h a t F and M, 
instead of being p h y s i c a l q u a n t i t i e s , have been valued s u i t a b l y 
m money terms. This makes i t easier f o r us to put together 
~sxablishmcnts belonging to d i i i ^ r e n t i n d u s t r i e s . 

On th"- r i g h t side of t a b l e 1 appendix, vr- have the 
d e t a i ] e d r e s u l t s of the t h r e e - i n p u t Cobb Douglas production 
f u n c t i on 

Y = A K 1 K (1b) 
where Y i s the value of t o t a l output " i 



Table 1 a ( 2 ) 

Regression C o e f f i c i e n t s of the Three Input(K,L,M) 
Cobb Douglas Function 

Country Constant /V. R2 

France 2 . 45 

(3.D 
. 6 7 

( 1 0 . 4 ) 

.14 

(2.4) 
. 9 6 . 9 0 

I n d i a - 0 . 0 8 . _>̂> 

( 7.2) 
. 4 8 

(8.2) 
. 2 8 

(5.D 
1 . 0 9 . 9 3 

I s r a e l 2 . 2 1 . 0 8 

( 1 . 7 ^ ( 9 . 7 ) 

. 1 8 

( 2 . 9 ) 

. 8 9 . 8 6 

Japan 0 . 9 0 . 3 1 

(4.2) 
. 5 3 

( 6 . 6 ) 

.19 
( 3.2) 

1 . 04 

Yugoslavia 0 . 3 7 .24 
( 6 . 9 ) 

.18 
( 1 0 . 3 ) 

. 3 1 

( 6.8) 
1 . 0 3 .88 

Th" value of t h ~ consxant tt-rm has gone down f o r a l l 
the countries except f o r Yugoslavia. xhe r e t u r n s t o scale 
are s t i l l constant though mor 3 emphatically no«v than i n the 
two input c s e , 

The c o e f f i c i e n t s Yj^ are s i g n i f i c a n t throughout. The 
entry of raw m a t e r i a l has reduced to a c e r t a i n extent the 
s t a t i s t i c a l s i g n i f i c a n c e o± the c o e f f i c i e n t s cV̂  and ̂ M. The 
raw m a t e r i a l input does seam to have a dec i s i v e i n f l u e n c e on 
other inputs and h jnce on the production f u n c t i o n . R e l a t i v e l y 
speaking, the c o e f f i c i e n t of c a p i t a l i s a f f e c t e d more than . . 
t h a t of labour by the entry of raw m a t e r i a l s . 

H r i l l c h e s and Rmgstad( 1971 ) j u s t i f y the exclusion 
of raw mat e r i a l s from the l i s t of inputs because this f a c i l i t a t e s 
the comparison of r e s u l t s f o r d i f f e r e n t i n d u s t r i e s w i t h 
d i f f e r e n t m a t e r i a l use m t e n s i t i Q s and imp oves the compara­
b i l i t y of data f o r i n d i v i d u a l establishments even w i t h i n the 
same i n d u s t r y . I t f a c i l i t a t e s aggregation by reducing double 
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counting as the product crosses i n d u s t r y l i n e s on : t s way 
to f i n a l consumption. The e s t i m a t i o n and i n t e r p r e t a t i o n 
problems become simpler because of the e l i m i n a t i o n of raw 
m a t e r i a l from both sides of the production r e l a t i o n . Ra^' 
m a t e r i a l i s an "asymmetric"input, r e l a t e d to gross production 
output l e v e l so t h a t i t s i n c l u s i o n as an independent v a r i a b l e 
may obscure the production r e l a t i o n and lead to a s i m u l ­
taneous equation bias inasmuch as t h i s f a c t o r i s more 
endogenous than labour or c a p i t a l . 

We f i n d t h j t the raw m a t e r i a l input does play an 
important r o l e as an explanatory f a c t o r m production f u n c t i o n 
a n a l y s i s . I n an establishment, i t i s an input f a c t o r l i k e 
c a p i t a l or labour. I t r e s u l t s m a more complete and b e t t e r 
model nearer t o r e a l i t y . We note t h a t i t s i n c l u s i o n does 
influence the r e s u l t s of other inputs and comparable r e s u l t s 
f o r d i f f e r e n t countries are obtained, the technologies i n 
d i f f e r e n t countries a l l seem to be influenced by the 
raw m a t e r i a l f a c t o r . 
Q u a l i t y of Labour 

w e now consider the three input Uobb Douglas f u n c t i o n 
w i t h a d i f f e r e n c e . The q u a l i t y of labour has been known to 
make a considerable d i f f e r e n c e to the production f u n c t i o n , 
as should be evident from the study of Layard et a l ( 1 9 7 1 ) 

who t r e a t several education groups m an m t e r p l a n t study 
m the e l e c t r i c a l engineering i n d u s t r y . I t may be assumed 
t h a t the p r o d u c t i v i t y of d i r e c t labour i s d i f f e r e n t from 
t h a t of i n d i r e c t labour and thdt the costs and b e n e f i t s 
p e r t a i n i n g to the two are d i f f e r e n t . 

I f t h e r e f o r e , we l i v i d - labour i n t o two p a r t s , say 
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d i r e c t (L-Q) i n d i r e c t (L-j-), ve have a t h r ^ c - i n p u t (KJL^L-J.) 

Cobb Doug-las f u n c t i o n ro compare the r e s u l t s w i t h thos. 
of t h t two-input Cobb Douglas f o r m ( l a ) . Ey comparing the 
r o l e s of d i f f e r e n t q u a l i t i e s of labour we s h a l l also consider 
whether such a t h r c v - i n p u t case brings d i f f e r e n t c o untries 
cl o s e r together i n t h e i r production p a t t e r n or tends to p u l l 

them apart. 

Tv/o d i f f e r e n t sets of Cobb Douglas r p s u l t s are shown 
m t a b l e 2,appendix. A

 xhe l e f t s i d shows th^m when d i r e c t 
(I-p) and i n d i r e c t ( L j ) labour are used along w i t h net c a p i t a l 
assets (K) : 

V . A P L K « - 4 [ ( 2 0 ) 

and the r i g h t side shows the r e s u l t s w i t h educated ( L E ) anu 
other ( L 0 ) labour along w i t h Y 

V = A £ oK l i L I> (2b) 
Th^ s u f f i x e s used arc s e l f - e x p l a n a t o r y and t o t a l labour 

I = L-p + 1 T = + L 0 

11 

wa note t h a t a l l the c o e f f i c i e n t s are s i g n i f i c a n t and 
the f i t s are good throughout. The r e t u r n s t o "scale ar„ 
constant. 

The r e l a t i o n (2a) can be u s e f u l m examining the c o n t r i ­
b u t i o n of marginal product of i n d i r e c t labour as compared 
to t h a t of d i r e c t labour. Also, i f the estimate of ft,, the 
output e l a s t i c i t y w i t h rt . spc.ct to i n d i r e c t labour happens to 
be m s i g m f i c n t l y d i f f e r e n t from zero i t would mean t h a t 
i n d i r e c t labour c o n t r i b u t e s l i t t l e t o output. A s i g n i f i c a n t 
2̂ w o u l d imply a j u s t i f i c a t i o n of i t s us>' and a separate con­

s i d e r a t i o n . Any r e s u l t s obtained would be q u a l i f i e d to a 
c e r t a i n extant m t h - t the establishments do not face s i m i l a r 
t e c h n o l o g i c a l p o s s i b i l i t i e s nor do they belong t o the same iidustry. 

http://rt.spc.ct


Table 2a(1) 

Regression C o e f f i c i e n t s of the Three Input 
Cobb Douglas Production Function 

V = A o rK In Pi I x V = A e oK L £ 1 «J 

h 
. 1 4 .33 .45 . 9 2 Franc e . 1 9 . 1 9 .60 .97 

( 3 . 5 ) ( 5 . 3 ) ( 7 . 2 ) ( 4 . 5 ) ( 3 . 6 ) ( 9 . 7 ) 

.46 .48 . 1 3 1 .08 I n d i a . 4 4 .16 .48 1.07 

Oo.o) ( 6 . 9 ) (1.9) (9.D ( 2 . 8 ) ( 8 . 8 ) 

.16 .44 .21 .81 I s r a e l .16 .26 .40 .82 

( 3 . 7 ) ( 5 . 5 ) ( 2 . 9 ) U.7) ( 4 . 5 ) ( 5 . 6 ) 

. 4 2 .13 .36 . 9 2 Japan .46 .26 .17 .89 
( 7 . 0 ) (1.6) ( 6 . 6 ) ( 7 . 6 ) ( 5 . 7 ) ( 3 . 3 ) 

.35 .28 .34 .96 Yugo- . 2 9 .30 .36 .95 
( 1 0 . 2 ) (4.D ( 6 , 5 ) s l a v i a ( 8 . 6 ) ( 6 . 2 ) ( 6 . 0 ) 

Tables 1 a ( 1 ) , 1 o ( 2 ) and 2 a ( l ) corresponding to the 
two-input and t h r e e - i n p u t Cobb Douglas cases show t h a t returns 
to scale f o r the establishment data tend t o be nearer constant. 
I t i s also n o t i c e d t h a t raw m a t e r i a l as w e l l as d i f f e r e n t 
v a r i e t i e s of labour are a l l e s s e n t i a l f a c t o r s i n the study of 
the Cobb Douglas production f u n c t i o n as applied t o our data. 
The i n t r o d u c t i o n of raw m a t e r i a l influences the s i g n i f i c a n c e 
o f t h e c a p i t a l v a r i a b l e m the two-input case b u t the q u a l i t y -
wise break-up of labour does not i n f l u e n c e c a p i t a l . w h i l e i t 
i s t r u e t h a t each type of labour has a d i f f e r e n t r o l e to play, 
i t i s also t r u e t h a t d i f f e r e n t types of labour may be pooled 
together. Thir mpy be due t o our i n a b i l i t y , m the absence of 
adequate data, to make a more elaborate c l a s s i f i c a t i o n of 
d i f f e r e n t types of labour or due to an inadequate number of 
classes. Also ag r e g a t i o n and v a l u a t i o n m money terms, of 
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net output, may conceal the proper r o l e played by d i f f e r e n t 
types of labour. I t i s also l i k e l y t h a t the disaggregation 
of only one of the v a r i a b l e s rray not be adequate . This 
implies t h a t production i s a j o i n t e f f o r t on the part of 
a l l the f a c t o r s . The s i g n i f i c a n t values of the regression 
c o e f f i c i e n t s sholr/ t h a t both d i r e c t and i n d i r e c t labour are 
e s s e n t i a l f o r production m any country. The same may be 
said about educated and other l a b o u i . 

The a l t e r n a t i v e c l a s s i f i c a t i o n s of labour do not 
seem to i n f l u e n c e the r o l e of c a p i t a l whose regression 
c o e f f i c i e n t s remain p r a c t i c a l l y unaltered. 

I n Prance, Japan and Yugoslavia, where the d i f f e r e n c e 
between the we^es of d i r e c t and i n d i r e c t labour i s not very 
l a r g e , the regression c o e f f i c i e n t of i n d i r e c t labour has a 
higher value than t h a t of d i r e c t labour. I n the case of the 
d i v i s i o n based on educated and other labour, the higher 
share of other labour, as compared to t h a t of ediicated 
labour i s d i s c e r n i b l e i n a l l the c o u n t r i e s . 

The c a p i t a l share, o<. , i s p r o p o r t i o n a t e l y higher mthe 
r e l a t i v e l y less developed countries and lower m the 
r e l a t i v e l y advanced countries m our data. The labour 
share, P> , i s r e l a t i v e l y lower m developing c o u n t r i e s . I n 
t h i s respect, Japan, though economically an advanced 
country i s an exception and snows a high c a p i t a l share m 
manufacturing w i t h r e l a t i v e l y less being o f f e r e d to 
labour. With the t r a n s f e r of technology from the developed 
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to the developing c o u n t r i e s , perhaps, a gradual e l i m i n a t i o n 
of d i f f e r e n c e s between the ft1 s of d i f U r e n t countries may be 
expected. 

Coming back to t a b l e 2a(1), we n o t i c e t h a t the three 
input(one c a p i t a l and two labour i n p u t s ) case bears a 
resemblance w i t h the two input case of equation ( 1 a ) , The 
c o e f f i c i e n t s of c a p i t a l from (1a) are s i m i l a r to those 
obtained from (2a) and (2b). At the same time the c o e f f i ­
c i e n t s of labour from the two in p u t case seem to have j u s t s p l i t 

i n t o two parts f o r each country -?hi s i s evident from t a b l e 
2 a ( 2 ) . 

Table 2 a ( 2 ) 
The C o e f f i c i e n t s of C a p i t a l and Labour 

, o( A, , <*t>i fc. 
m the Two Input(V=AK IT ) and the Three Input(V*AK L^Lj.) cases 

Equation France I n d i a I s r a e l Japan Yugoslavia 

(1a) °< .20 ./17 .16 .46 .34 
(2a) cx̂ - .14 .46 .16 .42 .35 

(1a) (3 .75 .61 . 66 .53 .64 
( 2 a ) f ^ .78 .61 .65 .49 .62 

The closeness of r e s u l t s between countries i s 
remarkable and suggtsts a u r n f o r m i t y of p a t t e r n m a l l the 
countries 

~* VTZ, Tow* Stefc»sW\ tusU see. f 2 o ^ _ e 
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Kmenta A p p r o x i m a t i o n and the T r a n s l o g P r o d u c t i o n F u n c t i o n , 

Table 3 , Appendix 

The l a y l o r s e r i e s expansion up t o t h e second o r d e r 

terms o f the CLS f u n c t i o n 

v = \fLS i : ' * + ( i-^)u ̂  J 
may be w r i t t e n 

I n V = I n f + V$ i n * ^ ( 1 - 5 ) I n I - i ( i J ^ S ( l n K / L ) 2 o r , 
I n V = I n f K + ^ l n K + ^ R l n L + ^ I n ( K / L ) 2 (3a) 

where t h e s u f f i x 7 i s f o r t h e f i r s t l e t t e r o f Kmenta and 

I n t h e Kmenta a p p r o x i m e t ] o n § depends on t h e u n i t s 

o f measurements. The parameters a r e c o n s t a n t over t h e whole 

range of o u t p u t , as i r _ t h e Cobb Douglas cose. Fmenta(1967) '"'as 

sho><n e m p i r i c a l l y t h a t i f t h e second o r d e r t e r m i s i n c l u d e d 

t h e e r r o r r e s u l t i n g from n e g l e c t i n g h i g h e r o r d e r terms i s 

n o t s e r i o u s u n l e s s b o t h K/L and 6 ere e i t h e r v e r y h i g h or 

v.-ry lov. though a c c o r d i n g Lo L e r l o v e f 1 9 61), t n e e r i o r can 

be s u b s t a n t i a l . Since the c o e f f i c i e n t o f the o m i t t e d , term 

i s l i k e l y t o be n e g a t i v e th-. Cobb Douglas f u n c t i o n w i l l t e n d 

t o y i e l d a low o u t p u t e l a s t i c i t y o f c a p i t a l and a h i g h o u t p u t 

e l a s t i c i t y o f l a b o u r . Moreover c a p i t a l and l a b o u r are l i k e l y 

t o be r e l a t e d t o t h e r e s i d u a l o f t h e p r o d u c t i o n f u n c t i o n . 

I n th<~ case o f m a n u f a c t u r i n g e s t a b l i s h m e n t s i t i s 

d i f f i c u l t t o imagine c a p i t a l and l a b o u r t o be u n c o r r e l a t e d 

w i t h t h e r e s i d u a l m th e r e g r e s s i o n . I f t h e r e s i d u a l were 

a stochastic element, expected p r o f i t m a x i m i s a t i o n by t h e 

e n t r e p r e n e u r s would make t h e independence o f c a p i t a l and 

l a b o u r from the r e s i d u a l v a l i d . A c c o r d i n g t o J T e r l o v e ( 1 967), 

m a e r o s s s e c t i o n o f f i r m s , i t i s g e n e r a l l y more reasonable 



Table 3 a ( 1 ) 

A Comparison o f t h e Values o f Regression C o e f f i c i e n t s 
o f Cobb Douglas f u n c t i o n and Ementa A p p r o x i m a t i o n 

Cobb Douglas F u n c t i o n Kmenta A p p r o x i m a t i o n 
C o e f f i c n ent o( 

o f ( I n K) ( I n L) ( I n K) ( I n L) ( l n K / L ) 

.20 .75 Franc e - . 0 9 1 . 0 5 . 0 5 
( 4.6) ( 1 3.2) (.57) ( 6 . 4 ) ( 1 . 9 ) 

.47 .61 I n d i a . 3 4 . 7 3 . 0 4 
(11,0) ( 1 0 . 5 ) (2.3) ( 5 . 0 ( . 9 3 ) 

.16 .66 I s r a e l - . 1 1 . 9 3 . 0 5 
( 3 . 8 ) ( 9 . 5 ) ( . 8 0 ) (6.2) ( 2 . 1 ) 

.46 .53 Japan . 4 3 .56 .or 
( 7 . 0 ) ( 6 . 1 ) ( 1.7) (2.1) (.12) 

. 3 1 .64 Yugo- . 1 2 . 8 8 . 0 9 

( 9 . 3 ) ( 1 3 . 7 ) s l a v i a ( 1 . 8 ) ( 1 1 . 5 ) ( 3 . 8 ) 
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t o assume t h ~ t t h e r e s i d u a l s r e f l e c t d i f f e r e n c e s among 

f i r m s such as"the p o s s e s s i o n o f nonnieasured amounts o f 

o t h e r f a c t o r s and so are known t o the d e c i s i o n makers "'bo I hen 

a l l o w f o r such d i i f e r e n c e s an o p t i m i s i n g i n p u t l e v e l s , thus 

p r o d u c i n g a c o r r e l a t i o n between them and the r e s i d u a l s . " 

E q uation ( 3 a ) may be l o o k e d upon as an e x t e n s i o n o f 

Cobb Douglas f u n c t i o n w:th an a d d i t i o n a l e x p l a n a t o r y f a c t o r 

i n v o l v i n g the c a p i t a l l a b o u r r - , t i o . The e q u a t i o n a l s o r e s u l t s 

from a T a y l o r s e r i e s eypansicn of c e r t a i n v a r i a b l e e l a s t i c i t y 

o f s u b s t i t u t i o n f u n c t i o n s . For i n s t a n c e , see p.89-91. 

Kmenta a p p r o x i m a t i o n i s n o mothetic and nonhomogt-neous 

and i s an i n t e r e s t i n g f o r m on i t s own. 

As can b t seen from t a b l e 3, appendix, or t a b l e 3a( 1 ) 

h e r e i n a b o v e , t h e pool r e g r e s s i o n f i t s f o r t h e Kmenta appro­

x i m a t i o n are s a t i s f a c t o r y but t h e r e g r e s s i o n c o e f f i c i e n t s 

a r e n o t a l l s t a t i s t i c a l l v s i g n i f i c a n t S T-, 'be c o e f f i c i e n t 

o f ( i n K / L ) , i s n o t s i g n i f i c a n t except m the case o f I s r a e l 

and Y u g o s l a v i a though t h e o v e r a l l r e s u l t s are u n s a t i s f a c t o r v 

m a l l the cases. The i n t r o d u c t i o n of t h e a d d i t i o n a l term 

( i n K / l ) ^ a l t e r s t h e Cobb Douglas r e s u l t s m a major wav. 

1An advantage o f u s i n g t n e Kmenta a p p r o x i m a t i o n 
i s t h a t i t does n o t r e q u i r e any assumptions t o be made 
about f a c t o r rewards. Al though and are not i n v a r i a n t 
w i t h r e g a r d t o u n i t s m v h i c h K and L are measured, 
t h e r e i s no such problem w i t h o( ^+ and c>K m e q u a t i o n ( 3 a ) 

I t may be n o t e d , however, t h a t t h e Kmenta a p p r o x i ­
m a t i o n can be used t o t e s t t h e n u l l h y p o t h e s i s t h a t t h e 
e l a s t i c i t y o f s u b s t i t u t i o n i s u n i t y p r o v i d e d t h e b a s i c 
p r o d u c t i o n f u n c t i o n i s o f t h e CTS form. 
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Both t h e l a b o u r and t h e c a p i t a l c o e f f i c i e n t s a re a f f e c t e d 

by t h e i n t r o d u c t i o n o f ( i n K/L) as sn e x p l a n a t o r y f a c t o r 

m t h e Cobb Douglas f u n c t i o n . A l l t h e t va l u e s are now 

much d i m i n i s h e d . T h i s s t i l l l e a v e s t h e c o e f f i c i e n t s o f 

l a b o u r s i g n i f i c a n t b u t t h e c o e f f i c i e n t s o f c a p i t a l a r e 

a f f e c t e d much more and are rendered i n s i g n i f i c a n t m 

p r a c t i c a l l y a l l t h e cases. The r a t i o K/L c o n t a i n s t h e 

e f f e c t o f b o t h K and 1 but i t c o u l d be e a s i l y used as a 

s u b s t i t u t e f o r K r a t h e r t h a n f o r 1 . Being a measure o f 

i n t e n s i t y o f c a p i t a l per u n i t o f l a b o u r , K/L can prove t o 

be a s u i t a b l e e x p l a n a t o r y f a c t o r m some cases. I n t h e case 

o f some c o u n t r i e s , c a p i t a l i n t e n s i t y may be a more d e c i s i v e 

f a c t o r m p r o d u c t i o n t h a n t h e a b s o l u t e v a l u e o f c a p i t a l . 

There may be o t h e r reasons f o r t h e i n s i g n i f i c a n t o r 

n e g a t i v e v a l u e s o f t h e c a p i t a l c o e f f i c i e n t s . There may be 

a h i g h c o r r e l a t i o n betv/een t h e independent v a r i a b l e s and 

t h i s may make i t d i f f i c u l t t o s e p a r a t e t h e i r e f f e c t s on t h e 

dependent v a r i a b l e . The a d d i t i o n o f t h e e x p l a n a t o r y f a c t o r 

( i n K / l ) may a l s o be l o o k e d upon as a m i s s p e c i f i c a t i o n . The 

a sumptions a s s o c i a t e d i " i t h t h e p r o d u c t i o n f u n c t i o n may, 

a t t i m e s , l e a d t o anomalous r e s u l t s . 

The c o l l i n s o r i t y between K and 1 need n o t have t h e 

same e f f e c t on a l l t h e samples I t i s n o t a s t a t i s t i c a l 

problem, i t i s a problf-m a r i s i n g oux o f t h j i n s u f f i c i e n c y o f 

i n f o r m a t i o n t h c t c o u l d s e p a r a t e t h ~ c o n t r i b u t i o n o f c a p i t a l 

f r o m thc?t o f l a b o u r . 

Douglas and B r o n f e n b r e n n e r ( 1 9 3 9 ) a r r i v e a t these 

"nonsense parameters" m t h ^ i r c r o s s s e c t i o n 

s t u d y o f American i n d u s t r y m wh i c h t h e y r e f e r t o 

t h e read i t y o f t h e i n s t a b i l i t y problem 
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There are s e v e r a l p r o d u c t i o n f u n c t i o n s t u d i e s ^vhi ch show 

thax m u l t i c o l l i n e a r i t y may l e a d t o problems o f s t r u c t u r a l 

e s t i m a t i o n and s p e c i f i c a t i o n e r r o r . 

The T r a n s l o g P r o d u c t i o n F u n c t i o n 

The t r a n s l o g f n a t i o n nay be l o o k e d upon as an 

e x t e n s i o n o f the Cobb Douglas f u n c t i o n as w e l l as t h e Kmenta 

a p p r o x i m a t i o n . I t i sanonhomogeneous form v i l l i a l l t e c h n i c a l 

e x p ] a a a t o r y f a c t o r s and may be w r i t t e n 

I n V= I n A + o ^ l n K + j ^ l n L+ o ( T 2 ( l n K ) 2 + ̂ T 2 ( l n L ) 2 + f T l n K . l n l ( 

As can be seen from t a b l e 3, appendix, v n e r e t h e 

p o o l r e g r e s s i o n r e s u l t s are g i v e n , t h e s t a t i s t i c a l f i t 

f o r a l l t h e c o u n t r i e s a r ^ v e r y good out t h e presence o f 

n u l t i c o l l i n e a r i t y ma.y be suspected. Some e s t i m a t o r s have 

r e l a t i v e l y l a r g e v a r i a n c e s ^nd may be i m p r e c i s e . The 

c o e f f i c i e n t s o f I n 1 and I n K . l n L m almost a l l t h e 

cases s-em t o suggest T i n t t hese v a r i a b l e s are redundant 

f o r the d a t a . On i h e " h o l e , i t would be d i f f i c u l t t o 

p l a c e much c o n f i d e n c e m t h e m d i v i dual_paremeter 

e s t i m r t e s . 

This f i n o t i o n w i l l n o t be used f o r a n a l y s i s o f 

group r e g r e s s i o n s m th e n e x t c h a p t e r a l t h o u g h i t 

w i l l be s u b j e c t e d t o a n a l v s i s o f c o v a r i a n c c w i t r i r e i e r e n c e 

t o our d ^ t a . 
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The CES and VSS F u n c t i o n s Teble 4 and 5 Appendix. 

Th'- C ?S f u n c t i o n m t h e form 

V = Y £ S K ? + L~ ? J ( 3 ) 

r e o u i r e s the use o f n o n l i n e a r methods f o r t h e e s t i m a t i o n 

o f i t s p arameters. One way out i s t h e u& p o f Kmenta a p p r o x i ­

m a t i o n which has g i v e n good r e s u l t s m some p r o d u c t i o n f u n c t i o n 

s t u d i e s . 

A s i m p l i f i e d , v e r s i o n o f ( 3 ) under t h e assumptions o f 

c o n s t a n t r e t u r n s t o s c a l j , p e r f e c t c o m p e t i t i o n m t h e f a c t o r 

and p r o d u c t i o n markets and p r o f i t m a x i m i s i n g c o n d i t i o n s i s t h e 

p r o d u c t i v i t y r e l a t i o n c o n n e c t i n g l a b o u r p r o d u c t i v i t y V/L w i t h 

t h e wage r a t e w. 

I n Y/L = a + b I n w (4a') 

*/here a = b I n )T / ( 1-S) i s a c o n s t a n t and % i s found t o be t h e 

e l a s t i c i t y o f s u b s t i t u t i o n parameter so t h a t b = 6 = 1/fl+s*). 

Since c a p i t a l assets Y and r a t e of r e t u r n on c a p i t a l r 

are n o t used i n t h i s e q u a t i o n and s i n c e t h e r e i s a p a r a l l e l 

r e l a t i o n connectm_, these two we may r e w r i t e ( 4 a 1 ) w i t h 

s u i t a b l y s u f f i x e d parameters and c a l l i t 

C'-SL • I n V/L= aL+ b u l n w (4a) 

th e p a r a l l e l r e l a t i o n u s i n g c a p i t a l i s 

0 £K I n V/K= a K+ b ^ l n r (5a) 

The r e l a t i o n (5a) i s n o t i n common use because o f l a c k 

o f d a t a on K and r and the b i a s r e s u l t i n g from t h e way V,11 and 

r are measured. Of course, t h e r e l a t i o n (4a) i s a l s o n o t f r e e 

f r o m b i a s . Pederson( 1972) has i n v e s t i g a t e d t h ' d i r e c t i o n o f 

b i a s when c a p i t a l d a t a are used i n t h e e s t i m a t i o n . He has 

found e m p i r i c a l s u p p o r t f o r t h e h y p o t h e s i s t h a t t h e b i a s i n 

t h i v a l u e o f b i s towards u n i t y when l a b o u r data are us >d. 

Pederson t e s t e d t h e h y p o t h e s i s by v a r i f y r n g t h e r e s u l t s f o r 
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two d i g i t m a n u f a c t u r i n g i n d u s t r i e s m t h e U.S. 

Tables A and 5, Appendix,show t h a t a l l t h e r e g r e s s i o n 

c o e f f i c i e n t s ^ L and which s t a n d f o r e l a s t i c i t i e s o f 

s u b s t i t u t i o n u s i n g l a b o u r and c a p i t a l d a t a r e s p e c t i v e l y , a re 

s i g n i f i c a n t f o r a l l t h e c o u n t r i e s . l e d e r s o n ' s hypotheses 

t h a t bk s h o u l d be l e s s t h a n i s consi s t e n t l y s a t i s f i e d . 

T h i s seems t o suggest t h a t CESK tends t o g i v e l o w e r e s t i m a t e s 

o f e l a s t i c i t y o f s u b s t i t u t i o n t h a n CIS! does. JVoreover, w i t h 

o n l y one e x c e p t i o n , a l l t h e b v a l u e s a re l e s s t h a n u n i t y as 

Pederson's hypotheses suggest. See t a b l e 4 a ( l ) 

I t would be c o n v e n i e n t t o s t u d y t h e Gl'S f u n c t i o n 

r e s u l t s a l o n g w i t h t hose o f the V^S f u n c t i o n s as t h e l a t 1 m a y 

be c o n s i d e r e d as e x t e n s i o n s o f t h c f o r m e r . The i n t r o d u c t i o n 

o f t h ^ V S f u n c t i o n s , a t t h i s s t age can s i m p l i f y t h e comparison. 

Tab] e 4a(1 ) 
The E l a s t i c i t y o f S u b s t i t u t i o n o b t a i n e d f r o m 

CESL CZSK 
b l \ 
.81 France .78 

.79 I n d i a .75 

.87 I s r a e l .89 

.85 Japan .62 

1 .36 Y u g o s l a v i a .93 

Note. A l l t h e t v a l u e s a re s i g n i f y cant At" 5/kve| 
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For t h e VL'S f u n c t i o n we s h a l l use t h e l u - F l e t c h e r ( 1 9 6 8 ) 

g e n e r a l i s a t i o n 

V = y [5"K 5 + (1-6)*) (K/L) L J 

T h i s r e s u l t s m t h e p r o d u c t i v i t y r e l a t i o n 

I n V/L = a + b I n w + c I n K/L 

which b e i n g an e x t e n s i o n o f the CiS p r o d u c t i v i t y r e l a t i o n , 

i s o b t a i n e d from i t by t h e a d d i t i o n o f t h e f a c t o r K/L. I t 

w i l l be w r i t t e n w i t h t h e s u g g e s t i v e s u f f i x e s i n v o l v i n g L • 

I n V/L = a L ( + b L I I n w + c L ( I n K/L ( 4 b ) 

t o d i s t i n g u i s h i t f r o m t h e p a r a l l e l r e l a t i o n 

I n V/K = a K ) + b^, I n r + c k , I n L/K (5b) 

w i t h s u f f i x e s c o r r e s p o n d i n g t o t h e c a p i t a l v a r i a b l e K. 

These two r e l a t i o n s w i l l be c a l l e d , r e s p e c t i v e l y 

VESL1 and VLSK1 t o d i s t i n g u i s h them f r o m y e t ano t h e r s e t o f 

r e l a t i o n s . 

The a d d i t i o n o f t h e e x p l a n a t o r y f a c t o r L t o th^ VESL1 

r e s u l t s m 

I n V/L = a L i + bL, I n w + c L l I n K,L + d u I n I ( 4 c ) 

T h i s w i l l be c a l l e d Ve,SL2. I t i s due t o Tsang and Yeung ( 1 9 7 4 ) 

A p a r a l l e l r e l a t i o n based on K may be c a l l e d V7SK2 and 

w r i t t e n 

l a V/K = a K 2 _ + b ̂  I n w + c K l_ I n l/K + d ) ( l I n K ( 5 c) 

Th'- r e s u l t s f o r t h ~ e q u a tions ( 4 a ) , ( 4 b ) , (4c) are 

g i v e n m t h e form o f t h e ' c o n s o l i d a t e d t a b l e 



Table 4a(2) 

POOL RFGRESSION CODFFIGITNTS 

CTSL VFSL1 VESL2 

b L 
Goef. 
o f w 

\ 1 
Goef. 
o f w 

C L 1 
Coef. 
of K/L 

b L 2 
Coef. 
o f w 

C L 2 
Coef. 

o f K/L 

d L 2 
Goef. 
of L 

.81 .75 .18 Franc e .74 .18 -.01 

.79 . 50 .37 I n d i a .49 .37 .02 

.87 .84. .09 I s r a e l .78 .12 - . 1 2 

.85 .68 .39 Japan .86 .41 - . 1 2 

1.36 1.12 .25 Y u g o s l a v i a 1.12 .25 - . 0 2 

A l l t v a l u e s except those m t h e u n d e r l i n e d cases a r e 
s i g n i f i c a n t a t 5$ l e v e l . 
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Table 4a(2) presents the g r a d u a l change m t h e 

val u e s o f t h e parameters as t h e C r S l r e l a t i o n i s g e n e r a l i s e d 

by f i r s t i n s e r t i n g K/L as an a d d i t i o n a l e x p l a n a t o r y 

f a c t o r i a t o the CPS! and the n i n t r o d u c i n g L as a f u r t h e r 

e x p l a n a t o r y f a c t o r i n t o the r e s u l t i n g VTSL1 r e l a t i o n 

As we move from t h e CHS! t o the VX31I, a p o i n t e a s i l y n o t e d 

i s t h a t \ h i l e t h e c o e f f i c i e n t o f w c o n t i n u e s t o remain 

s i g n i f i c a n t , t h a t o f E/L a l s o emerges s i g n i f i c a n t m a l l 

cases. However, a l a r g e r change i n t h e c o e f f i c i e n t o f w 

i s n o t i c e d m the case o f I n d i a and Japan where t h e 

r o l e o f c a p i t a l J S q u i t e prominent as we found w i t h 

t h e h e ]p o f Cobb Douglas f u n c t i o n . 

The r e s u l t s do n o t c o n t i n u e t o improve when we 

move from t h e V rSL1 t o t h e VISL2 While t h e c o e f f i c i e n t s 

o f w and E / l remain p r a c t i c a l l y unchanged, t h s s i g n i f i c a n c e 

o f 1 i s shown m t h . case o f two out of f i v e c o u n t r i e s . 

The p o s s i b i l i t y o f o b t a i n i n g s i g n i f i c a n t v a l u e s o f t h e 

c o e f f i c i e n t o f 1 f o r som° o t h e r d a t a i s n o t c o m p l e t e l y 

r u l e d o u t . 

I t can b j s a i d thax o u t p u t per u n i t depends b o t h 

on t he wege r ( t e as v e i l as t h e c a p i t a l i n t e n s i t y and 

o t h e r f a c t o r s r nd n o t on t h e wage rat'- a l o n e . Th^ a d d i t i o n 

o f a t e c h n i c a l f a t o r t o t h e CTSL r e l a t i o n " i t h o n l y an 

economic e x p l a n a t o r y f a c t o r or t h e a d d i t i o n o f an eco­

nomic ' x p l a n a t o r y f a c t o r l i k e w t o the Cobb Douglas 

file:///hile


Table 5 a ( 1 ) 

POOL RFGR3SSI0N COrPPICIIlTTS 

CESK VTSK1 VESK2 

\ *K1 C K 1 \z C K 2 d K 2 

Goef. 
o f r 

Coef. 
of r 

Coef. 
o f L/K 

Coef. 
of r 

Coef. 
of L/K 

Coef. 
of K 

. 7 8 .36 .62 Franc e .36 . 5 6 - . 0 7 

. 75 . 5 7 . 3 2 I n d i a . 5 7 . 4 1 08 

. 8 9 .43 . 5 0 I s r a e l .42 . 5 8 - . 0 2 

.62 . 5 1 . 4 7 Japan . 5 2 . 5 0 . 0 2 

. 8 6 . 6 7 .33 Y u g o s l a v i a . 6 7 . 3 2 - . 0 1 

A l l t v a l u e s except those m t h e u n d e r l i n e d cases are 
s i g n i f i c a n t a t 5° ' l e v e l . 
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r e l a t i o n m t h e form V/L = A ( K / l ) i n v o l v i n g o n l y nne 

t e c h n i c a l e x p l a n a t o r y f a c t o r improves t h e r e s u l t s 

r e m a r k a b l y . Thus b o t h K/L and w are e s s e n t i a l t o t h e 

VESL1 p r o d u c t i v i t y r e l a t i o n Tnc use o f t h i s r e l a t i o n a l s o 

l e a d s t o a r e d u c t i o n m t h e v a l u e o f t n e c o n s t a n t term 

as o b t a i n e d trom t h e CTS r e l a t i o n f o r a l l t h e c o u n t r i e s . 

At the same t i m e , t h e s t a t i s t i c a l s i g n i f i c a n c e o f 

r e g r e s s i o n c o e f f i c i e n t s s.iows an o v e r a l l improvement 

A l l t h i s goes t o prove t h e s u p e r i o r i t y o f the VTSL1 

over t h e C"̂ SL r e l a t i o n . 

The movement from t h e VT-SL1 to t h e VESL2 r e l a t i o n 

does n o t suggest any n o t e w o r t h y improvement m t h e 

r ^ f r e s s i o n f i t s f o r a l l t h e c o u n t r i e s , as o b t a i n e d 

f r o m t h e a d d i t i o n o f ano t h e r e x p l a n a t o r y f a c t o r L m t h e 

VFSL1 r e l a t i o n . But w m l e i h e r e g r e s s i o n c o e f f i c i e n t s o f 

L are i n s i g n i f i c a n t m t h e case o f Fj_an.ce, I n d i a and 

Y u g o s l a v i a t n c y are s t a t i s t i c a l l y s i g n i f i c a n t m t h e 

case o f I s r a e l and Japan showing t h e g r e a t e r importance 

o f t h e r o l e o f l a t r u r m t h e m a n u f a c t u r i n g e s t a b l i snnients 

o f I s r a e l and Japan as evidenced by t h i s p r o d u c t i o n 

f u n c t i o n a n a l y s i s . 

I t may b<j n o t ^ d t h a t , a l g e b r a i c a l l y s p e a k i n g , 

th-r. m a t h e m a t i c a l e x p r e s s i o n f o r t h e VJSL2 r e l a t i o n has 

the same form as t h a t f o r t h e VFSL1 r e l a t i o n and t h e 

c o n s i d e r a t i o n o f L as a s e p a r a t e f a c t o r may be used t o 

t e s t t h e s i f m f i c a n c e o f 1 m t h e VLSLJL r e l a t i o n . 

http://Fj_an.ce
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On th e same l i n e s , t h e i n c l u s i o n o f K as an a d d i t i o n a l 

e x p l a n a t o r y f a c t o r may h e l p m t e s t i n g t h e s i g n i f i c a n c e 

Of I . m t h e VHSK1 r e l a t i o n From t h e e m p i r i c a l r e s u l t s 

g i v e n i n t a b j e 5 , appendix, i t can be seen t h a t i n a 

change from t h e VFSK1 t o t h e V~"SK2 f u n c t i o n , t h e c o e f ­

f i c i e n t s o f r and L/K remain p r a c t i c a l l y u n a l t e r e d m 

almost a l l t h e cases. The p o o l r e g r e s s i o n r e s u l t s are 

g i v e n m t a b l e 5 a ( 1 ) . 

J u s t as we found t h a t t h e CFSK r e l a t i o n produced 

b e t t e r r e s u l t s t h a n the GFSl r e l a t i o n on an o v e r a l l b a s i s 

so does t h e VP.SK1 r e l a t i o n seem t o g i v e b e t t e r o v e r a l l 

r e s u l t s t h a n t h e VFSL1 r e l a t i o n . We a l s o n o t e t h a t 

t h e change from t h e GrSL t o VTSL1 ( o r from t h e C~SK t o VFSK1) 

i s accompanied by s i g n i f i c a n t c o e f f i c i e n t s o f X/L(or L/K) 

w h i l e t h e c o e f f i c i e n t s o f w ( o r r ) remain s i g n i f i c a n t 

and have p r a c t i c a l l y t h e same a b s o l u t e v a l u e s . T h i s 

i m p l i e s t h e incompleteness o f the CFS p r o d u c t i v i t y r e l a t i o n 

"'hi ch on t h e whole, g i v e s r a t h e r u n s a t i s f a c t o r y r e s u l t s 

The a d d i t i o n o f a t e c h n i c a l e x p l a n a t o r y f a c t o r produces 

i m m e d i a t e l y lrrmroved r e s u l t s and c o l l i n e a r i t y does n o t 

seem t o be a s e r i o u s p r o b l e i , as shown by In? r e s u l t s . 

The p a t t e r n o f r e s u l t s o b t a i n e d s i t h t he h e l p o f 

t h e VFS r e l a t i o n i s common t o a l l t h e c o u n t r i e s under 

s t u d y and shows t h e importance o f the i n c l u s i o n o f b o t h 

K/L and w ( o r L/K and r ) as e x p l a n a t o r y f a c t o r s m t h e 

p r o d u c t i o n r - l n t i o n . 
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We have now ana l y s e d t h e r e s u l t s o b t a i n e d by a 

t r a n s i t i o n from t h e Cobb Douglas and t h e CTCS f u n c t i o n s 

t o t h e VES f u n c t i o n . I n t h e m a t t e r o f i x s e x p l a n a t o r y 

power as w e l l as m t h e s i g n i f i c a n c e o f i t s c o e f f i c i e n t s , 

t h e VFS f u n c t i o n seems t o do b e t t e r t h a n t h e Cobb -^ouglas 

as w e l l as the CFS f u n c t i o n m t h e case o f our m a n u f a c t u r i n g 

e s t a b l i s h m e n t d o t a . There mav c e r t a i n l y be scope f o r 

f u r t h e r improvement b u t t h i s improvement may be d i f f i c u l t 

t o o b t a i n from t h e use o f a d d i t i o n a l e x p l a n a t o r y v a r i a b l e s 

m t h e p r o d u c t i o n r e l a t i o n , t h e e f f e c t o f most v a r i a b l e s 

m common use may be found i n w or K/L. Even t h e e f f e c t 

o f w may be c o n t a i n e d m K/L.. We have a l s o n o t i c e d t h e 

n o t v e r y encouraging r e s u l t s o b t a i n e d by t h e use o f 

l a b o u r ( o r c a p i t a l ) as a d d i t i o n a l e x p l a n a t o r y f a c t o r s m t h e 

VTSL1 ( o r VESK1) r e l a t i o n s and i t seems d i f f i c u l t t o go 

beycnd t h a t . 

An improvement m r e s u l t s may be p o s s i b l e i f , 

i n s t e a d o f u s i n g mixed i n d u s t r y e s t a b l i s h m e n t d a t a , use 

i s made o f da t a b e l o n g i n g t o i n d i v i d u a l i n d u s t r i e s . 

We are n o t m a p o s i t i o n t o do t h a t but we have d i v i d e d 

t h e d a ta i n t o groups o f e s t a b l i s h m e n t s based on v a r i o u s 

c r i t e r i a and c a r r i e d out t h e a n a l y s i s m t h e n e x t c h a p t e r 



200 

Three V a r i a t i o n s f r o m the- CPS F u n c t i o n 

From t h e CPS f u n c t i o n 

V = T f O K ~ * + ( 1 - 5 ) L " S ] 

we can d e r i v e t h e two s i d e r e l a t i o n s f o r t h e e s t i m a t i o n 

o f some o f t h e parameters o f t h e f u n c t i o n . I f we assume 

t h e CPS f u n c t i o n t o b "> v a l i d and make t h e assumptions 

o f p e r f e c t c o m p e t i t i o n a l o n g w i t h c o s t m i n i m i s a t i o n 

w i t h o u t p u t f i x e d exogenously, we a r r i v e a t 

K/L = ( j l ^ ^ / r f 

where c5 = ^ + ^ 1 . T h i s can be w r i t t e n 

lnK/L= <$ I n —-g- + <4 I n w/r (6a) 

Since n e i t h e r t h e r e t u r n s t o s c a l e nor t h e 

o u t p u t p r i c 3 e n t e r t h i s r e l a t i o n , i t may be found t o be 

q u i t e u s e f u l f o r t h e purpose of e s t i m a t i o n o f t h e CPS 

parameters. However, t h e data on c a p i t a l l a b o u r r a t i o 

and i n p u t p r i c e r a t i o s h o u l d be a v a i l a b l e 

The r e l a t i o n (6a) oetween c a p i t a l l a b o u r r a t i o 

and t h e i n p u t p r i c e r a t i o connects t e c h n i c a l f o r c e s 

and t h e i r economic rewards w i t h o u t r e f e r e n c e t o o u t p u t . 

I t suggests an i n t e r f e r e n c e m t h e t e c h n i c a l process o f 

p r o d u c t i o n by economic f a c t o r s i n t h a t any p a r t i c u l a r 

i n p u t c o m b j n a t i o n would have c r e a t e d t he same amount o f 

o u t p u t anywhere had i t n o t been f o r v a r i a t i o n s m 

rewards t h a t might b r i n g about major d i f f e r e n c e s 

m r e s u l t s . 

I f we keep K/L c o n s t a n t t h e n 5/(1-c* ) becomes 

a f u n c t i o n o f w/r. That means t h e d i s t r i b u t i o n parameters 

t e n d t o a c q u i r e new v a l u e s on the b a s i s of f a c t o r 

rewards which d i f f e r between c o u n t r i e s and hence change 

V ( 1 - 6 ) as w e l l as K/L. 
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The e q u a t i o n (6a) may be c o n s i d e r e d t o be -the 

expansion p o t h o f t h e f i r m and i m p l i e s t h a t t h e f i r m 

decides changes i n c a p i t a l l a b o u r r a t i o i n response 

t o changes i n i n p u t p r i c e r a t i o w i t h o u t any a l l o w a n c e 

f o r t i m e l a g m th e adjustment process. The e q u a t i o n 

suggests t h e l o n g r u n p a t t e r n o f a t t a i n i n g optimum 

p r o d u c t i o n under t h e a v a i l a b l e t e c h n o l o g i c a l c o n d i t i o n s . 

I f r e l a t i v e p r i c e s are independent o f t h e d i s t u r b a n c e 

t e r m o r , m o t h e r words, g i v e n t o tht. f i r m , t h e e q u a t i o n 

(6a) a l l o w s t h e e s t i m a t i o n o f t h e d i s t r i b u t i o n parameter 

S and t h e e l a s t i c i t y o f s u b s t i t u t i o n £ . There w i l l be 

s i m u l t a n e o u s e q u a t i o n b i a s i f i n p u t p r i c e s are i n f l u e n c e d 

by d e c i s i o n s about t h e i n p u t r a t i o . T h i s i s l e s s l i k e l y 

t o happen m t h e case o f f i r m l e v e l d a t a . Once h> and 1 

are found t h e r e m a i n i n g parameters of t h e CL'S f u n c t i o n 

can be e s t i m a t e d m the second stage from t h e a d d i t i o n a l 

r e l a t i o n I n V = I n "f - J &> + (1 - S ) I ~ S J 

p r o v i d e d t h e l a s t t e r m on t h e r i g h t i s independent o f 

t h e d i s t u r b a n c e term i n t h e p r o d u c t i o n f u n c t i o n ; or 3 1 t h 

Kmenta( 1 96^) and N e r l o v e ( 1 967)j± does riot g i v e c o n s i s t e n t 

e s t i m a t e s o f ^ and ^ unless K and L are independent 

o f t h e r e s i d u a l m th e p r o d u c t i o n f u n c t i o n . They 

suggest t h - t d i r e c t methods o f e s t i m a t i n g t h e p r o d u c t i o n 

f u n c t i o n seem more u s e f u l . I n the CCS f u n c t i o n , f 

i s assumed t o be a n e u t r a l e f f i c i e n c y parameter w i t h 

a u n i f o r m impact on c a p i t a l and l a b o u r e f f i c i e n c y . 

I f t h e r e are v a r i a t i o n s m ( a c r o s s o b s e r v a t i o n s , t h e 

c a p i t a l l a b o u r r a t i o K/L and f a c t o r p r i c e r a t i o 

w/V remain u n a l t e r e d because cancels out i n t h e 



to 2 

numerator and denominator,m equation (6a). Ab no 
measurement err o r s are involved an unbiased estimate of 4 
may "be obtained. Moreover, ] f there i s a crosssection^l 
measurement e r r o r m L and a corresponding p r o p o r t i o n a l 
e r r o r m R, the matter i s s t a t i s t i c a l l y i n d i s t i n g u i s h a b l e 
from c r o s s s e c t i o n a l v a r i a t i o n i n j f. I f the e r r o r m K i s 
not p r o p o r t i o n a l , the estimate of 4 i s unbiased. 

I n view of the debate about the appropriate measure 
of c a p i t a l a~-> a sto~k or as a f l o w of services,.an e r r o r 
i s l i k e l y to a r i s e i f one i s used instead of the other. 
Moroney(1970) has shown t h a t i f the s p e c i f i c a t i o n (6a) i s 
used, any measurement e r r o r r e s u l t i n g from the wrong use 
merges w i t h the disturbance term and i n t h a t case <6 i s not 
l i k e l y t o be biased under s u i t a b l e assumptions. 

Suppose c a p i t a l measur-d as services i s where ^ 
i s some f r a c t i o n of the observed c a p i t a l stock. Then, using 
u f o r the disturbance term, (6a) becomes1 

>K/L = C - f j f ( v / r f e U 

or K/I = ( A t f w / r f e u' 
where u' = u - l n ^ i s a new disturbance term, the form (6a) 
remaining the same. I f ) i s a constant or i s s t o c h a s t i c a l l y 
independent of w/r t h e n 4 remains unbiased. > may be considered 
as a c o r r e c t i o n term f o r c r o s s s c c t i o n v a r i a t i o n i n c a p i t a l 
q u a l i t y and hence may be assumed to be independent of w/r. 
I f ^ i s i n t e r p r e t e d as a departure from f u l l c apacity u t i l i ­
s a t i o n , i t i s l i k e l y to vary among i n d u s t r i e s . As we have 
combined observations on i n d u s t r i e s , the 6 obtained from 
(6a) may be biased t o a c e r t a i n extent. At the same time, 
although i n d u s t r i a l production cycles d i f f e r , r e s u l t i n g m 
d i f f e r e n t values of ^ f o r d i f f e r e n t i n d u s t r i e s , ^ nay be 
assumed t o be f a i r l y constant f o r a l l i n d u s t r i e s w i t h i n 

1 y<*3« 2&2.<a. 
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Footnote continued from p.202 

The r e l a t i o n 
XK/L = ( 6 f (w/r)* (6aa) 

was f i t t e d to the data m the form 
I n K/L = 6 I n ( y ^ - ) + 6 I n (w/r) (6ab) 

The e m p i r i c a l r e s u l t s were not found to be 
s a t i s f a c t o r y . While the estimates of e l a s t i c i t y of 
s u b s t i t u t i o n , f o r Prance, I n d i a , I s r a e l , Japan and Yugoslavia 
r e s p e c t i v e l y , were 

.85 .89 1.3 .94 .88 

t-values (2.5) (6.0) (10.0) ( 3 . 7 ) ( 6 . 8 ) 
2 

a l l of them s t a t i s t i c a l l y s i g n i f i c a n t , the values of R 
were extremely low suggesting very poor f i t s . The i n t r o d u c ­
t i o n of > di d seem to make a d i f f e r e n c e inasmuch as 
i t p u l l e d up the e l a s t i c i t y of s u b s t i t u t i o n estimates of 
a l l the countries except th a t of Yugoslavia mwhich case 
the e f f e c t was the opposite. This c e r t a i n l y brought out 
the e f f e c t on the manufacturing establishment of d i f f e r e n t 
countries of the f a c t o r capacity u t i l i s a t i o n which seems 
to even out, to a c e r t a i n extent, the values of e l a s t i c i t y 
of s u b s t i t u t i o n l e a d i n g them closer to u n i t v . 

U nfortunately, xhe group regressions produced much 
poorer r e s u l t s , w i t h p r a c t i c a l l y a l l regression c o e f f i c i e n t s 
s t a t i s t i c a l l y m s i g n i f i cantv"much lower values of R2 than even 
m the case of pool regressions. Also the P values from 
analysis of covariance were extremely l a r g e . 

The f i t t i n g of the r e l a t i o n 
I n K/L = a, + b I n w/r + c I n ^ (6ac) b o o 

produced consi>tent]y low values of the c o e f f i c i e n t of A 
f o r pool as w e l l as group regressions associated w i t h 
s t a t i s t i c a l l y poor f i t s . A l l c^s were i n s i g n i f i c a n t . 

Both the r e l a t i o n s (6ab) and (6ac) have not b-en 
considered m the f o l l o w i n g chapters. This does not 
necessa r i l y r e f l e c t the inadequacy of the r e l a t i o n s . 



Table 6a(1 ) 

The Values of r i a s t i c a t y of S u b s t i t u t i o n obtained 
from 

(4a ) (5a) (6a) (6b) (6c 

France .81 .78 .66 1 .87 .80 
I n d i a .79 .75 .64 1 .79 .54 
I s r a e l .87 .89 .RC 1 .43 .88 
Japan .85 .62 .32 4 .CO .63 
Yugoslavia 1 .36 .93 .97 1 .72 1 .26 

i' r t e A l l t values ar e s i g u f i c cnt l e v e l 

I n V/L = a L + \ I n w (4a) 
l a V/K = + \ I n r (5a) 
I n K/L = a^ + I n w/r (6a) 
I n wL/rK= aS + I n K/L (6b) 
I n L a v b v I n w + c y I n V (6c) 
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each country but not bet' een c o u n t r i e s . The extent t o whi ch 
t h i s assumption i s v i o l a t e d , may be shown by the values of 6 . 

The r e l a t i o n (6a) allows the b r i n g i n g together of 
d i f f e r e n t q u a l i t i e s of labour and d i f f e r e n t vintages of c a p i t a l 
whose rates and manner of u t i l i s a t i o n may d i f f e r from one 
establishment t o another. The l e f t side of appendix t a b l e 6 
gives the r e s u l t s f o r (6a ) . The f i t s are a l l poor although the 
regression c o e f f i c i e n t s representing the e l a s t i c i t y of s u b s t i ­
t u t i o n are a l l s i g n i f i c a n t . P r a c t i c a l l y the same was the case 
w i t h the r e l a t i o n (4a) which, however, y i e l d e d more 

uniform values of e l a s t i c i t y of s u b s t i t u t i o n . These values along 
w i t h some other comparable r e s u l t s are given m t a b l e 6 a ( l ) . 

The middle of appendix t a b l e 6 gives the r e s u l t s f o r 
I n wL/rK = I n + % I n K/L (6b) 

which i s the regression of input share r a t i o on c a p i t a l labour 
r a t i o . This f o l l o w s i f (6a) i s v ; r i t t e n as 

w/r = i l i ( K/L)* or wL/rK = biA (K/L). 
The equation (6b) also f i t s the data ra.th.er poorly 

though the regression c o e f f i c i e n t s have s i g n i f i c a n t values 
as can be seen from t a b l e 6a(1). 

ACFS( 1961 ), using the r e l a t i o n (6b) found c o n t r a d i c t o r y 
r e s u l t s and blamed the discrepancy on the d i f f e r e n c e m the 
assumptions about the e r r o r terns i m p l i e d i n the d i f f e r e n t 
modes of estimation. 

¥• * * 
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A Labour Demand R e l a t i o n 
I f we allow f o r the p o s s i b i l i t y of s p e c i f i c a t j o n e r r o r 

m the CES productivity-wage r e l a t i o n , we a r r i v e at a s t a t i s t i ­
c a l l y more accurate vers:on of the CSS f u n c t i o n , lhe s p e c i f i c a t i o n 
e r r o r can a r i s e out of err o r s m the measurement of inputs or 
v a r i a b i l i t y o f " ^ , the index of e f f i c i e n c y ^ o r p,the output p r i c e . 
Moroney(1970) has shown t h a t The consequences of these omissions 
may be conveniently analysed w i t h i n a common s p e c i f i c a t i o n 
e r r o r framemork. 

I f , m the Cd!S f u n c t i o n V = V l i f + (1-<5) L ? J w / 1 , 
v;e use 3 V / 3 I = w, we have the modified r e l a t i i n 

I n V/L = 6 I n — ]-~- + t I n w + (1 - * ) ± ± I n V 
instead of I n V/L = <^LnjL^+ S^-Xi w. Also 

i s biased unless <^= 1 or there i s no c o r r e l a t i o n 
between I n w and I n V. Other cases of s p e c i f i c a t i o n e r r o r mav 
be considered on the same l i n e s . 

Since V enters the modified CES r e l a t i o n exogeneously, 
although i t i s specif 1 ed as endogeneous, i t i s not q u i t e 
proper to use V as an a d d i t i o n a l explanatory v a r i a b l e . I f i t 
i s assumed t h a t w and V are exogeneous and L i s endogeneous 
we have another model f o r our em p i r i c a l study 
I n L = 6 I n Sy J*' ~6^-n w + ( >> + ) l n V (6c) 

' ii Xubfe G«M <\Wt 
The r i g h t side of appendix t a b l e 6 Agives the r e s u l t s 

f o r ( 6 c ) . The f i t s a r j good f o r a l l the c o u n t r i e s . The values 
of e l a s t i c i t y of s u b s t i t u t j o n are comparable w i t h those of 
the CESL r e l a t i o n . They are s i l e n t l y lower than those of the 
CSSL though the d i f f e r e n c e s m the case of I n d i a and Japan 
are s i g n i f i c a n t as can be s cen from t a b l e 6a(2). 



Table 6a(2) 

The E l a s t i c i t y of S u b s t i t u t i o n obtained from ( 4 a ) ond (6c) 

Eqn.(6c) France I n d i a I s r a e l Japan Yugoslavia 
.80 .54 .88 .63 1.26 

(6.9) (5.5) (10.5) (3.0) (11.2) 

F-qn .Ua) .81 .79 .87 .85 1.36 
(6.9) (8.4; (10.7) (5.2) 112.4) 

I n the case of Yugoslavia the d i f f e r e n c e i s small. These 
d i f f e r e n c e s are l i k e l y to be the r e s u l t of the r e t u r n s to scale 
f a c t o r which has been introduced i n t o the equation C6c). I n 
the case of I n d i a , Japan and Yugoslavia the retur n s to scale 
are s l i g h t l y i n c r e a s i n g , and,.,the case of Franco and I s r a e l 
s l i g h t l y decreasing though i n e i t h e r case they are not 
s i g n i f i c a n t l v d i f f e r e n t from u n i t y . The equation (6c) 
emphasises these d i f f e r e n c e s by p u l l i n g down the values of 
e l a s t i c i t y of s u b s t i t u t i o n m the r e l e v a n t cases. 

I n the case of I n d i a , Japan and Yugoslavia, the demand 
f o r labour i s l i k e l y to .increase w i t h increasing r e t u r n s to 
scale because the t o t a l q u a n t i t y of labour i s not as l i m i t e d 
as m the case of France and I s r a e l . This i s r e f l e c t e d m the 
r e s u l t s m s o i t e of a very nominal d i f f e r e n c e m ret u r n s to 
scale 



2.0 6 

From the r e s u l t s obtained so f a r , i t may not be possible 
to a r r i v e at any d e f i n i t e conclusions about the u n i f o r m i t y of 
manufacturing patterns on the basis of mixed manufactumg 
establishment data. But wc f i n d t h a t the parameter values 
obtained f c r d i f f e r e n t countries from the same model tend to 
suggest such u n i f o r m i t y . The u n i f o r m i t y con.es out more c l e a r l y 
m the case of the Cobb Douglas f u n c t i o n and i t s extensions 
obtained w i t h the a d d i t i o n of t e c h n i c a l v a r i a b l e s only. The 
d i f f e r e n c e s seem to comt m rith the use of economic 
v a r i a b l e s . But, then, economic f a c t o r s cannot be ignored i u 
any production model. From a p r a c t i c a l p o i n t c f view, the 
expression f o r the production f u n c t i o n r u s t rnaku use of both 
t e c h n i c a l as w e l l es cicono i c f x t o r s m s p i t - of the production 
f u n c t i o n be:ig a t e c h n i c a l r e l a t i o n s h i p . This do^s not change 
our c t a n d about the b a s i c a l l y t e c h n i c a l nature c f the 
production f u n c t i o n . 

The d i f f e r e n c e s t h a t are n o t i c e d i n the r e s u l t s are a]sc 
suggestive of d i f f e r e n c e s m the nature and nace of the 
econoni;s. ''/e cannot assume a si H i l a r i t y of s i t u a t i o n m the 
c c u n t r i - s under con s i d e r a t i o n . T ' h i l e i t i s t r u e t h a t soiru 
kind of postwar beginning w 3 made by erch of the c o u n t r i e s 
under c o n s i d e r a t i o n , they were d i f f e r e n t economically, p o l i t i ­
c a l 1 / and h i s t o r i c a l l y . Their r a t e of development was d i f f e r e a t 
and so were the q u a l i t y and q u a n t i t y of l a b o u r and c a p i t a l 
and experience a v ^ i l a b l " to them. Yet, on the whole, there i s 
reason to believe t h a t dach of the production models used, 
provides ample evidence of the s i m i l a r i t y of the nature of 
manufacturing e s t a b l i s h m e n t s of the f i v e c o u n t r i e s . This happens 
t'Krough the nature of f i t s which are e i t h e r u n i f o r m l y good or 
u n i f o r n l y bad f o r p r a c t i c a l l y a l l the countries w i t h reference 
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to any of the various models used. The ret u r n s to scale are 
constant m a l l the cases. The e l a s t i c i t y of s u b s x i t u t i o n i s 
found t c be not d i f f e r i n g much from 0.8 f o r a l l the countries 
except Yugoslavia i f we draw our conclusions from the (JFS 
f u n c t i o n . Perhaps a f u r t h e r improvement m the s i m i l a r i t y of 
r e s u l t s i s a matter of time which may d i f f e r f o r each country. 
U n f o r t u n a t e l y the argument cannot be substantiated unless 
data f o r r o r e countries and i n d i v i d u a l i n d u s t r i e s are a v a i l a b l e . 

\"e now analyse some r e s u l t s based on the Cobb Douglas 
and CES f u n c t i o n s . 

The percentage shares of c a p i t a l and labour as obtained 
from the two input Cobb Douglas f u n c t i o n allow, roughly, the 

i 

f o l l o w i n g groups to be formed 
France, I s r a e l Yugoslavia India,Japan 

C a p i t a l labour share 20-80 35:65 45*55 

Although the Japanese economy i s advanced the wage 
p a t t e r n has not changed much there. I n Yugoslavia worker 
p a r t i c i p a t i o n seems to help the labour share go up. The maximum 
labour share i s to be found m the case of France and I s r a e l , 
20:80,perhaps an i d e a l f o r other c o u n t r i e s . 

These d i f f e r e n c e s m input shares ore l n t - r n a l , and 
e x i s t m s p i t e of near l y constant r e t u r n s to scale a v a i l a b l e m 
a l l the cases. The range of capita"! share i s r a t h e r wide though 
t h e t f o r labour i s not so wide. Some d e t a i l s of the i n t e r n a l 
d i f f e r e n c e s w i l l be revealed when we consider groups of 
manufacturing establishments m the next chapter where a 
s i m i l a r production f u n c t i o n analysis i s c a r r i e d out f o r them 

V/e now consider the C.iL ai d CESF r e l a t i o n s (-\a) and ( 5 a ) . 

Assuming the e l a s t i c i t y of s u b s t i t u t i o n to be constant we note 
t h a t the i values f o r a l l the ' c a p i t a l i s t ' countries are below 
u n i t y and t h a t f o r the ' s o c i a l i s t ' Yugoslavia above u n i t y , 

i fC, Tome shatvs^^cl trusts. Sec ip<«}<» 2.o%a-e 
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The hypothesis = 0 i s r e j e c t e d f o r a l l the c o u n t r i e s . 
The hypothesis 6 = 0.8 i s supported by a l l the countries 
except Yugoslavia. 

The r e s u l t s obtained from the VIS f u n c t i o n j u s t i f y the 
hypothesis t h a t the explanatory nower of a production model 
m p r a c t i c e can be improved only i f t e c h n i c a l as w e l l as 
economic v a r i a b l e s are included as explanatory f a c t o r s . Sven 
though, t h e o r e t i c a l l y , only the t e c h n i c a l aspect i s emphasised 
by the production f u n c t i o n , the economic f a c t o r s should not 
be ignored m an economic world. 

The good f i t s obtained m the case of several production 
models and the s a t i s f a c t o r y values of parameters show t h a t i f 
we have data on i n d i v i d u a l manufacturing establishments, the 
n o n a v a i l a b i l i t y of industry-wise data may not n e c e s s a r i l y be a 
handicap. 

A support f o r these hypotheses and otners mentioned m 
chapter three may be a v a i l a b l e from an analysis of gxoup 
regressions and analysis of covarianct which are the subject 
matter of the next two chapters. 



THE FIFTEEN PRODUCTION RELATIONS 
USED IN THE 3TPIRICAL ANALYSIS 

The equations f o r the f i f t e e n production r e l e t : o n s used 
Cor e m p i r i c a l analysis i n t h i s study, t h e i r numbers used 
throughout t h i s study and the order m vh i c h they occur 
m e l l the tables 1-6 anywhere m the t e x t are given below. 
Table 1 
1a) 
1b) 
Table 2 
2a) 
2b) 
Table 3 
3a) I n 
3b) InV 
Table 4 

<* 9 
V = A K L 

V = A TO K L L 
«,=« J f J o V = A £ 0 K C UL' lV 

A f + ^ l n K + p K l n L + £ K(ln K/L) 2 

4a) InV/L = a L + b-j-ln w 
4b) InV/L = 8L1 + b-^^ln w + c L 1 l n K/L 

4c) InV/L = ^ 2 + b - ^ l n w + cL2~^ n 

Table 5 
5a) InV/K = 8K + b^ I n r 
5b) InV/K = ^ 1 + b ^ l n r + c K 1 l n L/K 

5c) InV/K = aI^2 + b ^ l n r + C j r 2 l n I-/K 
Table 6 
6a) InK/L = aD + bp I n w/r 

6b) I n wL/rK= a s + 1 - > J l n K/I 
6c) I n L = a v - by I n w + c y I n Y 

"12" 

1C2-
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Some S t a t i s t i c a l Tests 

The purpose of t h i s note i s t o present some 
s t a t i s t i c a l t e s t s which wrre used to make c e r t a i n s t a t e ­
ments occ u r r i n g m a few places i n the t e x t . 

I n the m u l t i p l e regression model 
Y = b. + b 0X 0+ b nX, +...+b X 1 2 2 3 3 mm 

tne t e s t of the hypothesis t h a t b equals a s p e c i f i e d 

number I . e. H Q' b l = |} L , can be ca r r i e d out by the 
use of the s t a t i s t i c t =(b - 3 )/s wher 1 s i s the 

n-m l I l l l 
standard e r r o r of b . 

To t e s t i f , w i t h the Cobb Douglas funcxion(p. 186), 
the c a p i t a l share for Prance and I s r a e l i s 20"', f o r 
Yugoslavia 35f and f o r I n d i a and Japan 4 5 # v s o ? a r a s 

our manufacturing establishment data are concerned, 
we make use of the abovementioned t s t a t i s t i c and f i n d 
t h a t f o r France, I n d i a , I s r a e l , Japan, Yugoslavia,respec­
t i v e l y t = 0.3C4, .827, .799, .062, .139 
a l l of which are s t a t i s t i c a l l y i n s i g n i f i c a n t at 5L''° or 1^ 

l e v e l of s i g n i f i c a n c e ^ e n u l l h y p 0 ^ e s i s was not r e j e c t e d . 
The t e s t of the hypothesis ^ + ^ j = j^ w d S c a r r i e d 

out by using t = ( ̂> + |3j •= ji ̂ ^o^i ' "the ^ 

values were found to be nearly zero and s t a t i s t i c a l l y 
i n s i g n i f i c a n t . The n u l l hypothesis was not r e j e c t e d . 

To t e ^ t i f the e l a s t i c i t y of s u b s t i t u t i o n as 
obtained v i t h the help of the CESL r e l a t i o n i s around 
o,8 f o r a l l the countries except Yugoslavia, we make use 
of the t t e s t once a»am. 

Kmenta J . ( 1 ° 7 1 ) , Elements of Econometrics, 
Macmillan.p. 366. 

2Ibid.p.372. 
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The t values f o r Prance,India,Israel,Japan,Yugoslav! 
r e s p e c t i v e l y are t = 0.086 ,0.1C6, 0.861,0.206. 5.105. 
I f the n u l l hypothesis i s 6 = 0.80, J I i s not r e ] e c t e d 
f o r Prance, India., I s r a e l and Japan. I n the case of 
Yugoslavia i t i s r e j e c t e d . 

The hypothesis t h a t the corresponding regression 
c o e f f i c i e n t s of a l l the countries under sxudy are equal 
was c a r r i e d out by using the P s t a t i s t i c . The hypothesis 
w?s r e j e c t e d i n the cas- of almost a l l the production 
r e l a t i o n s we have used m t h i s chapter I t was decided 
t h e r e f o r e to compare the r e s u l t s f o r p a i r s of countries 
m our study by usuig ihe P s t a t i s t i c As can be seen 
from t a b l e CO on p.208d, ten p a i r s of countries were 
considered and the P s t a t i s t i c was c a l c u l a t e d f o r a l l 
these p a i r s m respect of the f i f t e e n production r e l a1 ions 
ve have b^en using Gol.1 i n the t a b l e shows the 
number of the production r e l a t i o n used end the names of 
tne countries m other columns are abbreviated to the 
f i r s t three l e t t e r s i n each case Cols.2-11 give the 
F values f o r the p a i r s mentioned above the columns Only 
a b r i e f analysis w i l l be given. 

Cols. 2,6 and 10 i n d i c a t e t h a t there i s no 
c o m p a t i b i l i t y b^xwe^n the p a i r s of c o u n t r i e s . 
Prance and I n d i a , I n d i a and I s r a e l ; I s r a e l and Yugoslavia, 
w i t h r j f e r e n c e to almost a l l the production r e l a t i o n s . 
Tne only r e l a t i o n s which b r i n g almost a l l the countries 
together arel.the r e l a t i o n (6a) which does not i n v o l v e 
value added and i n t o which n e i t h e r the r e t u r n s t o scale 
parameter nor the output p r i c e enter, and 2. the r e l a t i o n 
(6c) which i s the labour demand r e l a t i o n . However, 
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there are some 033 rs of countries -which seem t o go 
together >"i t n respect to almost a l l the production 
r e l a t i o n s and some other p a i r s of countries which show 
s i m i l a r i t y f o r e i t h e r the production r e l a t i o n s i n v o l v i n g 
only the t e c h n i c a l explanatory f a c t o r s or f o r tne production 
r e l a t i o n s i n v o l v i n g <~>nly th° economic explanatory f a c t o r ^ . 
The pairs Prance,Israel and India,Japan e x h i b i t common 
features v'lth respect to almost a l l the r e l a t i o n s . This 
was noticed also '"lien the nool regressions were being 
analysed m t h i s chapter. Moreover, a pa r t of t h i s r e s u l t 
has already been considered w i t h the help of the t t e s t 
when the c a p i t a l shares from the Cobb Douglas f i n o t i o n 
and the e l a s t i c i t i e s of s u b s t i t u t i o n from the CF,S f u n c t i o n 
were compared. 

An i n t e r e s t i n g f e a t u r e of the r e s u l t s i s t h a t 
out of three countries(Prance,Israel,Yugoslavia m the t a b l e ) 
i f two pai r s (France, I s r a e l and Prance, Yugoslavia) 
e x h i b i t some common c h a r a c t e r i s t i c s w i t h respect t o 
several production r e l a t i o n s ( C o l . 3 and Gel.5 ) , t h i s i s 
no guarantee t h a t the t h i r d p a i r ( l s r a e l , Y u g o s l - i v i a,C61.10) 
should n e c e s s a r i l y e x h i b i t common c h a r a c t e r i s t i c s w i t h 
respecx to those production r e l a x i o n . 

From the r e s u l t s given 111 t a b l e 00 f o r our manufacturing 
esxablishment data i t cannot be maintained th-^t a l l the 
countries m our stud ^ have common production parameters 
w i t h reference to any of the production r e l a t i o n s except 
perhaps (6a) and (6c) but i t can be said t h a t there are 
groups or ax least^'pairs of countries which do nave common 
production c h a r a c t e r i s t i c s w i t h reference to almost any 
production r e l a t i o n m t h i s study. 
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CHAPTER SIX 
THE GROUP REGRESSIONS 

Ther° are several economic and t e c h n i c a l c r i t e r i a 
which can be used t o d i v i d e the manufacturing establishment 
data i n t o a given number of p a r t s . I n t h i s chapter, f o r a 
d e t a i l e d study of group regressions, use w i l l be made of 
the money value of net c a p i t a l assets, K, to d i v i d e the 
t o t a l number of establishments i n t o three n e a r l y equal 
sized groups. A production f u n c t i o n analysis w i l l be 
c a r r i e d out on each group so formed. The asrumptions, the 
procedure and the forms of production r e l a t i o n s uo3d w i l l 
be the same as those m the case of pooled data. The 
nature of the t e c h n i c a l parameters i n the groups and the 
problem of re t u r n s t o scale w i l l be considered. 

The group regressions allow a comparative c tudy of 
the parameters corresponding to the groups. V/e mav be 
able to study no') the parameters change when i re move from 
the group of small siz e establishments to the group of 
l a r g e size establishments. TVe can f i n d i f the pool regression 
parameters are supported by i d e n t i c a l corresponding values 
of the group i e g r e s s i o n parameters or are merely the 
averages of the values of the group r e g r e s n o n parameters. 

The three groups m t n which the establishment data 
of each country have been d i v i d e d according to the value 
of K, w i l l be c a l l e d Small K, Medium K and l a r g e K 
groups, each containing about on: t h i r d of the t o t a l number 
of esxablishn ents m the case of eacn country. Tiie d e t a i l s 
are given m the t a b l e below. 
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Table Showing tho Number of Establishments 
m the Groups 

France I n d i a I s r a e l Japan Yugoslavia 
T o t a l Number 64 117 69 63 145 

Small K G-roup 21 39 23 21 49 

Medium K Group 22 39 23 21 48 

Large K Group 21 39 23 21 48 

The small K group consists of establishments which 
correspond to the lowest t h i r d of the t o t a l number of 
e s t a b l i s h T e n t s when th e y i r e arranged i n i n c r e a s i n g order 
of magnitude of K. There i s no lower l i m i t m terms of 
c a p i t a l but there are no establishments w i t h less than ten 
workers. 

The medium K group consists of the middle t h i r d of 
the establishments and has c l e a i l y defined ] i m i t s f o r each 
country. The l a r g e K group has the upper t h i r d of the 
establishments. The lower l i m i t i s defined but the upper 
l i m i t i s open. 

The l i m i t s m each case are the l i m i t s of the 
data themselves. This means the l i m i t s f o r d i f f e r e n t 
c o u n t r i e s are not comparable. This i s not uncommon m 
such studies. Had we i n s i s t e d on the e q u a l i t y of l i m i t s 
f o r a l l the countries there would be problems about the 
adequacy of the number of establishments w i t h i n each group 
Some groups would not contain a s i n g l e establishments 
and the purpose of the study v-ould be l o s t 

I n any case, m our study, we have not compared 
the corresponding groups of d i f f e r e n t c o u n t r i e s . Any 
comparisons t h a t w i l l be made w i l l be f o r o v e r a l l r e s u l t s , 
tendencies over groups or f o r pooled data. 
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The f r e q u e n c y d i s t r i b u t i o n s o f s e v e r a l v a r i a b l e s 

p e r t a i n i n g t o t h e ebta l i s h m e n t d a t a o f Prance, I n d i a , 

I s r a e l , Japan and Y u g o s l a v i a are g i v e n i n t a b l e 8, appendix. 

As can he seen f r o m t h e c u m u l a t i v e percentage frequency-

f i g u r e s , t h e d i s t r i b u t i o n s f o r d i f f e r e n t c o u n t r i e s 

are d i s s i m i l a r J I I t h e case o f most v a r i a b l e s . 

Because o f t h e inadequacy o f d a t a , o n l y a f r a c t i o n 

o l t h e t o t a l f r e q u e n c y i s r e p r e s e n t e d J I I t h e casp o f some 

fr e q u e n c y d i s t r i b u t i o n s . F o r t u n a t e l y , complete d a t a a r e 

a v a i l a b l e f o r t h e more i m p o r t a n t v a r i a b l e s , but t h e 

number o f o b s e r v a t i o n s c o r r e s p o n d i n g t o each c l a s s i n t e r ­

v a l and t h e t o t a l n u r b e r o f e s t a b l i s h m e n t s m each c o u n t r y 

a r e n o t a l l comparable m s i z e . Some o f these v a r i a b l e s 

w i l l be used as g r o u p i n g c r i t e r i a m t h e a n a l y s i s o f 

c o v a r i a n c e wh i c h w i l ] be c a r r i e d out l a t e r . 
-y- x- * * 

Tables 1 t o 6, appendix, g i v e t h e e m p i r i c a l 

r e s u l t s f o r p o o l r e g r e s s i o n s and group r e g r e s s i o n s . 

The f i r s t l i n e m each b l o c k corresponds t o p o o l r e g r e s s i o n s 

i / h i c h have been ana l y s e d m t h e l a s t c h a p t e r . The n e x t 

t h r e e l i n e s m each b l o c k c o r r e s p o n d t o t h e s m a l l K, 

medium K and l a r g e K group r e g r e s s i o n s . As i n t h e 

case o f p o o l r e g r e s s i o n s , f i f t e e n p r o d u c t i o n r e l a t i o n s 

have been used f o r t h e a n a l y s i s . The mam emphasis w i l l 

be on t h e Cobb Douglas, G?S and VES r e l a t i o n s . 

I t may n o t be necessary t o r e f e r t o t h e appendix 

t a b l - s c o n t i n u o u s l y t o s t u d y group r e g r e s s i o n r e s u l t s 

as t h e summarised r e s u l t s are g i v e n a l l a l o n g xhe body 

o f t h e t e x t . 



I n t h i s c h a p t e r , a l l t h e group r e g r e s s i o n r e s u l t s 

w i l l "be s t u d i e d m d i t a i l and i f an o v e r a l l u n i f o r m i t y 

w i l l be n o t i c e d f o r a l l t he c o u n t r i e s m t h e m a t t e r 

c f t h e p r o d u c t i o n f u n c t i o n r e s u l t s , i t w i l l "be t a k e n as 

a p o s s i b i l i t y , though n o t as a c o n c l u s i v e evidence, o f 

u n i f o r m i t y w i t h i n t h e m a n u f a c t u r i n g s e c t o r o f each 

c o u n t r y . The f i n a l d e c i s i o n w i l l r e s t w i t h t h e r e s u l t s 

o f a n a l y s i s o f c o v a r i a n c e w h i c h has been c a r r i e d o u t m 

th e n e x t c h a p t e r . 

The group r e g r e s s i o n r e s u l t s w i l l De compared 

w i t h t h e r e s u l t s o f p o o l r e g r e s s i o n s , m t h e m a t t e r 

o f s t a t i s t i c a l f i t , s i g n i f i c a n c e o f r e g r e s s i o n c o e f f i ­

c i e n t s and o v e r a l l performance. We w i l l t e s t t h e 

h y p o t h e s i s t h a t , f o r a pro p e r r e p r e s e n t a t i o n of t h e 

m a n u f a c t u r i n g s e c t o r o f an economy, t h e p r o d u c t i o n 

f u n c t i o n f o r t h e p o o l d a t a o f m a n u f a c t u r i n g e s t a b l i s h m e n t 

r a t h e r t h a n t h a t f o r any group o f those e s t a b l i s h m e n t s , 

i s t h e a p p r o p r i a t e mode o f °x^ression. Th i s w i l l be 

done w i t h t h o h e l p o f s e v r a l p r o d u c t i o n f u n c t i o n forms. 
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GROUP REGFTSSION RESULTS 

Cobb Douglas P r o d u c t i o n F u n c t i o n 

Table 1, appendix g i v e s t h e group r e g r e s s i o n r e s u l t s 

f o r t h e Cobb Douglas p r o d u c t i o n f u n c t i o n w i t h two and t h r e e i n p u t s 

V = A K^lP (1a) 
^ fti , ^ 

Y = A K L M (1b) 

C o n s i d e r i n g f i r s t t h e r e s u l t s f o r (1a) we n o t e t h a t 

t h e f i t s are s a t i s f a c t o r y and a l l t h e l a b o u r c o e f f i c i e n t s a re 

s i g n i f i c a n t as t h e y were m the case o f p o o l r e g r e s s i o n s . B u t a l l 

the c a p i t a l c o e f f i c i e n t s a r e n o t s i g n i f i c a n t except an t h e 

case o f Japan. The l a r g e K groups, however, y i e l d s i g n i f i c a n t 

c a p i t a l c o e f f i c i e n t s f o r a l l t he c o u n t r i e s . T h i s i m p l i e s t h a t 

t h e r e i s t h e p o s s i b i l i t y , p a r t i c u l a r l y i n t h e case o f s m a l l 

and medium groups, o f t h e e x i s t e n c e o f mult±collinearity w h i c h 

v a n i s h e s i n t h e case o f p o o l r e g r e s s i o n s . 

Ve a l s o make the o b s e r v a t i o n t h e t t h e p - o l e d d a t a f i t 

i s d e c i s i v e l y s u p e r i o r t o t h e group f i t s f o r a l l t h e c o u n t r i e s . 

T h i s s h o u l d i m p l y t h a t t h o pooled d a t a are r e a s o n a b l y r e p r e s e n t ­

a t i v e 1 - o f t o t a l m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a o f each c o u n t r y 

s i n c e t h e y seem t o ta k e c a r e a f a l l t h e c o n s t i t u e n t p a r t s o f 

m a n u f a c t u r i n g a c t i v i t y . 

I f t h e r e g r e s s i o n c o e f f i c i e n t s and t h e i r s i g n i f i c a n c e 

m s t a t i s t i c a l terms can be c o n s i d e r e d as i n d i c a t o r s , we may 

say t h a t i n v a r i a b l y , t h e l a b o u r c o e f f i c i e n t remains t h e more 

i m p o r t a n t ^ a r i a i e f o r a l l t he groups and f o r a l l t h e c o u n t r i e s . 

Except f o r some d i f f e r e n c e s m the v a l u e s o f r e g r e s s i o n 

c o e f f i c i e n t s , we n o t e t h a t the r e g r e s s i o n p a t t e r n remains 

p r a c t i c a l l y t h e same f o r a l l c o u n t r i e s under c o n s i d e r a t i o n . 

To a r r i v e a t some more d e f i n i t e condusabos, some a d d i t i o n a l f e a t u r e s 

o f t h e r e s u l t s s h o u l d be c o n s i d e r e d . 
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Returns t o Scale 

Table 1b(1) shows the group r e g r e s s i o n c o e f f i c i e n t s 

a l o n g w i t h t h e c o e f f i c i e n t s f o r p o o l r e g r e s s i o n s , f o r t h e 

Cobb Douglas f u n c t i o n ( 1 a ) . The r e t u r n s t o s c a l e a r e 

g i v e n by \ ) - o( + »̂ . Whereas t h e n u l l h y p o t h e s i s <x +|2> =1 

was n o t r e j e c t e d by t h e p o o l r e g r e s s i o n r e s u l t s o f a l l 

t h e c o u n t r i e s and c o n s t a n t r e t u r n s t o s c a l e seemed t o 

be t h e c h a r a c t e r i s t i c f e a t u r e o f m a n u f a c t u r i n g e s t a b l i s h ­

ment d a t a , we now f i n d t h a t t h e groups do n o t e x h i b i t 

c o n s t a n t r e t u r n s t o s c a l e everywhere. 

I n t h e case o f France, t h ~ s m a l l e s t a b l i s h m e n t s 

e x h i b i t c o n s t a n t r e t u r n s , t h e medium s i z e e s t a b l i s h m e n t s 

show i n c r e a s i n g r e t u r n s ^h.ile t h ' l a r g e s i ze e s t a b l i s n -

ments show d i m i n i s h i n g r e t u r n s . Beyond t h e medium s i z e , 

diseconomies o f s c a l e seem t o p r e v a i l . The c o n c l u s i o n i s 

s u p p o r t e d by Carre, Dubois and Malinvaud(1976) 

I n t h e case o f I n d i a , t h e medium and l a r g e s i z e 

a s t a b l i shmonts seem t o be a t t h e s t e ^ o f c o n s t a n t r e t u r n s 

t o s c a l e . I t i s d i f f i c u l t t o say i f s t i l l l a r g e r e s t a b l i s h ­

ments would r e a l i s e i n c r e a s i n g r. t u r n s but t n e p o s s i b i l i t y 

i s n o t r u l e d o u t . For I n d i a , 1H64, our p e r i o d o f r e f e r e n c e 

may be s a i d t o be a c r u c i a l y e ar m t h e t h i r d f i v e y e ar p l a n 

w h i c h , as a r e s u l t o f t o p p r i o n t y given t o r a p i d mdustnalisation 

and d i v e r s i f i c a t i o n o f t h e economy m t h e second p l a n , was 

a s s o c i a t e d w i t h l a r g e capital investments. Our r e s u l t s f i n d a 

s u p p o r t m Cheema's(1975)analysis o f l a r g e and s m a l l f a c t o r ­

i e s d u r i n g 1963-64.Cheema's o b s e r v a t i o n s are based on a 

d e t a i l e d s t u d y m a more g e n e r a l c o n t e x t . l t i s l i k e l y t h a t 

t h e h i g h p r o d u c t i v i t y o f s m a l l e s t a b l i s h m e n t s may be due t o 

cheaper i n p u t s o b t a i n e d from t h e l a r g e e s t a b l i s h m e n t s . 

http://context.lt
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Between 1 9 6 3 & 1 9 6 4 , t h e average s i z e o f f i x e d a s s e t s o f 

f a c t o r i e s rose by more Than e l e v e n per cent The p o s s i b i l i t y 

o f low p r o d u c t i v i t y o f l a r g e e s t a b l i s h m e n t s because o f now 

inv e s t m e n t s d r i v i n g up t h - c a p i t a l assets w i t h o u t an imme­

d i a t e p r o p o r t i o n a t e i n c r e a s e m o u t p u t i s n o t r u l e d o u t . 

I n t h e case o f I s r a e l , i n c r e a s i n g r e t u r n s a r e 

d i s c e r n i b l e as t h e s i z e o f the e s t a b l i s h m e n t s i n c r e a s e s . 

Compared to t h e r i s e m r e t u r n s t o s c a l e f r o m t he s m a l l t o 

medium e s t a b l i s h m e n t s , t h a t f r o m t h e medium t o l a r g e 

e s t a b l i s h m e n t s i s s u b s t a n t i a l l y l a r g e . T h i s may be 

because, i n t h e case o f I s r a e l i d a t a , t h e smaql and 

medium s i z e e s t a b l i s h m e n t s are much s m a l l e r t h a n t h e 

l a r g e s i z e e s t a b l i s h m e n t s on t h e b a s i s o f d i f f e r e n t g r o u p i n g 

c r i t e r i a and p a r t i c u l a r l y on t h e b a s i s o f n e t c a p i t a l 

a s s e t s used. 

I n t h e case o f Japan, a l t h o u g h xhe c o e f f i c i e n t s 

o f c a p i t a l and l a b o u r a r e v e r y d i f f e r e n t from those o f 

I s r a e l , t h e r e t u r n s t o s c a l e f a c t o r f o l l o w s t h e same 

p a t t e r n as t h a t o f I s r a e l . There i s a s m a l l r i s e f r o m 

t h e s m a l l t o m<dium and a l a r g e r i s e from t h e medium 

t o l a r g ? s i ze e s t a b l i s h m e n t s so f a r as t h ^ r e t u r n s t o 

s c a l e are concerned. Not s u r p r i s i n g l y , t h e s i z e 

d i s t r i b u t i o n p a t t e r n o f m a n u f a c t u r i n g e s t a b l i s h m e n t s 

of Japan happens t o be p r a c t i c a l l y t h e same as thax f o r 

I s r a e l , as can be seen f r o m t h e appendix t a b l e 8 . 

Both m t h e ces. o f I s r a e l as w e l l as Japan, i m p o r t e d 

t e c h n o l o g y p l a y e d an i m p o r t a n t r o l e m economic 

m o d e r n i s a t i o n . I n t h e case of Japan, t n i s f i n d s m ention 

m Okhawa and R o s o v o s k y ( 1 9 7 3 ) . 
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I n t h e case o f t h e s o c i a l i s t Yugoslav economy, 

even t h e s m a l l e n t e r p r i s e s are s u f f i c i e n t l y l a r g e and 

show c o n s t a n t r e t u r n s t o s c a l e . The larg° e n t e r p r i s e s 

do t h e same "but t h e medium s i z e e n t e r p r i s e s show 

d i m i n i s h i n g r e t u r n s . These results f o r t h e r e t u r n s t o s c a l e 

f i g u r e s f o r Y u g o s l a v i a m a t e r i a l i s e because o f the 

unique s t r u c t u r e o f her e n t e r p r i s e s most o f w h i c h a r e n o t 

autonomous and are o f t e n grouped w i t h o t h e r e n t e r p r i s e s 

under a v a r i e t y o f arrangements and f o r a number o f 

reasons A c c o r d i n g t o a V/orld Bank Report (1 975) on 

Y u g o s l a v i a , " t h e u n i t s f u n c t i o n r a t h e r l i k e d i v i s i o n s 

w i t h s eparate accounts w i t h i n a d e c e n t r a l i s e d concern." 

I f , f o r t h e t i m e b e i n g , we l e a v e Y u g o s l a v i a 

out o f c o n s i d e r a t i o n , we n o t e t h a t f o r a l l t h e c o u n t r i e s , 

t h e change f r o m t h e s m a l l t o medium s i z e e s t a b l i s h m e n t s 

i s s i m i l a r m t h e m a t t e r o f r e t u r n s t o s c a l e as o b t a i n e d 

f rom t h e Cobb Douglas f u n c t i o n . The b e h a v i o u r o f l a r g e 

e s t a b l i s h m e n t s seems t o be r a t h e r e r r a t i c , a l t h o u g h , i t 

can be s a i d t h a t r o u g h l y s peaking, a tendency f o r 

i n c r e a s i n g r e t u r n s i s d i s c e r n i b l e m t h e case o f I n d i a , 

I s r a e l and Japan, T h i s mav be because, w h i l e o t h e r groups 

have some k i n d o f l i m i t s imposed by t h e mode of g r o u p i n g 

t h e d a t a , t h larpc e ^ t a b l i s h m ^ n t s do n o t have any w e l l 

d e f i n e d upper l i m i t so t h a t t h e e x t e n t o f l a r g e n e s s 

would d i f f e r from one c o u n t r y t o a n o t h e r and t h e r e s u l t s 

may be n e i t h e r u n i f o r m nor comparable f o r d i f f e r e n t 

c o u n t r i e s . I n t h e case o f p o o l r e g r e s s i o n s , t h e d i s c r e p a n ­

c i e s a r i s i n g f rom such a s i t u a t i o n can be concealed. 



Table 1 b ( j i ) fl* Vrt 
The Cobb Douglas Function Y=AJTK L M 

i I 0 • t I 
ALL 64 
FIRMS 0.96 .90 

POOLED K J 
SPALL K 
21 FIRMS 
MEDIUM K 
22 FIRMS 
LARGE K 
21 FIRMS 
INDIA 
1 1 i i i 
ALL 117 
FIRMS 
POOLED K 
SMALL K 39 FIRMS 
MEDIUM K 
39 FIRMS 
LARGE K 
39 FIRMS 
ISRAEL i 1 1 1 1 i 
ALL 69 
FIRMS 

2.45 .144 .673 .141 
( 3.1H 1C.4I (2.351 

2.22 .124 .795 .112 
(1.31(7.791(1.331 

1.41 .183 .789 .155 
(.82)(10.4)(1.85) 

0.86 .298 .268 .395 
( 2.5) (1.641 (2.571 

1.03 .89 

1.13 .90 

0.96 .68 

-.08 .332 .476 .281 0.99 .93 
(7.21(8.20)(5.08) 

0.71 .363 .380 .206 0.95 .77 (2 . 7 ) ( 2 . 7 8 ) ( 2 . 2 3 ) 
0.40 .245 .631 .197 1.07 .66 

(1. 1) (5.62) (1.81) 
-1.1 .352 .349 .449 1.15 .86 (4 . 5 ) ( 4 . 2 4 ) ( 4 . 3 9 ) 

2.21 .081 .637 .176 0.89 .86 (1 . 7 ) ( 9 . 6 9 ) ( 2 . 8 5 ) 

POOLED K 
SMALL K f 23 FIRMS 1 

2.71 -.r08 .662 .253 (1 . 1 ) ( 5 . 7 8 ) ( 2 . 6 6 ) 0.81 .74 

MEDIUM K ! 
23 FIRMS , 

2.81 .053 .582 .145 
(.25) (6.43M1.62) 

0.78 .77 

LARGE K 
23 FIRMS 

-.25 .224 .748 .237 
(1 . 9 ) ( 4 . 4 0 ) ( 1 . 7 2 ) 

1.21 .73 

JAPAN 1 1 » t i 
ALL 63 FIRMS 

G.90 .314 .534 .190 (4.2) (6.63) (3.23) 
1.04 .93 

POCLED K | 
SMALL K S 
21 FIRMS , 

2.44 .346 .351 .C43 (1 . 9 ) ( 2 . 4 7 ) ( 0 . 4 2 ) 
0.74 .64 

MEDIUM K i 
21 FIRMS 

C.52 .452 .353 .245 (2 . 9 ) ( 2 . 5 1 ) ( 2 . 8 0 ) 
1.05 . 83 

LARGE K 
21 FIRMS 

-.81 .260 .782 .252 (2 . 1 ) ( 6 . 1 3 ) ( 2 . 1 6 ) 
1.2S .90 

YUGGSLAVI 
ALL 145 ; FIRMS 

.37 .238 .482 .309 (6 . 9 ) ( 1 0 . 3 ) ( 6 . 7 9 ) 1.03 • 88 

POOLED K ; 
SMALL K \ 49 FIRMS 

POOLED K ; 
SMALL K \ 49 FIRMS -. 19 .059 .766 . 201 (.58)(9.20)(2.21) 

1.03 .83 

MEDIUM K 
49 FIRMS 1.4 3 .C85 .407 .296 

(.49)(5.50)(5.18) 
C.79 .69 

LARGE K 48 FIRMS -. 28 .233 .249 .5C9 
(2. 6 ) ( 3 . 1 0 ) ( 5 . 4 5 ) 

0.99 .79 
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Ferhaps, corrperable lima t s juposeu on s i z e may b u n g t h e r e s u l t s 
f o r l a r g e e s t a b l i s h m e n t s in l i n e v < i t h t h ose o f s m a l l and medium 
s i z e e s t a b l i s h m e n t s f o r a l l t h e c o u n t r i e s . 

I t 3 3 l i k e l y t h a t a c e r t a i n s i z - i roup o f one c o u n t r y 

may e x h i b i t r e t u r n s t o s c a l e s i m i l a r t o those o f a d i f f e r e n t 

s i z e group o f a n o t h e r c o u n t r y . T h i s may be because o f a c o r r e s ­

pondence between such groups whose s i z e s may be comparable or 

whose c o n s t i t u e n t p a r t s may match w i t h each o t h e r . The s m a l l K 

e s t a b l i s h m e n t s o f France a l l o w n e a r l y t h e same r e t u r n s t o s c a l e 

as t h e l a r g e K e s t a b l i shrnen le o f I n d i a . The medium K group o f 

France seems t o correspond t o t h e l a r g e K group o f I s r a e l . 

The r e s u l t s , g i v e n m t a b l e 1 b ( 2 ) f o r t h e t h r e e i n p u t 

Cobb Douglas f u n c t i o n (1b) show t h a t t h e p a t t e r n o f group r e g ­

r e s s i o n s , a f t e r t h e i n t r o d u c t i o n of t h e t h i r d i n p u t M, raw 

m a t e r i e l , compares w e l l w i t h t h e two i n p u t cas°. The p o o l j r e g ­

r e s s i o n f i t i s s u p e r i o r l v t h a t o f group r e g r e s s i o n s . The l a b o u r 

c o e f f i c i e n t i s h i g h l y s i g n i f i c a n t b u t t h e c a p i t a l c o e f f i c i e n t 

i s n o t w h i l e t h e c o e f f i c i e n t o f L emerges s i g n i f i c a n t a t t h e c o s t 

o f b o t h l a b o u r and c a p i t a l f o r a l l t h e groups. The raw m a t e r i a l 

c o e f f i c i e n t shows a d i s t i n c t tendency o f becoming more i m p o r t a n t 

a s ^ e s t a b l i s h m e n t s i z e i n c r e a s e s . I t r i s e s from t h e s m a l l t o t h e 

l a r g e K groups f b r a l l t h e c o u n t r i e s . The r a n k i n g o f t h e 

c a p i t a l c o e f f i c i e n t s i s s i m i l a r t o t h a t o f M w h i l e t h e l a b o u r 

c o e f f i c i e n t behaves as m the two i n p u t case. 

Constant r e t u r n s t o s c a l e are e v i d e n t f o r a l l t n e groups 

though t h e l a r g e K croups o f I n d i a , I s r a e l and Japan sho^ r e t u r n s 

t o s c a l e on t h e i n c r e a s i n g s i d e . The p a t t e r n resembles t h a t o f 

the two i n p u t case. 
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The Three I n p u t Cobb Douglas F u n c t i o n w i t h Two Labour I n p u t s 

We w a l l now c o n s i d e r t h e group r e g r e s s i o n r e s u l t s 

w i t h t h e h e l p o f a t h r e e i n p u t Cobb Douglas f u n c t i o n , 

u s i n g n e t c a p i t a l a s s e t s K and two l a b o u r i n p u t s 

o b t a i n e d by d i v i d i n g t o t a l l a b o u r i n t o two p a r t s c o r r e s ­

p onding t o two q u a l i t i e s o f l a b o u r . Two cross c l a s s i f i ­

c a t i o n s o f t o t a l l a b o u r are used. D i r e c t labour,L-^ and 

i n d i r e c t l a b o u r , L-j- add up t o t o t a l l a b o u r , ! w h i c h i s 

a l s o t h e t o t a l o f educated l a b o u r , L R and o t h e r l a b o u r L Q . 

Table 2, appendix or t a b l e 2b(1) h e r e w i t h g i v e s 

t h e group r e g r e s s i o n r e s u l t s a l o n g s i d e those o f p o o l 

r e g r e s s i o n s m t h e case o f t h e Cobb Douglas f u n c t i o n s 

V = A D I K L D (2a) 
0<£O h . . 

Y = AE0 K \ L 0 ^ 

The s t a t i s t i c a l r e s u l t s f o r t h e ex p r e s s i o n s 

(2a) and (2b) resemble each o t h e r l r some r e s p e c t s . 

The c o e f f i c i e n t s o f c a p i t a l are p r a c t i c a l l y equal i n 

a l l t h e cases and t h e r o l e o f d i r e c t l a b o u r i s p l a y e d by 

o t h ? r l a b o u r w h i l e t h e r o l e o f i n d i r e c t l a b o u r seams t o 

cor r e s p o n d t o t h a t o f educated l a b o u r , m most cases 

T h i s i m p l i e s thr>t m t h e a c t u a l r u n n i n g o f c m a n u f a c t u r i n g 

e s t a b l i s h m e n t , educated l a b o u r m o s t l y p l a y s t h e p a r t o f 

i n d i r e c t l a b o u r . 

Comparing t h e r e s u l t s > i t h t h e two i n p u t Cobb 

douglas f u n c t i o n r e s u l t s , we f i n d t h a t vvh.il e <X i s 

n e a r l y equal t o or ^-R-Q , t h e sum ^ + ^ or t h e 

sum |2)Q o f t h e l a b o u r c o e f f l c i e n t s o n e a r l y equal t o ̂  . 

http://vvh.il
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T h i s s i t u a t i o n , b e i n g common t o a l l t he c o u n t n - s , 

may b 3 g e n e r a l i s e d and c o n s i d e r e d t o be t h i r u s u a l 

f e a t u r e and s u p p o r t s the h y p o t h e s i s o f a u n i f o r m p a t t e r n 

m t h m a t t e r o f d i s t r i b u t i o n o f t o t a l l a b o u r share 

between d i r e c t and i n d i r e c t l a b o u r . But, a l t h o u g h t h ^ 

p a t t e r n i s t h same, t h e v a l u e s o f t h e shares arc- n o t . 

The i n e q u a l i t i e s o f income d i s t r i b u t i o n between 

d i r e c t and i n d i r e c t l a b o u r are obvious m t h e case o f 

I s r a e l , and mor. p a r t i c u l a r l y m th> case o f I n d i a where 

the wages f o r i n d i r e c t l a b o u r are g e n e r a l l y c x t r e m i l y 

low. I n t h e case o f France, Japan and Y u g o s l a v i a , 

i n d i r e c t l a b o u r i s w e l l p a i d . I n t h e case o f mor- advanced 

countries,, as t h e e s t a b l i s h m e n t s i z ^ i ncre ast-r ? the- p r o p o r t i o n 

of d i r c t t o i n d i r e c t l a b o u r s h a r t dt-cr ascs as can br 

se-n from th<~- r e s u l t s f o r Y u g o s l a v i a and France. I t may b~ 

s u r m i s e d t h a t w i t h t h e passage- o f t i m and f u r t h e r i n d u s ­

t r i a l i s a t i o n t h f s s i t u a t i o n b-com^s the comi on f - a t u r ^ 

o f a l l t h e c o u n t r i e s . A pro p e r v e r i f i c a t i o n o f t h i s pos­

s i b i l i t y r - q u i r ^ s an i a n a l y s i s o f s i m i l a r d a t a m a l a t - r 

p e r i o d o f t i m e . 

The constancy o f r e t u r n s i s p r o ved, once a g a i n , as 

m t h e two i n p u t case, f o r a l l t h e groups except s m a l l K 

group , I s r a e l ? a n d medium K group, Y u g o s l a v i a . <ven 

m these cases , t h e pool r e g r s s i o n s c o n t i n u e t o show 

constancy o f r e t u r n s . 

D e s p i t e q u a n t i t a t i v e d i f f e r e n c e s , t h e p a t t e r n o f 

v a r i o u s charactor-1 s t i cs m d i f f e r e n t c o u n t r i e s shows 

u n i f o r m i t y when analysed w i t h t h e h e l p o f two i n p u t and 

t h r e e i n p a t Cobb Douglas f u n c t i o n s . 
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Kmenta A p p r o x i m a t i o n and T r a n s l o g P r o d u c t i o n F u n c t i o n 

The l e f t s i d e o f t a b l e 3, appendix, shows t h e group 
r e g r e s s i o n r e s u l t s a l o n g s i d e those o f t h e p o o l r e g r e s s i o n 

f o r t h e Kmenta a p p r o x i m a t i o n 

I n V = I n f + v i l n K + iJ (1 — b ) l n L - H ( I n K / L ) 2 (3a) 
= I n f k + o< Kln K + ^ l n 1 + ^ ( l n K / L ) 2 

The f i t s are s a t i s f a c t o r j r and t h e c o e f f i c i n t s o f K 

and I f o l l o w t h e same p a t t e r n as t h a t o f t h e p o o l J r e g r e s s i o n , 

t h a t i s , t h e c o e f f i c i e n t s o f c a p i t a l a re n o t s i g n i f i c a n t 

but those o f l a b o u r art.. The came i s t r u e o f t h e a d d i t i o n a l 

t erm ( i n K/L) whose c o e f f i c i e n t s a re n o t s i g n i f i c a n t a l o n g 

w i t h t h o s e o f I' , m - most cases", except i n t h e case o f 

l a r g e K r r o u p s o f France,Japan and Yugoslavia.. T h i s i m p l i e s 

t h a t c a p i t a l - l a b o u r r a t i o does p l a y an i m p o r t a n t r o l e m 

l a r g e e s t a b l i s h m e n t s . I n d i a and I s r a e l do n o t come i n t o t h e 

p i c t u r e because, r e l a t i v e l y speahmg, t h e i r e s t a b l i s h m e n t s 

cannot be s a i d t o be l a r g e enough. 

The h y p o t h e s i s o f c o n s t a n t r e t i r n s ~n s c a l e i s n u ^ x i f i f rl 
of 

i n t h e case pool e d d a t a and a l s o i n t h e case o f s m a l l and medium 

K groups b u t n o t i n t h e case o f l a r g e K groups o f France 

and Japan For France, i t i s d i m i n i s h i n g r e t u r n s t o s c a l e 

and f o r Japan, i t i s i n c r e a s i n g r e t u r n s t o s c a l e . Fxcept f o r 

these cases, t h e r e i s s u p p o r t f o r t h e h y p o t h e s i s o f c o n s t a n t 

r e t u r n s t n s c a l e f o r a l l t h e groups o f t h e c o u n t r i e s b e i n g 

s t u d i e d . 

As can be seen from t h e r e s u l t s t h e r e i s a p o s s i b i l i t y 

o f h i g h c o r r e l a t i o n between some o f t h e e x p l a n a t o r y v a r i a b l e s 

i n group r e g r e s s i o n s . rj-he presence o f m u l t i c o l l m e a r i t y Ccnnot 

be r u l e d r u t . 
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As mentioned i n t h e l a s t c n e r t e r t h e group 

r e g r e s s i o n r e s u l t s f o r the t r a n s l o p f u n c t i o n ore g i v ^ n m 

t h J appendix t a b l e 3. However, "che a n a l y s i s o f c o v a n a n c e 

r e s u l t s based on t h e t r a n s l o g f m i c t i o n w i l l be g i v e n m 

th e n e x t c h a p t e r . 

G^Sl and Ĝ SK 

The l e f t b i d e o f t a b l e 4, a r p e n d i x g i v e s t h e r e s u l t s 

f o r t h e GTSTi r e l a t i o n winch ' / i l l be c o n s i d e r e d a l o n g 

w i t h t h e C~.SK r e l a t i o n t h e r e s u l t s f o r e<hich^on t h e l e f t 

s i d e o f t a b l e 5, appendix. The two r e l a t i o n s are 

CFSL I n V / I = o L + b L I n w (4a) 

CFSK I n V/K = B T + b K I n r (5a) 

Fach o f these two r e l a t i o n s i s e i t h e r a d e s c r i p t i o n o f 

http://C~.SK


Table 4b(1) 

P l a s t i c i t i e s o f S u b s t i t u t i o n b-̂  and b̂ - Obtained f r o m 
C.23L and CTJSK F u n c t i o n s 

France I n d i a I s r a e l Japan Y u g o s l a v i a 
b L \ \ \ b L \ \ \ b I V 

A l l i81.___._78___._79 _Z5____87____8____85___62__1_36___86_ 

Small K .78 .50 .94 .73 .80 .59 .58 .36 1.36 .87 

Medium K .63 .80 .94 .85 1.08 .69 1.06 .49 1.46 .77 

l a r g e K .96 .85 .22 .57 .78 1.01 .94 .87 1.21 .98 

Pote. The t - v a l u e s a re a l l s t a t i s t i c a l l y s i g n i f i c a n t , 
a t 5$ l e v e l o f s i g n i f i c a n c e . 

t h a wage r a t e e x p l a i n i n g l a b o u r p r o d u c t i v i t y m money terms 

or t h a t o f t h e r a t e o f r e t u r n on c a p i t a l e x p l a i n i n g c a p i t a l 

p r o d u c t i v i t y m rnom-y terms. 

The f i t s a re n o t v e r y good tnough t h e y are b e t t e r i n 

t h e case o f OTSK. The r e g r e s s i o n c o e f f i c i e n t s , b-̂  and b̂ -.. w h i c h 

s t a n d f o r t h e e l a s t i c i t y o f s u b s t i t u t i o n i n each case a r e 

s i g n i f i c a n t f o r a l l t h e groups o f a l l t h e c o u n t r i e s . The v a l u e s 

of b^ and are g i v e n i n t a b l e 4 b ( i ) . The CESK g i v e s l o w e r 

e s t i m a t e s o f t h e e l a s t i c i t y o f s u b s t i t u t i o n t h a n does t h e CES1 

f o r almost a l l t h e groups. T h i s s u p p o r t s Pederson's(1972) 

h y p o t h e s i s t h a t bj, s h o u l d be l e s s t h a n b^. Another c o n t e n t i o n 

o f Pederson i s a l s o s u ^ n o r t ^ d m t h a t almost a l l b^ v a l u e s 

are l e s s t h a n u n ' t y . 

I n the case o f poo's r e g r e s s i o n ^ t h e e l a s t i c i t i e s o f 

s u b s t i t u t i o n f o r a l l t h e c o u n t r i e s , except Y u g o s l a v i a , were 

found t o be c l o s e t o each o Lh t r as d e r i v e d from 0_,SL and CFSK. 

http://i81.___._78___._79
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For most o f t h e groups, t h e d i f f e r e n c e between t h e 

v a l u e s o f b-̂  and b^ i s f a i r l y l a r g e and does n o t 

seem t o f o l l o w any p a t t e r n . T h i s i s because i h e s i z e 

o f e s t a b l i s h m e n t and t h e l e v e l o f economic development 

o f e^ch c o u n t r y e o n t r i b u t e s d e c i s i v e l y t o t h e d i f f e r e n c e . 

T h i s a l s o i m p l i e s t h a t , as n o t i c e d i n c h a p t e r t h r e e , 

th e n a t u r e o f wage r a t e and r a t e o f r e t u r n depends on 

th e c o u n t r y t o w h i c h t h e y b e l o n g . The v a l u e s o f 

e l a s t i c i t y o f s u b s t i t u t i o n o b t a i n e d from (4a) and ( 5 a ) , 

t h e r e f o r e , v a r y a c c o r d i n g t o t h e e x t e n t t o w h i c h t h e 

economic f o r c e s a s c e r t a i n themselves m t h e f a c e o f 

t e c h n i c a l f a c t o r s . 

The average e f f e c t o f t h e poo] r e g r e s s i o n v a l u e s 

of b-̂  and b^ suggests t h c t t h e p o o l e d d a t a r a t h e r t h a n 

the group d a t a , can w e l l r e p r e s e n t t h e i m p o r t a n t aspects 

o f xhe menufactux indus t r y w i t h i n each c o u n t r y . 

A g e n e r a l i s a t i o n about t h e v a l u e s o f the e l a s t i c i t 

o f s u b s t i t u t i o n may be d i f f i c u l t b u t i t can be s a i d t h a t 

except f o r t h e G7SL case of Y u g o s l a v i a , the v a l u e s a r e , 

i n d e e d , on t h e l o w e r s i d e o f u n i t y f o r t h e p o o l as 

w e l l as group r e g r e s s i o n s . As the group s i z e i n c r e a s e s , 

the e l a s t i c i t y o f s u b s t i t u t i o n v a l u e s t a n d t o go up 

though i t i s d i f f i c u l t t o g i v e a h a r d and f a s t r u l e f o r 

t h i s . The movement o f t h e b^ v a l u e s i s r e l a t i v e l y more 

smooth t h a n t h a t o f the b T v a l u e s . W i t h t h e e x c e p t i o n 
11 

o f t h e l a r g e Y group of I n d i a , t h e b̂ - v a l u e s r i s e , 

as t h e group s i z e r i s e s , m a more d e c i s i v e manner 

than t h e b T v a l u e s . I t may be remembered 
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t h a t t h e g r o u p i n g o f t h e e s t a b l i s h m e n t s i s based on K v a l u e s . 

T h i s means t h a t t h e e l a s t i c i t y o f s u b s t i u t i o n depends on K, 

and p o s s i b l y on K / l . But t h e e x t e n t and manner o f dependence 

dc n o t seem t o be p r e d i c t a b l e or i d e n t i c a l f o r d i f f e r e n t 

c o u n t r i e s . Perhaps, i t may be p o s s i b l e to make s i m i l a r remarks 

about t h e dependence o f b-̂  on 1 or L/K i f t h e da t a are regrouped 

a c c o r d i n g t o t h e L v a l u e s . I t may be contended t h . i t t h e 

e l a s t i c i t y o f s u b s t i t u t i o n depends on b o t h K / l and L/K. I t i s 

on t h e b a s i s o f t h i s c o n t e n t i o n t h a t we developed t h e p r o d u c t i o n 

r e l a t i o n g i v e n on page 86 m c h a p t e r two. 

As f o r some d i f f e r e n t r e s u l t s o b t a i n e d m t h e case o f 

Yugoslav e s t a b l i s h m e n t s i t s h o u l d be remembered t h a t t h e y seem 

t o work und'-r c o n d i t i o n s d i f f e r e n t from those i n c a p i t a l i s t 

e s t a b l i s h m e n t s . They are l a b o u r managed and are c o n s t r a i n e d 

t o make t h e best u t i l i s a t i o n o f r e s o u r c e s , even i f i t has t o 

be f o n e by w i t h h n l d m g p r e s e n t consumption m f a v o u r o f c a p i t a l 

f o r m a t i o n . Moreover, t h e y have no c a p i t a l o f t h e i r own ^ h i c h 

i s a l l borrowed and aJds s u b s t a n t i a l l y t o t h e i r r e s p o n s i b i l i t y . 

I n s p i t e o f d i f f e r e n t v a l u e s o f r e g r e s s i o n c o e f f i c i e n t s 

o b t a i n e d f o r d i f f e r e n t groups w i t h i n each c o u n t r y V J L h t h e 

h e l p o f (4a) and ( 5 a ) , i t cannot be a s s e r t e d t h a t t h e groups 

are s t r u c t u r a l l y d i f f e r e n t , l h e homogeneity o f t h e groups 

can be decided by means of a n a l y s i s o f w v a n a n c e i n t h e 

nex t c h a p t e r . But we have been a b l e t o n o t i c e , w i t h t h e h e l p 

o f t h e CESL and CESK r e l a t i o n s , t h o t t h e r e are some p r o d u c t i o n 

c h a r a c t e r i s t i c s which may be found i n a l l t h e c o u n t r i e s u n i f o r m l y . 

On t h e b a s i s o f p o o l as / ' e l l as group r e g r e s s i o n s , 

i f we were t o make a c h o i c e between t h e CES1 and CESK f u n c t i o n s , 

we may say t h a t the - r a i l performance o f CESK i s b e t t e r t h a n 

t h a t o f t h e CESL i n t h a t i t g i v e s a b e t t e r f i t and more c o n s i s ­

t e n t and s i g n i f i c a n t v a l u e s o f t h e r e g r e s s i o n c o e f f i c i e n t s . 

http://th.it
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T h i s i m p l i e s t h a t i n t e r n a t i o n a l comparisons as w e l l as those 

between groups, when based on a p r o d u c t i o n r e l a t i o n i n v o l ­

v i n g c a p i t a l p r o d u c t i v i t y , r e v e a l t he s u b j e c t m a t t e r more 

c l e a r l y t h a n when based on a r e l a t i o n i n v o l v i n g l a b o u r 

p r o d u c t i v i t y . The i n t e r n a t i o n a l market f o r machinery and 

equipment i s q u i t e competitive ;the p r i c e s o f items o f c a p i t a l 

and c a p i t a l p r o d u c t i v i t y t - n d t o be equal i n differgit c o u n t r i e s . 

The CES r e s u l t s a re based on t h e assumption o f 
-I 

c o n s t a n t r e t u r n s t o s c a l e . The Cobb Douglas f u n c t i o n 

i n d i c a t e d constancy o f r e t u r n s t o s c a l e e m p h a t i c a l l y i n 

t h e case o f pooled d a t a but n o t so e m p h a t i c a l l y m t h e 

case o f group d a t a . On t h a t b a s i s , t h e e l a s t i c i t y o f 

s u b s t i t u t i o n as o b t a i n e d from t h e poole d d a t a o f each c o u n t r y 

may be c o n s i d e r e d more r e l i a b l e t h a n those o b t a i n e d from 

groups. Improved v a l u e s o f the e l a s t i c i t y may be expected 

i f a l l owance i s made f o r nonconstancy o f r e t u r n s t o s c a l e 

v n o r e necessary. 

A l t h o u g h b o t h t h e CESL and CESK f u n c t i o n s r e v e a l a 

v a r i e t y o f i n t e r e s t i n g r e s u l t s and p o i n t towards some k i n d 

o f u n i f o r m i t y o f t h e p a t t e r n o f p r o d u c t i o n r e l a t i o n f o r 

d i f f e r e n t c o u n t r i e s , i t has n o t been p o s s i b l e t o come t o 

any d e f i n i t e c o n c l u s i o n s . Both s u f f e r from i nadequate 

e x p l a n a t o r y pow;->r and t h e a d d i t i o n o f a t e c h n i c a l e x p l a n a t o r y 

v a r i a b l e may be expected t o improve t h e r e s u l t s . T h i s takes 

us t o a c o n s i d e r a t i o n o f t h e VESL and VZSL r e l a t i o n s . 

1 I f t h e r e are nonconstant r - t u r n s t o s c a l e , we can 
use t he m o d i f i e d r e l a t i o n d i s c u s s e d e a r l i e r 

I n V/L = c o n s t . + <f I n w + (1 - 4 ) I n V 
The assumption o f c o n s t a n t r e t u r n s t o s c a l e s e t s the l a s t 
c o e f f i c i e n t m t h i s e q u a t i o n zero. 
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V^SL and VTSK 

The m i d d l e c a r t s o f t a b l e s 4- and 5 m the appendix, 

gave t h e r e s u l t s o b t a i n e d f o r t h e VTSL1 and VTSK1 r e l a t i o n s 

F S I 1 I n V/L = a L 1 + b ^ l n w + c L 1 l n K/L (4b) 

V^SK1 I n V/K = a R 1 + b ^ l n r + c F 1 ± n L/K (5b) 

The f i t s f o r t h e groups a r e good and the r e g r e s s i o n 

c o e f f i c i e n t s a re a l l s t a t i s t i c a l l y s i g n i f i c a n t though t h e 

o v e r a l l performance o f the VF.SK1 i s b e t t e r t h a n t h a t o f VHSLI . 

The i n p u t r a t i o comes out as an i m p o r t a n t e x p l a n a t o r y 

f a c t o r b o t h m t h e case o f "VT.SL1 and VLSK1 . I t s i n c l u s i o n 

as an a d d i t i o n a l e x p l a n a t o r y f a c t o r seems t o l e a d t o an 
1 

improvement o f r e s u l t s . The a d d i t i o n o f the t e c h n i c a l f a c t o r 

K /L(or L/K) m t h e CLS r e l a t i o n does n o t suggest a f a l l 

m the importance o f w(or r ) . I n most cases t h e 

c o e f f i c i e n t s o f w remain p r a c t i c a l l y t h e same as i n t n e 

case o f C"SL and t h e c o e f f i c i e n t s o f r r e g i s t e r a s l i g h t 

f a l l m s e v e r a l cases. 
There i s a prominent improvement m f i t m a l l the 

groups and tht- c o e f f i c i e n t s o f w ( o r r) and K/L(or L/K) 
are a l l s i g n i f i c a n t . 

A c c o r d i n g t o G r i l l i c h e s ( 1 9 6 7 ) ( i n V Brown(7d.),The 
Theory and 'Fmp i r i c a l A n a l y s i s o f P r o d u c t i o n ) , t h e r e may be 
an i d e n t i f i c a t i o n problem here. A l s o , a c c o r d i n g t o him 
s i n c e a l l t h e e f f e c t s o f w ar e c o n t a i n e d m K/L, i t s 
c o e f f i c i e n t s h o u l d n o t o n l y be s i g n i f i c a n t b u f ' s h o u l d 
a c t u a l l y swamp t h e e f f e c t o f w" Since K/L i s r a r e l y 
"measured w i t h o u t e r r o r and w i s r e l a t e d t o t h e 
s y s t e m a t i c component o f K/L, t b e l a t t e r v a r i a b l e may 
pe r f o r m as a proxy f o r t h e c o r r 'ct K/L measure* and 
no t be f o r c e d o u t . " 

A c c o r d i n g to N e r l o v e ( 1 9 6 7 ) , "what remains s t r i k i n g 
i s t h e d i v e r s i t y o f r e s u l t s and t h e i r s e n s i t i v i t y t o 
s m 3 l l changes m tbv s p e c i f i c a t i o n o f t h e e q u a t i o n f i t t e d 
or o f t h e data used.-"Nerlove suspects t h e p o s s i b i l i t y o f 
c o l l m e a n t y w h i c h we n o t i c e i s n o t t h e case w i x h our r e s u l t s 
F oreover, we f i n d t h c t t h e c o r r e l a t i o n between w and K/L 
i s v e r y poor f o r a l l t h ^ c o u n t r i e s . 



Table 4b(2.) 

A Comparison o f t h e C o e f f i c i e n t s o f 

CESL V^SL1 CFSK VKSK1 

*L b L 1 CL1 \ \ 1 CK1 
Coef. o f Coef. o f Coef. o f Coef. o f 

w V/ K/L r r L/K 
Franc e 

.81 .75 .18 A l l .78 .36 .62 

.78 .72 .08 Small K .50 .21 .72 

.63 .61 .15 Medj urn K .80 .34 .65 

.96 .79 .21 Large K .85 .58 .42 
I n d i a 

.79 .50 .37 A l l .75 .57 .32 

.94 .85 .21 Small K . 73 .63 .34 

.94 .93 .19 Keda urn K .85 .63 .41 

.22 .02 .52 l a r g e K .57 .45 • ~> ^ 

I s r a e l 
.87 .84 .09 A l l .89 .43 .50 

.8C .79 .05. Small K .59 .31 .74 
1.08 .86 .19 I'leda urn K .64 .44 .47 
.78 .78 .26 Large K 1.01 .63 .55 

Japan 
.85 .6? . 39 A l l .62 .51 .47 

.58 .56 .54 Small K .36 .43 .51 
1 .06 .85 .59 Medium K .49 .54 .47 
.94 .84 .33 Large K .87 .63 .37 

Y u g o s l a v i a 
1 .36 1 .12 .25 A l l .86 .67 .33 
1 .36 1 .32 .01 Small K .87 .62 .39 
1.46 1 .16 26 Medium K .77 .60 .34 
1 .21 .99 .36 l a r g e L .98 .80 .23 

A l l t - v a l u e s eycept t h o s e m t ' e u n d e r l i n e d cases are s i g n i f i c a n t , 
a t 5 f l e v e l o f s i g n i f i c a n c e . 
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The e m p i r i c a l r e s u l t s f o r t h e V1SL1 a .d t h ? VESK1 

r e l a t i o n s , a re g i v e n i n a summary form m t a b l e 4b(2). 

I t shoves t h e c o n t r i b u t i o n o f t h e i n p u t r a t i o m t h e 

VXSL1 YISK1 r e l a t i o n s i n t h e case c f a l l t h e groups and 

f o r a l l t h e c o u n t r i e s i n our s t u d y I t i s q u i t e l i K e l y 

t h a t t h e V7S1i and t h e VTSK1 r l a t i o n s may p r o v i d e good 

r e s u l t s m t h e case o f t h e data o f o t h e r c o u n t r i e s as v / e l l . 

Between t h e two movements from t h e DESL t o t h e VFSL1 and 

from t h e CTSK t o The V^SKI, t h e l a t t e r p r o v i d s b e t t e r 

r e s u l t s on t h e whole. 

I f we compare t h e V^SLI c o e f f i c i e n t s o f w and K/L 

w i t h t h e VESI'I c o e f f i c i e n t s o f r and L/K, w e f i n d t h o t 

i n almost a l l t h e groups, t h e c o e f f i c i e n t o f w a r e l a r r e r 

t h a n those o f K/L b u t t h e c o e f f i c i e n t s o f r are s m a l l e r 

t h a n t h e u o e f f J c i c n t s o f L/K. I f these two f a c t o r s i n t h e 

two p r o d u c t i o n r e l a t i o n s c o u l d be l i k e n e d t o t h e t',To 

i n p u t s m t h e case o f t h e Cobb Douglas f u n c t i o n , a 

s i m i l a r i t y m t h e v a l u e s as v / e l l as t h e p a t t e r n o f t h e 

v a l u e s o f these c o e f f i c i e n t s can be e a s i l y n o t i c e d . 

However, t h i s i s suggested o n l y as a rough analogy 

b u t i t h e l p s t o see t h a t whatever The form i n w h i c h 

a p r o d u c t i o n r e l a t i o n i s expressed, t h e presence o f t h e 

two f a c t o r s , c a p i t a l and l a b o u r , m some form or o t h e r 

i n t h e p r o d u c t i o n r e l a t i o n i s d i f f i c u l t to a v o i d . 

T h i s i s not ii pant t o i m p l y t h a i t h i change from t h e Cobb 

Douglas r e l a t i o n t o t h e VTS r e l a t i o n has n o t h i n g d i f f e r e n t 

t o o f f e r . 
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The "VTS r e l a t i o n i s a b l e n d o f t h e CPS p r o d u c t i v i t y 
r e l a t i o n and t h e Cobb Douglas r e l a t i o n w i t h c o n s t a n t 
r e t u r n s t o s c a l e . "But i t i s n e i t h e r t h e Cobb Dougla° 
nor t_ie CIS r l a i J on a l t h o u g h botn a r ^ i t s p a r t i c u l a r 
cases. There may be an i d e n t i f i c a t i o n problem he r e , 
as ^ r i l l i c h e s ( 1 9 6 7 ) l p ^ m t s out i f t h e VLS r e l a t i o n i s 
s p l i t i n t o t h e two r e l a t i o n s ( v i z . , t h e Cobb Douglas 
end the Ĉ ]S r e l a t i o n s r e f e r r e d to above). 

A u s e f u l c h a r a c t e r i s t i c o f the VPS f u n c t i o n i s 

t h a t i t has t h e o r o p e r t y o f v a r i a b l e e l a s t i c i t y o f 

s u b s t i t u t i o n w h i c h can be u s e f u l m some cases. We 

shoul d n o t be t<~>o concerned w^th what the epeci f1 c 

v a l u e o f e l a s t i c i t y o f s u b s t i t u t i o n a t some mean p o i n t 

i s because i t v > i l l change as one moves along t h e 

i s o q u a n t . What i s i m p o r t a n t i s t h a t t h e r e s u l t i n g 

parameters emanate from a variabl° e l a s t i c i t y o f s u b s t i ­

t u t i o n p r o d u c t i o n f u n c t i o n whose s p e c i a l c h a r a c t e r i s t i c s 

may be e r p e c t e d t o be r e f l e c t e d t o a c e r t a i n e x t e n t 

m these parameters. 

\re now c o n s i d e r t h e r e s u l t s o b t a i n e d from t h e 

e x t e n s i o n o f t h e "VTS11 and VT2SK1 f u n c t i o n s t o the 

V"!"bL2 and V SK2 f u n c t i o n s m t h e case o f group r e g r e s s i o n s 

on t h e same l i n e s as 1 o c done m the case o f p o o l r e g ­

r e s s ) ens. 

The a d d i t i o n o f 1 as a f u r t h e r e x p l a n a t o r y f a c t o r 

m t h e VTSL1 and t h e a d d i t i o n o f K t o t h e V^SKI l e a d t o 

C - r i l l i c h c s ( 1967) , i n M. Brown (~^d), The Theory and 
E m p i r i c a l A n a l y s i s o f P r o d u c t i o n . 
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VrsL2« I n V / l = a ^ + b - ^ l n w + c L 2 l n K / L + d L 2 l n I (4c) 

VTSK2- I n V/K = a ^ + b ^ l n r + c K 2 l n L / K + d R 2 l n K (5c) 

The e m p i r i c a ] r e s u l t s f o r these t 'o r e l a t i o n s 

a r e g i v e n on t h e r i g h t s i d e o f t a b l e s 4- and 5, appendix. 

There i s no n o t e w o r t h y improvement m t h e r e g r e s s i o n 

r e s u l t s and t h e c o e f f i c i e n t s o f L and K are s t a t i s t i c a l l y 

i n s i g n i f i c a n t f o r almost a l l t h groups. At t r u same t i m e , 

th'- V r r e g r e s s i o n c o e f f i c i e n t s o f w,K/L and o f r,L/K 

reia a i n p r a c t i c a l l y u n a l t e r e d m almost a l l t he cases. 

These two e x p l a n a t o r y f a c t o r s , v^K/L or r , I / K , between 

themselves, seem t o manage w e l l t h e e x p l a n a t o r y r e q u i r e m e n t 

o f t h e r e l a t i o n f o r a l l t h e groups m a l l t h e c o u n t r i e s . 

The p a t t e r n i s almost c o n s i s t e n t f o r a l l t he c o u n t r i e s 

and i s s u g g e s t i v e o f t h e u n i f o r m r e a c t i o n o f m a n u f a c t u r i n g 

e s t a b l i s h m e n t d a t a o f a l l t h e c o u n t r i e s t o t h e TFS 

r e l a t i o n i n v o l v i n g these two f a c t o r s . 

So f a r as t h e a n a l y s i s o f group r e s u l t s i s concerned 

we can say t h a t i t i s n o t necessary t o move f r o m t h e VTSL1 

t o the VrSL2 or from the V^SKI t o t h e VrSK2 r e l a t i o n as 

no major improvement seems t o be made m the e m p i r i c a l 

a n a l j r s i s by t h i s . 
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Ĉ S V a r i a t i o n s 

The group r e g r e s s i o n r e s a l t s f o r th o r e l a t i o n between 

t h e i n p u t r a t i o and t h e i n p u t p r i c e r a t i o 

I n K / I = b D I n - ^ y + b^ I n w/r (fea) 

ere on t h e l e f t s i d e o f t a b l e 6. The c o e f f i c i e n t b^ stands 

f o r t h e ' e l a s t i c i t y o f s u b s t i t u t i o n as d e r i v e d from t h i s 

r e l a t i o n and o as the d i s t r i b u t i o n parameter o f t h e CTS f u n c t i o n . 

The r e g r e s s j on f i t s are v e r y j o o r f o r "Che groups. T h i s 

was a l s o the case >/'ith p o o l r e g r e s s i o n s . But except m t h e 

cases o f small and medium groups o f Japan, t h e v a l u e s o f b-̂  

are s i g n i f i c a n t m a l l t h e c a s t s . The n e g a t i v e v a l u e s o f b-̂  

m t h e case o f Japan ar.' a s s o c i a t e d w i t h e x t r e m e l y poor r e g ­

r e s s i o n f i t s . T h i s i m p l i e s t h a t i n t h e s m a l l and medium s i z e 

e s t a b l s h r r e n t s o f Japan, t h e i n c r e a s e i n t h e use o f c a p i t a l 

i s a s s o c i a t e d w i t h a simul t a n e o u s i n c r e a s e i n the q u a n t i t y o f 

l a b o u r . I t a l s o i m p l i e s t h a t t h e r a t e o f r e t u r n on c a o i t a l 

has r i s e n tnor~ t h a n p r o p o r t i o n a t e l y w i t h t h e r i s e i n wage r a t e . 

T h i s i s i n s u p p o r t o f a s i m i l a r c o n c l u s i o n d e n i e d w i t h t he 

h e l p o f t h e Cobb Douglas f u n c t i o n . 

The e l a s t i c i t y o f s u b s t i t u t i o n v a l u e s b-^as o b t a i n e d 

from t h e r e l a t i o n (6a) are comparable w i t h t h e v a l u e s b-̂  as 

o b t a i n e d from t h e OTSL r e l a t i o n ( ^ a ) . I f we l e a v e o u t 

Y u g o s l a v i a , t h e b-̂  v a l u e s seem t o c l u s t e r around C.8 and t h e 

b-p v a l u e s around 0.6. The s m a l l and medium groups o f Japan 

are an e x c e p t i o n . The v a l u e s o f b^ and b-̂  are r e l a t i v e l y 

h i g h e r m t h e cas_ o f Y u g o s l a v i a . 

The r e l a t i o n (4a) i s c o n s t r a i n e d by t h e assumption o f 

c o n s t a n t r e t u r n s t o s c a l e w h i l e (6a) i s f r e e f r o m such a 

r e s t r i c t i o n and does n o t c o n t a i n t h e v a l u e added v a r i a o l e . 

" T h i l e t h i s s h o u l d be c o n s i d e r e d a m e r i t o f ( 6 a ) , some d i f f i c u l t y 



- r i s e s ivhen an economic f s c t o r l i k e w/r i s used t o e x p l a i n 

a t e c h n i c a l f a c t o r l i k e K / l . Lven i f (6a) may be t h e o r e t i c a l l y 

a b e t t e r r e l a t i o n , t h e CrSl r e l a t i o n ( 4a) seems t o fax a b e t t e r 

because i t i n c o r p o r a t e s t h e constancy o f r e t u r n s t o s c a l e v^hi ch 

may be c o n s i d e r e d t o be a f e a t u r e o f our d a t a or because t h e 

e x p l a n a t i o n o f l a b o u r p r o d u c t i v i t y by wage r a t e i s a b e t t e r 

method o f d e s c r i b i n g t h e s t a t e o f a f f a i r s m t h e data 

The r e l a t i o n s h i p between t h e f a c t o r share r a t i o wL/rK 

and t h e i n p u t r a t i o K / l g i v e n by 

I n wL/rK = I n i ^ J - + I n K/L (6b) 

where bg i s t h e i n p u t e l a s t i c i t y o f s u b s t i t u t i o n m t h i s r e l a t i o n , 

i s a s t r a i g h t d e r i v a t i o n from t h e r e l a t i o n (6a) and may be 

expected t o g i v e e m p i r i c a l r e s u l t s comparable w i t h those o f ( 6 a ) . 

The m i d d l e p a r t o f t a b l e 6, a j p e n ^ i x , g i v e s t h e d e t a i l e d 

r e s u l t s f o r ( 6 b ) . Table 6b(1) g i v e s t h e va l u e s o f bg a l o n g w i t h 

the v a l u e s o f b-^, b-̂  and by, t h e l a s t o f which w i l l be 

o b t a i n e d f r o m t he r e l a t i o n ( 6 c ) whose d e t a i l s w i l l soon f o l l o w . 

The r e l a t i o n (6b) produces poor r e g r e s s i o n f i t s a l t h o u g h 

the v a l u e s o f r e g r e s s i o n c o e f f i c i e n t s are a l l s i g n i f i c a n t 

w i t h o n l y one e x c e p t i o n . The range o f v a l u e s o f t h e r e g r e s s i o n 

c o e f f i c i e n t s f o r a l l t h e groups remain w i t h i n r e a s o n a b l e 

l i m i t s , t h e s m a l l and medium group o f Japan are t h e e x c e p t i o n s 

which remind us o f a s i m i l a r s i t u a t i o n o b t a i n e d w i t h ( 6 a ) . 

The h i g h v a l u e s of t h e r e g r e s s i o n c o e f f i c i e n t s i n th e s e two 

cases suggest t h a t i n t h e s m a l l and medium s i z e e s t a b l i s h m e n t s 

o f Japan, t h e share o f l a b o u r has n o t gone up w i t h t h e r i s e 

i n c a p i t a l i n t e n s i t y . T h i s was a l s o the c o n c l u s i o n drawn from 

(6a) and t h e Cobb Douglas f u n c t i o n 

I n t h e a p p r a i s a l o f v a r i o u s t e c h n i c a l and economic 

v a r i a b l e s i n c h a p t e r xhree, t h e f a c t o r share r a t i o , w L / r K 



Table 6 b (1) 

The Values of E l a s t i c i t i e s of S u b s t i t u t i o n Obtained from 

( 4 a ) ( 5 a ) ( 6 a ) ( 6 b ) ( 6 c ) 

Franc e _Pooled__ j L8l ^78 ,_66 1_. 87 ..80 
Small K .78 .50 .39 1.42 .78 

Medium K .6? .80 65 1.72 .70 
Large K .96 .85 .7^ 1.93 .94 

I n d i a _?ooled _ _ _ L 7 9 ..75 1^32 

Small K . 9 4 . 7 3 .46 1 . 6 7 . 9 7 

Medium K .94 .?5 . 6 9 1.66 1 . 0 3 

l a r g e K . 2 2 . 5 7 . 2 9 2 . 2 7 .12 

I s r a e l _?ooled__ ._87 i§9 ..79 1-.41 ..88 
Small ¥ .80 .59 .37 1 .85 .85 

Medium K 1.18 .64 .61 1 . 32 1 .C1 
Large K .78 1.01 .65 2.22 .66 

Japan _ l c o l e d _ _ i & 5 ^62 ^32 4 ..00 ,_63 
Small K .53 .36 .j_0 -7.69 .58 

Medium K 1 .06 .49 .j_2 -9.09 .48 
Large K .94 .87 .76 2.17 .67 

Y u g o s l a v i a _?ooled_1_. 36 ..86 ^97 1 .72 1^26 
Small K 1.36 .87 .79 1 . 2 5 1 . 3 4 

Medium K 1 . £ 6 .77 .62 1 . 7 3 1 . 45 

Large K 1.21 . 9 8 1.07 1.93 1.36 
A l l t v a l u e s except those m t h e u n d e r l i n e d cases are 
s i g n i f i c a n t a t 5/' l e v e l 

Note. I n V/L = a L + b-j-ln w ( 4 a ) 

I n V/K = a^ + b g l n r ( 5 a ) 

I n K/L = a-rj + w/r (6a) 

I n wL/rK = a Q + l±*ln K/L (6b) 

I n L = a v - b v l n w + c v I n V ( 6 c ) 
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was found t o l i e somewhere near t h e m i d d l e o f our 
t e c h n i c a l - e c e n o n i c spectrum. I t s v a l u e seems t o f l u c t u a t e 
under t h e i n f l u e n c e o f economic f o r c e s . But t h e r e are no 
major f l u c t u a t i o n s between t h e groups o f t h e same c o u n t r y , 
t h r Japanese, groups b e i n g an e x c e p t i o n . I t s h o u l d be p o s s i b l e 
t o e s t a b l i s h t h i s u n i f o r m i t y more f i r m l y w i t h t h e h e l p o f 
a n a l y s i s o f c o v a r i a n c e 

The r e l a t i o n ( 6 b ) , w h i c h amounts t o - y p l a m m g an 

economic v a r i a b l e w i t h t h e h e l p o f a t e c h n i c a l v a r i a b l e , 

a l t h o u g h s t a t i s t i c a l l y n o t v e r y s u c c e s s f u l f o r our d a t a , 

u n f o l d s more c l e a r l y what w:s o b t a i n e d e a r l i e r w i t h o t h e r 

r e l a t i o n s . I t i s u s e f u l because i t b r i n g s m e x p l i c i t l y , t h e 

problem o f e x p l a i n i n g f a c t o r shares m a p r o d u c t i o n r e l a t i o n 

I n th° c o n t e x t o f a d i s c u s s i o n o f v a r i o u s s i m u l t a n e o u s 

e q u a t i o n s d i f f i c u l t i e s w hich nay a r i s e m th e e s t i m a t i o n 

of CrS p r o d u c t i o n f u n c t i o n s , N e r l o v e ( 1 9 6 7 ) suggests t h a t i t 

i s s i m p l e r t o use (6a) i f data are a v a i l a b l e . The e q u a t i o n 

"does n o t i n v o l v e f and so must h o l d e x a c t l y u n l e s s t h e r e 

are i m p e r f e c t i o n s m p r o f i t m a x i m i s a t i o n . These i n t u r n 

might mak- i t i m p o s s i b l e t o e s t i m a t e ( t h e e q u a t i o n ) by 

o r d i n a r y l e a s t squares." Y/hat a p p l i e s t o (6a) a p p l i e s t o 

(6b) a l s o . I t i s p o s s i b l e t o soy t h a t t h e r e g r e s s i o n r e s u l t s 

f o r (6a) and (6b) are n o t q u i t e s a t i s f a c t o r y and t h i s might 

be caused, among o t h e r f a c t o r s , by i m p e r f e c t i o n s m p r o f i t 

m a x i n i s a t i o n m d i f f e r e n t groups and d i f f e r e n t c o u n t r i e s . 

I t i s l i k e l y t h a t t h e use o f s i m u l t a n e o u s e q u a t i o n s method 

may improve the r e s u l t s but t h e r e s u l t s a l r e a d y o b t a i n e d show 

t h e prominent i n f l u e n c e o f economic f a c t o r s m b r i n g i n g about 

d i f f e r e n c e s m t h e t e c h n i c a l a c t o f p r o d u c t i o n . 
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A Labour Demand R e l a t i o n 

We noi/ c o n s i d e r t h e l a b o u r demand r e l a t i o n d e r i v e d 

from t h e GTS f u n c t i o n a f t e r a l l o w i n g f o r t h e s p e c i f i c a t i o n 

b i a s . T h i s s h o u l d p o s s i b l y y i e l d more a c c u r a t e e s t i m a t e s 

o f t h e e l a s t i c i t y o f s u b s t i t u t i o n . The r e l a t i o n 

I n L = y n v ( i - i ) / - b v l n w +(v+V^)ln Y ( b e 1 ) 

or I n L = ay - by I n v; + Cy I n V ( 6 c ) 

i s e s s e n t i a l l y an economic r e l a t i o n c o n n e c t i n g demand 

f o r l a b o u r w i t h xhe wage r a t e and v a l u e added, even though 

i t i s based on a t e c h n i c a l r e l a t i o n 

The e m p i r i c a l r e s u l t s a re g i v e n on t h e l e f t s i d e 

o f t a b l e 6, appendix. The summary t a b l e 6b(1) g i v e s t h e 

r e s u l t s a l o n g w i t h those o f some o t h e r r e l a t i o n s . 

P r a c t i c a l l y a l l t h e group r e g r e s s i o n f i t s o b t a i n e d f o r 

t h e r B l a t i o n ( 6 c ) are good and a l l t h e r e g r e s s i o n 

c o e f f i c i e n t s a r c s t a t i s t i c a l l y s i g n i f i c a n t w i t h t h e 

ex c e p t i o n o f t h e s r r a l l and medium est i b l i s h m e n t cases o f 

Japan, t h i s i s i n l i n e w i t h t h e r e s u l t s obtaxned f r o m 

(6a) and ( 6 b ) . Th>~ v a l u e s o f e l a s t i c i t y o f s u b s t i t u t i o n 

a r e , w i t h t h e e x c e p t i o n o f Japan, p r a c t i c a l l y t h e same as 

tho s e o b t a i n e d w i t h t he CIS r e l a t i o n ( 4 a ) . T h i s i m p l i e s 

t h a t t h e c o r r e c t i o n f o r s p e c i f i c a t i o n b i a s i n t e n d e d t o 

be made by ( 6 c ) i s n o t q u i t e necessary. The CLSL r e l a t i o n 

based on t h e assumption o f c o n s t a n t r e t u r n s t o s c a l e seems 

t o be adequate and does n o t need t o be r e p l a c e d by ( 6 c ) . 

Pn i n t e r e s t i n g f i n d i n g from t h e e m p i r i c a l r e s u l t s 

o f ( 6 c ) i s t h a t c v , t h e c o e f f i c i e n t o f I n V, has 
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a v a l u e whi ch i s around u n i t y m t h e case o f p o o l J S w e l l 

as group r e g r e s s i o n s . Once a g a i n , t h i s i m p l i e s constancy 

o f r e t u r n s t o s c a l e m p r a c t i c a l l y a l l t h e cases. A u n i ­

f o r m i t y m t h e n a t u r e o f the parameters o f d i f f e r e n t groups 

w i t h i n each c o u n t r y i s d i s c e r n i b l e b u t i t i s d i f f i c u l t t o 

say i f t h i s u n i f o r m i t y pervades over a l l t h e c o u n t r i e s . 

However, t h e r e a c t i o n o f the m a n u f a c t u r i n g e s t a b l i s h m e n t 

data o f each c o u n t r y t o t h e r e l a t i o n ( 6 c j i s s i m i l a r . 

The r e a c t i o n i s a l s o s i m i l a r t o t h e o t n e r CL'S v a r i a t i o n s 

( 4 a ) , ( 5 a ) , ( 6 a - c ) . 

I n o v e r a l l performance, t h e r e l a t i o n ( 6 c ) win ch i s a 

l a b o u r demand r e l a t i o n , i s s u p e r i o r t o any o f t h e Ĉ S 

v a r i a t i o n s i n c l u d i n g t h e C7SL and C'SK. I t a l s o g i v e s xhe 

e l a s t i c i t y o f a u b s t i t u t i o n e s t i m a t e s f r e e from b i a s . But 

s i n c e t h e n a m r e s u l t s o b t a i n e d from i t and from t h e CESL 

are s i m i l a r f o r cur d a t a , t h e CZ1SL may as w e l l be depended 

upon f o r c e r t a i n c o n c l u s i o n s Between t h e CES1 and t h e C^SK, 

the performance o f t h e C1SK i s d e f i n i t e l y b e t t e r . 

These o b s e r v a t i o n s are from t h e p o i n t o f view o f t h e 

q u a l i t y o f e m p i r i c a l r e s u l t s as o b t a i n e d from t he use o f 

d i f f e r e n t p r o d u c t i o n r e l a t i o n s . But so f a r as t h e 

reaction o f the m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a o f d i f f e r e n t 

c o u n t r i e s i s concerned we f i n d t h a t i t i s p r a c t i c a l l y t h e 

same i r r e s p e c t i v e o f t h e p r o d u c t i o n r e l a t i o n used. 

We w i l l now compare t h e e m p i r i c a l r e s u l t s as 

o b t a i n e d from t he p o o l r e g r e s s i o n s and group r e g r e s s i o n s . 
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The Pool Regressions and The Group Regressions 

I n t h e case o f a l l the c o u n t r i e s under s t u d y , the 

p o o l r e g r e s s i o n s have p r o v i d e d b e t t e r s t a t i s t i c a l f i t s t h a n 

the group r e g r e s s i o n s . They have a l s o produced r e g r e s s i o n 

c o e f f i c i e n t s w h i c h are always s i g n i f i c a n t except m t h e case 

of t h e t r a n s l o g p r o d u c t i o n f u n c t i o n w h i l e t h e r e are s e v e r a l 

cases o f grouj) r e g r e s s i o n c o e f f i c i e n t s b e i n g s t a t i s t i c a l l y 

i n s i g x i i f i c a n t . I t i m p l i e s t h a t t h e p o o l e d d a t a p r o v i d e a 

b e t t e r r e p r e s e n t a t i v e o f and c o n s t i t u t e a more complete s e t 

of o b s e r v a t i o n s from t h e m a n u f a c t u r i n g s e c t o r s o f t h e 

c o u n t r i e s under s t u d y t h a n do t h e group d a t a . We Sc.y t h i s from 

a comparison p o i n t o f view. I t i s n o t meant t o be s a i d t h a t 

t h e q u a l i t y of group r e s u l t s i s poor or t h a t xney e x h i c i x 

h e t e r o g e n e i t y o f s t r u c t u r e w i t h i n t h e c o u n t r i e s under t h e 

s t u d y ; t h i s aspect > i l l be d e a l t V'lth under t h e heading o f 

a n a l y s i s o f c o v a r i a n c e m ch a p t e r seven. Here we have been 

able t o show t h i t i t i s p o s s i b l e t o c a r r y out p r o d u c t i o n 

f u n c t i o n a n a l y s i s w i t h o u t r e f e r e n c e t o i n d u s t r y and t h a t 

m eaningful r e s u l t s can be o b t a i n e d even when t h e c c n s t i t u t - n t 

u n i t s are l o o k e d upon as arranged a c c o r d i n g t o t h e q u a n t i t y 

o f c a p i t a l a s s - t s us_d by them. Other c r i t e r i a t o a r r a n g e 

t h e e s t a b l i s h m e n t s may a l s o be used We d i d c a r r y out t h e 

p r o d u c t i o n f u n c t i o n a n a l y s i s on t h e b a s i s o f o t h e r c r i t e r i a 

and n o t e d c e r t a i n i n t e r e s t i n g r e s u l t s w h i c h were found t o 

depend s i g n i f i c a n t l y on t h e n a t u r e o f t h e c r i t e r i a used. 

As t h e n a t u r e and e x t e n t o f d i f f e r e n c e s m r e s u l t s become 

e v i d e n t more e a s i l y from an a n a l y s i s o f c o v a r i a n c e o f t h e 

group r e g r e s s i o n s , t h e mam r e s u l t s o b t a i n e d from t h e use 

o f o t h e r c r i t e r i a are i n t h e n e x t c h a p t e r . 
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From t h e r e s u l t s o b t a i n e d so f a r we conclude t h a t 

t h e n o n a v a i l a b i l i t y o f data a c c o r d i n g t o s t a n d a r d i n d u s t r i a l 

c l a s s i f i c a t i o n numbers i s n o t n e c e s s a r i l y a handicap and 

t h a t a p r o d u c t i o n f u n c t i o n s t idy can s t i l l be c a r r i e d out 

w i t h u s e f u l r e s u l t s . 
,,fe a l s o n o t e t h a t t h e e x p l a n a t o r y cover o f p o o l 

r e g r e s s i o n s as w e l l as group r e g r e s s i o n s i s p r o m i n e n t l y 

i n c r e a s e d when t h e e x p l a n a t o r y s i d e o f t h e p r o d u c t i o n 

r e l a t i o n c o n s i s t s o f b o t h t e c h n i c a l and economic f a c t o r s . 

Good r e s u l t s may n o t be expected always i n p r a c i c e i f any 

one o f these two t y p e s of e x p l a n a t o r y f a c t o r s i s m i s s i n g 

from t h e p r o d u c t i o n r e l a t i o n . 

The parameters o f t h e p r o d u c t i o n r e l a t i o n s are n o t 

i d e n t i c a l f o r a l l t h e c o u n t r i e s . The impact o f t h e p r e v a l e n t 

p o l i t i c a l system, t h e h i s t o r i c a l f a c t o r and t h e l e v e l o f 

economic development o f t h e c o u n t r y on t h e n a t u r e o f t h e 

e m p i r i c a l r - s u l t s cannot be c o m p l e t e l y r u l e d o u t . For 

i n s t a n c e , t h e n a t u r e o f r e s u l t s i n t h e case ol Y u g o s l a v i a 

can be e a s i l y a t t r i b u t e d t o the p o l i t i c a l f o r c e s though 

even t h e n , t h e p a t t e r n o f r e s u l t s does n o t d i f f e r much 

fro m t h a t of o t h e r c o u n t r i e s . 

We n o t e t h d t m some cases t h e v a r i a t i o n s between 

th e v a l u e s o f group r e g r e s s i o n c o e f f i c i e n t s are l a r g e 

b u t , almost i n v a r i a b l y , x h ^ i r average v a l u e s arc v e r y 

c l o s e t o t h e v a l u e s o f the p o o l r e g r e s s i o n c o e f f i c i e n t s . 

U n f o r t u n a t e l y , t h e group e s t a b l i s h m e n t s i z e s o f d i f f e r e n t 

c o u n t r i e s are n o t t h e same so t h a t the groups may n o t 

be e>pected t o g i v e comparable v a l u e s o f t h e c o e f f i c i e n t s . 

The p o o l r e g r e s s i o n s jven out a number o f d i f f e r e n c e s m 

the group r e g r e s s i o n r e s u l t s . 
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I n s p i t e o f some d i f f e r e n c e s , t h e v a l u e s o f t h e 

parameters o f t h e p o o l r e g r e s s i o n s as w e l l as group 

r e g r e s s i o n s remain ^ i t h i n r e a s o n a b l e l i m i t s , ^ x c e p t m t h e 

case o f Y u g o s l a v i a , t h e v a l u e o f e l a s t i c i t y o f s u b s t i t u t i o n 

i s found t c be around 0.8. The r e t u r n s ±r s c a l e parameter 

m most c a s j s i s around u n i t y . Constant r e t u r n s t o s c a l e 

a r e emphasised more by t h e p o o l r e g r e s s i o n s t h a n by t h e 

group r e g r e s s i o n s . 

Go f a r as t h e a b i l i t y t o r e p r e s e n t t h e m a n u f a c t u r i n g 

s e c t o r o f a c o u n t r y i s concerned, t h e pooled d a t a are 

q u i t e s u p e r i o r t o t h e group d a t a . While t h e p o o l r e g r e s s i o n 

r e s u l t s between d i f f e r e n t c o u n t r i e s can be e a s i l j r compared, 

t h e group r e g r e s s i o n r e s u l t s , based en d i f f e r e n t s i z e s o f 

groups o f d i f f e r e n t c o u n t r i e s are n o t comparable. But a 

comparison o f t h e p o o l r e g r e s s i o n s o f d i f f e r e n t c o u n t r i e s 

makes meaning o n l y i f t h e r e i s s t a b i l i t y o f group 

r e g r e s s i o n s w i t h i n each c o u n t r y . T h i s l e a d s as t o t h e 

a n a l y s i s o f c o v a r i a n c e o f t h e d a t a i n t h e n e x t c h a p t e r . 
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CHAPTMt S^VLN 
ANALYSIS OF CQVARIANCE 

A s a t i s f a c t o r y estimation of a production f u n c t i o n 
f o r the manufacturing establishments of a country,, pooled 
together, i s meaningful i f the u n d e r l y i n g s t r u c t u r e i s s t a b l e . 
Such a s t a b i l i t y may imply the s t r u c t u r a l u n i f o r m i t y of the 
manufacturing sector of the country. 

I f the establishments are d i v i d e d i n t o groups and i f 
a production f u n c t i o n f i t t e d t o each of the i n d i v i d u a l groups 
shows signs of s i m i l a r i t y among the groups as w e l l as v/ith 
the pooled data production f u n c t i o n , the argument of s t a b i l i t y 
and u n i f o r m i t y i s emphuSi^ed. I f the group r e s u l t s f a i l t o 
e s t a b l i s h u n i f o r m i t y m s p i t e of a s a t i s f a c t o r y pooD regression 
there i s s t i l l the p o s s i b i l i t y of u n i f o r m i t y of data m someo ^ 
and not m others unless i t i s c a t e g o n c a l l y proved t h a t 
u n i f o r m i t y and s t a b i l i t y f o r the groups are completely r u l e d 
out. 

We have c a r r i e d out the regression analysis f o r our 
manufacturing establishment data m two paxts. I n the f i r s t 
p a r t , pool regressions have been obtained f o r each country 
and studied m d e t a i l on t h e i r own as w e l l as on a comparative 
basis. Several production f u n c t i o n forms have been used. 
I n the second p a r t , the establishments m each country, have 
been d i v i d e d i n t o three groups and a regression analysis 
s i m i l a r t o the f i r s t one, along w i t h a comparative study, 
has be-^n c a r r i e d out. The same production f u n c t i o n s as m 
the f i r s t p a r t have be^n used here. 
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The Chow Test of E q u a l i t y of Regression C o e f f i c i e n t s 

V/e have d i v i d e d the manufacturing establishment 
data of each country under sxudy i n t o three groups. 
We are i n t e r e s t e d m f i n d i n g i f the group regression 
parameters, which represent the s t r u c t u r a l c h a r a c t e r i s t i c s 
of the resp e c t i v e groups, d i f f e r s i g n i f i c a n t l y from 
one group to another. I n other words, we would l i k e 
to know i f there are any s t r u c t u r a l d i f f e r e n c e s between 
d i f f e r e n t groups of each country. 

Let , \>2 > ^3 stand f o r the vectors of 
the regression c o e f f i c i e n t s of groups one, two and three 
r e s p e c t i v e l y . We i<ish to t e b t the hypothesis b^ = \>2 = "b 
against the a l t e r n a t i v e hypothesis t h a t the regression 
parameters of d i f f e r e n t groups are d i f f e r e n t , or what 
i s the same t h i n g , x n e i r s t r u c t u r a l c h a r a c t e r i s t i c s are 
not the same. 

I f there are n establishments m a country and the 
production f u n c t i o n f i t t e d t o the data has m explanatory 
v a r i a b l e s m the regression equation, we have the Chow 
t e s t t o v e r i f y our n u l l hypothesis b^ = bg =b-^, which 
makes use of the ¥ s t a t i s T I C given oy 

F = (T - jTw)/2(m+1) 
( 2 T ) / ( n - 4 m - 4 ) i - \ i 

where T i s the sum of the squared r e s i d u a l s f o r tie pool 
regression and T̂  i s the sum of the squared r e s i d u a l s of 
the regression f o r group i . The degrees of freedom are 
given by 2(m+1) and n-4m-4. We w i l l make use of t h i s t e s t 
m the analysis of covariance. 
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Analysis of 6ovanan.ce Tables 

There are several sets of tables an the appendix 
which give the a n l y s i s of covariance r e s u l t s based 
on d i f f e r e n t grouping c r i t e r i a . Corresponding to each 
grouping c r i t e r i o n and the f i f t e s n production r e l a t i o n s 
l i s t e d m t a b l e 0, the analysis of covariance r e s u l t s 
are spread over s i x tables as i n the case of pool and 
group regress:on. The r e s u l t s f o r a few c r i t e r i a are 
given b r i e f l y an some consolidated t a b l e s . 

Tables 1A to 6A are based on K groups 
Tables 1B t o 6B are based on I groups 
Tables 1C t o 6C are based on V groups 
Tables 1D t o 6D are based on K/L groups 

Tables 1E onwards are based on miscellaneous grouping c r i t e r i a . 
They are m consolidated form. 

The pool regression analysis m chapter f i v e and 
the group regression analysis m chapter s i x were given 
i n d e t a i l f o r K groups only. On t h ^ same l i n e s and i n 
the same order, the analysis of covariance r e s u l t s w i l l 
be discussed m d e t a i l m the case of K groups. A b r i e f 
account of the analysis of covariance r e s u l t s w i l l 
also be given f o r other grouping c r i t e r i a along w i t h 
some t a b l e s . 

* * * * * * 

http://6ovanan.ce
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The Cobb Douglas Function 

We begin by considering the r e s u l t s of the analysis 
of covariance of the grouped, manufactuing establishment data 
subject to the two and three input Gobi)Douglas f u n c t i o n s 

V = A K*lf (1a) 

Y = AK'L!VM (1b) 
I n both cases the explanatory f a c t o r s are t e c h n i c a l 

v a r i a b l e s and the grouping of the data i s based on K which 
i s a t e c h n i c a l v a r i a b l e but which i s not a dependent 
v a r i a b l e m the equation Under those circumstances we wish 
to know i f there i s homogeneity between groups of 
establishments. 

Table 1A m the appendix shows t h a t p r a c t i c a l l y a l l 
the ¥ values, obtained by analysis of covariance, corres­
ponding to (1a) and (1b) are i n s i g n i f i c a n t . This i m p l i e s 
t h a t the corresponding production f u n c t i o n parameters of 
d i f f e r e n t groups of each country when compared on the basi s 
of Cobb Douglas f u n c t i o n compare w e l l vitli one another. We 
may say t h a t the estimates of regression c o e f f i c i e n t s which 
correspond to one another m d i f f e r e n t groups, are randomly 
d i s t r i b u t e d . T h e grouping does not seem to lead to d i f f e r e n t 
production r e l a t i o n s f o r d i f f e r e n t , .roups and thu pool reg­
ressions f o r the t o t a l manufacturing establishment data of 
each country nay be considered as v a l i d . 

I t i s l i k e l v t h a t the groups may be i n the form of ~ 
co n t i n u i n g segments w i t h the same slope and i n t e r c e p t . I t i s 
also l i k e l y t h a t i n s p i t e of v a r i a t i o n w i t h i n the groups the 

l e v e l l i n g e f f e c t equates slopes and i n t e r c e p t s . I n e i t h e r case 
11.e.even i f some groups show more v a r i a t i o n than otner 

t h e i r s c a t t e r s may remain on the same slope 
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the conclusions remain unaffected. I n p a r t i c u l a r , the 
v a r i a t i o n s w i t h i n the groups represent a wide v a r i e t y of 
experience and the F values are suggestive of the s t a b i l i t y 
of the parameters of the production r e l a t i o n s 

\!e thus f i n d t h a t homogeneity between groups of 
e-'̂ h country 1^ revealed and +he pooled d^ + a of each 
country suggest an underlying s t a b l e s t r u c t u r e when 
the grouping of establishments i s done bj r means of a 
dependent v a r i a b l e l i k e net c a p i t a l assets. I t i s l i k e l y 
t h a t the t e c h n i c a l nature of t h i s v a r i a b l e may also 
be c o n t r i b u t i n g to a b e t t e r r e v e l a t i o n of the homogeneity 
t i n t i s there between groups. Whether t h i s i s so needs 
to b- tested bv means of other dependent v a r i a b l e s or 
other f a c t o r s w i t h d i f f e r e n t charoct - r i s Ixa Thib w i l l 
be done l a t e r . 

V/e conclude from the em p i r i c a l r e s u l t s t h a t the 
use of the Cobb Douglas f u n c t i o n w i t h two and three 
inputs along w i t h a grouping of the data by K, 
f u l l y confirms the presence of homogeneity between groups 
and j u s t i f i e s the po o l i n g of a l l manufacturing e s t a b l i s h ­
ment data f o r the production f u n c t i o n a n a l y s i s . 
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The Cobb Douglas Function w i t h two labour i n p u t s . 

Table 1B, appendix, gives the analysis of covariance 
r e s u l t s corresponding to the three input Cobb Douglas r e l a t i o n s 

V = ÂK L«0 L'X (2a) 
V - A/^LS* (2b) 

where the two types of labour, d i r e c t ) and l j ( i n d i r e c t ) 
add up t o t o t a l labour L which i s also the sun of Lp(educated) 
and LQ(other l a b o u r ) . The analysis of covariance r e s u l t s 
support the hypotheses of the l a s t s e ction very w e l l . 
A l l the explanatory v a r i a b l e s i n (2a) and (2b) are t e c i i n j c a l 
m nature and the grouping c r i t e r i o n K i s t e c h n i c a l too. 
The s t a b i l i t y of the production r e l a t i o n f o r the pool data 
of each country i s more f i r m l y established. I f the analysis 
of covariance r e s u l t s obtained so f a r are meaningful, we may 
expect s i m i l a r r e s u l t s w i t h other production r e l a t i o n s 
under comparable circumstances. 
Kmenta Approximation and the Translog Function 

The explanatory f a c t o r s m the case of Kmenta approxi­
mation and the Translog Production f u n c t i o n are a l l t e c h n i c a l 
i n nature 
I n V = V K + <*K I n K + PK I n L + 6^ ( i n K / L) 2 (3a) 

I n V - f y ^ ^ K ^ l n l'+V^\£u*pTJ\iL)2 + f T l n K.ln L (3b) 
With the grouping c r i t e r i o n K, the s i t u a t i o n resembles, 

i n e i t h e r case, t h a t i n the cas° of the Cobb Douglas 
f u n c t i o n above. The analysis of covariance t a b l e 3A,appendix, 
shows t h a t every F value i s i n s i g n i f i c a n t . This happens i n 
s p i t e of u n s a t i s f a c t o r y regression r e s u l t s . But here we are 
concerned w i t h the s t a b i l i t y of pool regressions and the 
homogeneity between groups which are much i n evidence 
and f u l l y supoort the hypotheses r e f e r r e d to e a r l i e r . 
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CCSL and CFSK 

We now consider the analysis of covarianca 
r e s u l t s given m taLles 4A and 5A, appendix f o r Lhe 
r e l a t i o n s 

CrSL I n V/L = a L + b L I n w (4a) 

GESK I n V/K = + b R I n r (5a) 

Since a separate reasoning may be given f o r the 
CTSK, we w i l l ^ c o n s i d e r the CPSL r e s u l t s . Tne grouping 
i s by K wmch i s not a dependent v a r i a b l e m the GES1 
r e l a t i o n which has an ecrnomic explanatory v a r i a b l e . 
With such a combination of circumstances, homogeneity i s 
revealed m the case of France, I s r a e l and Japan; the 
heterogeneity m the case of I n d i a and Yugoslavia 
may be introduced f o r a v a r i e t y of reasons. I n the 
case of both of these c o u n t r i e s , the d i s t r i b u t i o n of 
establishments, according to grouping by k, i s r a t h e r 
uneven as compared 1o t h a t of any of the other c o u n t r i e s . 
This can be seen from the appendix t a b l e 8. Both 
the oountrit-s make much more use of d i r e c t labour as w e l l 
as i n d i r e c t labour m production than other countries m 
our study. The p a t t e r n of wages i s uneven i n e i t h e r case; 
the d i f f e r e n c e s m wa£ es of two s i m i l a r establishments 
m thes- countries can be l a r ^ e . Moreover, m the 
case of v u g o s l a v i a , t h e e n t e r p r i s e i s worker managed 
and the s i t u a t i o n i s d i f f e r e n t from a c a p i t a l i s t type 
of e n t e r p r i s e . There i s no s p e c i a l i s e d economic administ­
r a t i o n d i r e c t i n g enterprises nor any imperative planning 
of t h e i r a c t i v i t y R e f e r r i n g to the worker managed 
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e n t e r p r i s e i n Yugoslavia, I avi gne( 1 970) ramoks t h a t 
"income d i s t r i b u t i o n i s the chosen ground of s e l f manage­
ment...and the e n t e r p r i s e must f u l f i l i t s s o c i a l o b l i g a t i o n s 
...The purpose of o b l i g i n g t h ^ e n t e r p r i s e to e s t a b l i s h 
funds i s to prevent a l l the revenue being d i s t r i b u t e d to 
workers " 

Coming to the analysis of covariance r e s u l t s f o r 
the CFSK given m the appendix t a b l e 5A, wo f i n d t h a t 
the F values of a l l the countries are S i g n i f i c a n t . This 
may suggest t h a t i f the CKSK i s the r i g h t rel< t i o n f o r 
the data, group homogeneity does not e x i s t i n any of the 
co u n t r i e s . But the reason f o r t h i s heterogeneity may l i e 
elsewhere. Although the grouping v a r i a b l e Y i s not a 
dependent v a r i a b l e yet i t seems to a f f e c t the dependent 
v a r i a b l e j n a systematic manner. As the q u a n t i t y K 
mcrees-s from th>r small K to l a r g e K groups, thu q u a n t i t y 
V/K i n the dependent v a r i a b l e go^s on di m i n i s h i n g thus 
forming three d i s t i n c t groups based more or l e s s on a 
dependent v a r i a b l e . This should lead to the suggestion 
of heterogeneity as would also be the case w i t h the use 
of a dependent grouping v a r i a b l e m any production r e l a t i o n . 
Howe^ex, j f t h : grouping v a r i a b l e , m a d d i t i o n to being 
a p a r t of the dependent v a r i a b l e , also occurs as an 
explanatory v a r i a b l e or as a oart of an explanatory v a r i a b l e , 
the chances of heterogeneity being revealed may be diminished, 
depending upon how f a r any explanatory v a r i a b l e contains 
the e f f e c t of other explanatory v a r i a b l e s . For i n s t a n c e , 
according to G r i l l i c h e s ( 1 9 G 7 ) , a l l the e f f e c t s of w may 
be contained m K/L i n the V^SL r e l a t i o n . 

1 I b i d . 



248 

With the help of t h e GTS production r e l a t i o n s 
(4-a) &nd (5a) as a l s o from the e a r l i e r r e s u l t s i n This 
chapter, we have been able to show t h a t even when 
homogeneity i s known t o be present m the data, the 
method of grouping can introduce heterogeneity A proper 
choice of a grouping v a r i a b l e i s essentia] t ^ r e veal 
the presence of homogeneity. 

From the r e s u l t s we also ncte that i t i s not 
q u i t e necessary to group manufacturing establishment data 
according to standard i n d u s t r i a l c l a s s i f i c a t i o n numbers 
only. Use may be made of other grouping c r i t e r i a 
which can help m the analysis of homogeneity of groups 
and s t a b i l i t y of p o o l regressions. Of course, t h e nature 
of the v a r i a b l e s used m the production r e l a t i o n does 
play a r o l e i n t h i s connection. 

v/e w i l l consider now what changes, i f any, are 
brought about m the analysis of covariance r e s u l t s 
when a d d i t i o n a l explanatory f a c t o r s are introduced i n t o 
the Ĉ S r e l a t i o n . 
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VBSL and V7SK 

The production r e l a t i o n s 

V^SL1 I n V/L = a^+b-^In w + c L 1 l n K/L (4b) 

V7SK1 I n V/K = a ^ H b ^ l n r + c R 1 l n L/K (5b) 

are obtained from the corresponding CIS r e l a t i o n by the 
i n t r o d u c t i o n of an input r a t i o , K/L or L/K which i s a 
t e c h n i c a l f a c t o r . 

So f a r as the grouping c r i x e r i o n K i s concerned, 
i t does net occur e i t h e r as a dependent v a r i a b l e or as 
an e f f e c t i v e p a r t of the dependent v a r i a b l e . I n a d d i t i o n , 
i t occurs as pa r t of a» independent v a r i a b l e . The s i t u a t i o n , 
tn ere Tore, may be said to be a l i t t l e b e t t *r than the 
corresponding case of the CLSL r e l a t i o n . Further, as 
we have noted e a r l i e r w i t h relerenc^ 5 i o G-rilliches(1967) 
the e f f e c t r f w n>ay be contained i n F/L. 

From the analysis of covariance t a b l e 4A m the 
aapendix, we f i n d t h a t the r e s u l t s are an improved 
ve r s i o n of the C^SL r e s u l t s inasmuch as I n d i a and 
Yugoslavia do shew s i g n i f i c a n t F values as i n the OTSL 
case but w i t h a dimimsned F. This i s f o r the same 
reasons as given i n the case of the CTSL r e l a t i o n . 

The r e s u l t s f o r the V )SK1 r e l a t i o n given m t a b l e 
5A m the appendix, f o l l o w the p a t t e r n of the CTSK r e s u l t s . 
Arguing on the same l i n e s as m the case of the VFSL1 
r e l a t i o n , we may say that 1/F i s now the e f f e c t i v e 
explanatory f a c t o r and the r e s u l t s should be inf l u e n c e d 
by i t s presence. A l l the F values are diminished now 
and two of the f i v e values have even become i n s i g n i f i c a n t . 
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I t may be noted t h a t whale K i s present j n the dependent 
v a r i a b l e i t i s also e f f e c t i v e l y present m an explanatory 
f a c t o r . 

To f i n d i f the e x p l i c i t presence of the grouping 
v a r i a b l e on the explanatory side of the production r e l a t i o n 
does make a notable d i f f e r e n c e i n the r e s u l t s , i t i s 
necessary to consider the VISK2 r e l a t i o n which has K 
as an a d d i t i o n a l explanatory f a c t o r . However, we w i l l 
consider the r e s u l t s f o r bcth the VPSL2 and VTSK2-
VFSL2 I n V/L - a L 2 + b L 9 l n w + c L 2 l n K/L+d L 2ln L ( i c ) 

VrSK2 I n V/K = a ^ + b ^ l n r + c K 2 l n L / F +d^ln K (5c) 

Frcrn the appendix tables \k and 5A we note that 
the i n t r o d u c t i o n of the grouping v a r i a b l e e x p l i c i t l y 
or of another v a r i a b l e w i t h s i m i l a r c n a r a c t e r i s t i e s 
f u r t h e r improves the prospect of r e v e a l i n g the homogeneity 
i n the data. The drop j n the value of F i s n o t i c e d both i n 
the case of VTSI2 and VTSI2, though more so i n the case of 
the l a t t e r because of the presence of K as an explanatory 
f a c t o r . Whereas a l l the F values were s i g n i f i c a n t w i t h the 
GTSK, a l l the F values except t h a t of Yugoslavia, are 
s t a t i s t i c a l l y i n s i g n i f i c a n t now w i t h VTSK2. 

We note tha.t m the t r a n s i t i o n from the CPS! to 
WSL1 Lo V^SL2 or from the CTSK to VTSK1 to "VTSK2 
the homogeneity oT the manufacturing establishment data of 
each country comes out grad u a l l y i f , by the i n t r o d u c t i o n of 
a d d i t i o n a l explanatory f a c t o r s m the production r e l a t i o n , 
any °ffinitv between the grouping c r i t e r i o n and the 
dependent v a r i a b l e becomes l e s s . For t n i s conclusion, the net 
e f f e c t of the explanatory f a c t o r s m the production r e l a t i o n 
should be talc en i n t o account. 
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The PES V a n a t i oris 

I n the r e l e t i o n 

I n K/L = 3-̂  + h-pln w/r (6a) 

the dependent v a r i a b l e K/L has a close a f f i n i t y wi t h 
the grouoing c r i t e r i o n Y. Table 6A m the appendix 
gives the analysis of covariance r e s u l t s f o r t h i s 
r e l a t i o n w i t h K grouping and as may be expected a l l the 
P values are s t a t i s t i c a l l y h i g h l y s i g n i f i c a n t , t h u s 
showing t h a t grouping by a dependent v a r i a b l e m a 
production r e l a t i o n must rev e a l the presence of het-rogenci 
m the data. 

The same t a b l e gives the analysis of covariance 
r e s u l t s f o r 

I n wL/rK = a s + bgln K/L (6b) 

^ h i ch explains the f a c t o r share r a t i o by means of trie 
c a p i t a l labour r a t i o . The grouping v a r i a b l e K has a 
strong a f f i n i t y w i t h the explanatory f a c t o r K/L and 
homogeneitv m the data should be expected to be revealed. 
A more important reason f o r t h i s expectation may be the 
absence of an a f f i n i t y between K and the dependent va,riabl^ 
Table 6A shows t h a t w i t h the r e l a t i o n (bb), the P 
values f o r almost a l l the countries are s t a t i s t i c a l l y 
i n s i g n i f i c a n t . The conclusions drawn m the case of 
e a r l i e r production r e l a t i o n s are supported by (6a) and (6b) 

Me now consider the demand f o r ̂  lQbouv_ r e l a t i o n 
given by 

In L = a„-'birln w + c v l n V (6c) 
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The demand f o r labour r e l a t i o n 
I n L r const. - by lnw + C y I n V (6c) 

i s not a production r e l a t i o n although i t can be looked 
upon as an a l t e r n a t i v e method of expressing the CLSL 
r e l a t i o n ( 4 a ) , w i t h a c o r r e c t i o n f o r s p e c i f i c a t i o n bias. 
As can be seen from the analysis of covariance t a b l e 6A, 
appendix, the P values are s i g n i f i c a n t only m the 
case of India and Yug s l a v i a , f o r reasons s i m i l a r to 
those ,Piven m the case of (4 a ) . 

* # # * 

A l l the analysis of covariance r e s u l t s obtained w i t h 
the help of 1h~5 t e c h n i c a l grouping c r i t e r i o n K, seem to 
confirm almost c a t e g o r i c a l l y , the hypothesis,that 
"'hen the explanatory -"-oriables i n a production r e l a t i o n 
are t e c h n i c a l m nature, a grouping of manufacturing 
establisnrrent data based on a t e c h n i c a l c r i t e r i o n , r e s u l t s 
m homogeneous grouj s v i t h m each country and i n d i c a t e s 
the s t a b i l i t y of pool regressions. / / i t n economic explanatory 
v a r i a b l e s , group homogeneity i s absent; i t i s possible 
to 1'fci/e.a) group homogeneity by the a d d i t i o n of technica.1 
explanatory v a r i a b l e s to the production r e l a t i o n , provided 
the t e c h n i c a l e f f e c t i s strong enough when compared w i t h 
the economic e f f e c t of the e x i s t i n g v a r i a b l e s . 

We nov consider tho r e s u l t s w i t h some other grouping 
c r i t e r i a 
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L Groups 

Tables 1B to 6B i n the appendix give the analysis 
of covariance r e s u l t s f o r .groups of establishments formed 
on the basis of t o t a l labour 1. 

The P values corresponding t o the two and three 
input Cobb Douglas f u n c t i o n and the Kmenta approximation 
given m tables 1B,2B,3B are a l l s t a t i s t i c a l l y not 
s i g n i f i c a n t and support the contention t h a t when the 
grouping i s based en d. v a r i a b l e not r e l a t e d to the 
dependent v a r i a b l e , homogeneity between groups should be 
revealed and the s t a b i l i t y of pool regressions established. 
The consistency of the r e s u l t s obtained m the case of 
equations ( 1 t t ) , lib) , U<i\, t U^c hfiM, (UY, - ' 
matches v e i l w i t h t h a t obtained Ln k grouping _ ̂ SULC 

The r e s u l t s f o r the Ĉ S and V̂ S r e l e t j o n s as 
also those f o r the C7"S side r e l a t i o n s (&-6) f o l l o w 
p r a c t i c a l l y th-- same p a t t e r n as t h a t of the K groups, 
though they are not an exact r e p l i c a of the K group 
r e s u l t s . As shown by t a b l u 7, appendix, the rank c o r r e l a t i o n 
between K and I i s not p e r f e c t . This implies t h ^ t i n 
s p i t e of a somewhat d i f f e r e n t c o n s t i t u t i o n of the groups 
now formed, the r e s u l t s p o i n t to'ards the same conclusions. 

The t e c h n i c a l v a r i a b l e s K and 1 are u s u a l l y to be 
found on the explanatory side of a production r e l a t i o n . 
V/e no'" consider another grouping c r i t e r i o n , V which i s 
u s u a l l y a dependent v a r i a b l e m a production r e l a t i o n . 
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Grouping Based on Ya-iue Added, V 
Tables 1C to 6G m the apoendix give the analysis 

of covarjance r e s u l t s based on the grouping c r i t e r i o n V, 
which, m most of our production r e l a t i o n s occcurs on the 
l e f t band side. 

As we have considered e a r l i e r , the grouping based 
on dependent v a r i a b l e i s most l i k e l y to suggest hetero­
geneity between groups f o r obvious s t a t i s t i c a l reasons. 
Thus even when therr i s homogeneity between groups, a 
grouping by a dependent v a r i a b l e w i l l tend to conceal i t 
and heterogeneity w i l l appear. We w a l l now see i f t h i s 
i s vine I a c t u a l l y nap pens witn t h e dependent v a r i a b l e V. 

Th- analysis of covariance r e s u l t s f o r t i e Cobb 
Douglas and other r e l a t i o n s (1 to 3) yieVl F values which 
are a l l s t a t i s t i c a l l y ins t£>ni f i cant. This f o l l o w s at once 
because V i s a dependent v a r i a b l e i n these r e l a t i o n s . 

I n the case of the CTS and VTS r e l a t i o n s , we have 
s ren t n a t the net e f f e c t of the explanatory v n a v i e s 
influences the r e s u l t s . The presence of another v a r i a b l e 
m the dependent v a r i a b l e also makes a d i f f e r e n c e m 
re u l t s . The argument can be given on the same l i n e s as 
th t given m the case of K groups. As f o r the demand f o r 
input r e l a t i o n , the r e s u l t s arc more s t r a i g h t f o r w a r d . In" 
t h i s r e l a t i e n ( 6 a ) , V i s one of the explanatory f a c t o r s 
so t h a t a l l the F values are s t a t i s t i c a l l y i n s i g n i f i c a n t . 

V/e can say t h d t i n almost a l l cas-s, s i g n i f i c a n t 
heterogeneity aris e s when grourma i s done by the dependent 
vara able. 
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V/I O-roups 

I T i s coniit'on to have V/L as a dependent v a r i a b l e 
m production f u n c t i o n s t u d i e s . For t h i s reason and to 
obtain a support f o r the conclusions a r r i v e d at w i t h 
the help of V groups , V/L was put t o use as a grouping 
L u t e u o n , As expected, almost a l l the F values 9^here 

V/L was a dependent v a r i a b l e or had a strong a f f i n i t y to 
the dependent v a r i a b l e m the production r e l a t i o n , were 
found to be s t a t i s t i c a l l y s i g n i f i c a n t 

* -* * 

K/L Groups 

The grouping by K/L was c a r r i e d out to gam 
support f o r the e a r l i e r r e s u l t s I n almost a l l the cases 
homogeneity was revealed when K/L was not a dependent 
v a r i a b l e or had no a f f i n i t y w i t h the dependent ""'enable 
of the production r e l a t i o n under study. 

We have found homogeneity m our manufacturing 
establishment data w i t h the help of several grouping c r i t e r i a 1M 
occur on the explanatory side of a production r e l a t i o n . 
We w i l l now consider some other grouping c r i t e r i a which 
cannot be categorised as dependent or independent v a r i a b l e s 
But they are c e r t a i n l y not dependent v a r i a b l e s m the 
production r e l a t i o n . They have t h e i r ovm p e c u l i a r i t i e s some 
of w n i c h we w i l l consider now. 
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A n a l y s i s o f Covariance with, some Other Grouping C r i t e r i a 

S e v e r a l o t h e r g r o u p i n g c r i t e r i a , m a d d i t i o n t o 

tho s e c o n s i d e r e d so f a r , were u t i l i s e d m t h i s study f o r 

group r e g r e s s i o n a n a l y s i s and a n a l y s i s o f c o v a r i a n c e . Some 

o f t h e r e s u l t s o b t a i n e d from t h e use o f c e r t a i n c r i t e r i a 

w i l l he c o n s i d e r e d now f o r a n a l y s i s o f c o v a r i a n c e . 

The c o n s o l i d a t e d t a b l e s showing o n l y t h e P v a l u e s 

c o r r e s p o n d i n g t o each p r o d u c t i o n r e l a t i o n a r e g i v e n m 

th e appendix. The numbering o f t h e exp r e s s i o n s f o r t h e 

p r o d u c t i o n r e l a t i o n s remains t h e same as b e f o r e . 

Age o f E s t a b l i s h m e n t . The age o f e s t a b l i s h m e n t s 

may be l o o k e d upon as a t e c h n i c a l f a c t o r , b u t , as n o t i c e d 

m c h a p t e r t h r e e , i t i s a l s o a q u a l i t a t i v e f a c t o r w h i c h 

i n t e r a c t s w i t h t e c h n i c a l as w e l l as economic f o r c e s . 

As shown by t a b l e 7, appendix, t h e r a n k c o r r e l a t i o n between 

t h e age o f e s t a b l i s h m e n t ( d e n o t e d by NRYRS m t h e t a b l e ) 

and c a p i t a l l a b o u r r atio(CAPLT) i s n e g a t i v e , though 

s t a t i s x i c a l l y n o t s i g n i f i c a n t . To a c e r t a i n e x t e n t , t h e 

o l d e r e s t a b l i s h m e n t s may be expected t o have a low 

c a p i t a l l a b o u r r a t i o and v i c e v e r s a . I t can be e a s i l y 

s a i d t h a t f o r oar d a t a , t h e subsets o f e s t a b l i s h m e n t s 

formed by t h e g r o u p i n g c r i t e r i o n o f age o f e s t a b l i s h m e n t 

i s l i k e l y t o be q u i t e d i f f e r e n t f r o m those formed by 

c a p i t a l l a b o u r r a t i o o r by n e t c a p i t a l assets(GAPAS) 

which has a low r a n k c o r r e l a t i o n w i t h t h e age o f 

establishment(NRYRS). 



Table 1E m t h e appendix g i v e s o n l y t h e F v a l u e s 

o b t a i n e d from t h e a n a l y s i s o f c o v a r i a n c e based on t h e 

r e g r e s s i o n a n a l y s i s o f t h e t h r e e groups o f e s t a b l i s h m e n t s 

formed w i t h t h e h e l p o f t h e age o f e s t a b l i s h m e n t c r i t e r i o n . 

The r e s u l t s f o r a l l t h e c o u n t r i e s have been put t o g e t h e r 

m t h e t a b l e m wh i c h t h e number o f t h e p r o d u c t i o n r e l a t i o n 

i s shown on t h e l e f t . 

P r a c t i c a l l y a l l t h e F v a l u e s are s t a t i s t i c a l l y 

i n s i g n i f i c a n t and r e v e a l t h e homogeneity o f groups 

formed on t h e b a s i s o f t h e age o f e s t ? b l i s h m e n t . T h i s 

happens i r r e s p e c t i v e o f t h e n a t u r e o f t h e p r o d u c t i o n 

r e l a t i o n used. The age o f e s t a b l i s h m e n t i s thus an i n t e r e s t ­

i n g c r i t e r i o n f o r g r o u p i n g e s t a b l i s h m e n t d a t a and f i r m l y 

s u p p o r t s t h e h y p o t h e s i s o f u n i f o r m i t y o f t h e m a n u f a c t u r i n g 

s e c t o r w i t h i n each c o u n t r y . 

C a p a c i t y U t i l i s a t i o n and S h i f t s Worked. Both, 

t h e percentage u t i l i s a t i o n o f c a p a c i t y and t h e number o f 

s h i f t s worked may be l o o k e d upon as t e c h n i c a l f a c t o r s 

b u t , b e i n g r e l a t e d t o t h e r a t e o f r e t u r n and t h e v a l u e o f 

o u t p u t , t h e y are b o t h s u b j e c t t o economic f o r c e s Table 7, 

appendix, sho v ,s i n s i g n i f i c a n t rank c o r r o l a t i o n s between 

e i t h e r o f t h e two and K, L or K/L. The subsets o f 

e s t a b l i s h m e n t s formed by t h e g r o u p i n g c r i t e r i a , c a p a c i t y 

u t i l i s a t i o n and s h i f t s worked, are q u i t e d i f f e r e n t f r o m each 

o t h e r , p a r t i c u l a r l y because t h e sizes o f groups formed by 

c a p a c i t y u t i l i s a t i o n can be made equal but t h e s i z e s formed 

by s h i f t s worked may n o t n e c e s s a r i l y be equal. The groups 

formed on t h e b a s i s o f number o f s h i f t s worked need n o t be 

a t h i r d o f t h e t o t a l number o f e s t a b l i s h m e n t s . 
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Tables 27 and 3E show, f o r a l l t h e f n f t e t - n p r o d u c t ] 

r ' - l e t i c n s , o n l y t h e F v a l u e s o b t a i n e d from t h e a n a l y s i s 

o f covaraance based on the ^roupon^ c r i t e r i a o f percentage 

u t i l i s a t i o n o f c a p a c i t y and t h e number o f s h a f t s worked. 

As can be seen from the t a b l e s , p r a c t i c a l l y a l l t h e F 

values ar> j & t a t 1 s t i l l y i n s i g n i f i c a n t and r e v e a l t h e 

homogeneity o f groups va t h i n each c o u n t r y . We have 

thus s e v e r a l c r i t e r i a v h i c h s u p p o r t t h e c o n c l u s i o n o f 

homogeneity between r r o u p s o f ii.anufao l u r i n g e s t a b l i s h m e n t s 

i r r e s p e c t i v e o f t h e n a t u r e o f the p r o d u c t i o n r e l a t i o n 

used 
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Summary and Conclusions 

T h i s s t u d y has been c a r r i e d out 311 two f a i r l y 

d i s t i n c t p a r t s . The f i r s t p a r t r e v j 3 w s t h e e x t e n s i o n s o f 

some o f t h e s i m p l e p r o d u c t i o n f u n c t i o n forms m t h e l i t e r a t u r e . 

For t h i s purpose, use i s ngdp o f t h e concept o f t e c h n i c a l 

and economic v a r i a b l e s . 

F i f t e e n r e l a t i o n s have been s e l e c t e d f o r an e m p i r i c a l 

p r o d u c t i o n f u n c t i o n s t u d y w h i c h c o n s t i t u t e s t h e second p a r t 

o f t h i s work. Use i s made o f t h e m a n u f a c t u r i n g e s t a b l i s h m e n t 

d a t a o f France, I n d i a , I s r a e l , Japan and Y u g o s l a v i a . 

T h i s i s t h e mam p a r t o f t h e worit. 

I n s t e a d o f making use o f i n d u s t r y - w i s e es l a b l i s l i m e n t 

d a t a , t h i s work r e l i e s on p o o l d a t a o f mixed i n d u s t r y 

e s t a b l i s h m e n t s f o r an e m p i r i c a l p r o d u c t i o n f u n c t i o n a n a l y s i s . 

I n s t e a d o f a s t o p a f t e r a s t r a i g h t f o r w a r d p r o d u c t i o n f u n c t i o n 

a n a l y s i s o f p o o l r e g r e s s i o n s , proceed f u r t h e r , d i v i d e t h e 

d a t a o f each c o u n t r y i n t o t h r e e n e a r l y equal s i z e d groups 

and c a r r y out group r e g r e s s i o n a n a l y s i s as w e l l as 

a n a l y s i s o f c o v a r i a n c e based on d i f f e r e n t g r o u p i n g c r i t e r i a . 

The procedure f o l l o w e d m t h e case o f group r e g r e s s i o n s i s 

t h e same as t h a t f o r p o o l r e g r e s s i o n s . Tne d e t a i l e d a n a l y s i s 

o f c o v a r i a n c e r e s u l t s a re based on t h e K group c r i t e r i o n 

w h i c h a l s o forms t h e b a s i s o f group r e g r e s s i o n s . 

S e v e r a l c o n c l u s i o n s can be drawn from t h e v a r i e t y 

o f r e s u l t s o b t a i n e d by means o f p o o l r e g r e s s i o n s , group 

r e g r e s s i o n s and a n a l y s i s o f c o v a r i a n c e . 
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I n a p r o d u c t i o n r e l a t i o n i t i s p o s s i b l e t o d e s c r i b e 

some f a c t o r s as t e c h n i c a l and some o t h e r s as economic 

v a r i a b l e s . There can be some v a r i a b l e s which a r e d i f f i c u l t 

t o r u t m c i t h e r o f 1hese two c a t e g o r i e s . The e n t r y o f 

an economic f a c t o r i n t o a p r o d u c t i o n r e l a t i o n may ta k e 

p l a c e m a va l e t y o f ways. Tor i n s t a n c e , i t can t a k e 

p l a c e by a d i r e c t use o f an economic f a c t o r as m t h e 
1 

case o f S i n a i and Stokes' use o f r e a l money balances 

as a f a c t o r o f p r o d u c t i o n ; i t may be t h r o u g h t h e i n e v i t a b l e 

w e i g h t j n g by money u n i t s o f some of th e t e c h n i c a l 

v a r i a b l a s which cannot be o t h e r w i s e expressed m s u i t a b l e 

homogeneous p h y s i c a l u n i t s , o r , as i s o f t e n the case, 

t h e e n t r y n f an economic f a c t o r i n t o a p r o d u c t i o n r e l a t i o n 

may t a k e p l a c e t h r o u g h some s i d e r e l a t i o n s o f t h e 

p r o d u c x i o n f u n c t i o n . U s u a l l y xhe i n t e r p r e t a t i o n and a n a l y s i s 

/ i l l be d i f f e r e n t _in d i f f e r e n t caser. But any o f these happ-

m gs dees n o t change t h e b a s i c concept t r u t t h e p r o d u c t i o n 

f u n c t i o n i s , and remains a t e c h n i c a l r e l a t i o n m t h e 

n e o c l a s s i c a l view o f t h ' economic process. 

The c h o i c e o f s u i t a b l e t e c h n i c i l and economic 

v a r i a b l e s e n t e r i n g i r t o a p i o ^ u c t i o n r e l a t i o n must be 

based on l o g i c a l economic c o n s i d e r a t i o n s . Use can be 

made o f t h e concept o f t e c n n i c a l and economic v a r i a b l e s 

m t h e development of s e v e r a l p r o d u c t i o n f u n c t i o n forms 

i n t h e l i t e r a t u r e . S e v e r a l e x t e n s i o n s o f som- b a s i c 

p r o d u c t i o n ["uncticn forms can be o b t a i n e d by t h e use o f 

a d d i t i o n a l t e c h n i c a l and/or pcononj c e x p l a n a t o r y f a c t o r s 

m some basic p r o d u c t i o n r e l a t i o n F r o d u c t i o n r e l c t i o n s 
can be a l s o d e r i v e d o r t h e i r e x t e n s i o n s o b t a i n e d , on t h e 

1 
- I b i d . -
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b a s i s o f i n f o r m a t i o n o b t a i n e d f r o m e m p i r i c a l r e s u l t s 

and s u i t a b l e assumptions about t h e n a t u r e o f t h e parameters 

o f t h e p r o d u c t i o n r e l a t i o n For i n s t a n c e , i t i s u s u a l 

t o assume t h e dependence o f e l a s t i c i t y o f s u b s t i t u t i o n 

on c a p i t a l l a b o u r r a t i o . The development o f a v a r i e t y o f 

p r o d u c t i o n f u n c t i o n forms has been c o n s i d e i d̂ i n t h i s s t u d y . 

Some p r o d u c t i o n r e l a t i o n s and hance t h e t e c h n i c a l 

and economic v a r i a b l e s m those r e l a t i o n s , c a p t u r e t h e 

prominent f e a t u r e s o f a p r o d u c t i o n process more v i v i d l y 

t h a n some o t h e r p r o d u c t i o n r e l a t i o n s I n e m p i r i c a l work 

on p r o d u c t i o n f u n c t i o n s t u d i e s , t h e use o f more t h a n 

one p r o d u c t i o n r e l a t i o n i s u s e f u l f o r t he purpose o f 

a n a l y s i s . 

I n t h i s s t u d y , s e v e r a l p r o d u c t i o n r e l a t i o n s have 

been used i n t h e cr o s s s e c t i o n a n a l y s i s o f m a n u f a c t u r i n g 

e s t a b l i s h m e n t s o f f i v e c o u n t r i e s I t i s f o u n d t h a t t h e 

presence o f one s u i t a b l e economic v a r i a b l e and one 

s u i t a b l e t e c h n i c a l v a r i a b l e on t h e e x p l a n a t o r y s i d e o f 

t h e p r o d u c t i o n r e l a t i o n l e a d s t o s t a t i s t i c a l l y more 

s a t i s f a c t o r y r e s u l t s p r o v i d e d an a p p r o p r i a t e c h o i c e o f 

these e x p l a n a t o r y v a r i a b l e s i s made. I n most cases, 

t h e use o f f u r t h e r e x p l a n a t o r y v a r i a b l e s m t h e p r o d u c t i o n 

r e l a t i o n do^s n o t n e c e s s a r i l y h e l p . "Ie f i n d t h a t t h e 

essence o f the t e c h n i c a l and economic f e a t u r e s o f t n e da t a 

i s w e l l c a p t u r e d Dy t h e combined use o f t e c h n i c a l and 

economic e x p l a n a t o r y f a c t o r s m t h e Lu F l e t c h e r VTS 

r e l a t i o n . Other p r o d u c t i o n r e l a t i o n s are a l s o h e l p f u l 

m v a r i o u s c o n t e s t s . 

A l l t h e p r o d u c t i o n r e l a t i o n s used m t h e e m p i r i c a l 

a n a l y s i s suggest th^.t m i n t e r n a t i o n a l comparisons 
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made on t h e b a s i s o f p r o d u c t i o n f u n c t i o n a n a l y s i s , 
n a t i o n s are more r e l e v a n t t h a n i n d u s t r i e s or groups o f 
m a n u f a c t u r i n g e s t a b l i s h m e n t s . I t i s l e g i t i m a t e t o p o o l 
t o g e t h e r e s t a b l i s h m e n t s b e l o n g i n g t o d i f f e r e n t 
i n d u s t r i e s p r o v i d e d the s i z e o f e s t a b l i s h m e n t s i n c l u d e d 
m t h e a n a l y s i s i s n o t v e r y s m a l l . I n t h e case o f each 
c o u n t r y , t h e p o o l r e g r e s s i o n s y i e l d s t a t i s t i c a l l y and 
e c o n o m i c a l l y m e a n i n g f u l r e s u l t s . The p o o l d a t a and t h e 
a s s o c i a t e d p r o d u c t i o n r e l a t i o n s are b e t t e r r e p r e s e n t a t i v e s 
o f t h e m a n u f a c t u r i n g s e c t o r o f an economy and can 
d e s c r i b e i t more f u l l y t h a n any group or groups o f 
e s t a b l i s h m e n t s and t h e a s s o c i a t e d p r o d u c t i o n r e l a t i o n s . 

So f a r as t h e q u e s t i o n o f f o r m i n g groups o f 

m a n u f a c t u r i n g e s t a b l i s h m e n t s i s concerned, i t i s n o t 

necessary t o adhere t o t h e c l a s s i f i c a t i o n scheme based 

on s t a n d a r d i n d u s t r i a l c l a s s i f i c a t i o n numbers u n l e s s 

t h e a n a l y s i s s p e c i f i c a l l y r e q u i r e s t h e use o f such a 

c l a s s i f i c a t i o n scheme. Other c r i t e r i a can a l s o be used 

t o f o r m e c o n o m i c a l l y m e a n i n g f u l groups o f e s t a b l i s h m e n t s . 

There are s e v e r a l t e c h n i c a l and economic c r i t e r i a 

w h i c h can be used f o r t h e purpose. The q u a n t i t i v e n a t u r e 

o f t h e s e vCilfcfeVia makes i t p o s s i b l e t o a r r a n g e t h e 

e s t a b l i s h m e n t s m a c e r t a i n o r d e r and t o form a c e r t a i n 

number and t y p e o f groups depending on t h e scope and 

a n a l y s i s o f t h e p r o j e c t . 

W i t h i n each c o u n t r y , t h e group r e g r e s s i o n s 

p r o v i d e many u s e f u l r e s u l t s and form a good b a s i s f o r 

i n t e r n a l comparisons. Group r e s u l t s between c o u n t r i e s can 

be compared p r o v i d e d t h e groups are o f comparable 

s i z e s and have more or l e s s t h e same range f o r t h e g r o u p i n g 

c r i t e r i o n . 
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The process o f i n t e r n a t i o n a l i s a t i o n a f f e c t s a l l 

t h e i n d u s t r i a l i s e d c o u n t r i e s and a l s o those c o u n t r i e s 

w hich are nn t h e i r way t o i n d u s t r i a l i s a t i o n . However, m 

s p i t e o f t h e w o r k i n g o f t h e m t e r n a t i o n a l i s a t i o n process, 

t h e parameters o f t h e p r o d u c t i o n f u n c t i o n s o f a l l such 

c o u n t r i e s may n o t be i d e n t i c a l , a t l e a s t i n t h e s h o r t l u n . 

V/hile we f i n d t h a t a l l t h e c o u n t r i e s m our st u d y 

do n o t e x h i b i t common c h a r a c t e r i s t i c s w i t h r e f e r e n c e t o 

c e r t a i n p r o d u c t i o n r e l a t i o n s , t h e r e a r e some p a i r s o f 

c o u n t r i e s which do y i e l d a l r o s t i d e n t i c a l p r o d u c t i o n 

parameters by t h e F t c t as i h e e p i t o m i s e d r e s u l t s m 

t a b l e 00 have shown. ATe conclude th°t i t i s p o s s i b l e t o 

form subsets o f c o u n t r i e s w i t h s i m i l a r c h a r a c t e r i s t i c s 

so f a r as t h e i r p r o d u c t i o n r e l a t i o n s a r e concerned. 

A l l t h e same, i t i s e c s i l y n o t i c e d t h t t h e r e i s 

c o n s i d e r a b l e u n i f o r m i t y across n a t i o n s i n t h e a b i l i t y 

o f almost a l l t h e p r o d u c t i o n r e l a t i o n s used m t h i s s t u d y 

t o c a p t u r e t h e mam f e a t u r e s o f t h e p r o d u c t i o n process. 

The parameters v a r y , o f course, b u t t h e s t a t i s t i c a l 

p r o p e r t i e s r e v e a l a remarkable u n i f o r m i t y . 

Constancy o f t u r n s t o s c a l e i s n o t i c e d i n a l l 

t h e c o u n t r i e s under s t u d y . There i s evidence o f a 

n o n u n i t a r y e l a s t i c i t y o f s u b s t i t u t i o n which i s found t o 

be around 0.8 f o r a l l t h e c o u n t r i e s under study except 

Y u g o s l a v i a where i t i s s i g n i f i c a n t l y above u n i t y . 

W i t h i n each c o u n t r y , i f groups o f e s t a b l i s h m e n t s 

a r e formed on t h e b a s i s o f c e r t a i n c r i t e r i a , homogeneity 

o f t h e t e c h n i c a l parameters o f t h e p r o d u c t i o n f u n c t i o n s 

betw-en groups i s r e v e a l e d . I n almost a l l cases, 
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as i t sh o u l d be expected s t a t i s t i c a l l y , s i g n i f i c a n t 
h e t e r o g e n e i t y a i i s e s when g r o u p i n g i s done by t h e dependent 
v a r i a b l e m t h e p r o d u c t i o n r e l a t i o n . However, t h e hornogenei t y 
o f m a n u f a c t u r i n g e s t a b l i s h m e n t d a t a w i t h i n each c o u n t r y 
i s d e c i s i v e l y r e v e l l e d i n almost a l l cases when t h e g r o u p i n g 
o f d a t a i s done by an independent v a r i a b l e m t h e p r o d u c t i o n 
r e l a t i o n o r by a v a r i a b l e n o t r e l a t e d t o the dependent 
v a r i a b l e . 
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APPENDIX A 

The General Linear Model, Estimation Problems associated 
w i t h the Production Function, Some Estimatum Techniques. 

The C-eneral l i n e a r I'odel 

The general l i n e a r model m th-- m a t r i x form m •"" be 

u w r i t t e n y = X^ + 

whi ch i s a l i n e a r r e l a t i o n s h i p b^twean the dependent v a r i a b l e 
y, a column vector of n observations and the m explanatory 
v a r i a b l e s X̂  , 7^ , ..., X . X i s the nxm ma t r i x of obbervations 
on x's, 

P i s the vector of t r u " regression c o e f i i c i e n t s and u 
i s the vector of unobserved s t o c h a s t i c terms such t h a t J: u = 0 , 

TJ (U U') = dc I n . This assumes t h a t u(«'s are uncorrelated 
random v a r i a b l e s v i t h zero expectation and variance <40 . 

Another assumption of xh- general l i n e a r model i s t h a t 
the independent V cnables are f r e e from e r r o r s of measurement. 
Thus X i s nonstochastic. The s t o c h a s t i c term a r i s e s bee use 
of sampling v a r i a t i o n s m y f o r giv~-n values of X. 

I f i t i s assumed t h a t t h ^ rank of X i s m<n7 i t i m plies 
a unique l e a s t squares s o l u t i o n r e s u l t i n g m an unbiased and 
ef i c i e n t estimate i . e . the best l i n e a r unbiased estimate of jC. 

I f t h t u'a are normally d i s t r i b u t e d the l e a s t squares 
estimates are the maximum l i k e l i h o o d estimates. I f we w r i t e 

A A 

y = X ft we hc.ve t h - vector of observed er r o r ' term 
•OAl n a m *rrijk I 

civen by 
8 = y - y 
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Assuming t h i inverse of X'X exists,wo have,by minimising 
- 1 

(5 = (X'X) X'y 
A l l the assumptions may not necessarily be s a t i s f i e d 

m the case of a l l data. Tt i s almost impossible to t e s t 
i f the independent v a r i a b l e s are measured without e r r o r . 
Iioreover, i n the case of economic v a r i a b l e s , the entry o± 
some measurement errors i s unavoidable since several 
imperfect adjustments may have been made m the data. 

Tt may be d i f f i c u l t to assume t h a t a l l sets of X's 
are l i n e a r l y independent I f some sets are not independent 
or i f tnere i s o high degree of c o r r e l a t i o n between one or 
more •-am of X's, the problem of m u l t i c o l l i n e a r i ty may a r i s e . 
Also, the assumption of nomoscedasticity or the constancy 
of e r r o r variance may not be s a t i s f i e d . 

A d d i t i o n a l assumptions regarding the d i s t r i b u t i o n of 
u terms may be necessary, m the case of the general l i n e a r 
model. E i t h e r i t may be assumed t h a t the u's are independently, 
normally d i s t r i b u t e d or, no e x p l i c i t assumption about the 
form of the d i s t r i b u t i o n of u may be made and instead, 

1 
r e s o r t may be made t o the Cental l i m i t theorem. 

I f i t i s found t h a t th3 regressors are random v a r i ­
ables, not nec e s s a r i l y normally d i s t r i b u t e d but having an 
a r b i t r a r y d i s t r i b u t i o n i t may s t i l l be possible to use 
regression analysis w i t h some m o d i f i c a t i o n s . An o u t l i n e of 
such models and r e l a t e d discussion i s given by Johnston( 1 9 6 3 ) 

and Goldberger( 1 9 6 4) and others 
l i n e Central L i m i t tneorem may be invoked t o j u s t i f y 

the n o r m a l i t y of the d i s t r i b u t i o n of u as a f a i r approximation. 
For instance s i e F e l l n e r ( 1 9 5 7 ) , A n i n t r o d u c t i o n to p r o b a b i l i t y 
theory. John V/iley. 
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The Production Function and the Estimation Problem 

The regression analysis i s the most commonly used 
method to estimate the parari-ters of the production f u n c t i o n . 
I n s p i t e of i t s repeated an; f r u i t f u l use, the method s u f f e r s 
from c e r t a i n drawbacks. The important issues involved i n a 
production f u n c t i o n study are those of i d e n t i f i c a t i o n , bias 
and inconsistency of estimates. The Cobb Douglas and the 
CES functions ha^e been t h ^ most studied mod ds m t h i e 
respect. A b r i e f account of some esti m a t i o n methods w i t h 
r j f - / e n c e to these i s given here. The r e s u l t s can bo extended 
t o other models. 

The simple t economic pi'oduction process could be 
represented by a s i n g l e u n i l a t e r a l caudal r e l a t i o n and hence 
by t h s i n g l e equation approach which allows computatione 1 
s i m p l i c i t y . Th"-1 researcher i m p l i c i t l y hopes, as Feady an n 

D i l l o n f 1 3 6 0 ) put i t , " t h a t the s i n g l e equation estimates are 
not g r e a t l y biased ( w h i l e ) a system of equations might be 
more appropriate - at l e a s t t h e o r e t i c a l l y , although perhaps 
not computationally. The researcher may not have any idea 
of the extent of t l u bias m not using a nultieque -! i o n 
model." 

The Problem of I d e n t i f i c a t i o n and e s t i m a t i o n of the Production 
Function 

Ferlove's( 1 9 6 5) study of the i d e n t i f i c a t i o n problem 
m production f u n c t i o n analysis has been done w i t h special 
reference to the Cobb Douglass f u n c t i o n . According t o l l e r l o v c , 
o r d i n a r y l e a s t squax^es estimates do not r e s u l t m unbiased 
estimates of t h t parameters i f c a p i t a l and labour inputs 
i n f l u e n c e the p r i c e s of these inputs m th> economy. 
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He considers the problem on the basis of d i f f e r e n t assumptions 
about the input and output markets and t h e i r a l t e r n a t i v e 
measures of inputs and outputs. 

I t would be d i f f i c u l t t o estimate a. f u n c t i o n i f the 
nature of the system m which i t e x i s t s i s not known and 
the i d e n t i f i a b l i t y c o n d i t i o n s are not s a t i s f i e d . The f u n c t i o n 
i s only a pa r t of the system and has some v a r i a b l e s determined 
somewhere else m the s y s t e m . The economist has t o take a l l 
t h _ values of the v a r i a b l e s as they come , produced by the 
mechanism outside the c o n t r o l of the economist. According 
t o Iiarshack and Andrews(194^-), " t h i s mechanism i s expressed 
by a system of simultaneous equations, as many of them as 
there are v a r i a b l e s . The experimenter can i s o l a t e one such 
equation, s u b s t i t u t i n g h i s own a c t i o n f o r a l l the other 
equations. Th a economist cannot''. v/hile the whole system 
may be vorkmg smoothly the pa r t under c o n s i d e r a t i o n may not. 

Th° use of d i r e c t l e a s t squares to estimate the 
production f u n c t i o n would t h e r e f o r e r e s u l t m simultaneous 
equation bias. Th^ r e s u l t i n g estimates may be biased and 
m c o n s i s t ent. 

Si m u l t a n e i t y and i n t e r r e l a t i o n s h i p s are common features 
of production f u n c t i o n a n a l y s i s . For each f i r m or i n d u s t r y , 
output i s a cause as w e l l as e f f e c t so t h a t i t can occur a s 
an independent or as a dependent v a r i a b l e . I n most production 
f u n c t i o n studies o r d i n a r y l e a s t squares technique i s used m 
preference to the simultaneous equation or maximum l i k e l i h o o d 
approach because of lac k of necessary data and computational 
problems though the f u l f i l m e n t of c e r t a i n assumptions may make 
the ordinary l e a s t squares technique adequate f o r most purpose 
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The Cobb Douglas Production Function 

Consider t h - production f u n c t i o n of a f i r m w i t h two 
inputs Y and 1 and working under conditions of p e r f e c t 
competition. Thif i m p l i e s t h a t p r i c e s of inputs and outputs 
arc given exogonously. -"-s shown by fiarschak and Andrews(1944) 
such a production r e l a t i o n , remains u n d e r i d e n t i f l e d and 
cannot be estimated meaningfully. I n the t e c h n i c a l r e l a t i o n ­
ship m the form of a production f u n c t i o n , the a c t u a l i n p u t 
q u a n t i t i e s used are a r e s u l t of economic and behavioural 
decisions. Assuming t h a t the f i r m maximises p r o f i t s subject 
t o the c o n s t r a i n t of t h production f u n c t i o n which "<e take 
t o be the Cobb Douglas production f u n c t i o n , 

Q - A K L , thf p r o f i t i s given by 
ft. = p Q - ivL - rK. 

I f we maximise rt = pQ - wL - rK - ^(Q -F) 
where Q = F (K,L) = A 1^ , we have 

3/, ~ U 

so t h a t p = > , w =A F L , r = > F R , Q = F. 
The marginal p r o d u c t i v i t i e s are given by 

% = ocQ/K = w/p 
f= L = jSQ/L = r/p 

The complete production model i s described by the three 
r e l a t i o n s • 

* P 
Out put supply Q = A K 1 
Demand f o r c a p i t a ] o(Q/K = r/p 
Demand f o r labour |3Q/l = w/p 
These ma1- be w r i t t e n 

I n Q - ocln P - |2ln L = I n A = ?\o, say 
I n Q - I n L I n w/p̂ 3 =^±_ , say 
I n Q - I n E = I n r/po( =>, , say 



I t i s assumed t h a t input and output p r i c e s and h°nce 
A and ^ i . are the'same f o r a l l f i r m s . 

w n t m g x e = ] n Q, x ( = I n F, x t = I n L, 
the aquations may "be w r i t t e n 

or, 

* X 1 - ^ X2 = 
x c — X , 

x s x 2 = 

1 - , - p • XC " 
1 - 1 0 

r 
1 0 -1 - - x * -

which f o r a given set of p r i c e s , w i l l not be i d e n t i f i e d 
because they w i l ] generate only a s i n g l e p o i n t on the 
production f u n c t i o n . There i s no e s t i m a t i o n problem i f 
p r i c e s vary over time. For a crosssoction of f i r m s , each 
w i t h t h c same production f u n c t i o n an , \ orkmg under conditions 
of p e r f e c t competition th<. srme problem would a r i s e when 
esti m a t i o n i s cairied. out at any time w i t h the assumption 
of f i x e d p u c e s . I f however, e n t e r p r e n e u r i a l t a l e n t s are 
assumed to be unequal and d i s t r i b u t e d randomly, we may 
introduce i n t o the production f u n c t i o n a random v a r i a b l e 
corresponding t o the t e c h n i c a l a b i l i t y of the enterpreneur 
of the i t h f i r m . The production f u n c t i o n Q = A K I w i l l 9 

f o r t h f i t h f i r m , now take th< form Q, = A^ L t 

where Aj = Ae which i s the c o e f f i c i e n t of t e c h n i c a l e f f i ­
ciency and i s d i f f e r e n t f o r each f i r m . Using u and u i t 

f o r thp random v a r i a b l e s included i n the marginal p r o d u c t i v i t y 
r e l a t i o n s , v/e have the set of simultaneous equation^ 

x c - OC x u - j l x u = A 0 + uct_ 
X . - X , = ?\ i - 11 
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To a] low f o r market i mperf actions r e s u l t : ng m the 
n e n s a t i s f a c t i o n of marginal p r o d u c t i v i t y c o n d i t i o n s two 
c o n s t r a i n t s R, and may be introduced such t h a t rR, = /Vf^ 
and wRL = }• f I n the above system of equations, ^, and Â . 
w i l l then be defined by \ = I n rR|/«p and yL= I n wR^/^p. 

I f the data are cro^ssec Lional ,,Ao , 2 , are 
constants i f p r i c e s are f i x e d , so t h a t , there being no exogen-
eous v a r i a b l e s , the production f u n c t i o n w i l l not be i d e n t i f i e d 
Moreover the equations m th„ simultaneous system given above 
are not independent because the random v a r i a b l e s may be 
c o r r e l a t e d w i t h e n t r e p r e n e u r i a l a b i l i t i e s . Sven i f we assume 
t h a t m the short run ca/pital and labour are exogeneous, the 
assumption may not hold m the long run m which cas,- the 
simultaneous equation bias cannot be avoided. 

Since t h i s may lead t o biased and i n c o n s i s t e n t paramcte 
a l t e r n a t i v e estimation methods based on d i f f e r e n t assumptions 
about the p r o f i x maximisation conditions have been developed. 

Z e l l n e r , Kmenta and Dreze(1966) assume t h a t the f i r m 
i s working u n d ^ con d i t i o n s of u n c e r t a i n t y and the production 
process i s not instantaneous. The random v a r i a b l e i s made up 
of unpredictable v a r i a t i o n s m input performance, weather 
co n d i t i o n s and other f a c t o r s beyond the entrepreneur's c o n t r o l 
The p r i c e s are known w i t h c e r t a i n t y . I f they are not known 
they are independent of the production f u n c t i o n and t h e i r 
expected values are known. The f i r m s t r y t o maximise expected 
p r o f i t s under these c o n d i t i o n s . I f u 0 i i s normally d i s t r i b u t e 
w i t h zero mean and variance SCo , the expected value of Q m 
the Cobb Douglas f u n c t i o n i s F( Q ) = A K* e^°* 
Since prices m iy not be known e x a c t l y and may have to be 
a n t i c i p a t e d , random f c t o r s do a f f e c t the entrepreneur's 



economic a c t i v i t y . 
V n t i n g = ( I n rR / p * ) - Se-/2 , hi = ( i n v/R /pfl ) 
and assuming t h a t u and u,as v/ell as u c fnd u L are uncorre­
c t e d we have a consi s t e n t system of simultaneous equations. 

I n the reduced form x and x ̂ c do not depend on U C L . 
This model can be used f o r crosesect:on data. Simple l e a s t 
squares estimation of the model 

I n Q - I n A + u I n K + |3ln L + u c 

gives consistent estimates of the parameters provided only 
unexpected f a c t o r s b r i n g about v a r i a t i o n s i n the production 
f u n c t i o n from one f i r m t o another. 

The Cobb Douglas Function w i t h Constant Returns t o Scale 

I f the assumption i s made t h a t marginal products 
are equal to f a c t o r p r i c e s so t h a t t o t a l output i s exhausted 
m the constant re+urns t o scale Cobb Douglas f u n c t i o n 

Q/I = A ( K / l ) l X u 
we have 

3Q/c")L = <XQ /L = w/p 
This giv^s us a complete system of l i n e a r equations 

I n Q/L = I n A + oan K/L + I n u 
I n Q/I = I n 1/cx -t I n w/p 

from which the parameters can be e a s i l y derived. 

I n d i r e c t l e a s t Squares 

Constant e s t i r i ' t i s of the parameters of the production 
f u n c t i o n m_-y also be obt a i n d by t h i use of i n d i r e c t l e a s t 
squares. I n the Cobb Douglas r e l a t i o n 
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I n Q = I n A+ a l n K+ pin L+ ] n u, i f we wrixe z^=ln K-ln Q, 
z 2 = l n L - l n Q, A 1 = ^ A ^ , oC 1 = j-*— , o( 2= 1 , 
we obtain I n Q = A^+ oc^z^ + + u 1 ^ r o m which can b3 found 

1 + ot 1 + p 1 ' 1 + 0^+ ^ 
The l e a s t squares estimates based on t h i s equation 

are consistent i f T(uv^) = F ( u v 2 ) = 0, where v.j and v 2 

are the economic disturbances m the r e l a t i o n s 
I n K - I n Q = v 1 , I n I - I n Q = C2 + v 2 

which are derived from p r o f i t maximising condjtions The 
parameters v i l l be e f f i c i e n t i f m t h i s two step procedure, 
the e r r o r terms m the t e c h n i c a l and behavioural equations 
s r ^ mdependenx or at l ^ a s t unco t r e l a r ed. 

I f there i s onJy one input or i f one of the two inputs 
i s f i x e d , say L i s f i x e d , then only one equation i s enough for 
consistent l e a s t squares estum t i o n of the parameters 

I n Q = Â  + ^ I n L + C\ ̂  I n + 
(X o ft u where z ^ l n K-ln Q, <x 1 = j—^ , p 1 = JZTJT , ^ = 1 _ ̂  

G r i l l i c h e s has observed t h a t reasonable estimates 
are not a v a i l a b l e from i n d i r e c t l e a s t squares method which 
i s a f u l l i n f o r m a t i o n method but " t h i s i n f o r m a t i o n w h i l e f u l l 
i s apparently not very good as i t leads to unreasonable 
c o e f f i c i e n t s and very high standard e r r o r s . " 

Note. Only a b r i e f d e s c r i p t i o n of various simultaneous 
equation d i f f i c u l t i e s t h a t may a r i s e m the e s t i m a t i o n of 
the Cobb Douglas and the GTS f u n c t i o n s has been given here. 
v/e do not have any sprious i d e n t i f i c a t i o n prob] em m our 
ana l y s i s . I n any cross s e c t i o n study l i k e r u r s , an 
exogenous explanation f o r d i f f e r i n g prices i s a d e s i r a b l e 
s i t u a t i o n . I t may be noted however, t h a t d i s p e r s i o n through 
p r i c e d i f f e r e n c e s i s an induced d i s p e r s i o n , the f i r m s 
s c a t t e r i n g xhou'h production space m p u r s u i t of t h e i r t a r g e t s 
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Klein's Factor Share Method 

I n the case of Cotb Douglas function,Klein(1953) 
method, of f a c t o r share does not make use of the l e a s t 
squares procedure and <X and jJ are estimat°d as the shares 
of capital and labour i n t o t a l output 

* = rk/pQ, p= wL/pQ 
The estimates are found by using the geometric mean over 
n observations of input shares 

which can be w r i t t e n 

I n « = 2- ( i n r i K i - l n p ^ Q j / n , I n [S = X-(ln w ^ - l n P 1Q 1). 
As shown by Dhrymes(1962), the estimates are 

a s y m p t o t i c a l l y unbiased and have the minimum variance. 
However e n i s not an unbiased estimate nf e n C * . 

The procedure does not estimate the prod act Jon 
f u n c t i o n d i r e c t l y . I t uses the i n f o r m a t i o n t h a t the 
input demand equaxions are j o i n t l y derived along t h the 
production f u n c t i o n during the course of p r o f i t maximisation 

I n Q = I n A + o( I n K + p I n I + U Q 

I n rK = I n c\ + I n p0+ v^ 
I n v/I = I n p + I n p0+ Vj 
There are two nonlinear r e s t r i c t i o n s here m t h a t the 

l a s t two equatitns i n v o l v e I n ft and ln|3 whereas the f i r s t 
one has oc and |$ . I t i s assumed t h a t input and output prices 
are not only exogenous constant but are also observable. 

The method cannot be used to t e s t hypotheses about 
economies of scale because the parameters w i l l tend to sum 
to u n i t y i f the accounting i d e n t i t y connecting Q,K and L 
has been us^d. 
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Hoch(l958) proposed'"" e s t i m o t i o n procedure m the esse of 
the Cobb Douglas f u n c t i o n which removed the s i n g l e equation 
leasx squares bias from the estimates. 

I f u , , v x are t h i e r r o r v a r i a b l e s i n the production 
f u n c t i o n and the two input demand r e l a t i o n s w i t h variances 
S'o0> S(l ana oj.2. respectively,, Hoch's estimates of o< and p , 
using oc 'and ^ , t h - o rdinary l e a s t s^ueres estimates, are given 
by, oi = ot' ( 1 + Soo/S,) + S00/S2.1) - Soo/S^* 

|2 = f i ' (1+ Coo/S,, + Soo/S^i) - Soo/S^a 

By c a l c u l a t i n g m o C sth sample variance of Q, , n p j 3 

the sample variances of K and L and m^ , m^ the sample 

cov-Tiancpjo' (*-,Q) and (L,Q) and using the r e l a t i o n 
s. -

Soo = in -<xm. -/3m ft 

Hoch estimates 
- 1 

See = Soo (1-Soe/S,, - Soo/S^ ) 
/v 
S = m J-m — ? m 
v 
S^ = mco + - 2 m0/3 

I f L i s exogen_,ously determined and the remaining disturbances 
are uncori elated, Z ( Ue V, ) = C so t h a t 

Soo = Soo ( 1 - Sor/S,| ) 
(X - oi ' ( 1 + Soo/S„ ) - Soo/S(( 

|& ~ |9 ' (1 + Sor/S,, ) 
I f T ( v, ) = 0 then E ( ̂  V, ) = r ( u cVj, ) = o, 
t h a t i s , economic disturbances are c o r r e l a t e d w i t h each other 
but not w i t h t e c h n i c a l disturbances. Hoch gives a d d i t i o n a l 
r e s u l t s also without any c o n s i d e r a t i o n f o r p r i c e s . 
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The CES Production Function 

The parameters of the CES f u n c t i o n may be estimated 
d i r e c t l y by nonlinear methods or, as i s u s u a l l y the case, 
w i t h the help of marginal p r o d u c t i v i t y r e l a t i o n s . 

Nonlinear Estimation of the CLS Function 

There are several nonlinear approaches used t o estimate 
the CES parameters. B a s i c a l l y they amount to i t e r a t i v e l e a s t 
squares regression by s p e c i f y i n g an m t i a l value Q f o r each 
unknown parameter 0 j n Y = F (X, G) = F (X(,...X„, G,,...0/i) 
which i s w r i t t e n as a Taylor's s e r i e s expension around G . 
"'"he d i f f e r e n c e between F (X, G) and F (X,Gtf) which ̂ approximated 
to the f i r s t order d e r i v a t i v e s , i s minimised t o a r r i v e at the 
new spt of parameters G'. The best s o l u t i o n i s obtained 
i t e r e t i v e l y . Th re i s no guarantee t h a t the s o l u t i o n may be 
obtained. There i s th° p o s s i b i l i t y t h a t the unknown a p r i o r i 
values of G may be wrongly chosen. The problem of m u l t i c o l l m -
e a r i t y m^y not be r u l e d out. See G-oldfeld and OuaniLt (1 971 ) . 

The CES Function. Simultaneous Equations 

c o e f f i c i e n t s makes use of the marginal p r o d u c t i v i t y r e l a t i o n s 
given below • 

Here , a d e s i r a b l e property of n e o c l a s s i c a l production 
f u n c t i o n ^ i s s a t i s f i e d an t h a t the marginal p r o d u c t i v i t i e s are 
p o s i t i v e . The second order c o n d i t i o n i s not s a t i s f i e d unless 
V = 1. The e l a s t i c i t y of s u b s t i t u t i o n i s given by e> = 1 /1 +•£. 

and Y are features of the r u l i n g technology m a c r o s s s e c t i o n a l 

The usual method of determining the C 'S f u n c t i o n 

v /V us 

u-iU 3VAL 

Since ^m.jy t-ke any constant value, o'may do so too. <> , & 
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context. 
Assuming p e r f e c t l y competitive f a c t o r and product 

markets, the behavioural equations r e s u l t by equating the 
marginal p r o d u c t i v i t i e s to t h e i r r e s p e c t i v e f a c t o r p r i c e s . 
A consistent ana e f f i c i e n t e s timation w i l l r e q u i r e the 
use of thY^e simultaneous equations' the production f u n c t i o n 
and the two marginal p r o d u c t i v i t y r e l r t i o n s , a l l of which 
lead t o reduced forms, nonlinear m parameters. A s i n g l e 
equation l u a s t squares method by usmf one of the two marginal 
p r o d u c x i v i t y r e l a t i o n s can help. Since under our assumptions 

„ . a-o v "v'/fj>L>» 

we may have 1 as the explained v a r i a b l e 

S i m i l a r l y , I n K - k ^ ^ ' ' i t , + ^ > V ^ C 5"' > 

I f only these two equations are used i t may be possible 
to estimate a l l the four parameters ^ , v , Y" andfT, provided 
both give i n i t i a l l y s i m i l a r estimates of ^ and >> . This may 
not n e c e s s a r i l y be the case p a r t i c u l a r l y m the case of 
crosssection data. But i t i s p o ssible to put these equations 
to use f o r t e s t i n g the v a l i d i t y of the model. 

The d i f f e r e n c e m the values of the paramet T S from 
t h : two equations may be due to e r r o r s of observation m 
the c a p i t a l data, m i s s p e c i f i c a t i o n m one of the derived 
demands i g n o r i n g the dynamic element m the r e l a t i o n s h i p or 
the i n s t i t u t i o n a l f a c t o i s . '-L'hey may also be due to the breach 
of the assumption t h a t the explanatory v a r i a b l e s should not be 
c o r r e l a t e d w i t h the disturbance t t r r n m the o r d i n a r y l ^ a s t 
squares,method used. Y/hile these p o s s i b i l i t i e s are l i k e l y 
t h "> more l i k e l y p o s s i b i l i t y i s t h a t the value added may be 
r e l a t e d to the disturbance term m the behavioural r e l a t i o n s . 



I f however we assume t h a t no scale economies e x i s t 
so t h a t the production f u n c t i o n "becomes homogeneous w i t h 
V = 1. we hove the r e l a t i o n 

I n L = ^ I n O - S ) ^ ^ l»w + I** 
so t h a t I n V/L = - fa inO- *> l T V + TV" * + 

s i m i l a r l y I n V/E = - ^ In S I r ^ I v. t 4- «2 

Both of these can be estimated by ordinary l e a s t 
squares which w i l l give biased and i n c o n s i s t e n t estimates 
i f V / 1 . I f the paramota/aCitLmatcs happ Qn to be s i m i l a r from 
the two equation they can be used m the production f u n c t i o n 
t o l i n e a r i s e i t m a two step procedure. 
A d i v i s i o n of (4J©) by ( 5 a a ) r e s u l t s m 

5" and from t h i s used m ^ = CS K V (1 -<5) 1 J , 
an i n s t r u m e n t a l v a r i a b l e , can lead t o the estimoxion of v and 

<3 and ^ are o p t i o n a l l y estimated as ( 6a ) does not make 
use of endogneous explanatory v a r i a b l e s . But the estimates of 
V and Y" may not be e f f i c i e n t unless E and L used as explanatory 
v a r i a b l e s m the second step are uncorrelated w i t h the e r r o r 
term. 

The Two Step Procedure f o r the GES Function 
V 

For the CIS f u n c t i o n Q = / [ s f * + (1-5) 1 
equating f a c t o r rewards to the marginal p r o d u c t i v i t i e s under 
thp assumption of p e r f e c t competition, vie get 

3 0 / f l l - 5 

which when w r i t t e n an the form 
] n r/w = I n (S"/1-S) - (1 + $) I n E/L + I n u 

gives the estimates of Sand ^ . Th-~ l a t t e r when s u b s t i t u t e d 
m t h r e l a t i o n 
I n Q = I n [ - -~ I n [SK + (1-J) 1̂ ] + I n u 
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can enable us to estimate ^ -mil v . v/e assume t h a t u i s 
normally d i s t r i b u t e d " n t h zero mean and constant variance. 

Und^r the assumption of the general l i n e a r model 
the equation I n r/n = I n (<T/1-S) - (1 + <£) I n K/L y i e l d s unbiased 
estimates of I n (5/1-J) and <̂  . I t does not f o l l o v / t h a t <§ 
obtained from the estimate of I n (5̂/1 — 5) i s unbiased. I f 
t h i s i s taken as the f i r s t stage regression i t should be 
remembered tha t m the second stag'- regression of the CFS 
production f u n c t i o n , ^ and 5 thus estimated, are subject 
to e r r o r s of e s t i m a t i o n . Since only p o i n t estimates of % 
and can be used, the standard errors of ^ and S heve to be 
ignored so t h a t the second stage regression does not f u l f i l l 
the assumption of the general l i n e a r redel. This i s because 
the independent v a r i a b l e s are not measured without e r r o r . 

2 

The r e s u l t i n g f i t m the second stage gives R a p p l i c a b l e to 
t h ' second stage only, subject to the errors of the f i r s t 
stage. 
Kmenta Approximation 

I t i s possible to estimet the parameters of the UPS 
f u n c t i o n by nonlinear I j a s t squares procedures. But the con­
vergence t o w e l l defined values of the parameters i s not always 
guaranteed. Ementa approximation of t h - Ĝ S f u n c t i o n has 
o f t e n been used to do away v i t h the n o n l m e a r i t y problem 
associated w i t h the C I> f u n c t i o n : 

I n Q = I n f + vSln E + V (1-5) I n L % ̂  5 (1 - £) ( I n E-ln I ) 2 

^xcept f o r the l a s t term on the r i g h t hand side , t h i s equation 

represents the Cobb Douglas f u n c t i o n . The l r s t term i? 
( i n E - I n I ) m̂ y be looked upon as a c o r r e c t i o n term r e f l e c t i n g 
the departure of ^ from zero I t disappears i f Q> = 0 . i f ^ 
i s not s i g n i f i c n t l y d i f f e r e n t from zero, the CSS f u n c t i o n 
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i n the form of Kmenta approximation, may be r e j e c t e d m 
favour of t h - Cobb Douglas f u n c t i o n . <̂  = 0 means d = 1 . 
A s i g n i f i c a n t value of v> means an e l a s t i c i t y of s u b s t i t u t i o n 
d i f f e r e n t fron u n i t y . I f Ihe e l a s t i c i t y oi s u b s t i t u t i o n i s 
s i g n i f i c a n t l y d i f f e r e n t from u n i t y i t does not lead to an 
automatic acceptance of t t u Ĉ S f u n c t i o n . This i s because 
several other production models are compatiable w i t h the 
idea of nonunitary or v a r i a b l e e l a s t i c i t y of s u b s t i t u i o n . 
Moreover the Kmenta approximation ignores the t h i r d and higher 
order terms wnose e f f e c t s are unknown and unpredictable. 
The c o e f f i c i e n t of ( i n K/L) 2, namely, £ $ VH 1 - D on which 
we base our conclusion i s l i k e l y to be biased on the lower 
side since i t s c o n s t i t u t e n t parts are mostly less than u n i t y 
each. The assumption of ^ = 0 ignores the p o s s i b i l i t y of 
any other o[these c e n s x i t u t e n t s c o n t r i b u t i n g to the r e s u l t s . 
The estimates are not independent of the u n i t s of measurement. 
Recently Corbo (1974) h_s found t h a t the expression m the 
Knenta approximation does not f o l l o w from the C ,S f u n c t i o n 
alone. I t can equally w e l l r e s u l t from a s i m i l a r approximation 
of some v a r i a b l e e l a s t i c i t y of s u b s t i t u t i o n production f u n c t i o n s . 

G r i l l c h e s and Ringstad( 1 9 7 1) have shown t h a t since 
the estimate of the c o e f f i c i e n t of ( i n K/L) I S not independent 
of u n i t s of measurement of K and L there are advantages m 
evalua t i n g the parameters at the geometric mean l e v e l of i n p u t s . 
The accuracy i s improved when the u n i t s of measurement are so 
chosen as t o equate to z-ro the means of I n K and I n L. I f 
F = L the approximation lsexact so t h a t the sample observations 
of K and L are d i s t r i b u t e d about the l i n e K = L. For improved 
r e s u l t s . I n K, I n L and I n K/L may be subtracted from I n K, 
I n L and I n K/L m the approximation . 
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The Kmenta approximation may be used m the e s t i m a t i o n 
of th° GLS f u n c t i o n by i n d i r e c t l e a s t squares. The CCS pro­
duct i o n f u n c t i o n and the marginal p r o d u c t i v i t y r e l a t i o n s 

Q = / [ 5 E ~ S + (1-5) L"̂  

r/p = v S f Q K ^ 

may be w r i t t e n 
I n Q = I n f - VA ln£§ K + (1-2) L ] + u. 
+ I n Q - (1 + *) I n K = l n ^ r 

(1 + ?A') I n Q - ( 1 + 0 I n L = I n f * ^ ^ + u,. 
For constant or nonconstant r e t u r n s t o scale and f o r 

an e l a s t i c i t y of s u b s t i t u t i o n of u n i t y or otherwise we have 
t o deal w i t h a simultaneous system of equations l i n e a r m 
parameters whose number i s l a r g e . There i s a p o s s i b i l i t y of 
i d e n t i f i c a t i o n i f p r i o r r e s t r i c t i o n s are imposed on the 
parameters . Kmenta assumed a diagonal variance covariance 
m a t r i x of the disturbances and replaced the C-S expression 
by . u s t i i y Taylor's series approximation so t h a t the system 
becomes 

I n Q- v 5 l n K- V(1-5) I n L+1 » ^ ( 1 _ ^ ) i n K-ln L ) 2 = > 0 + U ( , 
(1+ $/»>) I n Q-(1+? ) I n K = A, +u, 
0+>/v) I n Q-O + 0 I n L = ^ + U j L 

wh^re >, = l n X ^ ' v ?^ = I n . ̂ V > w 
The l a s t xwo equations, which are input demand r e l a t i o n s 

are f i r s t i d e n t i f i e d and can y i e l d c onsistent estimates of Lil^? 
provided the two r e l a t i o n s give the same r e s u l t s . 
Let £ . i ^ l ^ 

and define z ( = <^ln Q - I n R, z ̂  = <*ln Q - I n L and 
zi = ( I n K - I n L)2 

we xhen hr=ve to estimate the regression equation 



I n Q = a 0 + a,z, + a^z^t a 3z_j + u' 

Here u' xs p r o p o r t i o n a l to u c and the c o e f f i c i e n t s are i d e n t i f i e d . 
Hodges(1969) extended to the CHS f u n c t i o n the r e s u l t 

of Zellner-Kmenta-Dreze applied to the Cobb Douglas f u n c t i o n . 
Janvry ( l 9 7 2 ) shows t h a t under the behavioural assumption 

of maximisation of expected p r o f i t s , d i r e c t e s t i m a t i o n of the 
production f u n c t i o n from crosssection data on f i r m s i s always 
f r ^ e from simultaneous equation bias, whatever the f u n c t i o n a l 
form s p e c i f i e d . ?or the general class of stochastic f u n c t i o n s 

Q = f ( X ) eV° , F(e v'-) = ^ 
l e t the f i r m o b j e c t i v e be to maximise c o n d i t i o n a l expectation 
of - r o f i t s under co n d i t i o n s of p e r f e c t competition 

)= P UQ) - Xp,x ( 

vhere p i s the output p r i c e and p , 3 = 1,...,m, the m input 
p r i c - s . Since E(Q) = f(X)y^- , we have the m a d d i t i o n a l 
equations p f.(X)/A - p = 0 
or P f (X) g (-) = p ,\, ̂  • -

J J J 
I f v;e w r i t e c , = I n Pj/p^, we get m + 1 simultaneous 

equations s i m i l a r t o those of Zellner-Kmenta-Dreze. 
I n Q = I n f ( X ) + v 0 i 

I n Q + I n g-(X) = c, + v_ + v. i = 1,2,...,m. 
I n the reduced form equations, vQ i s independent of v̂  

so t h t consistent ordinary l e a s t squares estimates of the 
parameters are obtained f o r any form of production f u n c t i o n . 

A s i m i l a r r e s u l t can be obtained m the e s t i m a t i o n 
of the general class of stochastic production f u n c t i o n s 

Q = f ( X ) + v e , F ( v J = 0. 
A s i m i l a r r e s u l t has been given J independently by 

K a l e j i a n ( 1 9 7 1 ) . 
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S p e c i f i c a x i o n Bias r e s u l t m r from i n c l u s i o n of i r r e l e v a n t 
v a r i a b l e s or exclusion of re l e v a n t v a r i a b l e s . 

Consider a general l m e a c model which may be assumed 
to be the t r u e model, v/ith three independent v a r i a b l e s 

^ i = fc> + P l X 1 i + feX2i + (¥3i + U ! 
where y i s a column of n observations on output and 

, Xg , X^ are columns of n observations leach on the 
three independent v a r i a b l e s . I n the matrix n o t a t i o n , 

y = X (J + u 
nx1 n M 4*1 n*1 

where a column of u n i t y has been associated w i t h 
I f the model wrongly s p e c i f i e d i s 

y = h + ftxi + fex2 + »l 

or y = X + u 
n/1 n*3 ix.1 n*1 

the rank of X i s l i k e l y to be higher than the rank of X. 
A 

p = { X'X)" 1 X'y 

= ( X ' X ) - 1 X'X (2 = G p 
where G = (X'X)" 1 X'X . ilo bias m the parameter 
estimates of the regression equation i s involved i f X^ i s 
not c o r r e l a t e d w i t h X̂  and 1^. But the retu r n s t o scale 
parameter w i l l b 3 biased. 

I n the case of the Cobb Dour-als f u n c t i o n i f the 
ot 0> * p f 

s p e c i f i c a i i o n i s Y = A K L instead of Y = A K L M , 
the r e t u r n s t o scale w i l l be noted as + p r a t h e r than 
* + (* + "f • ^he bias w i l l be downv/ard m t h i s case. I t 

w i l l be upward i f an i r r e l e v a n t v a r i a b l e i s included. 
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I f the omitted v a r i a b l e X^ i s p o s i t i v e l y -
c o r r e l a t e d w i t h X.j or e i t h e r ^ or {i^ or both 
w i l l be biased upward. 

I f p r o p o r t i o n a l changes m X̂  or Xg correspond 
to less than p r o p o r t i o n a l changes i n X->, the r e t u r n s 
to scale w i l l be underestimated. They w i l l be overestimated 
i f the correspondence of p r o p o r t i o n a l changes m X̂  or Xg 
i s w i t h more than p r o p o r t i o n a l changes m X-̂ . 

I f X^ changes m the same p r o p o r t i o n as X̂  and 
Xr^, there i s no bias involved. 

The Aggregation Problem 

The aggregation problem arises because of a jump 
from the microeconomics of one u n i t t o the macroeconomics 
of many u n i t s , u s u a l l y assuming a p a t t e r n f o r the l a t t e r 
s i m i l a r t o the one f o r the former. 

I n the case of a f i r m , the t e c h n o l o g i c a l r e l a t i o n ­
ship of the production f u n c t i o n i s managed by the e n t r e ­
preneur who decides the output l e v e l s and the r e q u i r e d 
input p r o p o r t i o n s . But who does the job i n the case of 
an i n d u s t r y 9 As Walters(1 9 6 3 ) says m h i s survey, 
"one d i f f i c u l t y i s lmmedutely apparent tnose f a c t o r s 
which v/e regard as f i x e d f o r the i n d i v i d u a l f i r m are not 
n e c e s s a r i l y f i x e d f o r the i n d u s t r y , e.g.,entrepreneurial 
a b i l i t y . " This means t h a t f u l l fledged aggregation or even 
pa r t aggregaxion r e s u l t s m the m i s s p e c i f i c a t i o n of the 
v a r i a b l e s and h°nc- of the associated parameters. 
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There i s no p r o f i t maximising macro-decision maker. 
There i s no reasonable analogy m equating marginal 
p r o d u c t i v i t y of inputs t o t h e i r rewards nor the 
e q u i l i b r i u m a v a i l a b l e under p e r f e c t competition. 
I n s p i t e of the success associated w i t h a number of 
macro models, the usual basis of such aggregation i s 
i n t u i t i o n which may introduce an i l l o g i c a l element m the 
sub;j ect. 

According to Green(196A), aggregation i s a process 
"whereby a p a r t of t h i n f o r m a t i o n a v a i l a b l e f o r the 
s o l u t i o n of a problem i s s a c r i f i c e d f o r the purpose of 
making the problem more e a s i l y manageable." Aggregation 
may be deemed to be s a t i s f a c t o r y i f , m s p i t e of not 
using d e t a i l e d data, the r e l i a b i l i t y of r e s u l t s i s not 
lowered s i g n i f i c a n t l y while the costs a r 3 lowered at the 
same time. I n other * ords, the t r a n s i t i o n from the 
micro to macro should not s i g n i f i c a n t l y a f f e c t the v i a b i l i t y 
of aggregation of v a r i a b l e s and r e l a t i o n s t o be used m 
the process of aggregation. 

I f the macroeconomic v a r i a b l e s are set up t o 
correspond to the nlcroeconomic v a r i a b l e s , one may question 
\Miether xhe l d ^ n i i c a l l o o k i n g macro v a r i a b l e s define the 
sanie phenomenon as the micro v a r i a b l e s . A l t e r n a t i v e l y , 
one may ask i f the macro v a r i a b l e s can be so defined 
as to be consistent w i t h the microcconomic theory. 
Seme aspects of t h i s pre bleu may be considered w i t h 
reference t o production functi o n s . 

file:///Miether
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S p e c i f i c a t i o n Bias due t o Aggregation 

The aggregate production f u n c t i o n , when used to 
compare i n t e r i n d u s t r y e f f i c i e n c y or i n t e r t e m p o r a l t e c h n i c a l 
progress, tends t o ignore q u a l i t y and s t r u c t u r a l d i f f e r e n c e s 
m i n p u t s . I t i s e s s e n t i a l t o take care of the s t r u c t u r a l 
aspect of labour f o r a proper s p e c i f i c a t i o n of the labour 
input m the production f u n c t i o n which may s u f f e r from 
bias as a r e s u l t of almost st a b l e d i f f e r e n c e s m the 
q u a l i t i t i e s of d i f f e r e n t types of labour. The assumption 
of homogeneity of labour and c a p i t a l w i t hout any c o r r e c t i v e 
f o r heterogeneity involves serious p o l i c y i m p l i c a t i o n s 
apart from bias. U n f o r t u n a t e l y , i t i s not possible to do 
much about i t m e m p i r i c a l work f o r reasons of non­
a v a i l a b i l i t y of data and d i f f i c u l t i e s of es t i m a t i o n . 

The aggregation problem may be considered as a 
sp e c i a l case of s p e c i f i c a t i o n bias. Reasoning m terms 
of aggregates i s a long standing t r a d i t i o n of economic theory 
though, o f t e n , i t s use may not be j u s t i f i e d . 

Each a d d i t i o n a l l e v e l of disaggregation may be 
expected t o improve the homogeneity and accuracy of the data. 
But there are l i m i t s . For mstniice, many d i f f e r e n t items are 
used as c a p i t a l t o produce goods which pass through 
several processes;and prices of c a p i t a l items used are also 
not i d e n t i c a l . Also, the a l t e r n a t i v e items of c a p i t a l may not 
nec e s s a r i l y produce the same output per u n i t of time. The 
d u r a b i l i t y of d i f f e r e n t u n i t s of output may not be the 
same. Yet d i f f e r e n t u n i t s of output or d i f f e r e n t 



u n i t s of c a p i t s l may b< aggregated 'without proper j u s t i ­
f i c a t i o n . 

Thus, s t r i c t disag r e l a t i o n i d d i f f i c u l t because 
even a s i n g l e establishment or p l a n t employs a v a r i e t y 
of c a p i t a l and labour and must, i n general, produce several 
kinds of outputs. I t i s p r a c t i c a l l y impossible to obt a i n 
s t r i c t l y homogeneous outputs, c a p i t a l and labour m a l l the 
observations and t h e r e f o r e a c e r t a i n degree of aggregation 
or a l i m i t e d disaegr- gation has to be a l l o w d . 

Any establishment produces more than one output 
though most production f u n c t i o n studies are based on a 
si n g l e output. The aggregation problem obviously aris e s 
because the s i n g l e output us^d m the e m p i r i c a l analysis 
i s the r e s u l t of a price weighted combination of several 
items which may, m some cas s, be """ery d i f f e r e n t from 
one anoth-r. Any errors a r i s i n g out of aggregation w i l l 
be l a ^ e r , the higher the degree of aggregation. S i m i l a r l y , 
labour and capital u n i t s , even though nonhomogeneous and 
d i f f e r i n g m numerous ways, have to be combined. Usually, 
d e t a i l e d data ar not a v a i l a b l e . But even i f t >ey were, 
i t would be d i f f i c u l t to make use of them m view of the 
v a r i a t i o n s m q u a l i t y , age,experience and o v a r i e t y of 
other circumstances over d i f f e r e n t establishments. 
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Aggregation i n Production Function Studies 

I t has been observed by Bosworth(1976) t h a t 
'problems of aggregation can r e s u l t m the f a i l u r e of aggre­
gate production f u n c t i o n s to r e f l e c t the underlying 
technology of production. Such fears give micro studies 
much of t h e i r appeal. At a very low l e v e l of aggregation 
extraneous influences should be less important and estimates 
should d i r e c t l y r e f l e c t the nucro technologies." 

Fisher(19 6 9,1971) has pointed out how rig o r o u s 
aggregation, almost i n v a r i a b l y r e s o rted to i n production 
f u n c t i o n a n a l y s i s , i s possible only under very s t r i n g e n t 
c o n d i t i o n s . A n these r e s t r i c t i o n s are m a d d i t i o n to the 
many other u n r e a l i s t i c assumptions associated w i t h 
the subject. 

Ihe concept of the production f u n c t i o n , as o r i g i n a l l y 
envisaged, was concerned w i t h q u a n t i f y i n g the r e l a t i o n s h i p 
between the output and inputs of an i n d i v i d u a l f i r m . 
According to Relson( 1964.), the extension of t h i s r e l a t i o n s h i ; 
t o a " s i n g l e and stable r e l a t i o n s h i p between a measure 
of aggregate outputs i s u n c e r t a i n at best." The 
u n c e r t a i n t i e s and doubts associated w i t h the problem of agg­
r e g a t i o n may be many. For a f i r m , the production f u n c t i o n 
i s a t e c h n o l o g i c a l r e l a t i o n s h i p between i t s output and 
inputs t o be us^d. I s i t the same f o r an i n d u s t r y or an 
economy 9 I t i s d i f f i c u l t to v i s u a l i s e a whole i n d u s t r y 
or an economy from the same t e c h n o l o g i c a l angle as the 
f i r m . Inputs have a d i f f e r e n t meaning f o r a f i r m compared 
to t h a t f o r a i i n d u s t r y . 
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The raajn d i f f i c u l t y due to aggregation a r i s e s 
when use i s made of the seme form of the production f u n c t i o n 
m the macro case as m the micro case. Th 3 use of a 
p a r t i c u l a r form of the aggregate production f u n c t i o n 
cannot be questioned, //hat i s o b j e c t i o n a b l e , however, 
i s the i m p l i c i t assumption t h a t aggregation does not make 
any d i f f e r e n c e t o the situatjon. 

For our manufacturing establishment data, i n so 
f a r as we ca r r y out some k i n d of a d d i t i o n of a l l outputs 
and inputs corresponding t o various production procossr-s 
w i t h i n each establishment, w i t h o u t d i s t i n g u i s h i n g 
between d i f f e r e n t types and q u a l i t i e s of inputs or 
outputs, our production f u n c t i o n s do become roughly 
aggregative m nature. Yet the i n t r i n s i c features of the 
technologies " ' i t h i n xhe establishments do not remain 
u n r p f l e c t e d by t h i s . Our aggregation i s i n value teims so 
t h a t the n a r g i n a l products w i l l also be m value terms. 
Such an aggregation i s not v a l i d unless there areconstant 
r e t u r n s t o scale. Our r e s u l t s may s u f f e r , t h e r e f o r e , from , 
some aggregation bias but we r e a l i s e at the same time t h a t 
i t i s n e i t h e r possible nor f e a s i b l e t o separate data 
m each product which i s l i k e l y t o d i f f e i from 
one establishment t o another. Nor are the basic 
co n d i t i o n s of i d e n t i t y of production f u n c t i o n s and 
constant r e t u r n s t o scale l i k e l y t o be s a t i s f i e d . 
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According to Klein (194-6), i f there e x i s t production 
f u n c t i o n s r e - l a t m f output; to inputs from the i n d i v i d u a l 
f i r m , f u n c t i o n s connecting argregete outputs and inputs 
f o r the economy as a whole should also > jxist. Further, 
i f i n d i v i d u a l f i r n u are a sum^d to be maximising t h e i r 
p r o f i t s according to c e r t a i n marginal p r o d u c t i v i t y r e l a t i o n s 
then the eggregrte v a r i a b l e s should s a t i s f y analogous 
equations. A l t e r n a t v e l y , i t should be possible to derive 
from the i n d i v i d u a l production f u n c t i o n s an economy production 
f u n c t i o n of aggregate v a r i a b l e s which may be looked upon 
as t e c h n o l o g i c a l v a r i a b l e s of an economy-wide process. 
This requirement i s independent of the s a t i s f a c t i o n of 
any e q u i l i b r i m conditions f o r maximum p r o f i t s since tech­
nology alone i s i n v o l ved I n e q u i l i b r i m however, the 
aggregate v a r i a b l e s f o r t h i economy should s a t i s f y the 
c l a s s i c a l marginal p r o d u c t i v i t y conditions l u (1946) 
objected by saying t h a t Kl&n's assumption t h ^ t a gregate 
output i s independent of input d i s t r i b u t i o n s i s not proper 
and to assume t h a t a unique nu cro production f u n c t i o n ^ x i s t s , 
io unnecessary and a r b i t r a r y because some other f u n c t i o n can 
as w e l l t a k j caie of xha p r o f i t maximising c o n d i t i o n s 
Pu observed t h a t i t was possible to imagine a t r a n s f e r of 
f a c t o r s bf-tw^en f i r m s r e s u l t i n g m a r i s e or f a l l of the 
agrregcte production f u n c t i o n although the t o t a l q u a n t i t y 
of f a c t o r s rememed unchanged. I t i s necessary to include 
m an ag regate production f u n c t i o n v a r i a b l e s showing the 
d i s t r i b u t i o n of f a c t o r s . Aggravation should be bas^d on 
f i x e d patterns of d i s t r i b u t i o n of the values of the micro-
v a r i a b l ^ s m each eg r'gate. I n other words,the existence 
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of such f i x e d patterns i s e s s o n t i a l f o r aggregation. 
According t o 3 h e p h a r d ( 1 9 7 1), the production r e l a t i o n to be 
aggregated r e f l e c t s seme o p t i m i s a t i o n or e q u i l i b r i u m 
decisions and describes a l i m i t e d arrangement of inputs 
to outputs r e l a t i v e to those a v a i l a b l e m the technology. 
I f i n the aggregates, the microveriables have a f i x e d 
p a t t e r n of d i s t r i b u t i o n , then the aggregate production 
f u n c t i o n does not describe the alternative;-, i n the technology 
and beccmes a statement of the net e f f e c t of i n d i v i d u a l 
o p t i m i s i n g decisions. For some given set of price s and 
circumstances, K l e i n ' s i n d i v i d u a l production f u n c t i o n s 
r e f l e c t the f u l l range of the a l t e r n a t i v e s a v a i l a b l e 'hether 
r e a l i s e d or not by xhe f i r m s at a given time. The aggregat 0 

production f u n c t i o n thus constructed from agrregate 
v a r i a b l e s can be s u c c e s s f u l l y used f o r the purpose of 
p r e d i c t i o n and explanation. I n the very short run, Pu's 
assumption of f i x e d d i s t r i b u t i o n of microvariables may 
be f u l f i l l e d but not i n th° long run. 

Using Theil's( 1 9 5 4) procedure of aggregation as 
applied to the Cobfc Douglas f u n c t i o n , C - r i l l i ches(1 957) 

shovs t h a t when the micro parameters are not i d e n t i c a l , 
the estimaxes of the macro parameters r e s u l t i n g from 
aggregation are averages of the corresponding micro 
parameters along w i t h a bias depending on a l l the elements 
of each of the micro parameters. The macro c o e f f i c i e n t 
of labour m a tvo input model is. i n fluenced by the 
micro c o e f f i c i e n t s of labour as w e l l as c a p i t a l . 
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Zellner(1 9 6 9 ) considers another aspect of the 

aggregation problem m terms of regression models w i t h 
random c o e f f i c i e n t s . He shows t h a t under c e r t a i n c o n d i t i o n s , 
the usual macro two stage l e a s t square estimator i s a 
consist e n t estimator f o r the mean of i n d i v i d u a l c o e f f i c i e n t 
v e c t o r s . Theil'e r e s u l t s r e l a t e to models w i t n f i x e d 
c o e f f i c i e n t s . Z e l l n e r 1 s " c o n s i s t e n t " r e s u l t s \ i t h no 
aggregation bias r e l a t e to models w i t h random c o e f f i c i e n t s 
which have been found to be u s e f u l m some s i t u a t i o n s . 
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T a b l e 1E 

ANALYSIS OF C O V A R I A I I C E 

GROUTI1JG CRITLRIOK : AG^ OP LSTABLIShXIlTT 

P r o d u c t i o n F VALUTS ONLY 
R e l a t i o n France I n d i a I s r a e l J apan Y u g o s l a v i a 

(1a ) 1.8 1 .9 2 .2 2 .4 1.1 
(1b) 1.1 1.6 1.9 2 .2 2 .6 

(2a ) 2 .1 1.8 1.6 1.3 1.2 
( 2 b ) 2 .5 2 . 1 1.8 1.2 1.4 

(3a ) 1.2 1.7 2 .3 2 .4 1.0 
( 3 b ) 1.2 1.8 2 .5 2 .2 1.0 

( 4 a ) 1 .4 2 .4 3.C 1.3 1.5 
( 4 b ) 2 .1 2 .3 1.6 1.9 1.1 
( 4 c ) 1.8 2 .2 1.2 1.8 1 . 0 

( 5 a ) 1.6 1.7 1.8 1.8 1.1 
( 5 b ) 2 .7 3 .7** 1.6 2 .6 
( 5 c ) 2.5 3 .0*- 3 . 4 J ^ 1.6 2 .5 

( 6 a ) 2 .5 2 .8 2 .9 1 .6 1.1 
( 6 b ) 2 .2 2 .2 2 .5 1.7 1.9 
( 6 c ) 1.3 8.9*-* <- . _> 1.4 1.3 



T a b l e 2E 
ANALYSIS OF COVARIANCr 

F v a l u e s o n l y 

GROUTING CRIirRION • rFROTNTAGU CAPACITY UTILISATION 

P r o d u c t i o n 
R e l d t J on France I n d i a I s r a e l Japan Y u g o s l a v i a 

(1a ) 1.2 1.3 2 . 0 1.5 1 . 0 

(1b) 1.1 2 .1 2 .3 1.3 1 .2 

( 2 a ) 1.2 1.1 1 .9 2 .0 1 .2 

( 2 b ) 1.1 2 .1 1.8 1.5 1 .3 

( 3a) 1.5 2 .1 1.8 1.3 1 . 4 
( 3 b ) 1.6 2 .1 1 .9 1.7 1 . 3 

( 4 a ) 2 . 1 •5 0 v r 
-> • ^ 1.2 1 1 .1 

( d b ) 1.1 2 .6 1.6 1 .7 1 .2 

(Ac) 1.2 2 .6 1 .4 1.2 1 . 1 

( 5 a ) 1 . I 1.2 6 . 0 * * 2 .2 1 1 

( 5 b ) 1.0 3.9 — 1.3 2 .2 1 .2 

( 5 c ) 2 . 0 2 .4 1.2 2 .2 1 .7 

( 6 a ) 1.8 1 .C 2.C 2 .1 1 . 0 
( 6 b ) 1.5 1.3 3 . 6 - * 1.9 1 .2 

( 6 c ) 1 . 1 3 .1** 1 .0 2 .0 1 . 3 



T a b l e 3E 

ANALYSIS OP COVARIANCE 

P v a l u e s o n l y 

GROUPING CRITERION : NUMBER OF SHIFTS WORKED 

P r o d u c t i o n 
R e l a t i o n Franc e I n d i a I s r a e l Japan Yugos] a v i a 

(1a ) 1.5 1.3 1 . 4 2 . 1 2 . 9 
(1b ) 1.0 1.2 1.0 1.7 2 .2 

(2a ) 1 .1 1.1 1.3 1.4 2 .6 
(2b ) 1.4 1.8 1.1 1.8 1.7 

(3a ) 1.9 1.7 1.0 3.7 1.8 
(3b ) 2 .3 1.6 1 . 0 2 .3 1.8 

(4a) 1.8 1.5 1.7 1.6 1.7 
(4b ) 1.2 1.8 2 .6 1.0 2.C 
(Ac) 1.1 1.7 1.6 1.4 3.C** 

(5a ) 1.6 2.3 1.3 2 .9 2 .1 
(5b) 1.8 3 . 1 * * 2 . 4 1.7 1.5 
( 5 c ) 1.3 2 .3 1.2 1.3 1.5 

(6a ) 1 ~; 1.5 1.3 4.4"-* 2 . 6 
(6b ) 1.9 2.3 5 .2** 1.4 5 .5** 
( 6 c ) I . 0 2 .1 1.7 2 . 0 1.1 



T a b l e 7 

R A M CORRELATION B I T Y ' T E N GrRTAlIT P A I R S OP V A R I A B L E 

The n o t a t i o n used m t h i s t a b l e i s g i v e n b e l o w . The 
c o r r e s p o n d i n g n o t a t i o n , i f any , used m t h e t e x t i s 
g i v e n m b r a c k e t s . 
TVPRD(Y) T o t a l v a l u e o f p r o d u c t i o n 

V a l u e added 
T o t a l l a b o u r 
D i r e c t l a b o u r 
Net c a p i t a l a s se t s 

VADTD(V) 
LTOTL(L) 
LDRCT(1 D ) 

CAPAS(K) 
M G H N Y ( K ^ Q ) M a c h i n e r y and equipment 
D A L A N ( K - Q ^ ) D e p r e c i a t i o n a l l o w a n c e s per annum 
WAGES(W) T o t a l wages 
CAP1T(K/L) C a p i t a l l a b o u r r a t i o 
VADLT(V/1) V a l u e added l a b o u r r a t i o 
VACAS(V/K) Va lue added c a p i t a l r a t i o 

CAPUT 
NRYRS 

FCAGE 
PMOS1 

F-LCWH 

MOTKW 

Percen tage c a p a c i t y u t i l i s a t i o n 
Age o f e s t a b l i s h m e n t 
Age o f mach ine ry 
Pe rcen tage o f mo to r s o p e r a t e d m s h i f t one 
E l e c t r i c i t y consumed m kwh 
Capac i ty o f mo to r s m kwh 

N 
SIG 

Number o f o b s e r v a t i o n s 
L e v e l o f s i g n i f i c a n c e 
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T a b l e 8 

F R F Q U E N C Y D I S T R I B U T I O N S O F M A N U F A C T U R I N G l E T A B L I S H M L N T S O F 

F R A N C T , I N D I A , I S R A r L , J A P A N AND Y U G O S L A V I A 

T h i s t a " b l e g i v e s t h e f r e q u e n c i e s , r e l a t i v e f r e q u e n c i e s a n d 

a n d p e r c e n t a g e c u m u l a t i v e f r e q u e n c i e s f o r t i e f o l l o w i n g 

N e t c a p i t a l a s s e t s 

M a c h i n e r y a n d e q u i p m e n t 

V a l u e a d d e d 

T o t a l v a l u e o f p r o d u c t i o n 

D e p r e c i a t i o n a l l o w a n c e s 

I n t e r m e d i a t e i n p u t s 

V a l u e o f f u e l c o n s u m e d 

E l e c t r i c i t y c o n s u m e d m k w h 

V a l u e o f e l e c t r i c i t y c o n s u m e d 

M o t o r s o p e r a t e d a n k w h 

I n v e n t o r i e s 

D i r e c t l a b o u r 

I n d i r e c t l a b o u r 

E d u c a t e d l a b o u r 

O t h e r l a b o u r 

D i r e c t l a b o u r 311 s h i f t o n e 

D i r e c t l a b o u r m s h a f t t^/o 

D i r e c t l a b o u r m s h i f t t h r e e 

P e r c e n t a g e o f m o t o r s o p e r a t e d , s h a f t o n e 

P e r c e n t a g e o f m o t o r s o p e r a t e d , s h i f t t w o 

P e r c e n t a g e o f m o t o r s o p e r a t e d , s h i f t t h r e e 

B r e a k e v e n p o i n t p e r c e n t a g e -

A g e o f e s t a b l i s h m e n t m n u m b e r o f y e a r s 

A g e o f m a c h i n e r y 

P e r c e n t a g e c a p a c i t y u t i l i s a t i o n 

N u m b e r o f s h i f t s w o r k e d . 

I Pt 1 c fcn fcarjii -rf St~cxb'> ikr" t n t s 



FRANCE I S D I A I S R A E L JAPAH Y U G O S L A V I A 

NET C A P I T A L N O . O F 
A S S E T S F I R M S Z 

C U M . N O . O F 
Z F I R M S Z 

C U M . 
Z 

N O . O F 
F I R M S Z 

C U M . N O . O F 
Z F I R M S z 

C U M . N O . O F 
Z F I R M S z 

CUM 
z 

0 - 1 0 0 1 2 2 3 3 3 3 4 4 2 3 3 

1 0 0 - 5 0 0 3 5 6 2 4 2 1 2 3 1 0 1 4 1 9 1 7 2 7 3 0 15 10 10 

5 0 0 - 1 0 0 0 9 1 4 2 0 7 9 2 9 1 1 1 6 3 5 1 0 1 6 4 5 1 1 2-6 

1 0 0 0 - 2 0 0 0 8 1 3 3 3 1 9 1 6 4 5 1 0 1 4 4 9 4 6 5 2 2.8 19 46 

2 0 0 0 - 3 0 0 0 9 1 4 4 7 1 5 1 3 5 8 9 1 3 6 2 9 1 4 6 6 IS 19 69 

3 0 0 0 - 4 0 0 0 5 8 5 5 5 4 6 2 2 3 6 5 7 1 1 7 7 9 6 7 1 

4 3 0 0 - 5 0 0 0 6 9 6 4 6 5 6 8 5 7 7 2 2 3 8 0 5 "b 74 

5 0 0 0 - 1 0 0 0 0 8 1 3 7 7 1 3 1 1 7 9 8 1 2 8 4 8 1 3 9 2 i3 16 go 

I O O O O - 2 5 0 0 0 7 1 1 6 8 1 2 1 0 8 9 8 1 2 9 6 2 3 9 5 1? 9 3i> 

6 d « R H *\ 2 2 
r 

9 0 0 0 0 - 1 0 0 0 0 0 3 5 1 0 0 2 2 9 6 1 1 1 0 0 1 2 1 0 0 I 100 

1 0 0 0 0 0 - 9 0 0 0 0 0 5 4 1 0 0 

FRANCE I N D I A I S R A E L JAP AN Y U G O S L A V I A 

M A : H I N E R Y MO. OF C U M . N O . O F C U M . N O . O F C U M . N O . O F C U M . N O . O F CUM 
F I R M S Z Z F I R M S Z Z F I R M S Z Z F I R M S Z Z F I R M S Z z 

0 - 5 0 1 2 2 4 3 3 2 3 3 1 0 1 6 1 6 

5 0 - 2 5 0 5 8 9 1 9 1 6 2 0 8 1 2 1 4 1 3 2 0 3 6 1 4 1 0 1 0 

2 5 0 - 5 0 0 9 1 4 2 3 1 8 1 5 3 5 9 1 3 2 8 8 1 3 4 8 2 1 1 4 2 4 

5 0 0 - 1 0 0 0 1 3 2 0 4 4 1 3 1 1 4 6 1 4 2 0 4 8 5 8 5 6 2 6 1 8 4 2 

1 0 0 0 - 2 0 0 0 4 6 5 0 1 2 1 0 5 6 5 7 5 5 8 1 3 6 9 2 0 1 4 5 6 

2 0 3 0 - 3 0 0 0 5 8 5 8 7 6 6 2 7 1 0 6 5 9 1 4 8 3 1 4 1 0 6 6 

3 0 3 0 - 4 0 0 0 1 2 5 9 2 2 6 4 3 4 7 0 8 6 7 1 

4 0 0 0 - 5 0 0 0 1 2 1 9 7 8 1 1 9 7 4 7 1 0 8 0 6 9 9 2 2 5 1 7 8 8 

5 0 0 0 - 1 0 0 0 0 5 8 8 6 1 7 1 5 8 8 1 0 1 4 9 4 3 5 9 7 1 4 1 0 9 8 

1 0 0 0 0 - 2 5 0 0 0 5 8 9 4 6 5 9 3 2 3 9 7 1 2 9 8 2 1 9 9 

2 5 0 0 0 - 5 0 0 0 0 3 5 9 8 3 3 9 6 1 1 9 9 1 1 1 0 0 

5 0 0 0 0 - 2 5 0 0 0 0 1 2 1 0 0 5 4 1 0 0 1 1 1 0 0 1 2 1 0 0 



V A L U E 
A 3 0 E 0 

N O . O F 
F I R M S * 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
* F I R M S X 

C U M . N O . O F 
X F I R M S X 

CUM 
X 

0 . 1 0 0 1 1 1 

1 3 0 - 5 0 0 1 8 1 5 1 6 5 7 7 1 2 1 9 1 9 2 8 1 9 1 9 

5 3 0 - 1 0 0 0 3 5 5 1 9 1 6 3 2 1 5 2 2 2 9 1 2 1 9 3 8 3 4 2 3 4 3 

1 0 3 0 - 2 0 0 0 7 1 1 1 6 1 3 1 1 4 4 2 1 3 0 5 9 1 0 1 6 5 3 4 3 3 0 7 2 

2 0 0 0 - 3 0 0 0 6 9 2 5 1 1 9 5 3 1 0 1 4 7 4 8 1 3 6 6 1 8 1 2 8 5 

3 0 3 3 - 4 0 0 0 5 8 3 3 5 4 5 7 6 9 8 3 3 5 7 0 8 6 9 0 

4 0 0 0 - 5 0 0 0 3 5 3 8 3 3 6 0 4 6 8 8 5 8 7 8 7 5 9 5 

5 0 3 0 - 1 0 0 0 0 1 1 1 7 5 5 1 8 1 5 7 5 6 9 9 7 1 0 1 6 9 4 5 3 9 9 

1 0 0 3 0 - 2 5 0 0 0 2 X 3 4 8 9 1 9 1 6 9 1 2 3 1 0 0 3 5 9 8 2 1 1 0 0 

2 5 0 0 0 - 5 0 0 0 0 7 1 1 1 0 0 4 3 9 5 

5 0 0 0 0 - 1 0 0 0 0 0 5 4 9 9 1 2 1 0 0 

1 0 0 0 0 0 - 5 0 0 0 0 0 1 1 1 0 0 

FRANCE I N D I A I S R A E L I J A P A N Y U G O S L A V I A 

T O T A L V A L U E N O . O F C U M . N O . O F C U M . N O . O F C U M . N O . O F C U M . N O . O F CUM 
OF P * O D U C N . F I R M S X X F I R M S X X F I R M S * X F I R M S SS X F I R M S X X 

1 

7 

1 5 

1 1 

6 

2 

1 0 0 - 5 0 0 

5 0 0 - 1 0 0 0 1 2 2 

1 0 0 0 - 2 0 0 0 2 3 5 

2 0 0 0 - 3 0 0 0 

3 0 0 0 - 4 0 0 0 2 3 8 

4 0 3 0 - 5 0 0 0 1 2 9 

5 0 3 0 - 1 0 0 0 0 1 3 2 0 3 0 

1 0 0 0 0 - 2 5 0 0 0 1 5 2 3 53 

2 5 0 0 0 -
50000 -
fooooo-

5 0 0 0 0 

5 0 0 0 0 0 

1 8 2 8 

5 8 

8 1 
9t 

1 0 0 

2 2 

1 1 1 2 2 2 1 1 

6 7 2 3 3 4 6 8 1 0 7 8 

1 3 2 0 7 1 0 1 3 7 1 1 1 9 2 2 1 5 2 3 

9 2 9 1 1 1 6 2 9 9 1 4 3 3 3 3 2 3 4 6 

5 3 4 4 6 3 5 4 6 3 9 1 6 1 1 5 7 

2 3 6 6 9 4 3 3 5 4 4 1 2 B 6 6 

1 5 5 0 2 2 3 2 7 5 1 6 2 5 6 9 3 1 2 1 8 7 

1 9 6 9 1 4 2 0 9 6 1 2 1 9 8 8 1 7 1 2 9 9 

1 6 
— « -

7 

8 5 

1 0 0 

3 4 1 0 0 7 

1 

1 1 

2 

9 8 

1 0 0 

2 1 1 0 0 



FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

D E P K E C I A T N . M O . O F 
A L L O W A N C E S F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

CUM 
X 

0 - 1 0 4 3 3 3 4 4 6 4 4 

1 3 - 2 5 2 3 3 5 4 8 4 6 1 0 3 5 5 1 8 1 2 1 7 

2 5 - 5 0 2 3 6 1 1 9 1 7 6 9 1 9 1 2 1 9 2 4 2 6 I B 3 4 

5 0 - 1 0 0 1 2 8 1 8 1 5 3 2 1 1 1 6 3 5 1 2 1 9 ~ 4 3 ~ 3 1 ~~ 2 1 ~ ^ 5 6 

1 3 0 - 2 5 0 1 0 1 6 2 3 2 0 1 7 5 0 1 1 1 6 5 1 8 1 3 5 6 3 3 2 3 7 9 

2 5 0 - 5 0 0 1 1 1 7 4 1 1 6 1 4 6 3 1 5 2 2 7 2 1 1 1 7 7 3 1 9 1 3 9 2 

5 0 0 - 1 0 0 0 1 3 2 0 6 1 1 2 1 0 7 4 1 1 1 6 8 8 1 1 1 7 9 0 1 0 7 9 9 

1 0 0 0 - 2 0 0 0 1 0 1 6 7 7 1 1 9 83 5 7 9 6 5 8 9 8 1 1 9 9 

2 0 0 0 - 3 0 0 0 1 2 7 8 8 7 9 0 3 4 1 0 0 1 1 1 0 0 

3 0 0 0 - 4 0 0 0 6 9 8 8 2 2 9 1 

4 0 0 0 - 5 0 0 0 1 2 8 9 4 3 9 5 

5 0 0 0 - 1 0 0 0 0 5 8 9 7 3 3 9 7 

1 0 0 0 0 - 2 5 0 0 0 2 3 1 0 0 3 3 1 0 0 1 2 1 0 0 

2 5 0 0 0 - 5 0 0 0 0 

FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

I N T E R M E O . N O . O F 
I N P U T S F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

CUM 
X 

1 0 0 - 5 0 0 7 6 6 2 3 3 6 9 9 8 6 6 

5 0 0 - 1 0 0 0 2 3 3 1 0 9 1 5 5 7 1 0 3 5 1 4 2 3 1 6 2 1 

1 0 0 0 - 2 0 0 0 3 5 8 1 9 1 6 3 1 1 5 2 2 3 2 1 0 1 6 3 0 4 3 3 0 5 1 

2 0 0 0 - 3 0 0 0 5 8 1 6 6 5 3 6 7 1 0 4 2 8 1 3 4 2 2 2 1 5 6 6 

3 0 0 0 - 4 0 0 0 3 5 2 0 7 6 4 2 8 1 2 5 4 6 9 5 2 1 3 9 7 5 

4 0 0 0 - 5 0 0 0 2 3 2 3 3 3 4 4 6 9 6 2 2 3 5 5 1 1 8 8 3 

5 0 0 0 - 1 0 0 0 0 1 5 2 3 4 7 1 5 1 3 5 7 1 6 2 3 B6 1 1 1 7 7 2 I B 1 2 9 5 

1 0 0 0 0 - 2 5 0 0 0 1 4 2 2 6 9 2 8 2 4 8 1 8 1 2 9 7 1 6 2 5 9 7 7 5 1 0 0 

2 5 0 0 0 - 5 0 0 0 0 1 3 2 0 8 9 1 1 9 9 1 2 3 1 0 0 1 2 9 8 

5 0 0 0 0 - 1 0 0 0 0 0 5 8 9 7 7 6 9 7 1 2 1 0 0 

1 0 0 0 0 0 - 5 0 0 0 0 0 2 3 1 0 0 4 3 1 0 0 



FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

V A L J E OF N O . O F 
F U E L C O N S . F I R M S X 

C U M . N O . O F 
X F I R M S x 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . OF 
X F I R M S X 

CUM 
X 

0- 10 2 3 3 3 3 3 8 12 12 11 17 17 9 6 6 

10- 25 2 3 6 9 a 10 10 14 26 13 20 38 20 14 20 

25- 50 6 10 16 13 l i 21 13 19 45 10 16 53 23 16 36 

50- 100 4 6 22 9 8 29 9 13 58 5 8 61 22 15 51 

100- 250 16 25 48 31 26 56 16 23 81 12 19 80 38 26 77 

250- 500 8 13 60 11 9 65 5 7 88 3 5 84 18 12 90 

S00-> 1000 8 13 73 18 15 80 5 7 96 5 8 92 11 8 97 

I O O O - 2000 7 11 84 6 5 85 1 1 97 4 6 98 3 2 99 

2030- 3000 4 6 90 4 3 89 1 1 99 

3000- 4000 

4030- 5000 1 2 92 1 1 90 1 1 100 

5000- 10000 4 6 98 7 6 96 1 1 100 

10000- 25000 1 2 100 4 3 99 1 2 100 

25000- 50000 1 1 100 

FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

E L E C . C O N S . N O . O F C U M . N O . O F C U M . N O . O F C U M . N O . O F C U M . N O . O F CUM 
I N K W H . F I R M S X X F I R M S X X F I R M S X X F I R M S X X F I R M S X X 

0- 100 3 5 5 18 15 15 6 9 9 19 30 30 3 2 2 

100- 500 15 23 28 32 27 43 20 29 38 14 22 52 23 16 18 
V 500- 1000 7 11 39 11 9 52 12 17 55 7 11 63 19 13 31 

1000- 2000 6 9 48 17 15 67 a 12 67 9 14 77 19 13 44 

2000- 3000 8 13 61 3 3 69 6 9 75 14 10 54 

3000- 4000 3 5 66 3 3 72 3 4 80 6 9 86 8 6 59 

4000- 5000 2 3 69 3 3 74 3 4 84 9 6 66 

5000- 10000 6 9 78 7 6 80 6 9 93 3 5 91 28 19 8 5 

10000- 25000 3 5 83 11 9 90 2 3 96 4 6 97 10 7 92 

25000- SOOOO 2 3 66 4 3 93 2 3 99 1 2 98 9 6 98 

50000-100000 7 11 97 4 3 97 1 1 100 2 1 99 

100000-500000 2 3 100 4 4 100 1 2 100 1 1 100 



FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

V A L J E OF 1 
E L E : . C O N S . I 

Y O . OF 
F I R K S X 

C U M . 
X 

N O . O F 
F I R M S X 

C U H . N O . O F 
X F I R M S I 

C U H . N O . O F 
X F I R M S X 

CUM. NO. OF 
X F I R M S X 

CUH 
X 

0 - 1 0 3 5 5 1 1 9 9 1 6 23 2 3 1 9 3 0 3 0 2 6 I B 1 8 

1 0 - 2 5 1 0 1 6 2 1 2 0 1 7 2 7 1 5 2 2 4 5 1 1 1 7 4 7 2 6 1 8 3 6 

2 5 - 5 0 7 1 1 3 3 1 4 1 2 3 9 1 1 1 6 6 1 1 0 1 6 6 3 3 0 2 1 5 7 

50- 1 0 0 1 0 1 6 4 9 1 6 1 4 5 3 9 1 3 7 4 7 1 1 7 3 2 8 1 9 7 6 

1 0 0 - 2 5 0 9 1 5 6 4 1 9 1 6 6 9 1 2 1 7 9 1 9 1 4 8 8 2 0 1 4 9 0 

2 5 0 - 5 0 0 7 1 1 7 5 9 8 7 7 2 3 9 4 2 3 9 1 1 1 8 9 7 

5 0 0 - 1 0 0 0 5 8 8 4 9 8 8 9 2 3 9 7 9 6 9 7 3 2 9 9 

1 0 0 0 - 2 0 0 0 5 8 9 2 7 6 9 1 1 1 9 8 1 2 9 8 1 1 1 0 0 

2 0 0 0 - 3 0 0 0 4 3 9 4 1 1 1 0 0 

3 0 0 0 - 4 0 0 0 1 2 9 3 1 1 9 5 

4 0 0 0 - 5 0 0 0 2 3 9 7 2 2 9 7 

5 0 0 0 - 1 0 0 0 0 2 3 1 0 0 2 2 9 8 1 2 1 0 0 

1 0 0 0 0 - 2 5 0 0 0 

2 5 0 0 0 - 5 0 0 0 0 2 2 1 0 0 

FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

MOTORS O P E R . N O . O F 
I N K H H F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

C U H . N O . O F 
X F I R M S X 

C U M . N O . O F 
X F I R M S X 

CUM 
X 

0 - 1 0 0 4 6 6 2 2 1 9 1 9 1 5 2 2 2 2 2 3 3 6 3 6 4 3 3 

9 0 0 I B 2 3 3 0 3 7 3 2 5 0 2 1 • 3 0 52 1 7 2 7 6 3 2 8 1 9 2 2 

I P O Q 1 0 JP * 5 1 1 6 2 9 1 3 6 5 1 0 1 6 7 8 3 0 2 1 4 3 

1 0 0 0 - 2 0 0 0 7 1 1 5 6 1 3 1 1 7 3 8 1 2 7 7 2 3 8 1 3 2 2 2 6 5 

2 0 0 0 - 3 0 0 0 2 3 5 9 7 6 7 9 6 9 8 6 3 5 8 6 1 3 9 7 9 

3 0 0 0 - 4 0 0 0 3 5 6 4 1 1 7 9 1 2 8 8 1 0 7 8 1 

4 0 0 0 - 5 0 0 0 3 5 6 9 3 3 8 2 2 3 8 8 1 2 8 9 6 4 8 5 

5 0 0 0 - 1 0 0 0 0 6 9 7 8 9 8 9 0 2 3 9 1 3 5 9 4 1 3 9 9 4 

1 0 0 3 0 - 2 5 0 0 0 3 5 8 3 7 6 9 6 1 1 9 3 8 6 9 9 

2 J 0 P O - 9 0 0 0 0 1 1 9 7 1 2 9 5 1 1 1 0 0 

8 0 0 0 0 - I Q Q O O O 

1 0 0 0 0 0 - 5 0 0 0 0 0 

1 1 1 7 1 0 0 3 3 9 9 5 7 1 0 0 3 5 1 0 0 
8 0 0 0 0 - I Q Q O O O 

1 0 0 0 0 0 - 5 0 0 0 0 0 

1 1 1 7 1 0 0 

1 1 1 0 0 



FRANCE INDIA ISRAEL JAPAN YUGOSLAVIA* 

M V E N - NO .OF 
TORIES FIRMS X 

CUM.NO.OF 
X FIRMS X 

CUH.NO.OF 
X FIRMS X 

CUM.NO.OF 
X FIRMS X 

CUM. NO. OF 
X FIRMS 

CUM 
X X 

0- 50 2 3 3 2 3 3 29 20 20 

50- 250 3 5 8 10 14 14 14 22 25 74 51 71 

250- 500 4 6 14 10 14 29 11 17 42 27 19 90 

5 00- 1000 3 5 19 13 19 48 12 19 61 10 7 97 

1330- 1500 8 13 31 10 14 62 4 6 67 1 I 97 

1500- 2000 3 5 36 6 9 71 1 2 69 3 2 99 

2030- 2500 6 9 45 4 6 77 5 a 77 

2500- 5000 8 13 58 9 13 90 10 16 92 1 1 100 

5000- 12500 10 16 73 6 9 99 5 8 100 

12530-

25300-

25000 

50000 

8 

5 

13 

8 

86 

94 

1 1 100 

ON CAPITAL 

50000-100000 4 6 100 

FRANCE INDIA ISRAEL JAPAN YUGOSLAVIA 

DIRECT NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM. NO.OF CUM 

1 LABOUR FIRMS X X FIRMS X X FIRMS X X FIRMS X X FIRMS X X 

10- 25 2 5 5 2 2 2 9 10 10 5 8 8 

25- 50 S B 13 2 2 3 7 10 20 6 9 17 

50- 100 8 13 25 14 12 15 19 28 48 17 27 44 4 3 3 

_ 100- 250 22 34 ~ 5 9 ~ 26 22 ~~:iY~ 2 1 30 78 ~ 21~ 33 77 17 12 14 

250- 500 14 22 81 21 18 56 13 19 97 10 16 92 23 16 30 

500- 1000 7 11 92 21 IB 74 2 3 100 5 8 100 50 34 65 

1000- 2000 5 8 100 16 14 87 36 26 91 

- 2000- 3000 5 4 91 8 6 97 

3000- 4000 4 3 95 3 2 99 

4000- 5000 2 2 97 1 1 99 

5000- 10000 4 3 100 1 1 100 



INDIRECT NO.Or CU4.NQ.0F CUM.NO.OF CUM.NO.OF CUM.NU.CF CUM 
LAUOUR FIRMS X X FIRMS X X FIRMS X X FIRMS t X FIRMS t X 

0- 10 3 5 5 9 8 8 7 10 10 14 22 22 3 2 2 

10- 25 5 B 13 18 15 23 17 25 35 7 11 33 7 5 7 

2 5 - 50 11 17 30 19 12 35 20 29 64 15 23 56 13 9 16 

50 - 100 7 11 41 23 20 55 13 19 83 11 17 73 30 21 37 

133- 250 15 23 64 20 17 72 10 14 97 8 13 86 61 42 79 

253- 500 7 11 75 19 16 88 2 3 100 7 11 97 18 12 91 

530- 1000 7 11 8b 6 5 93 1 2 98 10 7 98 

1330- 2000 5 8 94 & 5 98 2 100 2 1 99 

2333- 3000 1 1 99 

3000- 4000 3 5 SB 1 1 100 1 I 100 

4000- 5000 1 2 100 

FRANCE ISDIA ISRAEL JAPAN YUGOSLAVIA 

E3JCATED MO.OF 
LAdOUR FIRMS I 

CUM.NO.OF 
X FIRMS % 

CJJM.NO.OP 
X FIRMS % 

CUM.NO.OF 
X FIRMS X 

CUM.NO.OF 
X FIRMS % 

CUM 
X 

0- 10 22 35 35 13 11 11 14 20 20 13 20 20 12 8 8 

10- 25 22 35 70 13 11 22 24 35 55 6 9 30 22 15 23 

25- 50 5 8 78 27 23 45 14 20 75 11 17 47 34 23 47 

50- 100 7 11 89 20 17 62 13 19 94 9 14 61 43 30 77 

130- 250 7 11 130 26 22 85 3 4 99 13 20 81 23 16 92 

250- 500 9 8 92 1 1 100 8 13 94 8 6 98 

530- 1000 3 3 95 3 5 98 2 1 99 

1003- 2000 5 4 99 1 2 100 

2330- 3000 1 1 100 1 1 100 

http://CU4.NQ.0F


t-^ONLfc IND IA ISMAIL JAPAN YUGOSLAVIA 

OTHER NO • OF C U M . NO.OF CUM.NO.OF r u M . n n . i i F CUM NO.CF ruM 
LABOUR FIRMS X X FIRMS X X FIPMS % < FIRMS X X FIRMS X 

0- 10 1 1 1 1 1 1 2 3 3 

10- 25 3 5 - 5 2 2 3 2 3 4 7 11 14 

25- 50 3 5 - 1 0 2 2 4 10 14 19 B 13 27 

50 - 100 7 1 1 - 21 14 12 16 12 17 36 18 28 55 2 I 1 

130- 250 14 22- 43 24 21 37 27 39 75 19 30 84 15 10 12 

253- 500 17 27- 70 22 19 50 12 17 93 7 11 95 22 15 27 

530- 1°D0 11 17- 87 19 16 72 5 7 100 3 5 100 46 32 59 

1333- 2000 6 10- 97 16 14 85 44 30 89 

2333- 3000 2 3-100 7 6 91 9 6 95 

3000- 4000 3 3 94 3 2 97 

4300- 5000 2 2 96 2 1 99 

5030- 10000 5 4 100 2 1 100 

I 

FRANCE I N D I A I S R A E L J A P A N Y U G O S L A V I A 

O H . L A B . I N 
S H I F T ONE 

N O . O F 
F I R M S X 

CUM 
t 

. N O . U F 
F I R M S X 

CUM . N O . O F 
F I R M S X 

C U * 
% 

. N ' J . O F 
F I R M S % 

C U M . N O . O F 
I F I R M S X 

CUM 
X 

0-

10-

10 

25 6 1 ° 1° 2 2 2 

1 

8 

1 

12 

1 

13 5 8 8 

25- 50 7 11 21 5 4 6 11 l b 29 B 13 20 3 2 2 

53- 100 6 10 30 20 17 23 23 33 62 18 28 48 5 3 6 

100- 250 23 37 67 31 26 50 20 29 91 20 31 80 29 20 26 

250- 500 12 19 86 29 25 74 6 9 100 10 16 95 44 31 5' 

5 0 0 - 1 000 5 8 94 15 13 87 3 5 100 44 31 87 

1033- 2000 4 6 100 9 8 95 15 10 97 

2303- 3000 4 3 98 1 1 98 

3000-

4 0 3 0 . 

4000 

5000 

1 

1 

1 

1 

99 

100 

3 2 100 



INDIA ISRAEL JAPAN YJGOSLAVIA 

D M . L A H . I N NO.OF CUH. NT. OF CUM.NO.DF CUH.NO.OF CUM.NO.OF CUH 
SHIFT TkO FIRMS S X FIRMS t * FIKMS X X FIRMS * X FIRMS t * 

0 -

10-

2 5 -

53-

133-

2 5 0 -

500-

10 

25 

50 

100 

250 

500 

1000 

1033- 2000 

2333- 3000 

3000- 4000 

4 4 

13 17 

13 30 

17 48 

8 35 83 

3 13 96 

1 4 100 

1 

8 

17 

15 17 34 

22 25 59 

16 18 77 

12 14 91 

5 

3 

95 

99 

18 17 17 

14 29 46 

10 21 67 

19 85 

15 100 

27 27 

18 45 

27 73 

9 82 

18 100 

1 1 1 

6 4 5 

8 6 11 

16 12 22 

53 38 61 

38 28 88 

13 9 98 

3 2 100 

1 100 

FRANCE INDIA ISRAEL JAPAN YUGOSLAVIA 

D I R . L A B . I N NO.OF CUH.NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM 
SHIFT THREE FIRMS X X FIRMS X X FIRMS X X FIRMS X X FIRMS t X 

3-

13-

25-

50-

130-

250-

533-

10 

25 

50 

100 

250 

500 

1000 

1333- 2000 

2033- 3000 

6 6 

19 25 

19 44 

31 75 

25 100 

1 2 2 

5 8 10 

7 12 22 

10 17 38 

12 20 58 

14 23 82 

6 10 92 

4 7 98 

I 2 100 

11 27 27 

13 32 60 

8 20 80 

7 17 97 

1 2 100 

2 22 22 

3 33 56 

1 11 67 

3 33 100 

7 6 6 

17 14 20 

22 19 39 

21 18 57 

38 32 89 

12 10 99 

1 1 100 



F R A N C E I N D I A I S R A E L JAPAN YUGOSLAVIA 

MOTOR NO.OF CUM.NO.OF CUH.NO.OF CUM. NO.OF CUM.NO.OF CUM 
P E R . S H . i FIRMS X X FIRMS X X FIRMS X X FIRMS X X FIRMS X X 

40- 50 1 4 4 3 3 3 3 5 5 1 1 1 

50- 6 0 1 4 7 5 5 9 3 5 10 

SO- 70 2 7 1* 6 7 15 5 8 19 5 19 19 4 3 9 

70- 80 5 18 32 13 14 30 10 17 36 4 15 35 9 6 10 

80- 90 8 29 61 23 25 55 15 25 61 13 50 85 4 3 12 

90- 100 11 39 100 41 45 100 23 39 100 4 15 100 127 88 100 

FRANCE 1YDIA ISRAEL JAPAN YUGOSLAVIA 

(MOTOR NO.OF CUH.NO.OF CUM. 
DP.SH.2 FIRMS X X FIRMS X X 

0- 10 

10- 20 2 3 3 
20 - 30 4 5 8 

30- 40 7 9 I B 
40 - 50 1 9 9 6 8 26 

50- 60 1 9 18 8 11 36 

60- 70 10 14 50 

70- BO 14 19 69 

80- 90 6 55 73 12 16 85 

90- 100 3 27 100 11 15 100 

I .OF 
RHS X 

CUH.NO.OF 
X FIRHS X 

CUH.NO.OF 
X FIRMS X 

CUM 
X 

1 2 2 1 7 7 6 4 4 

1 2 4 2 14 21 4 3 7 
2 14 36 11 8 15 

4 
7 

9 
15 

13 
26 

1 7 43 16 
10 

12 
7 

27 
34 

7 15 43 12 9 42 

5 11 54 3 21 64 7 5 47 

3 7 61 1 7 71 10 7 55 

7 15 76 1 7 79 24 17 72 

11 24 100 3 21 100 39 28 100 



FRANCE I N D I A I SRA C L JAPAt j YUGOSLAVIA 

X HO TOK NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.O p CUH 
OP.SH.3 FIRMS X X FIRMS X X FIRMS X % FIRMS X X FIRMS X % 

0- 10 1 2 2 3 8 8 27 23 23 

10- 20 7 13 15 1 3 11 1 25 25 18 15 38 

20 - 30 1 20 20 4 8 23 7 6 44 

3 0 - 40 6 11 34 5 13 24 4 3 47 

4 0 - 50 5 9 43 4 11 34 9 8 55 

5 0 - ' 60 5 9 53 5 13 47 1 25 50 4 3 58 

6 0 - 70 7 13 66 3 8 55 1 25 75 6 5 63 

73 - 80 1 20 40 10 19 85 3 8 63 1 25 100 8 7 70 

80- 90 1 20 60 l 2 87 7 18 82 16 13 83 

93- 100 2 40 100 7 13 100 7 18 100 20 17 100 

FRANCE INDIA ISRAEL JAPAN YUGOSLAVIA 

B^EAKEV. NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM.NC.PF CUM 
POINT. FIRMS X X FIRMS X % FIRMS X X FIRMS X % FIRMS X X 

0- 10 

1 0 - 2 0 1 1 1 1 2 2 1 1 1 

20- 30 5 4 5 1 2 3 6 4 5 

3 0 - 40 1 2 2 11 9 15 32 22 27 

4 3 - 50 2 3 5 14 12 26 4 6 9 29 20 47 

5 0 - 60 2 3 8 26 22 49 4 6 6 7 11 20 33 23 70 

SO- 70 9 15 23 20 17 66 10 14 20 10 16 36 22 15 85 

70 - 80 9 15 38 25 21 87 12 17 38 20 31 67 17 12 97 

80- 90 15 25 62 6 5 92 23 33 71 16 25 92 4 3 99 

90- 100 23 38 100 7 6 98 20 29 100 3 5 97 1 1 100 

133- 125 2 3 100 

125- 150 2 2 100 



1 iDIA ISRALL J At AN Y U b U i L A , 1 A 

NJMftFR 
YEARS 

OF NO.OF 
F IRMS X 

CUM. 
X 

NO.OF 
F I J- MS X 

CUM. 
* 

NU.OF 
F IKMS X 

CUM.NU.UF 
X FIRMS X 

CUM.NO.CF 
I FIRMS X 

CUM 
I 

D- 5 6 10 10 23 20 20 19 28 28 7 11 1 1 

5- IP 6 10 19 15 13 32 13 19 46 11 17 29 15 13 10 

10 - 20 3 5 24 31 26 59 18 26 72 24 38 67 23 16 26 

23 - 30 6 10 33 19 16 75 14 20 93 13 21 87 28 19 46 

3 3- 40 11 17 51 10 9 84 4 6 99 3 5 92 28 19 65 

4 0 - 50 11 17 68 9 8 91 1 1 100 5 8 100 9 6 71 

5 3 - 75 13 21 89 7 3 95 5 3 74 

75- 100 2 3 92 8 5 1 00 23 16 90 

1 3 0 - 150 5 8 100 13 9 99 

153- 20 0 1 1 100 

FRANCE ISRAEL JAPAN YUGOSLAVIA 

AGE OF NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM 
MACHINERY FIRMS X X FIRMS X % FIRMS X X FIRMS * X FIRMS Z X 

0- 2 1 3 3 

2 - 5 11 35 39 

5- 10 13 42 81 

13- 15 3 10 90 

15- 20 3 10 100 

23- 25 

25- 30 

1 2 2 

13 21 23 

23 38 -61 

11 18 79 

5 8 87 

5 8 95 

2 3 98 

2 7 7 3 6 6 5 3 3 

8 28 34 26 51 57 16 11 14 

15 52 86 21 41 98 121 83 98 

3 10 97 1 2 100 3 2 100 

1 3 100 

33- 4 0 1 2 100 



FRANCE I N D I A I S R A E L JAPAN YUGOSLAVIA 

C A P A C I T Y NO. OF CUM.NO.OF CUM.NO.OF CUM . N O . O F CUM . N O . O F CU1 
U T I L I S A T N . F I R M S X X F IRHS X X F IRHS X X F I R M S X X F IRMS X X 

1 0 - 2 0 1 1 1 1 1 1 

2 0 - 3 0 1 1 1 1 1 1 

3 0 - 4 0 4 3 4 9 13 17 1 1 1 

4 i ) - 5 0 2 3 3 6 5 9 7 10 28 2 1 3 

5 0 - 6 0 1 2 5 4 3 13 6 9 36 8 6 8 

S O - 7 0 2 3 8 9 8 21 9 13 49 2 0 14 22 

7 0 - 8 0 1 3 21 2 9 24 21 41 16 23 72 14 22 22 34 23 46 

8 0 - 9 0 1 8 2 9 57 26 22 63 4 6 78 23 36 58 41 28 74 

9 0 - 1 0 0 2 7 4 3 100 4 3 3 7 100 15 22 100 27 4 2 100 3 8 26 100 

F R A N C E I N D I A I S R A E L JAPAN YUGOSLAVIA 

NJNBER OF NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM.NO.OF CUM 
S H I F T S . F I R M S X X F I R M S Z X F IRMS X X F IRMS X X F IRMS X X 

1- 4-1 6 5 65 31 2 6 26 21 30 30 43 6 7 67 6 4 4 

2 ~ Q f 0 7 J - 26 22 49 8 12 42 12 1 9 86 2 0 14 I B 

3 - % 2-5 160 6 0 51 1 0 0 4 0 58 100 9 14 100 119 8 2 100 


