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PREFACE 

The conditions and consequences of industrial development 
are currently being widely discussed. One reason for this 
attention is the marked decline in industrial growth rates in 
many countries of the world, including those with low levels 
of industrialization. 

Aware that the successful management of innovation might 
be a cornerstone in solving the problem of industrial growth 
in both the market and planned economies, the members of IIASA's 
Innovation Management Task held a task force meeting on 
"Innovation and Industrial Strategy" in 1980. This paper is 
the completely revised version of my contribution to this 
meeting. It gives an overview of the problem of innovation and 
industrial growth at the global, national, and sectoral levels 
from the standpoint of our findings in innovation research. 
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INTRODUCTION 

The q u e s t i o n  o f  i n d u s t r i a l  p o l i c y  and i n d u s t r i a l  s t r a t e g y  
i s  n o t  new. The economic growth o f  i n d u s t r i a l i z e d  c o u n t r i e s  
h a s  been c l o s e l y  l i n k e d  w i t h  i n d u s t r i a l  development  f o r  more 
t h a n  200 y e a r s .  These t ies  w i l l  e n d u r e ,  d e s p i t e  t h e  i n c r e a s i n g  
impor tance  o f  t h e  t e r t i a r y  s e c t o r ;  po l i cymakers  i n  advanced 
c o u n t r i e s  do n o t  t h i n k  i n  t e r m s  o f  a  p o s t - i n d u s t r i a l i z e d  s o c i e t y .  
What i s  s o u g h t  i s  i n d u s t r i a l  p o l i c y  t h a t  c a n  e n s u r e  f u r t h e r  
growth i n  a l l  s e c t o r s  o f  t h e  n a t i o n a l  economy. 

I n d u s t r i a l  growth i s  a combina t ion  o f  push p r o c e s s e s  t h a t  
e l i m i n a t e  e q u i l i b r i a  and compensatory p r o c e s s e s  t h a t  c r e a t e  them. 
Sometimes, however, imba lances  become s o  s e v e r e  t h a t  t h e y  c a n  
no l o n g e r  be  c o r r e c t e d  w i t h  s i m p l e  compensatory measures .  

S e v e r a l  k i n d s  o f  imba lance  a r e  impeding i n d u s t r i a l  growth 
a t  p r e s e n t :  

1 .  t h e  e n e r g y  imba lance ,  caused  by t h e  d e p l e t i o n  o f  
v a l u a b l e  nonrenewable  e n e r g y  r e s o u r c e s ,  

2. t h e  m a t e r i a l  imba lance ,  c a u s e d  by t h e  d e p l e t i o n  o f  
v a l u a b l e  nonrenewable  m i n e r a l  r e s o u r c e s ,  

3 .  t h e  t e c h n o l o g i c a l  imba lance ,  c a u s e d  by d i s c o n t i n u o u s  
t e c h n o l o g i c a l  p r o g r e s s ,  

4 .  t h e  e c o l o g i c a l  imba lance ,  caused  by i n t e n s e  commercial  
e x p l o i t a t i o n  o f  o u r  n a t u r a l  envi ronment  w i t h o u t  r e g a r d  
t o  long-term consequences ,  

5 .  t h e  s o c i a l  i m b a l a n c e ,  c a u s e d  by n e g l e c t  o f  human re- 
s o u r c e s  t h r o u g h  i l l i t e r a c y ,  unemployment, and o t h e r  
f a c t o r s ,  and 

6 .  t h e  p o l i t i c a l  imba lance ,  caused  by a c c e l e r a t i o n  o f  
t h e  arms r a c e  and o t h e r  f a c t o r s .  



These imbalances  form a  compl i ca t ed  p i c t u r e  t h a t  c a l l s  f o r  a  
p o l i c y  o f  compensat ion t o  reduce  b o t t l e n e c k s  and e n s u r e  a  new 
e q u i l i b r i u m .  

But h e r e  w e  a r e  f a c e d  w i t h  a  major  problem, f o r  t h e  p r e s e n t  
network of  imbalances  c anno t  be overcome w i t h  t r a d i t i o n a l  
p o l i c i e s  o f  compensat ion o r  improvement. Without  a  major  push 
toward b a s i c  i n n o v a t i o n s ,  growth r a t e s  w i l l  c o n t i n u e  t o  d e c l i n e  
a s  t h e y  have i n  t h e  p a s t  decade (see Tab le  1 ) .  Thus i n d u s t r i a l  
s t r a t e g y  h a s  become a  s u b j e c t  o f  i n t e r n a t i o n a l  d imension.  

I n  t h i s  pape r  t h e  l i n k  between i n d u s t r i a l  s t r a t e g y  and 
p o l i c i e s  on i n n o v a t i o n  is  d e s c r i b e d .  The pape r  is  i n t e n d e d  a s  
a  c o n t r i b u t i o n  t o  a  f u t u r e  f o c a l  t a s k  a t  t h e  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s  (IIASA).  I t  was e l a b o r a t e d  
on t h e  b a s i s  o f  a  d i s c u s s i o n  w i t h  e x p e r t s  from IIASA, t h e  Uni ted  
S t a t e s ,  t h e  Uni ted  Kingdom, Hungary, t h e  F e d e r a l  Republ ic  o f  
Germany, Sweden, and t h e  German Democrat ic  Republ ic  d u r l n g  t h e  
Task Force  Meeting on I n d u s t r i a l  S t r a t e g y  and Innova t i on  P o l i c y .  
During t h i s  d i s c u s s i o n ,  i t  was agreed  t h a t  t h e  problem shou ld  
be ana lyzed  a t  t h e  g l o b a l ,  r e g i o n a l ,  n a t i o n a l ,  and s e c t o r a l  
l e v e l s .  



Table 1. Industrial growth rates in 32 countries (1960-1978). 

Sources: World Development Report 1980. Statistical Yearbook 
of CMEA Countries 1979. 

A. Developing Countries 

Low Income Countries 

1. Bangladesh 
2. Ethiopia 
3. Somalia 
4. Mozambique 
5. India 
6. Pakistan 
7. Angola 
8. Indonesia 

Middle Income Countries 

9* Egypt 
10. Thailand 
11. Bolivia 
12. Syrian Arab Republic 
13. Republic of Korea 
14. Turkey 
15. Mexico 
16. Argentina 

B. Planned Economies 

17. Bulgaria . 
18. Czechoslovakia 
19. German ~emocratic Rep. 
20. Hungary 
21. Mongolia 
22. Poland 
23. Romania 
24. USSR 

C. Developed Market Economies 

25. United States 
26. Canada 
27. France 
28. Italy 
29* Federal Rep. of Germany 
30. Austria 
31. United Kingdom 
32. Japan 

Average annual industrial growth 
rates (in 

1960-1370 

7.9 
7.4 
3.3 
9.5 
5.5 
10.0 
11.0 
5.0 

5.4 
11.6 
6.2 
6.3 
17.2 
9.6 
9.1 
6.0 

11.3 
6.0 
6.1 
6.8 
9.9 
8.4 
12.8 
8.5 

5.2 
6.8 
6.4 
6.2 
5.2 
4.9 
3.1 
10.9 

percent) 

1970-1978 

5.9 
0.4 

-2.6 
-5.1 
4.5 
4.8 
-4.1 
11.2 

7.2 
10.2 
5.1 
11.6 
16.5 
8.8 
6.2 
2.2 

8.1 
6.2 
6.0 
6 .O 
8.0 
10.2 
12.0 
6.5 

2.7 
3.7 
3.5 
2.7 
2.1 
3.4 
1.3 
6.0 

Difference 

-2.0 
-7.0 
-5.9 
-14.6 
-1.0 
-5.2 
-15.1 
6.2 

1.8 
-1.4 
-1.1 
5.3 
-0.7 
-0.8 
-2.9 
-3.8 

-3.2 
0.2 
-0.1 
-0.8 
-1.9 
1.8 
-0 ..8 
-2.0 

-2.5 
-3.1 
-2.9 
-3.5 
-3.1 
-1.5 
-1.8 
-3.1 



INDUSTRIAL POLICY, INDUSTRIAL STRATEGY, 
AND POLICY ON INNOVATION 

Industrial strategy, a part of industrial policy, comprises 
the set of goals, tools, and measures designed to meet long-term 
national requirements for industrial development. Industrial 
policy is embedded in national economic and social policy. 

Policy on innovation has a direct but historically changing 
link with industrial strategy, as (1) dynamic industrial develop- 
ment is impossible without innovation and (2) industrial cycles 
and structural changes are closely linked with the innovation 
cycle. It is difficult to characterize generally innovation 
policy and innovation policy, as they have been treated very 
differently in international literature. 

Types of Industrial Policy and the Stages of Industrial Development 

There are at present at least seven kinds of industrial 
policy: 

1. Industrial policy as the policy of the enterprise 
without direct state involvement. Denmark has this kind 
of policy. 

2. Industrial policy as sectoral policy. An example is 
the Dutch experience, where in the 1960s, certain in- 
dustries were promoted through governmental aid. 

3. Industrial policy as policy for nationalized indus- 
tries. An example is Austria, where the steel and 
several other industries have been nationalized. 

4. Industrial policy that promotes every type of enter- 
prise except large corporations. The Netherlands 
launched such a program in 1975 (de Wolff 1980). 



5. Industrial policy as corporate policy. In countries 
with large multinational corporations, industrial 
policy is made primarily by the corporations them- 
selves rather than by the government. This is typical 
for the US. However, there is some question as to 
the limits of this approach (Hirschhorn 1980). 

6. Industrial policy in newly industrialized countries 
as a set of measures that include direct government 
involvement. Examples are Elexico and Brazil. 

7. Industrial policy as part of national economic policy 
and planning in the socialist countries ( e s i k o s - ~ a ~ ~  
1980). The USSR has the longest history of the type 
of policy. 

Each of these kinds of policy is linked to a particular 
industrial stage. In the course of its history, industry has 
passed through a number of stages: 

-- During the pre-industrial stage, primary production 
dominated, and agriculture and trade were the only 
industries. -- The industrial revolution was a transitory stage during 
which rapid development of textile production was 
followed by the introduction of the machine tools 
industry. The classical example for this is England from 
1770 to 1840. -- In the monocultural stage, one or more industries 
dominated and a large proportion of industry became 
extractive. This was the stage of primary mechani- 
zation. The monocultural stage flowed into a transi- 
tion stage during which more and more industries were 
established: the so-called metal cycle moved from 
iron ore and metallurgy to mechanical engineering 
and the railroad industry. Industries in and around 
the textile and metal cycles dominated. This was also 
a stage of advancing mechanization. -- The industrial-complex stage, characterized by rapid 
growth in chemical, automobiles, aircraft, and electro- 
technology, was seen in the advanced industrialized 
countries from 1920 to 1970. The period also 
marked the beginning of automation. -- The highly-specialized industrial complex stage stresses 
research and development. Industries have become very 
competitive on the world market. This stage is typical 
of the most advanced industrialized countries, such as 
the USA, Japan, and the FRG. -- The next (future) stage of industrial growth might be 
characterized by an amalgamation of future industries 
with other sectors of the national economy. Thus the 
spiral is closing and industry is returning to the 
starting point, but at a higher level. 

The stage a country has reached can be determined by various 
indicators (see Table 2). The gross domestic product (GDP) per 
capita, the per capita consumption of electric power, and 
industry's share of all employed persons are indicators of the 
economic level of the country as a result of industrialization. 



Table 2. Some indicators reflecting historical stages of industry. 

1. Preindustrial 

2. Transitional I 

3.  Monocultural 

4. Complete 
industrial 
complex 

5. Highly 
specialized 
industrial 
complex 

6. Future 

Textiles 

Extractive 
industry, 
metal cycle, 
railroads 

Chemicals, 
automobiles, 
aircraft, 1 electrotechnology 

, Electronics 

Bioindustry? I 

CIanuf acturing 
industry's share 
in GDP 
(in percent) 

Industry's share 
in total 
work force 

Group A's 
share in 
industry 

< 20  

20 -35  

30 -40  

60 -75  

60 -75  

60 -75  

Source: Own estimates according to various statistical sources 

. 



Growth of  i n d u s t r i a l  p r o d u c t i v i t y ,  i n d u s t r y ' s  s h a r e  of t h e  G D P ,  
t h e  s h a r e  of a l l  i n d u s t r i e s  producing t h e  means of p roduc t ion ,  
and t h e  s h a r e  o f  food and t e x t i l e  i n d u s t r y  i n  a l l  i n d u s t r y  a r e  
i n d i c a t o r s  of i n d u s t r i a l  a c t i v i t y .  The s h a r e  of  primary 
produc t ion  ( a g r i c u l t u r s  and mining) i n  t h e  GDP is an i n d i -  
c a t o r  of a  c o u n t r y ' s  raw m a t e r i a l  r e s o u r c e s .  The s h a r e  of t h e  
GNP s p e n t  on r e s e a r c h  and development and t h e  number of  p a t e n t s  
r e g i s t e r e d  annua l ly  i n d i c a t e  t h e  l e v e l  of  i t s  technology.  
Foreign t r a d e  a c t i v i t y  i s  i n d i c a t e d  by i n d u s t r i a l  e x p o r t  p e r  
c a p i t a .  

Recent ly  Kei th  P a v i t t  (1979, 1980) made a comparison of 
s e v e r a l  c o u n t r i e s  who a r e  i n  t h e  two most r e c e n t  s t a g e s  of  
i n d u s t r i a l  development. H e  d i s t i n g u i s h e s  among f i r s t  d i v i s i o n  
c o u n t r i e s ,  such a s  t h e  US, t h e  FRG, Sweden, and Swi t ze r l and ;  
second d i v i s i o n  c o u n t r i e s ,  such as Japan ,  France ,  Belgium, t h e  
U K ,  and Canada; and t h i r d  d i v i s i o n  c o u n t r i e s ,  i n c l u d i n g  I t a l y ,  
Spa in ,  and o t h e r s .  The i n d i c a t o r s  he used w e r e  p r o d u c t i v i t y  
i n  manufactur ing,  US p a t e n t s  p e r  c a p i t a ,  i n d u s t r i a l  spending 
on R & D ( p e r  c a p i t a  and i n  a b s o l u t e  f i g u r e s ) ,  e x p o r t s  p e r  
c a p i t a ,  and u n i t  v a l u e  of  manufactur ing e x p o r t s .  I t  should  
be noted h e r e ,  however, t h a t  wh i l e  t h e s e  i n d i c a t o r s  show t h e  
g e n e r a l  p o s i t i o n  o f  a c o u n t r y ' s  i n d u s t r y ,  one must a l s o  look  a t  
t h e  c o u n t r y ' s  s e n s i t i v i t y  t o  c r u c i a l  world problems of  i n d u s t r i a l  
development. 

The Main Components of  I n d u s t r i a l  P o l i c y  and Recent Problems 

A c o u n t r y ' s  i n d u s t r i a l  p o l i c y  and i n d u s t r i a l  s t r a t e g y  
depend on i t s  socioeconomic system, i t s  s i z e ,  and t h e  s t a g e  of  
i t s  i n d u s t r i a l  development. The main components of i n d u s t r i a l  
p o l i c y  a r e :  

-- g o a l s  and t a r g e t s ,  
-- a v a i l a b l e  means and r e s o u r c e s ,  
-- a v a i l a b l e  measures,  
-- main a r e a s  of  a p p l i c a t i o n ,  
-- s t a t u s  and a c t i v i t i e s  of i n d u s t r i a l  o r g a n i z a t i o n s ,  and -- i n t e r a c t i o n  wi th  economic p o l i c y  a s  a  whole. 

Problems a r i s e ,  p r i m a r i l y  from t r a d e - o f f s  among t h e s e  
components, and from t r a d e - o f f s  between i n d u s t r i a l  development 
and t h e  development of  n o n - i n d u s t r i a l  s e c t o r s  o f  t h e  economy. 
A t  p r e s e n t ,  t h e  whole network of i n d u s t r i a l  problems i s  
c e n t e r e d  around t h e  p r o d u c t i v i t y  i s s u e .  The worldwide d e c l i n e  
i n  t h e  growth r a t e  of  p r o d u c t i v i t y  i s  b o t h  t h e  cause  and conse- 
quence o f  many o t h e r  problems,  i nc lud ing :  

-- i n c r e a s i n g  compe t i t i on  i n  t h e  f i e l d  o f  advanced 
technology and i n  o t h e r  f i e l d s ,  -- s h o r t a g e s  of  energy and raw m a t e r i a l s ,  -- s a t u r a t i o n  of  t h e  market  i n  c e r t a i n  f i e l d s ,  

-- s u b s t i t u t i o n  of  m a t e r i a l s ,  
-- p e r s i s t e n t  i n f l a t i o n  and unemployment, 
-- problems o f  s o c i a l  environment ( p u b l i c  t r a n s p o r t ,  edu- 

c a t i o n ,  h e a l t h  s t a n d a r d s ,  working c o n d i t i o n s ) ,  



-- damage t o  t h e  n a t u r a l  environment,  and 
-- growing m i l i t a r y  expend i tu re s  ( s e e ,  f o r  example, 

Hamilton 1978, Roman 1979) .  

But how t h e s e  i s s u e s  a r e  ranked i n  importance v a r i e s  
among c o u n t r i e s ,  and among groups of  c o u n t r i e s .  Th i s  i s  shown 
i n  Table  3 f o r  15 of t h e  major problems. 

I n  seek ing  s o l u t i o n s  t o  problems o f  i n d u s t r i a l  p o l i c y ,  
more and more c o u n t r i e s  a r e  t u r n i n g  t o  t h e i r  p o l i c i e s  on 
innova t ion .  Innova t ion  p o l i c y  i n  t h e  c o n t e x t  of i n d u s t r i a l  
p o l i c y  seeks  s o l u t i o n s  t o  t h e  fo l lowing  q u e s t i o n s :  

1 .  What changes i n  technology can be expec ted  and how 
can they  h e l p  overcome major gaps  and b o t t l e n e c k s  
and the reby  i n c r e a s e  p r o d u c t i v i t y ?  What should be  
improved he re?  

2 .  What c o n t r i b u t i o n  can i n d u s t r y  make toward s o l v i n g  
f u t u r e  problems of p r o d u c t i v i t y ?  What s t r u c t u r a l  
changes a r e  d e s i r a b l e  and p o s s i b l e ?  

3 .  What k inds  of  innova t ion  a r e  d e s i r a b l e  and a t  what 
r a t e  should they  be in t roduced?  

4 .  What measures a r e  a v a i l a b l e  f o r  a s s e s s i n g  innova t ion  
p o l i c i e s ?  What could be done t o  improve t h e  e f f i -  
c i ency  of  t h e s e  measures? 

Innova t ion  p o l i c y  a c t u a l l y  has  t h e  same main components a s  
i n d u s t r i a l  p o l i c y  a s  a  whole. I ts  primary o b j e c t i v e ,  however, 
i s  n o t  i n d u s t r i a l  development a s  a  whole, b u t  r a t h e r  i t s  f i r s t  
d e r i v a t i v e  i n  t i m e .  

Push and Compensation P o l i c i e s  and T h e i r  I n t e r a c t i o n  

The q u e s t i o n  of economic e q u i l i b r i u m  i s  t h e r e  aga in  o f  
g r e a t  i n t e r e s t .  A paper  by Gerhard Mensch, Klaus Kaasch, 
A l f r ed  Kleinknecht ,  and Reinhard Scnnapp ( 1980) on " Innova t ion  
Trends and Switching between F u l l -  and Underdevelopment 
E q u i l i b r i a ,  1950-1978" l i n k s  t h e  i nnova t ion  problems w i t h  t h e  
dynamic s t a b i l i t y  i n  i n d u s t r i a l  development. The a u t h o r s  
b e l i e v e  t h a t  p a r t i c u l a r l y  t h e  underemployment problem a r i s e s  
from a  c e r t a i n  type  of  development i n  i nnova t ion  and t h a t  t h i s  
problem can be so lved  by a  new wave of b a s i c  i nnova t ions .  The 
a u t h o r s  d i s t i n g u i s h  between expansionary inves tments  (E) and 
r a t i o n a l i z i n g  inves tments  ( R ) ,  a d i s t i n c t i o n  which has  been 
used i n  West Germany f o r  some t ime.  They l i n k  t h e  s e a r c h  
f o r  t h e  laws o r  r e g u l a r i t i e s  t h a t  govern t h e  developmental  
p a t h  of a  n a t i o n a l  economy w i t h  t h e  f i n d i n g s  of  i nnova t ion  
theo ry .  

I n  o u r  op in ion  i t  i s  necessary  and u s e f u l  t o  u se  i nnova t ion  
theo ry  f o r  economic modeling; t h i s  i s  t r u e  f o r  market  economies 
a s  w e l l  a s  f o r  planned economies. 

I n  planned economies t h e  term " p r o p o r t i o n a l i t y "  i s  used t o  
c h a r a c t e r i z e  a  c e r t a i n  e q u i l i b r i u m ,  de f ined  accord ing  t o  g iven  
p o l i t i c a l  and economic o b j e c t i v e s .  An u r g e n t  p r a c t i c a l  t a s k  





i n  p l a n n e d  economies i s  t o  d e t e r m i n e  how t o  a l l o c a t e  i n v e s t m e n t s  
between push p r o c e s s e s  and compensat ing  p r o c e s s e s  s o  t h a t  
a dynamic e q u i l i b r i u m  between s u p p l y  and demand, and between 
c a p i t a l  and l a b o r  i s  e n s u r e d .  

Compensating p r o c e s s e s  l e a d  t o  a s t a t i c  e q u i l i b r i u m  by 
improving e f f i c i e n c y .  I n  F i g u r e  1 t h i s  i s  shown f o r  i n n o v a t i o n s  
i n  p r o c e s s e s .  When l o o k i n g  a t  t h e  s t a g e s  o f  a p r o d u c t i o n  sys tem,  
w e  g e n e r a l l y  f i n d  c e r t a i n  b o t t l e n e c k s  i n  p r o d u c t i v i t y  o r  i n  
equipment  p e r  worker .  By e a s i n g  t h e s e  b o t t l e n e c k s  a g a i n s t  t h e  
a v e r a g e  o r  maximum, w e  c a n  i n c r e a s e  t h e  p r o d u c t i v i t y  o f  t h e  
whole sys tem.  I f  t h i s  i s  n o t  done ,  t h e n  i n  a r a p i d l y  expand ing  
sys tem,  t h e  b o t t l e n e c k  w i l l  draw l a b o r  from o t h e r  areas of  
p r o d u c t i o n .  Sometimes t h i s  i s  accoun ted  f o r  i n  c a l c u l a t i o n s  o f  
a n  e n t e r p r i s e ' s  e f f i c i e n c y ;  sometimes it i s  n o t .  

Opt imal  e f f i c i e n c y  c a n  a l s o  be  e s t i m a t e d  f rom t h e  s t a n d -  
p o i n t  of  t h e  n a t i o n a l  economy, by u s i n g ,  f o r  example,  a 
n o r m a t i v e  payback p e r i o d .  A s imi la r  f e a t u r e  i s  t y p i c a l  o f  
compensat ing  p r o c e s s e s  i n  t h e  s u p p l y  and demand o f  goods 
( F i g u r e  2 ) .  Here compensa t ing  p r o c e s s e s  are used  t o  m e e t  
demand b e t t e r .  T h i s  is done by i n c r e a s i n g  s u p p l y ,  p romot ing  
demand, and ( l a t e r )  r e d u c i n g  o v e r c a p a c i t i e s .  

I t  i s  w i d e l y  r e c o g n i z e d  t h a t  compensat ing  p r o c e s s e s ,  w h i l e  
n e c e s s a r y ,  e v e n t u a l l y  l e a d  t o  a  s t a t i c  e q u i l i b r i u m  w i t h  d i m i n i s h -  
i n g  r e t u r n s .  I n  t h e  s h o r t  r u n ,  however,  t h e y  r e s u l t  i n  h i g h e r  
a b s o l u t e  and r e l a t i v e  e f f i c i e n c y  t h a n  push p r o c e s s e s ;  by r e d u c i n g  
v a r i a n c e s  i n  t h e  p r o d u c t i o n  and s u p p l y  s y s t e m s ,  e f f i c i e n c y  i s  
improved. 

Push p r o c e s s e s ,  on t h e  o t h e r  hand,  i n t r o d u c e  a q u a l i t a t i v e l y  
new t e c h n o l o g y  i n t o  t h e  p r o d u c t i o n  sys tem,  and t h e r e b y  c o m p l e t e l y  
change t h e  s t a t e  o f  t h e  a r t .  C e r t a i n  b o t t l e n e c k s  are r e l i e v e d ,  
and i n  t h e  p r o c e s s ,  a new v a r i a n c e  w i t h  new b o t t l e n e c k s  i s  
c r e a t e d .  I n  t h e  l o n g  r u n ,  push  p r o c e s s e s  r e s u l t  i n  h i g h e r  e f f i -  
c i e n c y  t h a n  compensat ing  p r o c e s s e s .  S t a t i c  e q u i l i b r i u m  v a n i s h e s  
and new p o s s i b i l i t i e s  f o r  improvements a r i s e .  

Thus f o u r  t y p e s  o f  i n v e s t m e n t  c a n  b e  d i s t i n g u i s h e d :  compen- 
s a t i o n  i n v e s t m e n t s  i n v o l v i n g  p r o c e s s e s  and t h o s e  i n v o l v i n g  p ro -  
d u c t s ,  and push i n v e s t m e n t s  i n v o l v i n g  p r o c e s s e s  and t h o s e  i n v o l -  
v i n g  p r o d u c t s .  

According t o  Mensch e t  a 1  ( 1 9 3 0 ) ,  t h e  p r e s e n t  d e c l i n e  i n  produc- 
t i v i t y  growth rates is  due  t o  a stalemate i n  t e c h n o l o g y ,  o r  t h e  
l a c k  of  b a s i c  i n n o v a t i o n s .  T h i s  would mean t h a t  t h e r e  have  been 
heavy i n v e s t m e n t s  i n  compensat ion  o r  improvement and a  d i m i n i s h -  
i n g  p r o p o r t i o n  o f  push i n v e s t m e n t s .  Tab le  4 shows t h e  f r e q u e n c y  
d i s t r i b u t i o n  o f  35,945 t e c h n o l o g i c a l  changes  i n  f o u r  i n d u s t r i e s .  
D i s t r i b u t i o n  o f  t h e s e  c h a n g e s  i n  p e r c e n t  ( T a b l e  5 )  shows t h a t  
more t h a n  t w o - t h i r d s  of  t h e  t e c h n o l o g i c a l  changes  were of  a 
compensatory n a t u r e  and i n v o l v e d  t h e  development  o f  p r o c e s s e s ;  
o n l y  5  p e r c e n t  i n v o l v e d  new p r o d u c t s .  

An i n n o v a t i o n  s t r u c t u r e  o f  t h i s  n a t u r e  i s  bound t o  l e a d  t o  a 
d e c l i n e  i n  p r o d u c t i v i t y ;  t h o s e  making p o l i c y  and s e t t i n g  p r i o r i -  
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Figure 1. Technological profile of a production process. 

PRODUCTS 
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Table 4. Distribution of 35,945 technological changes in the 
plastics industry (1970), wood industry (1971), food 
industry (1972) , and metal industry (1973) 
according to type of change (in percent). 

Source: Dostal et a1 (1977) . 
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9 .  Implementation o f  other 
processes 

10. Mechanizationandrational-  
i s a t i o n  by addit ional  devices  

11. Organizational change 
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Table 5. Distribution of 35,945 technological changes 
according to type of innovation and area 
affected (in percent) . 

Process Materials Organization 
Product Equipment Energy and others Total 

G T M 0 

A Push 5 16 o 5 2 6  

-- 

B Compensation 8 5 3 2  5 6 8  

C Others o 3 o 3 6  
- 

Total 13 72 2 1 3  100  



t i e s  on i n n o v a t i o n  must t a k e  t h i s  f a c t  i n t o  a c c o u n t .  But  a s  
seen  i n  T a b l e  6 ,  showing t h e  r e s u l t s  o f  an  e n q u i r y  o f  t h e  ECE 
i n t o  p o l i c i e s  on i n n o v a t i o n  i n  16 c o u n t r i e s ,  i n  o n l y  a few 
cases is  t h e  o r i e n t a t i o n  toward  b a s i c  i n n o v a t i o n s  and push 
i n v e s t m e n t s .  

D i f f e r i n g  A t t i t u d e s  Toward I n n o v a t i o n  P o l i c y  i n  V a r i o u s  C o u n t r i e s  

I n n o v a t i o n  p o l i c y  d i f f e r s  i n  market  and p l a n n e d  economies.  
The means and r e s o u r c e s  a v a i l a b l e  t o  po l i cymakers  a l s o  d i f f e r .  

I n  marke t  economies t h e  p r i m a r y  o b j e c t i v e s  o f  p o l i c y  on 
i n n o v a t i o n  i n c l u d e  

-- m o b i l i z a t i o n  and c h a n n e l i n g  o f  f i n a n c i a l  r e s o u r c e s ,  
-- s u p p o r t  f o r  smaller e n t e r p r i s e s ,  
-- t h e  b a l a n c e  between R & D i n  t h e  p u b l i c  s e c t o r  and 

t h e  deve lopmenta l  e f f o r t s  o f  i n d u s t r y ,  and  
-- procurement  a c t i v i t i e s .  

I n  p l a n n e d  economies ,  on t h e  o t h e r  hand,  i n n o v a t i o n  p o l i c y  
s e e k s  t o  

-- see t h a t  i n n o v a t i o n s  c o n t r i b u t e  t o  p l a n  t a r g e t s ;  
-- promote i n t e r a c t i o n  between t h e  c e n t r a l  l e v e l  and i n d u s -  

t r i a l  o r g a n i z a t i o n s  i n  t h e  development  o f  i n n o v a t i o n s ;  -- c o o r d i n a t e  p l a n n i n g  o f  r e s e a r c h  and development ,  i n v e s t -  
men t s ,  p r o d u c t i o n ,  and e f f i c i e n c y ;  and -- a i d  i n  o r g a n i z i n g  programs f o r  i n n o v a t i o n  i n  i n d u s t r i a l  
p l a n n i n g .  

The p o l i c y  measures  used  t o  promote i n n o v a t i o n  a l s o  v a r y  
from one  c o u n t r y  t o  a n o t h e r .  T a b l e  7 shows a s y s t e m a t i c  overv iew 
of  t h e s e  i n n o v a t i o n  p o l i c y  measures  and t h e i r  a r e a s  o f  a p p l i c a t i o n .  
Tab le  8 shows more s p e c i f i c  measures ,  t h e i r  area and t y p e ,  t h e  
phase  o f  t h e  i n n o v a t i o n  p r o c e s s  i n  which t h e y  are g e n e r a l l y  
a p p l i e d ,  t h e  impor tance  o f  t h e i r  implementa t ion ,  t h e i r  s t a g e s  
of  r a p i d  growth and m a t u r a t i o n ,  and t h e  e x t e n t  t o  which t h e y  
are used i n  g roups  o f  c o u n t r i e s .  

I t  would be u s e f u l  t o  e v a l u a t e  t h e  c o m p l e x i t y  o f  a c o u n t r y ' s  
p o l i c y  f o r  i n n o v a t i o n s  by a n a l y z i n g  t h e  p r e s e n c e  and i m p o r t a n c e  
o f  a l l  32 measures .  T a b l e  9 i s  a f i r s t  a t t e m p t  a t  such  a n  a n a l -  
y s i s .  

The c o m p l e x i t y  o f  i n n o v a t i o n  p o l i c y  a l s o  depends  on t h e  
a r e a s  o f  g r e a t e s t  t e c h n o l o g i c a l  change.  T a b l e  1 0  shows t h i s ,  
u s i n g  i n d u s t r y  i n  t h e  GDR as an  example. 

N a t i o n a l  p o l i c y  f o r  i n n o v a t i o n  i n  t h e  c o n t e x t  o f  i n d u s t r i a l  
p o l i c y  must t a k e  i n t o  a c c o u n t  i n d u s t r i a l  development  a t  t h e  
g l o b a l  l e v e l  and i t s  t r e n d s ,  o b j e c t i v e s ,  and s t r u c t u r a l  changes  
i n  l i g h t  o f  t h e  g l o b a l  i n t e r d e p e n d e n c e  o f  n a t i o n a l  economies .  
F o r  m u l t i n a t i o n a l  c o r p o r a t i o n s  t h i s  r e f l e c t s  t h e  d imens ion  o f  
t h e i r  s t r a t e g i c  t h i n k i n g  and s t r a t e g i c  a c t i o n .  



l'abie ti. V a r i o u s  c o u n t r i e s  f o r m u l a t e  t h e i r  p o l i c i e s  on  
i n n c v a t i o n  and i d e n t i f y  t h e i r  p r i o r i t i e s .  

1 .  The l l e n t i f l c a t i o n  of needs 3nd :he fcrrnuiation of long-term research 
s t ra teqy  i s  based on soc i a l  and econonis requiraments and resources 
(Austria) . 

2 .  Research must be or iented towards development of soc i e ty ,  organizat ion of 
reduction, and management and cont ro l  (Norway) . 

3 .  We need t o  i den t i fy  those c r i t i c a l  a reas  i n  which inves t sen t  of s c i e n t i f i c  
and technological resources leads t o  the  g r e a t e s t  e f f e c t  (Canada). 

4 .  P r ac t i c a l  and appl ied research should comply with cur ren t  production needs 
(Poland) . 

5 .  Research p r o j e c t s  should be chosen ser ious ly  and ca r e fu l l y  on t he  ba s i s  of 
c r i t e r i a ,  taking i n t o  account equipment of en t e rp r i s e s  and development of 
the  country (Spain) . 

6 .  Iden t i f i c a t i on  of p r i o r i t i e s  should take i n t o  account p o s s i b i l i t y  of 
nat ional  economic po t en t i a l  (Belgium) . 

7 .  St r e s s  is  being l a i d  both on immediate economic and s t r a t e q i c  iong-range 
usefulness  (Federal Republic of Germany). 

8. P r i o r i t i e s  should r e f l e c t  demands of l oca l  and i n t e rna t i ona l  markets 
(Belgium) . 

9.  Government po l icy  should s t imulate  high standards of technoiogical 
innovations (Czechoslovakia).  

1 Survey of demand fo r  new technology may provide a p i c tu r e  of fu ture  
development (Netherlands ) . 

11. Public inf luence shouid play a s t ronger  and more ac t i ve  r o l e  i n  def ining 
and implementing p r i o r i t i e s  (Belgium). 

12. S c i e n t i f i c  and technological  work performed by various organizat ions,  
l abo ra to r i e s ,  i n s t i t u t i o n s  - both publ ic  and p r i v a t e  - and a l s o  by 
individual  researchers  should be coordinated (Luxembourg). 

13. I t  i s  necessary f o r  s c i e n t i f i c  ideas and technological  innovations t o  be 
disseminated t o  a number of a reas  of the  na t iona l  economy (Bulgar ia ) .  

14. In coming yea r s ,  indus t ry  w i l l  need t o  base i t s  investment plans on 
t e c h n o l o q  t o  a much grea te r  ex ten t  than before (United Kingdom). 

15. Economic and technological dependence on foreign count r ies  is a cons t r a in t  
t o  research a c t i v i t i e s  (Spain) . 

16. The economy must be adaptable  t o  innovation (Poland) .  

17. We need t o  s t rengthen t he  na t iona l  economy's a b i l i t y  t o  c r e a t e ,  absorb, 
and adopt contemporaty technology (Turkey). 

3 .  Newly se lec ted  R and D p ro j ec t s  s u s t  be e f f ec t i ve  (Poland). 

13. Innovations should cont r ibu te  t o  the completion of the  investment 
program (Romania) . 

20. Innovation should help solve problems of env i romen t ,  working condi t ions ,  
hea l t h ,  and o ther  s o c i a l  problems (Czechoslovakia). 

21. The need is t o  maintain and p ro t ec t  environmental q u a l i t y  (Canada). 

22. Innovations should not be abused and undesirable s ide-ef fec t s  should 
be prevented (Sweden). 

Source  : S t r u c t u r e  and Change i n  European I n d u s t r y  (1977)  . 
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T a b l e  8 .  Measures  used  i n  i n n o v a t i o n  p o l i c y  and  t h e i r  c h a r a c t e r i s t i c s .  

I m p o r t a n c e  d u r i n q  Frequency  o f  a p p l i c a t i o n  i n  
I 

~ e v 6 l o p e d  Developed 
1 

Market  Planned Deve lOl l i  n~ 
Economies E c o ~ ~ o n ~ i e s  C o u n t r i e s  No. Measure 

Implemen- Rapid Matur- 
Area* ~ ~ ~ e * * ~ h a s e  I t a t i o n  Growth a t  i o n  

G r a n t s  C s u b s i d i e s  
Loans 
J o i n t  v e n t u r e s  
F i n a n c i n g  o f  new 

e n t e r p r i s e s  
I n c e n t i v e s  f o r  i n v e n t o r s  
I n c e n t i v e s  f o r  o r g a n i z a t i o n  
C e n t r a l  p l a n n i n g  o f  s t a t e  

owned e n t e r p r i s e s  
P a t e n t s  
E n v i r o n m e n t a l  r e g u l a t i o n s  
Monopoly laws 
Technical a s s i s t a n c e  
Governmenta l  p r o g r e s s  
I n  formati011 ne twork  
I n f o r m a t i o n  c e n t e r s  
E x h i b i t i o n s  
A d v i s o r y  s e r v i c e s  
S t a t i s  t i c a l  s e r v i c e s  
I n f o r m a t i o n  campaigns  
R e s e a r c h  a s s o c i a t i o n  
I n d u s t r i a l  p a r t i c i p a t i o n  
Higher  e d u c a t i o n  
Procurement  a c t i v i t i e s  
S t a n d a r d i z a t i o n  
"Small  F i rms"  p o l i c y  
Government p r o j e c t s  
D e p r e c i a t i o n  r u l e s  
T r a d e  r e s t r i c t i o n s  
Impact  o n  i n d u s t r i a l  
o r g a n i z a t i o n  

R C D  f u n d i n g  
Tax p o l i c y  
C o o p e r a t i o n  be tween  p u b l i c  

i n s t i t u t e s  and  i n d u s t r y  
Work on i n n o v a t i o n  i n  

p u b l i c  i n s t i t u e s  

h i g h  
h i g h  
h i g h  

h i g h  
h i g h  
h i y h  

low 
low 
low 

h i g h  
h i g h  
h i g h  

h i g h  
med i um 

low 

h i g h  
h i g h  
h i g h  

h i g h  
low 
h i g h  

h i g h  
low 
low 

low 
h i g h  

nled ium 

h i g h  
h i g h  
h i g h  

h i g h  
meaiun~ 

h i g h  

h i g h  
low 
h i g h  
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S e e  T a b l e  7.  
* *  S e e  T a b l e  7. 
t ( 1 )  c r e a t i v e  p r e p a r a t i o n ,  ( 2 )  b a s i c  r e s e a r c h ,  ( 3 )  a p p l i e d  r e s e a r c h .  

( 4 )  deve lopment ,  ( 5 )  i n v e s t m e n t  and i m p l e m e n t a t i o n ,  ( 6 )  p r o d u c t i o n ,  
( 7 )  m a r k e t i n g ,  ( 8 )  a p p l i c a t i o n  and  improvement ,  ( 9 )  a l l  p h a s e s  



Table  9 .  Ins t ruments  used t o  implement governmental  p o l i c i e s  
on i n n o v a t i o n .  

Country 

Source: Cur ren t  and P rospec t ive  I s s u e s  i n  Sc ience  and 
Technology P o l i c i e s  (1980) . 
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INDUSTRIAL DEVELOPMENT AT THE GLOBAL LEVEL: 
TRENDS, OBJECTIVES, AND STRUCTURAL CHANGES 

I n n o v a t i o n  and Long-term C y c l e s  i n  I n d u s t r y  

There  i s  no d o u b t  t h a t  i n  t h e  c o u r s e  of  h i s t o r y ,  i n d u s t r i a l  
growth h a s  e x p e r i e n c e d  a number o f  upswings and downswings. The 
u n d e r l y i n g  mechanism of  t h i s  c y c l i c a l  growth is  a f f e c t e d  by t h e  
r e l a t i o n  between t h e  c a p i t a l  goods and consumer good i n d u s t r i e s .  
R e c e n t l y  Graham and Senge (1980) i n v e s t i g a t e d  t h i s  a s sumpt ion ,  
u s i n g  a sys tems  dynamics approach .  

Looking a t  wor ld  i n d u s t r i a l  p r o d u c t i o n  from 1850 t o  1979,  
w e  see t h a t  growth rates w e r e  r a t h e r  u n s t a b l e  d u r i n g  t h i s  p e r i o d .  
Using a n  e x p o n e n t i a l  f u n c t i o n  t o  d e s c r i b e  long- term t r e n d s ,  one 
o b t a i n s  a p a t h  o f  i n d u s t r i a l  growth measured i n  d e v i a t i o n s  f rom 
t h e  long- te rm a v e r a g e  (see F i g u r e  3 ) .  Here w e  see t h e  major  
downswings and upswings i n  i n d u s t r i a l  p r o d u c t i o n ,  among them t h e  
unpreceden ted  downswing a t  t h e  end of  t h e  1920s.  

Long-term c y c l e s  have been much d i s c u s s e d  i n  t h e  l i t e r a t u r e  
s i n c e  K o n d r a t i e f f .  Some y e a r s  ago  Gerhard  Mensch d e s c r i b e d  
t h e s e  " l o n g  waves" i n  terms o f  c l u s t e r s  o f  i n n o v a t i o n s ,  u s i n g  
t h e  f requency  d i s t r i b u t i o n  o f  major  t e c h n o l o g i c a l  changes  o v e r  
t i m e  ( 1 9 7 5 ) .  

F i g u r e  4 shows a n  i n n o v a t i o n  i n d e x  f o r  182 i n n o v a t i o n s .  
I n  e a c h  case, t h e  e v a l u a t i o n  f u n c t i o n  i s  a d j u s t e d  t o  t h e  d a t e  
o f  i n t r o d u c t i o n  i n t o  t h e  m a r k e t .  Thus t h e  c u r v e  d o e s  n o t  show 
t h e  d i f f u s i o n  p r o c e s s ;  d i f f u s i o n  i s  s e e n  i n  t h e  i n d u s t r i a l  
p r o d u c t i o n  c u r v e .  

I n  t h e  p a s t  200 y e a r s ,  s e v e r a l  major  t e c h n i c a l  r e v o l u t i o n s  
have  s i g n i f i c a n t l y  a f f e c t e d  i n d u s t r i a l  a c t i v i t i e s .  D e s p i t e  



YEAR 

Figure 3. Industrial production logarithum 
(World 1850-1979). 



Figure 4. Innovation index based on 182 innovations 
(1850-1979). 



differences in their technical character, they have two main 
features in common: 

1. Each of them was caused by a bottleneck in the 
production system. The railroad, for example, 
became necessary during the industrial revolutions 
because of the enormous demand for transporting 
coal and cotton. 
Each of them appeared in one area of the production 
system and then passed through a chain or network, 
step by step affecting the whole production system, 
and later (Figure 5) lifestyles and consumer pat- 
terns. For example, the spinning machine led to the 
mechanization of weaving, and later to the improve- 
ment of bleaching, textile printing, and dyeing. 
The steam engine proved to be the appropriate power 
source for these processes. Machinery soon developed 
to the point where machines could be produced with 
machines. As the demand for iron to produce machinery 
increased, more coal was needed to produce the iron, 
and so forth. 

Tables 1 1  and 1 give comprehensive overviews of past industrial 
growth and present historical time series for industrial produc- 
tion, primary energy consumption, innovations, inventions, and 
patents. Qualitative and quantitative analyses of past cycles 
are necessary for developing a scenario of future industrial 
growth. Looking at the sequence of technical substitutions 
for functions of labor, one can see that present stress on the 
replacement of energetic and operational functions will soon 
be moving toward adaptive control and guidance, providing 
information, and performance of complex logical functions. 
There will be a major wave in industrial activity in tele- 
communications, computer linkages, communications, and machine 
systems. This could involve major changes in processes. The 
biotechnologies, automation equipment, telecommunications, 
bioindustry, and exploitation of the ocean are likely to 
be the growth industries of the next decades. Figure 6 shows 
the growth industries of the past and future in a hierarchical 
scheme with six levels of aggregation, the future industries 
being bioindustry, electronics, production of machines and 
equipment for production of machines and equipment, tele- 
communication, computers, protection of the environment, and 
exploitation of the ocean. (See also Business Week 50th 
Anniversary Issue). 

There is an internal nucleus of industries where growth 
is accelerated: production means, machines and equipment, and 
machines and equipment for the production of machines and 
equipment (Fajnsilber 1980). Thus one can distinguish between 
two classes of industries: 

a industries which play a major role in all growth 
cycles, such as the engineering industry, and 

B industries responsible for one particular upswing in 
long-term development, such as the chemical and 
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Figure 5 .  The two product ion s e c t o r s  and t h e i r  i n n e r  feedbacks.  



Table Ila. Periods of industrial development since 1740 and their characteristics. 
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au tomobi le  i n d u s t r i e s  (see Kle inknech t  1979; Kurenkov 1 9 7 9 ) .  

The growth i ndex  and growth e l a s t i c i t y  o f  S o v i e t  i n d u s t r i e s  
a r e  c a l c u l a t e d  i n  Tab le  1 2 .  The p r o d u c t i o n  o f  p r o d u c t i o n  means; 
t h e  p r o d u c t i o n  o f  machines ,  t o o l s ,  and equipment;  t h e  e n g i n e e r i n g  
i n d u s t r y ;  t h e  p r o d u c t i o n  o f  machine t o o l s  i n d u s t r y ;  and t h e  pro- 
d u c t i o n o f  i n s t r u m e n t s  show a growth e l a s t i c i t y  g r e a t e r  t h a n  1 
f o r  a l l  c y c l e s  and c o u n t r i e s  d u r i n g  t h e  . i n d u s t r i a l i z a t i o n  p e r i o d .  

The a r e a s  o f  r a p i d  growth i n  c l a s s  f3 a r e  shown i n  Tab l e  13.  
The p e r c e n t a g e  o f  a l l  employed p e r s o n s  engaged i n  t h e  t e x t i l e  
i n d u s t r y  peaked around 1850; t h e  a b s o l u t e  peak i n  numbers of  t e x -  
t i l e  e=ployees  was reached  s h o r t l y  b e f o r e  World War 11. Metal  
p r o d u c t i o n  passed  b o t h  o f  t h e s e  p o i n t s  i n  1965;  t h e  chemica l  
i n d u s t r y ,  i n  1979. The au tomobi le  i n d u s t r y  may have now a l s o  
peaked.  I n  t h e  f u t u r e ,  new i n d u s t r i e s  w i l l  be needed t h a t  can  
a t t r a c t  t h a t  p a r t  o f  t h e  l a b o r  f o r c e  t h a t  h a s  been d i s p l a c e d  
from o l d e r  i n d u s t r i e s  and t h a t  c anno t  be absorbed  by o t h e r  sec- 
t o r s  o f  t h e  n a t i o n a l  economy (Heinze  1979 ) .  

Growth r a t e s  and o t h e r  a s p e c t s  o f  s t r u c t u r a l  change depend,  
of c o u r s e ,  n o t  o n l y  on new 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 ,  b u t  a l s o  
on socioeconomic  env i ronment .  

H i s t o r i c a l  a n a l y s e s  g i v e  u s  u s e f u l  i n s i g h t  i n t o  t h e  p o s s i b l e  
d i r e c t i o n s  of f u t u r e  changes .  N e v e r t h e l e s s ,  it w i l l  be n e c e s s a r y  
t o  a n a l y z e  t h e  i n t e r a c t i o n  between socioeconomic  g o a l s  and t h e  
s t r u c t u r e  o f  i n d u s t r y  when s e e k i n g  s o l u t i o n s  t o  p r e s e n t  and f u t u r e  
problems.  

I n t e r a c t i o n  between Socioeconomic Goals  and I n d u s t r i a l  S t r u c t u r e  
i n  Groups o f  C o u n t r i e s  

The s t r u c t u r a l  development o f  i n d u s t r y  i s  c l o s e l y  connec ted  
w i t h  n a t i o n a l  socioeconomic  g o a l s .  Looking a t  t h e  n a t i o n a l  g o a l s  
o f  i n d u s t r i a l  s t r a t e g y  i n  t h e  g roups  of  c o u n t r i e s  s een  i n  Tab le  
1 4 ,  w e  f i n d  major  d i f f e r e n c e s  among t h e  g roups ,  due  n o t  o n l y  t o  
t h e i r  d i f f e r i n g  economic l e v e l s ,  b u t  a l s o  t o  t h e i r  d i f f e r i n g  
socioeconomic  sys tems .  

The developed marke t  economies a r e  c h a r a c t e r i z e d  by com- 
p e t i t i o n ,  t r a n s f e r  o f  p r o d u c t i o n  abroad ,  s a t u r a t i o n  i n  c e r t a i n  
consumer a r e a s ,  and an  i n c r e a s i n g  d ive rgence  among t h e  c o u n t r i e s  
i n  t h i s  group.  An i m p o r t a n t  socioeconomic  g o a l  o f  i n d u s t r i a l  
s t r a t e g y  i n  ma rke t -o r i en t ed  c o u n t r i e s  i s  t h e  r e d u c t i o n  o f  unem- 
ployment.  Tha t  c o m p e t i t i o n  p l a y s  a  major  role  is  s e e n  i n  an  
i n v e s t i g a t i o n  f o r  West German i n d u s t r y  (Scho lz  1 9 7 7 ) ,  i n  
which it was r e v e a l e d  t h a t  more t h a n  50% o f  a l l  t e c h n o l o g i c a l  
changes  i n  t h e  manu fac tu r i ng  i n d u s t r y  expec t ed  i n  t h e  n e x t  decade  
w i l l  be l i n k e d  t o  c o m p e t i t i o n .  A s t r o n g  t r e n d  toward r a t i o n a l i -  
z a t i o n  is  a l s o  e x p e c t e d ;  t h i s  w i l l  r e s u l t  i n  a d d i t i o n a l  unem- 
ployment.  

W e  f i n d  q u i t e  a  d i f f e r e n t  s i t u a t i o n  i n  t h e  p lanned economies. 
I n  t h e s e  c o u n t r i e s  t h e r e  i s  an u r g e n t  need for .  i n c r e a s e d  r a t i o -  
n a l i z a t i o n  i n  p r o d u c t i o n .  



T a b l e  12. C o r e  o f  i n d u s t r i a l  g rowth  i n  t h e  USSR, 1913-1979. (Growth i n d e x  f o r  i n d u s t r i a l  
o u t p u t .  ) 

SOURCE: S t a t i s t i c a l  Yearbook o f  t h e  USSR (1975,1979). 
*Depar tment  I encompasses  t h e  p r o d u c t i o n  o f  p r o d u c t i o n  means a n d  Depa r tmen t  I1 

t h e  p r o d u c t i o n  o f  consumer  goods .  Groups A and  B h a v e  t h e  same meanings  
a p p l i e d  o n l y  t o  t h e  m a n u f a c t u r i n g  a n d  e x t r a c t i v e  i n d u s t r i e s ,  e x c l u d i n g  c o n s t r u c t i o n .  

E l a s t i c i t y  o f  g rowth  
1970-1979 1940-1970 1913-1940 

1 .OO 1.00 1.00 

1.03 1.34 1.69 

1.29 n . a .  n . a .  

0.97 n . a .  n . a .  

1.04 n . a .  n .  a .  

0.99 n . a .  n . a .  

1.47 4.00' 5.79 

1.31 n . a .  n .  a .  

2.35 n . a .  n . a .  

4.76 n . a .  n . a .  

1.20 2.25 2.27 

I n d u s t r y  

A l l  i n d u s t r y  

1. Group A 

a .  P r o d u c t i o n  o f  
m a c h i n e s ,  t o o l s  
a n d  equ ipmen t  

b .  P r o d u c t i o n  o f  
m a t e r i a l s  

c .  P r o d u c t i o n  o f  Group 
f o r  Depa r tmen t  I *  

d .  P r o d u c t i o n  o f  Group 
f o r  Depa r tmen t  11*  

2. E n g i n e e r i n g  

a .  Machine too ls  

b .  P r o d u c t i o n  o f  
i n s t r u m e n t s  and  
a p p a r a t u s  

Computers  

Chemica l s  a n d  p e t r o -  207 
c h e m i c a l s  

S h a r e  
1879 

100 

74 

14.9 

59.1 

A53.1 

A20.9 

n . a .  

n . a .  

n . a .  

1979 
(1970=100) 

172 

177 

222 

167 

179 

170 

252 

225 

404 

8 19 



T a b l e  1 3 .  Employment  i n  s e l e c t e d  i n d u s t r i e s  i n  a b s o l u t e  f i g u r e s  a n d  p e r c e n t  o f  a l l  
e m p l o y e d  p e r s o n s  f o r  Germany ( a n d  l a t e r )  t h e  FRG, 1846-1979 .  

1846 1875 1900 1925 1939 1950 1965 1979 

1000s % 1000s s 1000s X 1000s 5 1000s % 1000s X 1000s X 1000s X 

Building materials 146 4.4 333 6.5 784 8.8 704 6.0 821 5.3 414 5.2 266 2.6 183 2.0 

Metal production 43 1.3 150 2.9 314 3.5 657 5.6 415 5.2 689 6.7 533 6.0 

Chemicals 18 0.5 65 1.3 177 2.0 380 3.2 576 3.7 365 4.5 531 5.1 594 6.7 

Textiles 734 22.2 926 18.0 1030 11.5 1212 10.4 1420 9.2 622 7.7 547 5.3 310 3.5 

Clothing and leather 
manufacturing 817 24.7 1078 20.9 1522 17.0 1536 13.1 1642 10.6 847 10.5 440 4.3 330 3.7 

Timber manufacture 361 10.9 522 10.1 811 9.1 1003 8.6 1061 6.9 634 7.9 219 2.1 238 2.7 

Paper and board 
manuf ac ture 

Printing 15 0.5 46 0.9 146 1.6 286 2.4 238 1.5 136 1.7 211 2.0 162 1.8 

Food, tobacco and 
beverages 455 13.8 676 13.1 1092 12.2 1387 11.8 1736 11.2 867 10.8 520 5.0 512 5.7 

Gas, Water,Electricity 1 0  15 0.3 43 0.5 152 1.3 249 1.6 146 1.8 215 2.1 249 2.8 

Construction 338 10.2 530 10.3 1239 13.8 1584 13.5 2524 16.3 913 11.4 1643 15.9 1 1 1 1  12.4 

Automobiles 329 4.1 514 5.0 787 8.8 

Computer industry 72 0.8 

Industry total 3305 100 5153 100 8950 100 11708 100 15454 100 8035 100 10318 100 8930 100 

National economy total 21960 27300 25500 

Industry's share in 
in total employment 

S o u r c e s :  Hof fman ,  W.G.  ( 1 9 6 5 ) .  
S t a t i s t i c a l  Y e a r b o o k  o f  t h e  FRG ( 1 9 5 3 ,  1 9 6 7 ,  1 9 8 0 ) .  



Table 1 4 .  Groups of c o u n t r i e s .  

1. DEVELOPED MARKET ECONOMIES 
1.1 USA 
1 . 2  Western Europe 
1 . 3  Japan 
1 . 4  Others  

2 .  PIJUJNED ECONOMIES 
2.1 CMEA (COMECON) member c o u n t r i e s  
2.2 Other planned economies 

3. DEVELOPING COUNTRIES 
3.1  Major deve loping  c o u n t r i e s  w i th  market o r i e n t a t i o n  

and middle income 
3.2 Developing c o u n t r i e s  w i t h  low income 

W e  f i n d  s t i l l  ano the r  s i t u a t i o n  i n  t h e  developing c o u n t r i e s .  
I n  B r a z i l ,  Mexico, Argent ina ,  South Korea, and I n d i a ,  which 
account f o r  more than  58% of va lue  added i n  manufactur ing i n  
t h e  developing c o u n t r i e s ,  a number of  s o c i e t a l  problems have 
a r i s e n  a s  a  r e s u l t  of f a s t  and uneven i n d u s t r i a l i z a t i o n .  Many 
of t h e  c o u n t r i e s  w i th  t h e  lowes t  p e r  c a p i t a  GDP ( l e s s  t han  $265) 
a l s o  have t h e  lowes t  growth rates f o r  product ion .  

Over t h e  p a s t  15 y e a r s ,  t h e r e  has  been r a p i d  change i n  
world s h a r e s  of va lue  added among t h e  groups of c o u n t r i e s  ( s e e  
Table 1 5 ) a n d t h e r e  has  been much s p e c u l a t i o n  about  t h e  r e l a t i v e  
s h a r e s  of va lue  added t h a t  can be expected by t h e s e  groups of 
c o u n t r i e s  i n  t h e  y e a r s  t o  come. FoY deve loping  c o u n t r i e s ,  a 
sha re  of 14-18% by 1990 seems p l a u s i b l e .  The Lima t a r g e t  of 
25% by t h e  year  2000, however, w i l l  be  d i f f i c u l t  t o  a t t a i n .  
The c e n t r a l l y  planned economies might i n c r e a s e  t h e i r  s h a r e  t o  
32-35% by 1990, due t o  t h e i r  r a p i d  growth r a t e s .  

To some e x t e n t ,  t h e  g o a l s  of i n d u s t r i a l  s t r a t e g y  c o n f l i c t  
among t h e  groups of c o u n t r i e s .  A systems a n a l y s i s  of t h e s e  
goa l s  would be ve ry  u s e f u l .  

While it i s  d i f f i c u l t  t o  e s t i m a t e  and compare t h e  progress -  
i veness  of i n d u s t r i a l  s t r u c t u r e s ,  such an assessment  is  essen-  
t i a l  f o r  i n d u s t r i a l  s t r a t e g y ,  a s  on ly  a  p r o g r e s s i v e  s t r u c t u r e  
can meet t h e  g o a l s  s e t  f o r t h .  Sometimes a given s t r u c t u r e  must 
be r a d i c a l l y  a l t e r e d .  The fo l lowing  are i n d i c a t o r s  of indus- 
t r i a l  s t r u c t u r e  a t  t h e  n a t i o n a l  l e v e l :  

-- growth r a t e  of p roduct ion  
-- l e v e l  of p r o d u c t i v i t y  P  
-- var i ance  of e l a s t i c i t i e s  SE ( e l a s t i c i t y  E = X . / X  , 

1 

where i = growth r a t e  of t h e  i - t h  i n d u s t r y  
X = growth r a t e  of t h e  whole i n d u s t r y  1 

-- c o e f f i c i e n t  f o r  s a t i s f a c t i o n  of s o c i a l  
and economic g o a l s  G 



T a b l e  1 5 .  S h a r e s  o f  g r o u p s  o f  c o u n t r i e s  i n  w o r l d  t o t a l  o f  v a l u e  a d d e d  
( b a s e d  o n  8 5  d e v e l o p i n g  a n d  35  d e v e l o p e d  c o u n t r i e s ) .  

DEVELOPED MARKET ECONOMIES CENTRALLY PLANNED DEVELOPING COUNTRIES 
ECONOMIES 

SOURCE: World  I n d u s t r y  S i n c e  1 9 6 0  ( 1 9 7 9 ) .  
Own est imates f o r  1990 .  



The variance of elasticities has not yet been thoroughly 
analyzed, but is an important indicator for the order state of 
the process. My hypothesis is that the variance of elasticities 
has a nonlinear influence on growth rates. A high variance of 
elasticities indicates a high share of push processes; a low 
variance of elasticities, on the other hand, indicates a high 
share of compensatory processes. As I have shown in another 
study (Haustein 1974), there should be an optimal or at least 
satisfying relationship between push and compensatory processes. 

But none of these indicators answers the central question: 
How well does a given or desired industrial structure suit a 
network of national social and economic goals? 

The 30 goals for industrial policy seen in Table 16 
were formulated from a broad range of information, including a 
recent ECE investigation (Current and Prospective Issues 1980) 
where the following objectives of national policy were named: 

solution of the developmental needs of the country 
(Greece, Italy) , 
industrial innovation as a key factor for overcoming 
major economic problems: unemployment, inflation, and 
the imbalance between exports of raw materials and 
imports of manufactured goods (Canada) , 
combininq the technical aspects of innovation with the 
economic and social aspects (Czechoslovakia), 
maintenance and development of efficiency and competi- 
tiveness of the economy (Federal Republic of Germany), 
increasing the competitiveness of national technology 
and products on the world market (Romania, Turkey, 
Belgium), 
increasing production of new materials and products 
for export; increasing expcrt capacity (Romania, Poland, 
German Democratic Republic) , 
introduction of new products to the domestic market 
that are reliable, aesthetic, and of high quality 
(Poland), 
promotion of productivity and industrial technology 
(Portugal) , 
development of industrial technology and modern tech- 
nology (Greece) , 
encouragement and development of scientific and techno- 
logical research, survey, engineering, and other 
industrial studies (Greece, Turkey), 
increasing the effectiveness of science and technology 
(Bulgaria), 
raising of technical, qualitative, and aesthetic 
standards of goods (Poland) , 
technical assistance to smaller enterprises (Italy). 

These diverse social, economic, and ecological goals, both 
final and intermediate, are of varying importance among the 
groups of countries. We can weight their importance for the 
following groups of countries: developed market economies, 
planned economies, semideveloped countries (Brazil, Mexico, 
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Argentina, South Korea, India, and Turkey), developing countries 
with planning orientation, and other developing countries. 

These weights, reflecting the present situation, are affected 
by current world trends, including: 

-- competition from newly industrialized countries, 
-- saturation of areas of demand in developed countries, 
-- changes in human behavior and tastes, -- energy shortages, 
-- increasing divergence among developed market economies, -- growing environmental problems. 

We see also that individual countries have conflicting 
goals, as each country seeks to protect its own economy. A 
current example of this is the "high technology war" between 
the US and Japan. As its older industries decline, the US is 
being faced with growing competition from Japan for dominance 
of the worldwide electronics industry. The object of this 
struggle is not a single branch of industry; it is all industry. 
For electronics will affect all areas of industry in this de- 
cade. The US fears the loss of-its control over the content, 
direction, and pace of industrial development in a high-technology 
world, as industry becomes increasingly dependent on these tech- 
nologies. 

Having established the matrix of weights for .the importance 
of industrial policy goals, we must assess the contribution of 
each industry to these goals on a scale. This is accomplished 
as follows: 

For a given industry, 

For all goals, 

For one of the groups of countries, one obtains 

k = 1,2...5 (a scalar product or goal satisfaction 
coefficient) 

P 

where 

w is the weight of the i-th goal in the k-th 
country groups. (w = 0,1,2,3,4: very low or 
no priority, low, medium, high, very high 
priority, and f = O,fl, f2, 53:  low or no 
contribution, medium, high, very high 
contribution. ) 



We can thus  a s s e s s  a  given i n d u s t r i a l  s t r u c t u r e  by mul t i p ly -  
i n g  t h e  s h a r e s  of i n d u s t r i e s  wi th  t h e  g o a l  s a t i s f a c t i o n  c o e f f i -  
c i e n t .  And s o  we o b t a i n  a  v e c t o r  

which can be s t anda rd i zed  and compared among c o u n t r i e s .  We a l s o  
o b t a i n  t h e  sum 

which i n d i c a t e s  t h e  p rog res s iveness  of t h e  s t r u c t u r e  from t h e  
s t a n d p o i n t  of goa l  s a t i s f a c t i o n .  

W e  see from t h i s  rough e v a l u a t i o n  t h a t  t h e  c a p i t a l  goods 
i n d u s t r y ,  i n c l u d i n g  e n g i n e e r i n g  and e l e c t r o t e c h n o l o g y ,  r e c e i v e s  
t h e  h i g h e s t  s t anda rd i zed  weight  i n  a l l  groups of  c o u n t r i e s .  

Between 1950 and 1975, t h e  major growth i n d u s t r i e s  w e r e  
pe t rochemica ls ,  chemica ls ,  p l a s t i c s ,  au tomobi les ,  e l e c t r o n i c s ,  
a i r c r a f t  e n g i n e e r i n g ,  machine t o o l s ,  and p roduc t ion  o f  machines 
and equipment f o r  p roduc t ion  c o n t r o l  and automat ion.  

An i n t e r n a l  nuc leus  of t e c h n o l o g i c a l  p r o g r e s s  i s  i n v a r i a n t  
over  t ime.  Th i s  comprises  t h e  i n c r e a s i n g  s h a r e  of c a p i t a l  goods 
i n  va lue  added,  t h e  i n c r e a s i n g  s h a r e  of machines and equipment 
i n  c a p i t a l  goods and i n  t o t a l  e x p o r t s ,  and t h e  r a p i d  growth of 
p roduc t ion  of machines and equipment f o r  t h e  produc t ion  of 
machines and equipment. 

Table 17 shows t h e  i n c r e a s i n g  s h a r e  of c a p i t a l  goods i n  
i n d u s t r i a l  p roduc t ion  f o r  s e v e r a l  c o u n t r i e s .  

Rapid i n d u s t r i a l i z a t i o n  i s  g e n e r a l l y  l i n k e d  wi th  a  marked 
i n c r e a s e  i n  t h e  s h a r e  of c a p i t a l  goods i n  p roduc t ion .  Japan ,  
I t a l y ,  Poland,  and Romania a r e  t y p i c a l  c a s e s  where t h i s  h a s  
occur red .  The c a p i t a l  goods s e c t o r  ( e s p e c i a l l y  t h e  p roduc t ion  
of machines and equipment)  p l a y s  an impor t an t  r o l e  i n  i n d u s t r i a l  
growth and i n  t h e  i nnova t ion  process  f o r  t h e  fo l lowing  r e a s o n s :  

1. The c a p i t a l  goods s e c t o r  i s  an impor t an t  expansion 
a r e a  f o r  e x p o r t s .  Table  18 shows e x p o r t s  and impor t s  
of eng inee r ing  p roduc t s  i n  1977. Those c o u n t r i e s  
w i t h  h igh  i n n o v a t i v e  performance have f a v o r a b l e  expor t /  
import  r a t i o s  f o r  eng inee r ing .  

2 .  A s  Kei th  P a v i t t  (1979) and Karl-Heinz Oppenlaender 
(1980) have shown, spending f o r  r e s e a r c h  and develop- 

ment, p a t e n t  a c t i v i t y ,  i n n o v a t i v e  performance,  and 
e x p o r t  r e s u l t s  have become more c l o s e l y  i n t e r l i n k e d  
s i n c e  t h e  1960s,  a l t hough  t h i s  r e l a t i o n s h i p  h a s  been 
mediated by s t r e n g t h s  i n  t h e  c a p i t a l  goods and machinery 
s e c t o r s .  

3 .  The c a p i t a l  goods s e c t o r  (and t h e  eng inee r ing  i n d u s t r y  
i n  p a r t i c u l a r )  i s  l e s s  c a p i t a l - i n t e n s i v e  t h a t  t h e  
average  i n d u s t r y ,  l a r g e l y  because of t h e  emergence 
of new branches ,  such a s  t h e  semiconductor i n d u s t r y ,  



T a b l e  17.  S h a r e  o f  c a p i t a l  goods  i n  i n d u s t r i a l  p r o d u c t i o n .  

Coun t ry  Marke t  Economies C o u n t r y  P l a n n e d  Economies 

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

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

A p e r  
annum 

A p e r  
annum 

USA 38 .1  42 .7  

J a p a n  31.7 48 .5  

FRG 38 .2  39.0 

F r a n c e  37 .3  39 .2  

UK 41.1  40.5 

I t a l y  29.9  36 .5  

B r a z i l  9.2 1 4 . 5  

USSR 7 2 . 5  74 .1  

CSSR 61 .5  6 7 . 8  

GDR 6 0 . 8  66 .0  

Hungary 6 6 . 0  64 .7  

Romania 62 .8  7 3 . 1  

P o l a n d  57.5 6 5 . 1  

Mongolia  51.6  51 .8  

SOURCE: I n t e r f u t u r e s  ( 1 9 7 9 )  . 
S t a t i s t i c a l  Yearbook o f  CMEA C o u n t r i e s  ( 1 9 7 9 ) .  



Table 18. World e x p o r t s  and imports  of eng inee r ing  p r o d u c t s  
(1977) .  

Exports % 

(mill .US$) 

Developed Market 
Economy Countries 2 7 3 , 5 8 5 . 5  8 7 . 5  

U.S.A. 5 1 , 0 3 6 . 5  16:3 
E.E.C. 1 3 7 , 6 5 8 . 0  4 4 . 0  
Japan 4 4 , 7 3 7 . 5  1 4 . 3  
Other Countries 4 0 , 1 5 3 . 5  1 2 . 8  

Developed Planned 
Economy Countries 3 1 , 1 3 2 . 5  1 0 . 0  

U.S.S.R. 8 , 4 7 3 . 3  2 . 7  

Developing Countries 7 , 7 8 2 . 0  2 . 5  

Brazil 1 , 3 9 6 . 0  0 . 4  
Hong Kong 1 , 2 0 5 . 2  0 . 4  
Korea, Rep. of 1 , 7 2 7 . 8  0 . 5  
Singapore 2 , 0 1 7 . 1  0 . 6  

Imports 
(mill. US$) 

~ x p o r  t/ Import 
Ratio 

WORLD TOTAL 3 1 2 , 5 0 0 . 0  1 0 0 . 0  

Source:  Monthly E u l l e t i n  of S t a t i s t i c s  (1980) .  

which beg in  a t  low l e v e l s  of c a p i t a l  i n t e n s i t y .  This  
e x p l a i n s  t h e  c o n t r i b u t i o n  by t h e  c a p i t a l  goods s e c t o r  
t o  t h e  growth of  i n d u s t r i a l  employment. C a p i t a l  
i n t e n s i t y  i s  h ighe r  t han  t h e  i n d u s t r i a l  average  i n  
t h e  petroleum and petroleum d e r i v a t i v e  i n d u s t r y ,  and i n  
t h e  pape r ,  s t e e l  p roduc t s ,  r ubbe r ,  and food i n d u s t r i e s .  

4 .  The c a p i t a l  goods s e c t o r  (and e s p e c i a l l y  t h e  engineer -  
i n g  i n d u s t r y )  a c t s  a s  an o u t s t a n d i n g  t r a i n i n g  ground 
f o r  o t h e r  i n d u s t r i e s .  The advancements i n  technology 
t h a t  a r e  i n c o r p o r a t e d  i n t o  t h e  d e s i g n  and f u n c t i o n s  
o f  c a p i t a l  good and t h e  kind o f  worker t r a i n i n g  i n -  
duced and suppor ted  by t h i s  s e c t o r  h e l p  ex tend  innova- 
t i o n s  t o  o l d e r  i n d u s t r i a l  s e c t o r s ,  where t hey  o f t e n  
c o n t r i b u t e  s u b s t a n t i a l l y  t o  r i s e s  i n  p r o d u c t i v i t y .  

Comparative s t u d i e s  of n a t i o n a l  i n d u s t r i a l  development 
should be complemented by d e t a i l e d  n a t i o n a l  s t u d i e s .  



INNOVATION AND INDUSTRIAL DEVELOPMENT 
AT THE NATIONAL LEVEL 

A n  anal.ysis of industrial goals of individua1.countries is 
more complicated than one of groups of countries, because of 
the need to consSder specific historical situations when looking 
at the national level. 

An important topic in a discussion of national industrial 
development is the industrial strategy of small countries, such 
as the Netherlands, Finland, the GDR, Switzerland, and Hungary 
(Roman 1979; Honko 1980; de Wolff 1980; Technical Capability 
1979; Schenk 1979; Blattner 1977; Hinterhuber 1978). Srnali 
nations cannot simply model their industrial structures after 
those of larger nations. They are better advised to take ad- 
vantage of their smallness by concentrating their efforts in 
the directions which will best enable them to take advantage 
of domestic resources and experiences. For example, Sweden 
and Hungary are rapidly developing their drug industries. Be- 
cause the selling price of pharmaceutical products is many times 
the cost of manufacturing them, the drug industry is ideal for 
high-wage economies. 

There are certain principal gauges by which we can measure 
the qualitative industrial performance of a country. Figures 
7 and 8 show a profile of the industrial structure of the FRG 
in 1959 and 1976. Figure 9 shows the patent structure in 1972, 
which is very-progressive, except for the high share of environ- 
mentally intensive production. The patent structure of 1972 
predicts a future progressive pattern of industrial structure 
which had not yet been realized in 1976 (Figure 8). But we 
must bear in mind that gauges are subject to historical change. 
The high-demand industries of one period may not be the high- 
demand ind~~stries of another. 
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Figure 7. Industrial structure of the FRG in 1950. 
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Figure 8. Industrial structure of the FRG in 1976. 
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Tipre 9. Patent structure of the F3G in 1972. 

An analysis of individual goals is also necessary when 
examining the main opportunities and directions of a policy for 
innovation (see Scholz 1977). Table 19 shows the result of a 
1977 investigation of 37 industries in the Federal Republic of 
Germany. This table indicates that the greatest problems arise 
from the need to compete with imports from both developed and 
developing countries. The major directives of technological 
change in the FRG are toward inprovements in products and new 
products. In the GDR, industrial objectives are ranked in a 
different order and technological policy thus takes a different 
direction (see Table 20). A major objective is to reduce the 
amount of manpower needed. The economic system and its concrete 
conditions play a decisive role in technological policy. Table 
21 illustrates this. 

In the FRG, automation in industry is aimed primarily at 
increasing profits. This can best be ensured through reduced 
spending on wages, reduced processing time, and increased 
flexibility in production. In the GDR, on the other hand, auto- 
mation is used to close societal gaps, among them, shortages 
of labor, energy, and raw materials. 

Figure 10 shows the relationship between labor (in number of 
hours worked) and investment (in real capital input) in FRG 
industry for the years 1955-1977. Figure 11 shows indexes for 
numbers of workers and amount of investments in the GDR for the 
years 1950-1977 where the year 1960 = 100. These indexes are 
useful for investigating policies for innovation under differ- 
ing economic conditions. As in all EEC countries, labor sub- 
stitution has accelerated in the FRG since 1970 (Rothwell 1979). 
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T a b l e  2 3 .  Reasons f o r  a u t o m a t i o n  i n  i n d u s t r y  i n  t h e  FXG 
and t h e  GDR (1975-1980) 

Reasons f o r  au tomat ion  
Rank i n  impor tance  

ERG* GDR* * 

1.  To r e d u c e  t h e  s h a r e  o f  a l l  c o s t s  1 
s p e n t  on wages. 

2 .  To r e d u c e  p r o c e s s i n g  t i m e .  

3 .  T o  i n c r e a s e  f l e x i b i l i t y  o f  
p r o d u c t i o n .  

4 .  T o  r e d u c e  w a s t e .  4 8 

5. S h o r t a g e  o f  q u a l i f i e d  manpower. 5 9 

6 .  To r e d u c e  m a t e r i a l  consumpt ion.  6 4 

7. To r e d u c e  e n e r g y  consumpt ion.  7 3 

8.  To i n c r e a s e  s a f e t y  o f  work. 8 5 

9 .  To r e d u c e  h e a t ,  n o i s e ,  e t c .  9 6 

10 .  To conform t o  t e c h n i c a l  changes  
n e c e s s a r y  f o r  c h a n g e s  i n  p r o d u c t .  

11 .  To r e d u c e  monotony and stress on 
t h e  job .  

12 .  To d e c r e a s e  dependency on s p e c i a l  
knowledge. 

13.  Q u a n t i t a t i v e  s h o r t a g e  o f  manpower. 13  1 

14 .  To meet e n v i r o n m e n t a l  r e g u l a t i o n s .  14 

SOURCE: * Scholz  ( 1 9 7 8 ) .  
**Own e s t i m a t e s .  

I .  
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REAL INVESTMENT IN INDUSTRY. 

7 F i g u r e  10.  The r e l a t i o n s h i p  between l a b o r  h o u r s  and r e a l  
i n v e s t m e n t  c a p i t a l  i n p u t  i n  FRG i n d u s t r y  (1950-1978).  



I INVESTMENT INDEX 1960 = 100 
1950 

F i g u r e  11. Index of  numbers of  workers  and i nves tmen t s  i n  G 9 R  
i n d u s t r y  (1950-1977) . 
Source:  S t a t i s t i c a l  Yearbook of  t h e  GDR (1955-1979). 

The b a s i c  q u e s t i o n  h e r e  i s  whether  i n n o v a t i o n  p o l i c y  can  
h e l p  by p r o v i d i n g  o p p o r t u n i t i e s  t o  expand i nves tmen t s  and by 
c r e a t i n g  new jobs (Oppenlaender 1980; Mensch e t  a l .  1980; 
Uhlmann 1979) . I n  t h e  GDR, where t h e  s c a r c i t y  of l a b o r  demands 
r a p i d  r a t i o n a l i z a t i o n ,  t h e r e  ha s  been e x t e n s i v e  growth s i n c e  
1971. To b e t t e r  unde r s t and  t h e  mechanisms of  t h i s  development ,  
i t  i s  n e c e s s a r y  t o  d rop  down t o  a t  l e a s t  t h e  s e c t o r a l  l e v e l .  



INNOVATION AND RELATIVE EFFICIENCY 
AT THE SECTORAL LEVEL: 
THE CASE OF THE CHEMICAL INDUSTRY 
I N  THE GERMAN DEMOCRATIC REPUBLIC 

The chemical  i n d u s t r y  i n  t h e  GDR, chosen f o r  an a n a l y s i s  
a t  t h e  s e c t o r a l  level,  has  t r a d i t i o n a l l y  been an impor tan t  s e c t o r  
of t h e  economy. I n  1979, chemical  o u t p u t  exceeded 33 b i l l i o n  
marks. With a s h a r e  o f  1 4 % ,  t h i s  makes it t h e  second l a r g e s t  
s i n g l e  i n d u s t r i a l  branch,  outranked on ly  by mechanical  engineer -  
i ng .  More than  335,000 workers a r e  employed i n  474 e n t e r p r i s e s  
i n  t h e  major chemical  complexes shown i n  Table  22 .  

Table 22 .  Major chemical  complexes i n  t h e  GDR. 

Chemcal  com2iexes founded be fo re  I 5 7 3  Locat ion Namber of  e3pioyesz 

VEB Leuna-Werke "Walter Ulbr ich t"  Leuna 31,000 
VEB Petrolchemisches Koribinat Schwedt 30,000 
VZ.3 Chemiefaserkombinat "Wilheln Pieck" Schwarza 29,000 
VEB Chemiekombinat B i t t e r f e l d  E i t t e r f e l d  32,000 
VEB Chemische Werke Buna Schkopau 29,000 
VEB Farbenfabrik Wolf en 19,000 

Chemical complexes founded s i n c e  1973 

VEB Kombinat Agrocnemie P i e s t e r i k  15,000 
VEB Kombinat P l a s t -  u.  E la s tve ra rbe i tung  B e r l i n  32,000 
VEB Kombinat Lacke und Farben B e r l i n  8 ,000  
VEB Chemieanlagenbaukombinat Leipzig/Grimma 32,000 
VEB Reifenkombinat Ffirstenwalde 10,000 
VEB Kombinat Synthesewerk Schwarzheide 12,000 



In the chemical industry, innovation has been a matter of 
technical efficacy, economic efficiency, and social effectiveness. 
The main problems from the standpoint of planning authorities 
can be formulated as follows: 

1. What potential for efficiency do present and planned 
innovations have? 

2. Is this potential great enough to meet long-term 
planning targets? 

3. If not, what other technological or organizational 
options are available? 

4. What factors will be decisive for increasing 
efficiency in the future? 

5. How can we change these factors in the future to 
improve the situation? 

The nature of these questions leads us to conclude that in 
planned economies, efficiency is measured not only in terms of 
absolute efficiency, i.e., profitability or productivity. The 
proper allocation of resources requires relative efficiency, or 
efficiency in relation to potential or normative efficiency. 

eA(t) 
e(t) = 

T t ,  

where 

The assessment of normative efficiency is a key to practical 
planning (Haustein 1976) . 

A simple method for assessing relative efficiency involves 
the relation of the present efficiency of a system to the ave- 
rage efficiency of the next higher system. 

(t) - eA(t) e - 
M qE) 

For the chemical industry, we compared the efficiency 
ficures of the chemical industry alone with the efficiency of 
all industries. 

Relative efficiency can be measured against the average or 
against a normative figure (see Table 23). It can also be mea- 
sured in absolute figures or in growth rates. Where growth rates 
are used, relative efficiency appears as an elasticity figure. 
For the analysis of relative efficiency in the chemical industry, 
six indicators were chosen: 

-- benefits from inventions and proposals per unit of 
wages, -- productivity, 

-- profit per unit of gross product, 
-- output per unit of material, 
-- net product per unit of fixed captial, and 
-- output per kilowatt hour. 

Let us look at the development of these indicators (Figure 
12). Phat causes the changes? First of all, such changes can 



Table 23. Scheme for calculating relative efficiency. 

Level Absolute Absolute Relative efficiency 
benefits efficiency relative to the 
or (current 
outputs output/ ;?orma t ive Average 

input- efficiency efficiency 
relation) of the 

next higher 
system 

1. Single 
innovation 

2. Innovating 
system 

3. Industry as 
a whole 

; .  . . . , : '... :.. : . . : \ ,... '.. . BENEFITS FROM INVENTIONS AND PROPOSALS 

PER 1000 M MARKS OF WAGES !. 

PRODUCTIVITY 

PROFIT PER UNIT OF GROSS PRODUCT 

. OUTPUT PER UNIT OF MATERIAL 

I ..fi..-.. - ..-..-..-.. Ya.-../ -'..- ..-.-..-..-- ?"../ NET PRODUCT PER UNIT OF FIXED CAPITAL 

Figure 12. Relative efficiency of the GDR's chemical industry. 
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be traced to the levels of the six indicators. Every structure 
has a historical background. When looking at the chemical 
chemistry in the GDR, one must take into account coal chemistry 
and its high demand for energy. In 1965, only 7 percent of the 
carbon demand in the chemical industry was satisfied by oil. By 
1970, this figure had reached 25 percent (see Figure 13) . Since 
1965, output per kwh has increased markedly. During the same 
period, productivity and profit per unit of gross production has 
also increased. The structural change in the petrochemical 
industry was accompanied by rapid expansion of two major chemical 
industries: synthetic fibers and plastics (Figure 14). These 
industries grew quickly between 1967 and 1978 as a result of 
heavy investments. Thus it is understandable that the rationali- 
zation effect of investments was not yet high enough to ensure 
a significant reduction of working hours (see Figure 15). There 
was rapid growth in automatic and semiautomatic equipment, but 
the growth of the automation coefficient of labor was slower 
(See Figure 16.) Thus 

where 

MA = automatic and semiautomatic equipment 

M = all classifiable equipment 

w~ = workers using automatic and semiautomatic .equipment 

W = all workers 

The relationship between aM and aW is 

where k is an indicator for relative machine intensity. Mathe- 
matically, this is the relation of two logistic functions having 
different parameters (Haustein 1975) . 

where 

a,b = parameters for the logistic function of 
the automation coefficient of labor, and 

c,d = parameters for the logistic function of 
the automation coefficient of equipment. 

1 
t = tmax = 

In c [debt + a (d-b) J 
ab 

k reaches a maximum. 
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Figure 13. Development of petroleum processing and the 
utilization of carbochemical raw materials in the 
GDR. 
Source: The Chemical Industry of Eastern Europe, 

1975-1980 (1976). 
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Figure 14. Development of branches of the chemical industry 
in the GDR. 



INVESTMENT IN EQUIPMENT 

Figure 15. Development of working hours and investment in the 
GDR's chemical industry. 
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Figure 16. Indicators of the GDR's chemical industry. 
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I f  t h e  parameters  a , b , c ,  and d  a r e  known, a  f o r e c a s t  of k  i s  
p o s s i b l e .  tmax can be e s t ima ted  by i t e r a t i o n .  

I n  t h e  chemical i n d u s t r y  i n  t h e  GDR, k  was 1.23 i n  1960 
and reached a  maximum of  4.63 i n  1974. This  i n d i c a t o r  i n c r e a s e s  
i n  t h e  expansive s t a g e  of automation and dec reases  i n  t h e  in t en -  
s i v e  s t a g e .  The chemical  i n d u s t r y  must r each  a  h ighe r  l e v e l  of 
automation t o  o b t a i n  t h e  d e s i r e d  r a t i o n i z a t i o n  e f f e c t  and wi th  i t ,  
t h e  d e s i r e d  growth i n  p r o d u c t i v i t y .  

The nex t  d e c i s i v e  f a c t o r  i s  product  development, where we 
f i n d  t h e  same t r e n d .  S ince  1970 t h e  t r e n d  toward a  d e c l i n i n g  
sha re  of chemicals  i n  a l l  e x p o r t s  and i n  t h e  expor t  volume p e r  
u n i t  (g ross  product )  h a s  been reversed  through innova t ions  i n  
products  and processes .  

Thus t h e  t r a n s i t i o n  t o  pe t rochemis t ry  was very  success fu l .  
But t h e  l i k e l i h o o d  of an o i l  p r i c e  i n  excess  of 38 d o l l a r s  p e r  
b a r r e l  by t h e  mid-1980s has  d r a s t i c a l l y  a l t e r e d  t h e  s i t u a t i o n  
wi th  regard  t o  raw m a t e r i a l s  and energy and has  made it imperi-  
t i v e  t h a t  w e  seek innova t ions  and/or improvements i n  t h e  pro- 
c e s s i n g  system (see Figure  17 and Table 24) . 

Coal chemistry  has  aga in  become of g r e a t  i n t e r e s t :  t h e  two 
carbide-producing p l a n t s  i n  t h e  V3E Chemische Werka Buna, f o r  
i n s t a n c e ,  s u b s t i t u t e  c o a l  f o r  more than 5,000,000 t o n s  of crude 
o i l  annual ly .  Product ion of ca rb ide  reached a  peak of 1,335,000 
t o n s  i n  1973 and then slowed down. I n  1977, it began t o  r ise 
aga in .  New and improved processes  f o r  coal-chemistry  a r e  now 
being sought.  The o i l  e q u i v a l e n t  of a l l  c o a l  chemistry  was 
7,000,000 t o n s  i n  1980 and i s  expected t o  r each  11,000,000 t o n s  
by 1990. 

There i s  a  r a p i d l y  growing demand f o r  s y n t h e t i c  n a t u r a l  gas  
(SNG). In  1979, 25% of t h i s  demand was covered through t h e  pro- 
ces s ing  of c o a l .  (SNG product ion i n  1980 was f i v e  b i l l i o n  cub ic  
meters; t h i s  i s  expected t o  reach  seven b i l l i o n  cub ic  meters by 
1990.) 

What a r e  t h e  key problems f o r  improving e f f i c i e n c y  i n  t h e  
chemical  i n d u s t r y ?  

Due t o  a  s c a r c i t y  o f - r e s o u r c e s ,  it w i l l  be necessary  t o  
i n c r e a s e  o u t p u t  per  u n i t  of m a t e r i a l .  This  must be accomplished 
wi thout  c r e a t i n g  t h e  demand f o r  a d d i t i o n a l  energy o r  o t h e r  
resources .  

W e  w i l l  have t o  i n c r e a s e  investment  i n  r a t i o n a l i z a t i o n .  
A t  t h e  beginning of 1980, more than  20,000 investment  p r o j e c t s  
i n  t h e  GDR w e r e  analyzed us ing  c e r t a i n  c r i t e r i a ,  among them 
r a t i o n a l i z a t i o n .  

And because of t h e  d iminish ing  b e n e f i t s  i n  c e r t a i n  product ion 
f i e l d s ,  w e  must improve t h e  p o t e n t i a l  of innovat ion  i n  t h e  chem- 
i c a l  i ndus t ry .  Generally., t h e r e  s e e m s  t o  have been an  i n c r e a s e  
i n  innovat ion  p o t e n t i a l  i n  t h e  p a s t  10-12 y e a r s ,  c o r r e l a t i n g  t o  
investment a c t i v i t y  . 
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Chlorinecontaining products, 
as below 
Higher alcohols, acids, chlorinated 
hydrocarbons, vinyl polymers, rubbers 

Detergents, fertilizers 

Chemical and polymer derivatives 
Chemical derivatives, 
vinyl polymers, rubbers 
Chemical derivatives, protein 
polymer constituent 

Plasticizers, etc. 

Amines, nitro derivatives, 
fibers, fertilizers 

Chemical derivatives, polymers 

Furfural, tall oil, 
lignin and derivatives 

Alcohols, ketones, acids, etc. 
pharmaceuticals, detergents, 
polymers 

L 
Rubber, oils, resins 

Treeslplants Oils and fats Chemical derivatives 

F i g u r e  17 .  P o t e n t i a l  new pathways and t h e i r  r e l a t i o n s  t o  
p r e s e n t  and p r e v i o u s  p r a c t i c e .  
Source:  Caudle  (1978) . 

Table  2 4 .  L i k e l y  r o u t e s  f o r  t h e  p o s t - p e t r o c h e m i c a l  e r a .  

New r o u t e s  

A. The conversion of methanol t o  l i q u i d  and gaseous hydrocarbons. 
B. Subs t i tu t ing  s h a l e  o i l  i n  rou tes  p resen t ly  using crude o i l  and/or coa l .  
C. The aerobic  conversion of biomass t o  s y t h e t i c  gas .  
D. The photot ropic  production of hydrogen i n  b i o l o g i c a l  systems. 

Old r o u t e s  w i t h  new p o t e n t i a l  

Production of hydrogen by e l e c t r o l y s i s . ( U s e  of d i r e c t  nuclear  h e a t  
i s  a l s o  being researched. )  
Production of ece ty lene ,  poss ib ly  v i a  carbide ,  bu t  more l i k e l y  through 
a plasma r e a c t o r .  
Coal hudrogenation (which a l s o  r e q u i r e s  hydrogen o r  s y n t h e t i c  g a s ) .  
Fischer-Tropsch type syn thes i s  y ie ld ing  both hydrocarbons and oxygenated 
products .  
Anaerobic fermentat ion of n a t u r a l  and/or waste ma te r i a l s .  
Increased production of sugars e i t h e r  n a t u r a l l y ,  o r  by a c i d i c  o r  enzymatic 
hydrolys is  of c e l l u l o s e ;  and subsequent fermentat ion o r  conversion. 
New products ( e . g . ,  l i g n i n )  from e x i s t i n g  n a t u r a l  ma te r i a l s .  
Increased y i e l d s  from e x i s t i n g  spec ies ,  and/or new o r  modified species .  

Source :  Caudle  ( 1 9 7 8 ) .  



Resuming our analysis of a case sector, we can now list the main 
factors that influence the development of a major industry in a 
planned economy. These are 

historically-given structures, 
national targets, 
type of process development, 
type of product development, 
type of investments, 
changes in the resource situation, 
organized structural change, 
potential for innovation in industry, 
competition from abrcad, 
division of labor with other planned economies. 

An essential question for future industrial development is 
the impact of innovations on efficiency and the impact of social 
and economic goals on innovation. Applied systems analysis is 
challenged with developing a methodology that can forecast this 
interdependence. 



A PROPOSED METHODOLOGY FOR S T U D Y I N G  
THE EFFECT OF INNOVATIONS ON 
INDUSTRIAL GROWTH AND EFFICIENCY 

I propose t h a t  f u t u r e  s t u d i e s  a t  IIASA of i n d u s t r i a l  
development concen t ra t e  on t h r e e  t o p i c s :  

1. ~ l o b a l  r e s o u r c e s  and i n d u s t r i a l  development, 
2. q l o b a l  needs and i n d u s t r i a l  development, and 
3 .  innovat ions  and i n d u s t r i a l  development. 

We must f i n d  an a p p r o p r i a t e  methodological  approach f o r  s tudying  
t h e  l a s t  t o p i c  and determine o p p o r t u n i t i e s . f a r  s e c t o r a l  
development i n  i n d u s t r y  t h a t  a r e  c o n s i s t e n t  n o t  on ly  wi th  s o c i a l  
and economic needs,  b u t  a l s o  wi.th e x i s t i n g  c o n s t r a i n t s  and ob- 
j e c t i v e  p o s s i b i l i t i e s  f o r  t echno log ica l  p rogres s  ( s e e  F igure  18!. 
The complex i n t e r a c t i o n  between s o c i a l  g o a l s ,  t e c h n o l o g i c a l  
o p p o r t u n i t i e s ,  r e s o u r c e s ,  and t h e  product ion  system should be 
d e a l t  w i th  s t e p  by s t e p .  F igure  19 shows a flow diagram of  
t h i s  procedure.  

The f i r s t  s t e p  i s  t o  c o l l e c t ,  ana lyze ,  and c a t e g o r i z e  
t e c h n o l o g i c a l  o p p o r t u n i t i e s  ( T O ) .  These can be grouped a s  
shown i n  Table 25. 

Table 26 shows a  rough e v a l u a t i o n  of t e c h n i c a l  oppor tuni -  
t i e s  according t o  t h e i r  i n t e r a c t i o n .  This  a l lows  u s  t o  o r d e r  
t h e  f i e l d s  f o r  t e c h n o l o g i c a l  o p p o r t u n i t i e s  (FTO) by rank.  One 
could a l s o  examine p a t e n t  s t a t i s t i c s  t o  i d e n t i f y  fas t -growing 
t e c h n o l o g i c a l  f i e l d s .  

A major assumption of  such an approach i s  t h a t  growth i n  
p r o d u c t i v i t y  w i l l  be guaranteed over  t h e  nex t  1 0  t o  20 y e a r s  
by t e c h n o l o g i c a l  o p p o r t u n i t i e s  t h a t  a r e  a l r e a d y  i n  t h e  develop- 
mental  s t a g e  o r  a r e  a l r e a d y  being appl ied .  An assessment  of  
f u t u r e  growth of p r o d u c t i v i t y  can be made by us ing  t h e  scheme 
of f a c t o r s  shown i n  Table 27.  S t a t i s t i c a l  d a t z  on t h e  s h a r e  of 
t h e s e  f a c t o r s  i n  growth of p r o d u c t i v i t y  a r e  a v a i l a b l e  f o r  
planned economies . 
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Table 25. Scheme for categorizing technological opportunities (TO). 

Production process 
1.1. Automation 

1.1.1. Production systems 
1.1.2. Xobots 
1.1.3. Measurement and quality control 
1.1.4. Technology for transportation 

and storage 
1.2. Energy Technology 
1.3. Other processes 

1.3.1. Changes in the form of objects (dividing 
or connecting) 

1.3.2. Chemical processes 
1.3.3. Biological processes 

2. Materials and inputs 
2.1. Integration and use of electronic compounds 
2.2. Substitution 

3. Communication and organization 
3.1. Communication technology 
3.2. Office automation 

Table 28 shows the influences of all fields of technological 
opportunities (FTO) on factors of productivity growth (PF). 
These affect economic problems (EP). This rough estimate gives 
so=e indication of major patterns of productivity and future 
opportunities. We can thus recognize possible future structures 
of technological policy. 

But can the technological opportunities available ensure 
the growth in productivity necessary in the next period? This 
can only bc answered by analyzing relative efficiency. An 
analysis of economic indicators (EJ), socioeconomic problems 
(EP), and socioeconomic goals (SG) is the basis for certain 
assumpti.ons on total future growth. 

The next step will be a more detailed calculation of the 
influence of technological opportunities on labor, energy, 
materials, and investment. If the goals are not met through 
planning measures, a next iteration begins. 



Table 2 6 .  Fields for technological opportuni.Li.es (FTO) until 1 9 9 0  and their interaction. 

Legend: 3 high impact 
2  medium impact 
1  low impact 

SOURCE: Technischer Fortschritt ( 1 9 8 0 ) .  
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Table  Scheme showing f a c t o r s  p r o d u c t i v i t y  

1. T e c h n o l o g i c a l  l e v e l  
1.1 P r o d u c t s  

1.1.1 Yew ~ r o d u c t s  
1 .1 .2  Improved p r o d u c t s  

1 . 2  Equipment ( m e c h a n i z a t i o n  and a u t o m a t i o n )  
1 . 3  P r o c e s s e s  

1 . 3 . 1  New proce ,  se s 
1.3.2 Improved p r o c e s s e s  

1 . 4  Materials 
1 . 5  M a t e r i a l s  

2. Labor f o r c e  
2 .1  Working c o n d i t i o n s  and h e a l t h  
2.2 E d u c t i o n ,  q u a l i f i c a t i o n ,  knowledge 
2.3 Working t i m e  

3. O r g a n i z a t i o n a l  l e v e l  
3 . 1  Changes i n  scale 
3.2 O r g a n i z a t i o n  i n  t h e  e n t e r p r i s e  
3.3 O r g a n i z a t i o n  i n  t h e  i n d u s t r y  

4 .  S t r u c t u r e  
4 . 1  S t r u c t u r e  o f  o u t p u t  
4.2 S t r u c t u r e  of  l a b o r  f o r c e  
4.3 S t r u c t u r e  o f  f i x e d  c a p i t a l  

growth 

5. N a t u r a l  env i ronment  
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