
l IASA COLLABORATIVE PROCEEDINGS SERIES 

CP-82-S9 

INNWATKIN POLICY AND 
COMPANY STRATEGY 



IIASA COLLABORATIVE PROCEEDINGS SERIES 

LARGE-SCALE LINEAR PROGRAMMING 
Proceedings of an I IASA Workshop 
G.B. Danaig, M.A.H. Dempster, and M.J. Kallio, Editors 

THE SHINKANSEN PROGRAM: TRANSPORTATION, RAILWAY, 
ENVIRONMENTAL, REGIONAL, AND NATIONAL DEVELOPMENT 
ISSUES 
A. Strauak, Edimr 

HUMAN SElTLEMENT SYSTEMS: SPATIAL PAlTERNS 
AND TRENDS 
Selected Papers from an IlASA Conference 
T. Kawashima and P. Korcelli, Editon 

RISK: A SEMINAR SERIES 
H. Kunreuther. Editor 

THE OPERATION OF MULTIPLE RESERVOIR SYSTEMS 
Proceedings of an International Workshop, Jodowy Dwor, Poland 
Z. Kaczmarek and J. Kindler. Editors 

NONPOINT NITRATE POLLUTION OF MUNICIPAL WATER 
SUPPLY SOURCES: ISSUES OF ANALYSIS AND CONTROL 
Proceedings of an I IASA Task Force Meeting 
K.-H. Zwirnmann, Editor 

MODELING AGR ICULTURAL-ENVI RONMENTAL PROCESSES IN 
CROP PRODUCTION 
Proceedings of an l IASA Task Force Meeting 
G. Golubev and I. Shvytov, Editors 

LIQUEFIED ENERGY GASES FACILITY SITING: 
INTERNA'TIONAL COMPARISONS 
H. Kunreuther, J. Linnerooth, and R. Starnes, Editors 

ENVIRONMENTAL ASPECTS IN GLOBAL MODELING 
Proceedings of the 7th I IASA Symposium on Global Modeling 
G. Bruckmann, Editor 

PROGRESS IN NONDIFFERENTIABLE OPTIMIZATION 
E.A. Nurminski, Editor 

INNOVATION POLICY AND COMPANY STRATEGY 
H. Maier and J. Robinson. Editors 



Harry Maier and Jennifer Robinson 
Editors 

INTERNATIONAL INSTITUTE FOR APPLl ED SYSTEMS ANALYSIS 
Laxenburg, Austria 

1982 



NOTE 

The lnternational Institute for Applied Systems Analysis is a nongovernmental, multidisciplinary, inter- 
national research institution whose goal is to bring together sc~entists from around the world to work 
on problems of common i n m a t .  

IIASA pursues this goal, not only by pursuinga research program at the Institute in collaboration with 
many other institutions, but also by holding a wide variety of scientific and technical meetings. Often 
the interest in them meeting extends beyond the concerns of the pa r t i c~~~n t s ,  and proceeding are 
issued. Carefully edited and rw iwed  proceedings oceerionally appear in the International Ser~es on 
Applied System Analysis (publishad by John Wiley and Sons Limited, Chichester, England); edited 
proceeding appear in the IlASA Proceeding &r ia  (published by Pergamon Press Limited, Oxford. 
Englmd) and elsewhere. 

When relatively quick publication is desired. unedited and only lightly reviewed procandings reproduced 
from manuscripts provided by the authors of the papers appear in this IlASA CollaborativeProceeding 
Series. Volumes in this sari- are available from the lnstitute at moderate cost. 

lnternational Standard Book Number 3-7045-0052-6 

Volumes in the IIASA Collaborative Proceedings Series contain papers offered at l IASA 
professional meetings, and are designed to be issued promptly, with a minimum of editing 
and review. 

The views or opinions expressed in this volume do not necessarily represent those of the 
lnstitute or the National Member Organizations that support it. 

Copyright @ 1982 lnternational Institute for Applied Systems Analysis 
A-2361 Laxenburg, Austria 

All rights reserved. No part of  this publication may be reproduced or transmitted in any 
form or by any means, electronic or mechanical, including photocopy, recording, or any 
information storage and retrieval system, without permission in writing from the publisher. 



T h s  book is one major outcome of a research program on innovation 
tha t  was irutlated in the Management and Technology Area a t  the Interna- 
t ~ o n a l  Institute for Applled Systems AnaIysls (IIASA) in the summer of 
1978 under the leadershp of Professor Harry Maier The genera1 dlrec- 
tion of the work was to deveIop a n  understanding of the  underlying pat- 
terns of innovation, so as to asslst those advlsing industry and govern- 
ment  on issues related to innovation As we developed the research we 
found that t h ~ s  was one of those universal problems faclng all countries 
large and small and of all political complexions It was also a question 
that  needed actlve collaboratlon with researchers from many countries 
We have done this ln many ways, notably through short te rm assignments 
a t  IlASA and through the workshop whch  is reported in thls volume 

The workshop whch was attended by 55 representatives from 17 
countries, was, we believe, someth~ng of a watershed in the development 
of thls subject It enabled the llASA team to present their ideas in public 
for the first tune,  but more importantly it brought together many of the 
leading experts in a new environment, so a s  t o  ~dentify fully our present 
s ta te  of knowledge and understanding The workshop did not solve the 
problem innovation remains imperfectly understood But we now have a 
clearer idea of what we do not know, and of the  most hopeful directions 
for research In particular, there 1s a major need for reliable compara- 
tive data on the impact of government policy on industry and llAS.4 1s 
now launched on a collaborative mternational research study to provide 
such i~lformation We hope, in any case,  that  as  a result of our workshop 
there will be slgruficant advances in research, leading to bet ter  under- 
standing and action That I S ,  ln the end, the only justification for our 
work 

Rolfe T o m l i n s o n  
Area Chairman 

Management and Technology Area 
(1977-1980) 





PREFACE 

The problems of technological innovation are facing most countries 
and corporations today. Some countries are concerned about how much 
priority should be given to innovation, others are concerned with improv- 
ing innovation capability in order to increase efaciency in production and 
to help mitigate resource shortages. Other countries are now in the first 
stages of incorporating innovation activities within the industrial process 
and are assimilating knowledge from external sources in order to improve 
their overall economic performance. 

In t h s  way innovation becomes a universal, even a global, problem. 
Without technological innovation it will be impossible to solve these most 
urgent problems faclng mankind today: 

The growing imbalance between natural and human resources: 
by the year 2000 we shall have to feed 2 billion more people than 
at the present 
Anticipated shortages of energy, minerals, land, and other 
natural.resources and the inadequacy of technology in substitut- 
mg artificial resources for scarce natural resources 
The inappropriateness of current technologies in the use of 
human resources, especially in the developing countries 
The need to generate net real capital at a much lugher annual 
rate than that of today in order to solve the resource prablem 
and to support the industrialization of the developing countries 
The need to improve the conditions of work, life, education, cul- 
ture, and health for people in both developing and developed 
countries. 

These problems cannot be solved with today's technologies (much less so 
with yesterday's). Nor will they be solved with a change in hardware 
alone. We need new social and managerial approaches to technological 
innovation to give it a more direct orientation toward human needs and 
national and global commitments and to help alleviate resource problems 
in the future. 



To identify the new problems in the management of innovation on the 
flrm and national level, to compare experiences in this field, and to give 
some hints for the improvement of the relationship between national 
innovation policy and l3rm strategy was the target of the IIASA workshop 
"Innovation Policy and Firm Strategy" held in December 1979. 

The workshop had more than 60 participants from 17 countries - 
both decision makers a t  the firm and governmental level as well as 
researchers in the field of innovation. Great interest was shown in the 
topics under discussion, especially in the development of the relationship 
between macroeconomic and microeconomic stability during the innova- 
tion cycle, the change in the organization pattern during the innovation 
process, the role of different kinds of innovation and the requirement of 
M e r e n t  managerial shlls  and measures to cope with them, the influence 
of government technology pull and technology push action on the innova- 
tion process, and the possibility of hu an appropriate combination 
between them. 

Workshops in the field of innovation are normally under pressure 
from two sides: at one extreme some people assume that they can pro- 
duce a perfect recipe tor the successful management of innovation on the 
national and fkm level; a t  the other extreme, others are skeptical that 
such a complex process as innovation can or  should be managed at all. If 
you are in agreement with either of the above then you wlll be disap- 
pointed with the results of our workshop. Most of the participants were 
confident that there is no single measure or  algorithm that could 
automatically acheve a hlgh rate of i ~ o v a t i v e n e s s  for a company or 
country. However, the participants were also confident that government 
innovation policy and firm strategy have a commitment to provide more 
information about the future field of innovation, to  steer innovation 
toward meeting human needs and national necessities, and to improve 
the climate and infrastructure for innovation activities. In t h s  context 
the question of the appropriate analytical tools and social procedures to 
identify the place of a company or a country within the field of innovation 
activities and the appropriate strategy to  improve or maintain its position 
in t b  fleld is important. 

These and many other questions were discussed, and we hope that 
publication of the proceedings of our workshop will stimulate discussions 
between people interested in social and technological innovation. 



As editor, I should like to express my gratitude to the members of 
the Innovation Task Group - a unique research group that  included 
researchers from planned and market economies, and of which I am 
honored to have been Leader. In particular, I should like to thank Jen- 
nifer Robinson (USA), Heinz-D~eter Haustein (GDR), Alvin Harman (USA), 
and Peter Markowich (Austria) for their help in the preparation of the 
workshop and the publication of the proceedings. Jenny Robinson did an 
extremely good job in editing the papers and shaping the book into its 
present form, as  well as writing the introduction to each of the four parts. 
Heinz-Dieter Haustein and Alvin Harman were responsible for the epilogue 
which we hope will stimulate further research in t h s  field. 

Harry Maim 





CONTENTS 

PART ONE: INNOVATION POLICY AND COMPANY STRATEGY: 
NEX CHALLENGES AND OPPORTUNITIES 

Introduction 
J. Robinson 

New Problems and Opportunities of Government 
Innovation Policy and Company Strategy 
H .  M a i m  

Stagnation and Innovation: Relevant Policy Questions 
W. Goldberg 

Innovation and lnternational Competitiveness 
J. H w s c h h m  

Government Policies for Stimulating Technological 
Innovation 
E. B r a u n  

The Management of Technology in the CMEA Countries 
L. Z a c h e ~  

Basic Innovation and Industrial Growth 
G. M e n s c h  a n d  A. K l e i n k n e c h t  

PART TWO: NATIONAL INNOVATION POLICY IN DIFFERENT 
COUNTRIES 

Introduction 
J Robinson 

Planning the Development of Sclence and Technology 
in the USSR 
I/. Glagoleu 



Goals, Directions, and Problems of lnnovation Policy 
in the USSR 
V.A. Pok~ovskz 

Planned lnnovation in Theory and Practice: 
The Case of Hungary 
B. Szcmto 

Swe&sh Government Support for Private Inventors 
P. J&g ensen 

National Science Foundation Experiments in 
Industrial lnnovation 
A.  Schwarzkopf 

Public Procurement and Technical Innovation: 
The Experience of the Federal Republic of Germany 
D. Burkhardt 

National lnnovation Policy and Strategy in the 
Netherlands 
P. de CXaaJ and P. l'indemans 

Research and Development in a Small Country: 
The Case of Austria 
G.K. Chaloupek 

The Relationshp Between Basic and Improvement 
Innovations: The Development of Innovation Policy 
in Japan 
H. Eto 

PART THREE: COMPANY STRAlXGIES: THE EXPERIENCE IN 
DIFFERENT BRANCHES OF INDUSTRY 

Introduction 
J. Robinson 

Invasion of Electronics Innovation: Defensive and 
Offensive Corporate Strategies 
B.-A. Vedzn 

Orgamzational Aspects of Large-Scale Technological 
lnnovation Programs: A Case of Study of lnnovation 
in the Hungarian Pharmaceutical lndustry 
J. Vecsenyi 

Background to Technological Advance in the Japanese 
Steel Industry 
H. OYcada 

Industrial lnnovation and Government Policy: 
A Review and Proposal Based on Observation 
of the US Electronics Sector 
A. Hannan 



Strategic Functions of Combinats in GDR Industry 
and Promotion of Innovation 
H. Ehchter 

Technological Lifecycles and Strategic Planmng 
F. K ~ e j s  

PART FOUR: ANALYTIC TOOLS 

Introduction 
J. Robinson 

The Role of Structural Modeling in Developing 
Technological Innovation Policy 
H.A. Linstone 

Long Waves in Innovation: Theory, Evidence, and 
Implications 
A.K. Oraham and P.M. Senge 

The Usefulness of National Models for ldentifying 
Characteristics for Future Fields of Innovation 
R. Bauerschmidt 

Technological lnnovat~on and Productivity Growth 
in US Agriculture 
Y C. I,u 

Factor Protiles of the Innovation Process as an 
Analytic Tool for Innovation Policy 
H.-D. Havstein 

Need Assessment and lnformation Behavior in the 
Product Innovation Process 
H.Geschka, I. P a d ,  and K. Storuik 

EPILOGUE: Research Priorities Identified by Workshop Participants 
A.-J. Hannan  and H.-D. Havstein 

APPENDIX: Llst of Participants 





PART ONE 

INNOVATION POLICY AND COMPANY STRATEGY: 
NEW CHALLENGES AND OPPORTUNITlfE 





INTRODUCTION 

Jennifer Robinson 

What is innovation policy? What can it do? What should it do? What 
are the  real problems toward which it should be directed? What policy 
means are  available to effect innovation? 

There are no absolute answers to these questions. Both the environ- 
ment within which innovation takes place and the functions that  innova- 
tion might serve vary greatly over time and space. Innovation policy 
before the  energy crisis was different from innovation policy after the  
energy crisis, and innovation policy in a small, open economy is different 
from innovation policy in a large, relatively closed economy. 

Moreover, the  field is imprecise. Established terminology and means 
of measurement for technological innovation are missing, and each per- 
son is left t o  deflne the te rms in w h c h  he will vlew technology for hmself 
This results in great  divergence of perspectives. One person sees innova- 
tion in t e rms  of economic efficiencies, another in terms of international 
division of labor, and a t h r d  in t e rms  of possible means to  deal with 
specific problems, such as  energy shortages, hunger, or poverty. 

This first Section presents five rather  different perspectives on the  
general problem of technological innovation and its management. The 
first two papers approach innovation as a question of efficiency and 
efficiency change. 

The opening paper, by Harry Maier, t he  leader of the  IIASA Task 
Group "Management of Innovation," from the German Democratic Repub- 
lic, sets  forth a theoretical model which views technological innovations in 
t e rms  of their power to increase efficiency. He postulates three  kinds of 
innovations: basic innovations, which open technological ruches for 
efficiency gain; improvement innovations, w h c h  exploit the niche spaces 
opened by basic innovations; and pseudo-innovations, w h c h  create 
change without creating significant efficiency gain. He then  relates the  
three kinds of innovations to  a lifecycle concept of efficiency change, and 



draws some policy conclusions related to the conceptual framework he  
has laid out.  

The second paper, by Walter Goldberg of the  University of Gothen- 
burg, Sweden, focuses on the  later  and more problematic side of 
efficiency change, stagnation, and seeks more to organize and interpret  
empirical observation than to theorize. In h s  introduction Goldberg 
notes tha t  stagnation is not a uniform phenomenon; it may appear  on any 
level from supranational to segments of an enterprise,  and stagnation on 
one level can be coupled with rapid growth on another level. He also 
discusses the problem of measurement and the pitfalls therein. The main 
body of Goldberg's text  describes, by means of examples, three  distinct 
types of stagnation. long-term stagnation, such as found in many seg- 
ments  of the textile industry, medium-term stagnation, such as found in 
the  printing industry, and drastic, dramatic ,  short-term stagnation, such 
a s  found in the  shipbullding industry. 

Goldberg closes with speculation on stagnation as a generalized con- 
dition in economies tha t  a re  leveling off. He writes: "The present  situa- 
tion in the shipbullding industry may be a valuable crystal ball when it 
comes to depicting a situation of more general stagnation in which many 
industries will f g h t  vigorously not only to defend their shares of existing 
markets ,  but also to t ry  to enter  into market  segments w h c h  are  already 
occupied by others  . . .  It seems to be qulte urgent t o  extend research into 
the problems of leveling off economic systems and into objectives, 
methods, and instruments  of industrial policy under such conditions." 

Joel Hirshhorn, of the US Office of Technology Assessment, Washing- 
ton,  DC,  locates t he  problem as the changing nature of technological inno- 
vation, ra ther  than in changes in its effects. His basic concern is tha t  the 
modern economic environment is driving industry away from the use of 
technological innovation as a means of competitive strategy. He attri- 
butes this change to five environmental factors: the  increased speed of 
technology transfer ,  w h c h  reduces the rewards to  those promoting major 
innovations; inflation, which increases the ra te  of re turn  that  a n  mnova- 
tion must  draw in order  to be commercially attractive; large currency 
exchange fluctuations, whlch create random d~s tu rbances  of an order of 
magnitude tha t  overshadows the potential galn to  be had through innova- 
tion; increased social concern over societal effects of technology, and 
concurrent  regulations, which add costs,  delays, and uncertainty to the  
innovation's prospects; and changes In the size and institutional s tructure 
of firms, w h c h  inhibit the risk-taking, entrepreneurial spirit necessary 
for innovation. 

In closing, Hirshhorn voices the  opinion that  governments may help 
reverse the  t rends  w h c h  are antithetical to technological innovation by 
taking on more of t he  costs of basic research and commercialization. 

The following two papers, by Ernst Braun of the Technology Policy 
Unit, University of Aston (UK), and Lech Zacher of the Polish Academy of 
Sciences, take  two extremely different views of the government role in 
managing innovation. The contrast between the two papers provides a 
good illustration of how different technological innovation appears  from a 
market  economy perspective and from a planned economy perspective. 



Braun's approach is essentially skeptical He opens m t h  the obser- 
vation that industrialized countries are asking a lot from technologlcal 
innovation these days, and tha t  most governments now lee1 l t  thelr duty 
to support the innovative process by suitable policies He proceeds to 
descrlbe and catalogue a representative sample of the sorts of policy 
measures used in lndustriallzed market  economies to  at tempt to stlmu- 
late (or  to remove impediments from) technological lnnovation Thls 
leads to a review of critlcal evaluations of policy measures available for 
management of innovation, and from there to the conclusion that  
"Government has a large range of measures in its armory by w h c h  to 
influence lnnovation The efficiency of the various measures IS, however. 
largely unknown " In closing Braun notes that underlying baslc questions, 
such as what klnds of innovation a re  desirable and optimal, and what 
measures wll attain the desired sort of innovation, deserve greater  
thought 

Zacher, In contrast,  takes it for granted that  innovation should, and 
indeed must ,  be managed in planned economies So it has been in the 
CMEA economies "The founders of Marxism stressed the importance of 
technology In the structure of production forces " Planmng for techno- 
logical change has necessarily been part  of s tate planning The nature of 
the planmng that  has had to be done has been a product of the historical 
circumstances in the CMEA countries, most of w h c h  were economically 
backward a t  the end of World War 11, and whlch faced further rnanagenal 
difficulties due to hostility durlng the "cold war " The need to overcome 
backwardness r ap~d ly  has, in the past ,  driven the CMEA countries to 
adopt dehurnamzlng and environmentally degrading technologies from 
the capltallst economies 

This trend wlll not necessarily continue Zacher expresses the opin- 
ion that  socialist countries have reached, or a re  near to reaching, a s tate 
of development in w h c h  they can better  afford actively to implement the 
Marxlst concern with humanization of technology In the last section of 
h ~ s  paper he discusses specific lnstltutlons tha t  a re  belng used and might 
be developed to that  effect T h s  lncludes discussion of how research and 
development policy is currently formulated and how technology assess- 
ment might be worked into present p l a m ~ n g  mechamsms to  give soclety 
greater  goal-directed control of ~ t s  technologlcal development 

The last paper in thls Sectlon is by Gerhard Mensch and Alfred 
Kleinknecht, from the lnternatlonal Institute of Management, Berlin 
(West) The authors t r y  to identify the  situation in which the innovation 
process is currently managed Theu assumption 1s that  the economic 
potential, w h c h  was created through basic innovation of the th r t i e s ,  for- 
ties, and fifties. 1s currently absorbed through improvements m mnova- 
tlon T h s  1s the reason for the current  situation which is charactenzed 
by a pause in the creation of basic lnnovatlon labeled as "Stalemate in 
Technology " They see the greatest challenge for the national innovation 
and firm strategy as finding an adequate place for the country or com- 
pany in the next basic innovative push, whlch wlll posslbly occur in the  
latter half of t h s  decade 





NEW PROBLEMS AND OPPORTUNITIES OF GOVERNMENT 
INNOVATION POLICY AND COMPANY STRATEGY 

Harry Ma~er 

NEX CHALLENGES 

Innovation, the process of creation, development, use, and diffusion 
of a new product or process for new or already identified needs, has 
become one of the central themes for both developed and under- 
developed countries. The causes and motivation for the growing concern 
about the status of innovative ability are different 

Some countries whch have taken the superiority of their technologi- 
cal ability for granted are now faced with a slowdown in the rate of pro- 
ductivity advance, with weakness in international competitiveness, high- 
priced energy and other natural resources, unemployment, inflation, and 
a tendency to stagnate. Other countries, whch  in the past were success- 
ful in generating social and technological change, now have to realize that 
the current economic enmronrnent, especially the resource situation, 
needs new technological, managerial, and social approaches Ln order to 
deal with the new circumstances and thus fulfill the social goals whch 
arise out of the nature of their society. Developing countries are faced 
with growlng imbalances between their responsibility to secure and 
improve the l~vlng conditions of more and more people and their techno- 
logical and social capability to use their natural and human resources to 
achieve this. Despite the fact that shaping and promoting technological 
~nnovations has become a universal problem, the causes of the growing 
concern about innovation are not fully understood. 

Several studies have tried to explain the growing concern with the 
slowdown of expenditure on R&D in some countries, the decline in com- 
petitiveness in the products of several countries, the diminlshmg rate of 
increase in labor productivity, the low rates of new capital formation con- 
nected with low rates of return on invested capital, the decline of the 
total number of patents issued annually, the increasing ability to exploit 



and imitate advanced technologies in a growing number of countries, the 
impossibility of protecting monopoly returns from advanced technologies 
against imitators, etc. All these problems are real and it 1s understand- 
able that researchers and decision makers in many countries are trying 
to find appropriate responses to them. 

Despite the fact that it is in the nature of the technological innova- 
tion that  nobody can be sure that  his position In advanced technology can 
be held indefinitely, we have to realize that  a lot of the above-mentioned 
problems are consequences of deeper structural problems in the world 
economy. Obviously In the current structure of world economy, imbal- 
ances and contradictions exist whch indicate a lack of social and techru- 
cal innovations 

If we try to assess our innovative capability we have not only to thlnk 
about the problems facing us in our countries, but also about how we are 
prepared to  deal with the new circumstances, the global problems, whch 
are  the results of change in the structure of the world economy, and how 
we can shape t h s  structure with technical and social innovation in such a 
way as  to solve these problems. 

We should use the growing technical capabilities of an  increasing 
number of countries, the rapid development of the industrial sector of a 
number of developing countries, the beginnings of international techno- 
logical and scientific cooperation, and the different forms of technology 
and knowledge transfer between different world regions to cope with the 
crucial problems which are now facing mankind. We should try to 
improve our innovation policy by givlng it a more concrete orientation 
toward human needs to avoid disadvantages and undesirable side effects 
of technology, and secure the interlinkage between technological and 
social innovation. 

SOME REMARKS ON THE DEWLQPMENT OF 
OUR THINKING ABOUT INNOVATIONS 

The exploration of innovation 1s a process whlch has run through dif- 
ferent phases of investigation In whch  different topics and analytical 
tools were domlnant The scientdic results of all stages are now embo- 
died in our current thlnklng about innovation 1 assume that  ~t is posslble 
to distmgush between three phases ln our efforts over the last two 
decades to understand the lnnovatlon process 

B a s e  1: In the beginning of the 60s problems of management plan- 
ning and forecast~ng of R&D activities, vertical and horizontal alloca- 
tion of R&D resources withn the national economy between the  &f- 
ferent types, disciplines, and stages of R&D, and the  creative charac- 
ter  of the innovation process, were the main problems of investiga- 
tion. A t  t h s  bme many new research &sciplines and new research 
directions were created, such as "the science of science," and "the 
economics of research." More and more scholars were starbng to 
identify the contribution of technological progress to meet  national 
needs. The "production and distribution of knowledge" and the 
at tempt to measure its contribution to  economic growth were main 



subjects of research at  that tlmc 
Phase 2 The next step began with the recognition that  hlgher expen- 
diture on R&D does not automatically result in a hlgher ra te  of inno- 
vation It was especially recognized that  any lnnovation 1s the result 
of a combination of need factors and technological means of m e e t ~ n g  
a given or latent demand This puts the attention of analysis on 
those factors which are influencing the creation of innovations In 
t h s  context it was obvious that  an  important tlme lag exists between 
inventions and their technical and commercial utilization The result 
of t h s  was a sequential model whch  stressed that  R&D 1s only one 
phase of the lnnovation process and tha t  techmcal realization and 
commerc~alization are crucial for successful innovations It was 
obvlous that  corporations and countries which are very successful in 
the first phase of the innovation process do not automatically gain 
the benefits of their R&D efforts Therefore many studies a t  tha t  
tlme put emphasis on the bet ter  understanding of the llnks between 
different phases of the lnnovation process. invent~on,  techmcal reali- 
zation, and commercialization 

Phase 3.  The third phase of the innovation process, w h c h  started in 
the flrst half of the 70s, began with the recogmtion tha t  the demand 
for innovation of a production umt very much depends on the 
economic environment in which it has to operate and from the stage 
of development of that production umt It was found that  the rela- 
t ionshp between innovations and the efficiency of the production 
unit which has adopted them has changed during the time of the pro- 
duction unit s development One of the most important findings was 
that  a high level of output and efficiency is not equal to a h g h  Inno- 
vation rate To understand this, it was necessary to investigate more 
carefully the development of the  efficiency of the production unit 
which has adopted the innovation in comparison with the average 
efficiency of production m t s  as a whole in the production field With 
t h s  approach it was possible to understand better  the role of the dif- 
ferent kinds of innovation during the innovation cycle, and the role of 
basic. improvement, pseudo-innovation, product, and process innova- 
tions and their influence on efficiency T h s  does not mean tha t  we 
are trying to ignore the advantages which were gamed in the other 
phases of research or that  we are of the belief that  the problems 
which were explored in the first two phases have now lost thelr 
importance We have only tried to demonstrate the direction whch  
our efforts to understand the innovation process bet ter  were taking 
In the past,  without lgnoring the results which we found In t h s  way 

We are now faced with the need for a new step in the innovation pro- 
cess, with the following problems becomlng crucial in the i n v e s t ~ a t i o n  of 
the innovation process: 

(1) The influence of innovation on the macro- and micro-stability of 
the  society 



(2) The Interlinkage between technological and soclal lnnovation 

(3) The creation of a social control procedure for unintentional, 
indlrect or delayed disadvantages of technology 

(4) The contribution of lnnovatlon In solvlng global problems 

INNOVATION AND EFFICIENCY 

The key problem for the management of lnnovatlon 1s the relation- 
s t lp  between innovation and efflclency. How do we measure t h s  relation- 
s h p 7  

lnnovation is not a goal In ~tse l f ,  and it is not possible to measure the 
rate and Importance of innovations by calculation of their frequency or 
by ldentifylng the lnput and output characterlstics of a single innovation. 
Average efficiency coeffic~ents, like labor productivity, capital coefflcient, 
or labor intensity of capital, are unable to reflect the impact of innovation 
In a clear form. We have also to take into account that  the importance of 
the different input and output characterlstics have changed durlng 
recent years. 

To understand the nature of the l ~ o v a t l o n  process, it is important 
to dlstlnguish between two kinds of efficiency: 

(1) D y n a m i c  e f f i c i e n c y :  the efficiency of the production unit that  
has adopted the innovation 

(2) A v e r a g e  e f f i c i e n c y :  the efficlency of the entire production field 

We then deflne the relative eff~clency as the coefficient of the dynamic 
and the average efficiency 

The dominance of special types of Innovation (basic, improvement, or 
pseudo-innovation), the role of product and process innovations, the typi- 
cal barriers and stimuli, and appropriate management skills and tools 
very much depend on the stage of development of the ratio between these 
different types of efficlency. Therefore, with the help of the relative effi- 
ciency coefflcient we can understand better the direction of the develop- 
ment of the  economic performance of a company, industry, or country. 

Let us explain the relationship between these two coefficients in a 
more formal way. 



We consider the se t  of all productive units 

which produce a commodity that  fulfills the same customer 's  need, and 
assume that  the subset 

adopts a certain lnnovatlon and the subset 

does not Now we are  interested m the development of the efficlency of 
the innovative subset 

compared with the efflclency of the whole productive system 

We define e, ( t ) ,  the efficlency of the unit pui a t  time t , and get.  

where 0, is the output to p u i ,  and I, is the input. Furthermore, the effi- 
ciency of e l  of the innovative subset is equal to 

and the  efficlency of the noninnovatlve subset is 

where tp , , . . . , p, are  we~ghts whlch fulfill 0 < pi < ;. 



Let us call 

the efficiency of the whole system, so we get: 

as the ratio of efficiencies. 
If we look a t  average efficiencies, we get: 

and resulting from that 

- 
where O{ ( t )  resp 3 ( t ) ,  the average output resp input of the subset, is 
jpu, B , . , I pujj. 

Let me talk a little about z ( t ) ,  the relative efiiciency. Figure i 
demonstrates that the development of z ( t )  during the innovation cycle 
can indicate three fundamentally difierent situations for the firm. 

Where z  > 1, the dynamic eificiency is higher than the average effi- 
ciency. That means that the economic periormance is improving and 
that the influence oi the efficiency factors of production growth is 
increasing . 

Where z = 1, the efiiciency of the production units wbch  have 
adopted the innovation is becoming equal to the average efficiency: that  
means that  the former innovative production units have lost their advan- 
tage in dynamic efficiency and are  approachmg a situation which some 



Relative 
efficiency 

FIGURE 1 Development of the relative efficiency in the main stages of an innovation process. 
ei ( t ) ,  efficiency coefficient of production unit i ,  which adopted the innovation at time t ;  e(t) ,  

efficiency coefficient of the production system as a whole at time t ;  x, relative efficiency of an 
innovation process. 

x > l  

x = l  

c r i t ~ c s  have labeled as "stalemate of technology" or "productivity 
dilemma " 

In the case of z < 1, the influence of efficiency factors on the produc- 
t ~ o n  growth is declining. 

Unfortunately we have as yet no appropriate instrument to measure 
the development of the relative efficiency of innovation ln a clear-cut way. 

For the innovation strategy of a firm or country, two kinds of infor- 
matlon are decisive: (1) What is the place of the production unit in the 
development of efficiency of the production field in whlch it is lncor- 
porated? (2) What options are available to improve or to maintain that 
production unit's position in its production field, or should it abandon the 
production field? 

To acquire such information we should carefully investigate the 
situation in the different stages of innovation cycles in order to find the 
appropriate strategies of growth, change, and survival. From my point of 
view, it is useful to distingush the following five stages in the develop- 
ment of the production unit which has adopted the innovations. 

Takeaff growth tion tion 

---- 
I I 
I I 
I I 

I 
I ,,,,,-- --- 

I 

Rapid Matura- Satura- 
-b 

Crisis Ti me 



Stage l 
Ths  is the take-off stage of a basic innovation. 
Normally the basic innovation will be very expensive initially, rela- 

tively crude, unreliable, and with only limited application. Most produc- 
tion units will be unable to recognize their efficiency potentlal and thelr 
range of possible applications. 

In many cases the efficiency of the production unit which adopted 
the new innovation will be lower than the average efficiency of the pro- 
duction system as a whole. 

The decision to s tar t  with the innovation will very much depend on 
the assessment of efficiency potential, and on the capability of the inno- 
vation to meet future needs and to overcome shortages, which is crucial 
for the whole economy. However, the criteria for efficiency on the firm 
and on the national level are very different. Firm strategy tends to 
underestimate the long-term and social effects of an innovation. 

Ths  is a fluid situation in which there are many technological 
options. The market share is very low, costs are h q h ,  production is 
unstable, and the products are far from being competitive. 

Product design plays a declsive role a t  the start-up phase of a basic 
innovation which is a major product innovation. The production process 
a t  this time is still dominated by traditional process technologies. 

Most companies follow a "wait and see" strategy, because they think 
that no matter  how glorious it may be to be first, it is more profitable to 
let someone else assume the costs and risks of product development. 

The role of government innovation policy is crucial in providing infor- 
mation about national needs, gaps, and coming shortages, and in creating 
conditions for taking courageous decisions to implement an  innovation. 

Example 

Early transistors were expensive and had poor temperature stability 
and frequency response, but they were hght, rugged, and had low power 
requirements. Thus they were ldeal for such mde ranglng uses as mlssile 
guldance and for hearing aids. 

Stage 11 
In this stage the basic innovations become more and more efficient. 
Production units which apply the basic innovation first gain high effi- 

ciency m comparison with the average efficiency. The opportunity of 
gai- a "monopoly rent" or "extra hgh efficiency growth from the 
innovation 1s very important as a stimulus for the decision to  implement 
an innovation. 

Many other enterprises will try to imitate and to  improve on the 
basic innovation. In t h s  stage the decisive factors for the rise of effi- 
ciency are the new qualities, functions, and features of the product, and 
they are well protected by patents. 



Typically there is a shortage of qualified people with specialized 
knowledge and the experience to apply it. The recruitment of competent 
people with the necessary knowledge is decisive. 

Example 

L.K. Ericsson, the Swedish engineering multinational, overcame the 
first difficulties in making the s h f t  from electromechanical to electronic 
telephone exchanges and was able to more than double its output of com- 
puterized telephone exchanges within 2 years to become the market 
leader in t h s ,  one of the most competitive h u h  technology businesses. 

Stage III 

In this stage properties and features of the basic innovation are very 
important, but the improvement innovations become more and more 
important. 

Improvement innovations tempt more and more firms to participate 
in the use of the basic innovation. Major process innovations especially 
become more and more important. 

The market expands and there is accelerated investment and 
employment. 

A lot of production units improve their ability to imitate product and 
process innovations which were generated in other production units. 

The greater the advantages of adopting one innovation in terms of 
productivity increase, product quality, and process umformity, the more 
rapidly its diffusion will occur. On the other hand, as a greater number of 
production units adopt the innovation the disadvantages for production 
umts which do not adopt the innovation will become greater and greater. 

Production tends to become standardized, and general purpose 
equipment whch requires hghly skilled labor will be replaced step by 
step by special purpose equipment which is mostly automatic. 

It is especially possible through major process improvement at this 
stage to realize a h g h  rate of productivity. The cost of incandescent llght 
bulbs, for example, has fallen by more than 80% since thew introduction 
(Utterback 1979). Airline operating costs were cut by half through the 
development and improvement of the DC3 (Utterback 1979). Semicon- 
ductor prices have been ia1Lu-g by 20 to 30% with each doubling of cumu- 
lative production (Bodde 1976). The trend towards increasing the packmg 
density and the number of functions per semiconductor chip is as yet 
unbroken. Flgure 2 shows the rapid increase in the number of logic func- 
tions per chip versus the resultmg decrease in costs withn the period 
from 1962 to 1980. Also entered are the years in which some important 
semiconductor technologies such as  I T L  and MOS, and a number of out- 
standing devlces, were introduced. According to t h s  curve, semconduc- 
tor manufacturers are expecting very large scale mtegrated circuits of a 
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FIGURE 2 IC semiconductor trends. Source: Ernst (1978). 

million transistor functions per c h p  in the early 1980s. For the systems 
engineer and the management of innovation this raises the question of 
how to use the efficiency potential which is created through such a com- 
ponent in the process automation sector. 

Stage IV 
Ths is the mature stage, where improvement innovations play a 

dominant role. 
Incremental innovations especially become more and more impor- 

tant. These are the extensions of existlng technologies whch improve 
product performance, cost, or quality step by step. 

Cost reduction and the increase of labor productivity are the maln 
results. For example, more than half the decrease in costs of the produc- 
tion of rayon over a period of years was traced to incremental mnova- 
tions. The findings were the same in stu&es about llght bulbs, hquid pro- 
pelled rocket engines. automobiles, and computer core memories (Utter- 
back 1979). 

Whde production has become capital intensive and large scale, the 
implementation of major change in either product or process is very diffi- 
cult. It appears disruptive and challenges the existing structure of pro- 
duction and organization. 

Ths makes these production units more and more vulnerable for 
alternative technical solutions, but this is also the last point a t  which a 
new drection of producbon can be started. 



Otherwse the production unit will sooner or later run into stagna- 
tion, "productIvlty dilemma" (Abernathy 1978), or "stalemate of technol- 
ogy" (Mensch 1975). 

The lower flexibility of mature production units is often the reason 
why major manufacturers are not imtiators of basic product innovations 
In their branches For example, major manufacturers of mechamcal 
typewriters did not introduce the electric typewriter Few malor 
manufacturers of mechanical calculators are now manufacturing elec- 
tromc calculators And few manufacturers of vacuum tubes were suc- 
cessful in making the shift to transistors (Utterback 1979) 

Stage Y 
This is the "stage of crisis " 
Production umts whch were not able to respond creatively to the 

new circumstances and the new radical technolog~cal options will now try 
to hold their position through product differentiation, deslgn variations, 
larger efforts in market~ng and advertising, and through Improvement of 
the old technology But these are ineffectual efforts For example, under 
the pressure of electric incandescent lamps, the efficiency potential of 
gas llghting was completely absorbed 

lmprovement or incremental innovations are now unable to compen- 
sate for the dimlnishng efficiency because of hgher  resource and infras- 
tructure costs or the performance and cost advantages of new technolo- 
gies whlch have been ignored by the production umt 

Production units whch have not been able to adopt the new product 
and process innovatlon of their production field now find themselves In a 
state of crisis 

Table ! gives a summary of the most important events In the dif- 
ferent phases of the ~nnovation cycle 

We are trylng to prove our hypothesis about the importance of dif- 
ferent klnds of innovations wlth the help of empmcal data For the pur- 
pose of t h s  presentation our flndlngs about the "employment and pro- 
duct~vity" effect of the different klnds of lnnovation is especially ~n te res t -  
ing We can identlfy the two effects w t h  the help of data gathered from 
the Institut fur Arbeitsmarkt und Berufsforschung in Nurenberg, Federal 
Republ~c of Germany Th~s  1s data from 2266 technological changes withn 
909 firms from four industrial branches (plastics, metalwork industry 
food industry, wood and furniture Industry) m the Federal Republic of 
Germany durlng the period 1970-1973 By the employment effect of 
innovation we mean the relationshp between workplaces created and 
eliminated because of technological change 

The productivlty effect 1s the contnbuhon of the &fferent klnds of 
lnnovation to labor productivlty growth as a result of technological 
change 



T
A

B
L

E
 I
 

I~
ln

o
va

tio
n

 cy
cl

e 
an

d 
ni

an
ag

el
lle

~
lt r

eq
ui

rc
n~

en
ts

 
- 

.
 - 

- 
- 

-
-
-
-
 

.
 .
 

- 
-
 
-
. 

-
 -
- 

-.
 

-
 -
 

-
-
 
-
 
-
 -
 
-
 -
-
 .
-
 

T
ak

e-
of

f 
R

ap
id

 g
ro

w
th

 
M

at
ur

at
io

n 
S

at
ur

at
io

n 
C

ris
is

 
-.
 

.
 .

 
..
. 

- 
--

 
-
 

.
.
 

I 
E

xa
~

rlp
le

 
L

iq
u

id
 f

ue
l 

M
ic

ro
el

ec
tr

on
ic

s 
P

la
st

ic
s 

A
ut

on
lo

bi
le

 
S

lii
pb

ui
ld

in
g 

en
gi

ne
er

in
g 

Z 
D

yn
a

~
n

ic
 ef
fic

ie
nc

y 
N

eg
at

iv
e 

V
er

y 
I~

ig
h

 
l l

ig
h

 
M

ed
iu

m
 

N
eg

at
iv

e 

3 
A

h
so

l~
ite

 be
ne

fit
s 

N
eg

at
iv

e 
H

ig
h 

V
er

y 
hi

gh
 

I l
ig

h
 

N
eg

at
iv

e/
lo

w
 

4 
P

re
cl

oi
l~

in
at

it ty
pe

 o
f c

ha
ng

e 
N

ew
 e

s(
ab

lis
lil

ne
nt

s 
E

nl
ar

ge
m

en
ts

 
T

o
ta

l 
P

ro
d

~
ic

t 
C

ap
ac

ity
 

I 

in
 p

~
o

d
u

ct
io

n
 

m
od

er
ni

za
tio

n 
d

iff
e

re
n

tia
tio

n
 

re
du

ct
io

n,
 p

ro
du

ct
 

an
d 

ra
tio

na
liz

at
io

n 
d

iff
e

re
n

tia
tio

n
 

I
 

5 
E

~
~

~
p

lo
y

n
ic

~
~

t 
ef

fe
ct

 
P

os
iti

ve
 

P
os

iti
ve

 
P

os
iti

ve
 

N
eg

at
iv

e 
N

eg
at

iv
e 

6 
ln

ve
st

ni
en

t 
P

os
iti

ve
 

P
os

iti
ve

 
P

os
iti

ve
 

N
eg

at
iv

e 
N

eg
at

iv
e 

7 
D

eg
re

e 
o

f t
ec

lin
ol

og
y 

ch
an

ge
 

P
ro

du
ct

 
V

er
y 

hi
gh

 
H

ig
h 

M
ed

iu
m

 
L

o
w

 
L

o
w

 
P

ro
ce

ss
 

L
o

w
 

M
ed

iu
m

 
H

ig
h 

M
ed

iu
m

 
L

o
w

 

8 
R

is
k 

an
tic

ip
at

io
n 

o
f t

he
 

V
er

y 
hi

gh
 

M
ed

iu
ni

 
L

o
w

 
M

ed
iu

m
 

V
er

y 
hi

gh
 

ill
at

la
ge

nl
en

t 
-
-
 
-
-
 

.
 

-
 
-
 
-
-
 
-
 -
 - 
-
 

-
 
-
-
 

-
 

-
-
 



Figure 3 demonstrates that  basic and major improvement innova- 
tions have the h g h e s t  employment effect, and a h g h  contribution to  pro- 
ductivity growth too. Among them the implementation of new products 
had the  h g h e s t  employment effect. It  created 31.7 t imes more new work- 
ing places than  it eliminated. But its contribution to  labor productivity 

60% -. - Employment effect 
- Labor productivity effect 

50% -- 49.8% 

40% -- 

20% -- 

10% -- 
6.8% 2.4% 0.3% 

' I Ex Q C IE SL Ssp Wc R SO 
&sic and major Improvement and incremental Incremental 
improvement innovation 
innovation 

and pseudo- 
innovation 

FIGURE 3 The employment effect and the labor productivity effect of different kinds of inn* 
vation. (Results of an investigation of 2260 technological changes within 909 firms in four indus- 
trial branches of the Federal Republic of Germany, 1970- 1973 .) I, implementation of new prod- 
ucts; Ex, extension of capacity; Q, new quality of products; C, con reduction innovation; IE, 
improvement of efficiency; SL, reduction on shortage of labor; Ssp, reduction on shortage of 
space; Wc, improvement of working conditions; R, replncrment of product equipment; SO, short- 
age of orders. 

growth through technological change was relatively low -only 2.4%. Thls 
is a typical activity in the take-off stage of the  innovation cycle. The 
extension of innovations - an activity in the  rapid growth stage of the  
innovation cycle -is able to contribute significantly to  labor productivity 
growth (29.6%) and is also able to secure a high employment effect 
( 1 2 . 6 ~ ) .  Major improvement in the quality of the product has  been able t o  
contribute t o  labor productivity growth by 6.8% and to  create 5.9 times 
more  worklng places than i t  eliminates. It is important  to realize tha t  
basic innovation is doing both - i.e., creatmg many more  worklng places 
than any other type of technical change and contributing significantly to  
productivity growth. 

Improvement innovations devoted t o  cost reduction have naturally 
the h g h e s t  contribution to labor productivity growth (49.8%), but  they 
are  the starting point from w h c h  the employment effect becomes nega- 
tive. They eLiminate 1.4 times more worhng places than  they are  able t o  
c rea te .  Only in the  case of improvement of workmg conditions and 



production space is the employment effect positive again, for obvious rea- 
80138. 

But in other types of technical change due to medium improvement 
and lncremental innovation, which occur in the fourth phase of the inno- 
vation cycle, the employment and productivity effects are very low. For 
example, the short-term reaction of a shortage of workers has an employ- 
ment effect of only - 3 . 3 ~  and a productivity effect of only 1.4%. 

' h s  proves our hypothesis that a low employment effect is not so 
much a result of the development of labor productivity -which is what 
some of our colleagues have claimed up to now -as the result of the dom- 
inance of medium improvement and incremental innovation in economic 
activities. This could also explain why, at  the present time, some of the 
industrially developed market economies are faced with both a decline in 
productivity growth rates and a h q h  rate of unemployment. 

CONCLUSIONS HIR NATIONAL INNOVATION POLICY 
AND COMPANY SX''R4m 

(1) The first conclusion that can be drawn from the mental model of 
the innovation cycle is that a hqh degree of efficiency and output of pro- 
duction is not an insurance against future disadvantages through an inva- 
sion of new technological options. The b h e s t  degree oi efficiency, a 
large market share, and a h g h  degree of. standardization and vertical 
integration represent the last opportunity for a production unit, if it is 
also to gain in future economlc vitality, to search for new ways of satisfy- 
ing a latent demand or to satisfy an existiag demand with better and less 
expensive alternatives. Today's examples for this concept of missing the 
right moment for change are the shipbuildmg and steel industries. The 
main concern of the innovation policy of a country or corporation should 
be to maintain the right mixture between business activities in the dif- 
ferent stages of the innovation cycle. Countries or firms whose main con- 
cerns are innovation activities in the maturation and saturation stage will 
lose, in the foreseeable h tu r e ,  their advantages in dynamic efficiency and 
run into stagnation. One of the most important experiences in the 
management of innovation in all industrialized countries is the impor- 
tance of a close interdependence between government innovation policy 
and firm strategy. Government actions to stimulate innovations must not 
only be designed takmg into account the change of attitude of production 
units as  a result of the development of their efficiency, but also the 
adverse effects which may arise from the application and diffusion of 
technology for the working conditions, environmental security, and health 
of the people. On the other hand, the corporations have to improve their 
ability to find appropriate responses to national needs and coming shor- 
tages, and to avoid not only primary but also secondary and tertiary 
adverse effects of innovations. This system of interdependence is far 
from being perfect. 



(2) The relationship between product and process imovatlon is very 
much determined by the stage of development innovation process. In 
recent years many systems analysts have tried to find possible combina- 
tions between process and product innovation. What shall a decision 
maker do with information, for example, that there are more than five 
million possible combinations of product and process innovations? How- 
ever, with our approach it is much easier to understand the role of pro- 
duct and process innovation in the different stages of the innovation 
cycle. We have seen above that on the level of the production unit the dis- 
tinction between major product, major process and incremental innova- 
tion is very important. But on the macroeconomic level it is very difficult 
to distinguish between major product and major process innovation. This 
is because that whlch is a product of one firm may be the process equip- 
ment, components for assembly, or materials used by another firm. 
Therefore we think that on the macroeconomic level the distinction 
between basic, improvement, and pseudo-innovation is much more impor- 
tant (Haustein and Maier 1979). Basic innovations are innovations whlch 
create a new efficiency potential, and open new fields and directions for 
economic activities. The main function of improvement innovations is 
absorption of this efficiency potential through balancing and improving 
the given system. Most of them are incremental innovations. The 
improvement innovations become pseudo-innovations at the point when 
they are unable to secure higher efficiency of the production unit than 
the average efficiency of the whole system. Currently a growing number 
of innovation experts are arguing that the decrease in the growth rates of 
productivity in industry is the result of the absorption of the efficiency 
potential, which was established through basic innovation in the thirties, 
forties, and fifties. Certainly, we have different factors influencing the 
industrial efficiency in the different countries. But if we take a look at 
countries where industrial performance is very closely connected to their 
innovations, it is not difficult to find an indicator of the declining rate of 
basic innovation and the growing influence of improvement and incremen- 
tal innovation. 

(3) An important issue in the relationship "innovation and dynamic 
efficiency" is the development of the share and structure of investment. 
In several studies and statements we can find very one-sided interpreta- 
tions of the relationship "investment and mnovation." Mostly, people 
assume that  innovation is a lunction of investment. The statement is "If 
we have enough investment, then we will have enough innovation." The 
recommendation for government policy is consequently: "All we have to 
do is to create the conditions for higher returns on investment." But the 
returns on investment are very much dependent on the efficiency poten- 
tial of innovation, which is incorporated in investment. Obviously, we have 
to &stmguish here between two hnds of innovations: 

(a) hmaCians which aTe driven froni investments. These are the 
improvement and incremental investments. 

(b) Innmatinns which aTe driving investment. These are the basic 
innovations which open new fields for investment activities with 
hqh potential efficiency rewards. That is the reason why the 
recommendation to put more emphasis on the stimulation of 



extensionary investments, with the target of new employment 
opportunities, is one-sided. Extensionary investments without 
adequate innovation will have an adverse eflect on the emciency 
of investments and only a short-term employment effect. Obvi- 
ously we have seen in the last few years in market economies a 
very important change in the direction of investment. Invest- 
ment has been directed more and more towards basic innova- 
tion. Figure 4 shows the development of the relationship 
between investment and employment. The case of the Federal 
Republic of Germany is here typical for OECD countries. 
In the European socialist countries we have the opposite situa- 
tion. Through hgh  demand for ~ndustrial goods and tslgh growth 
rates in industrial production, there has been a great deal of 
expansionary investment. 
However, the demand for tslgher flexibility and structural 
change create different situations in different industries. Figure 
5 shows us the situation in GDR industry as a whole and the 
rather dieerent situations in the textile and electroengineering 
industries in the GDR. The textile industry of the GDR obviously 
had a h g h  share of rationalization investment with a significant 
release of the work force. In the electroengineering industry 
the expansionary investments were dominant: with the effect of 
creating a large number of work places. At the present time, 
the effect of creating work places through the inAuence of 
demand and eiaciency factors in the industries of the CMEA 
countries is &her than the release effect of investment. 
The result of this is that in socialist countries like the GDR and 
Czechoslovakia we have significant shortages in the labor force 
or many vacant work places. For this reason the desire for 
improvement and rationalization innovation is very h g h  and 
these countries are therefore trying to increase the share of 
rationalization and replacement investment. But t h s  must be 
understood as an attempt to strengthen the economic perfor- 
mance of these countries and to improve their capability to 
implement basic, urgent innovations in the fields of energy, 
microelectronics, the machine tool industry, etc. 
Therefore, I thlnk it is dangerous to ignore both the linkage 
between expansionary, rationahation, and replacement invest- 
ment and the linkages between basic, improvement, and incre- 
mental innovations. Basic innovations are preconditions for 
improvement innovation and improvement innovations create 
the economic power for implementation of basic innovations. A 
parallel relationshp exists between expansionary investment 
and rahonalization investment. Therefore recommendations 
which only put emphasis on expansionary investment without 
taking into account their interrelabonship and their linkage to 
special types of innovation fail to give appropriate guidance for 
the management .of innovation. For example, the increase in 
expansionary investment without basic innovation Pplll have an 
adverse effect on the efficiency of investment and only a short- 



A E 

1 1.5 -- 

I 
1 R 

/ I 

I I 
I 

1950 I 
I 1 0  , 1978 

I I 1 I I 1 
I . .  I I I I I 1 b I 

5 10 15 20 25 30 35 40 

Real industrial investment (billion DM) 

FIGURE 4 Labor hours and real investment capital input in West German Industries, 1950- 
1978. Adopted from Mensch er 01. (1980). A, industrial working hours ( lo9  h); I ,  real industrial 
investment ( l o 9  DM); E, index of expansionary investment; R, index of rationalizing investment; 
u, labor capacity utilization ratio, based on 4% "full employment overload" = 100/104 = 0.962; 
1, = = 20.7 X lo9 DM;Ao = uA,,, = 12.9 X lo9  h. 

term employment edect. Rationalization and replacement 
investment which is not connected to improvement lnnovation 
to adopt the efficiency potential created by basic innovation will 
make the existing work places vulnerable to any attack from an 
innovative rival or will create working places with lower 
efficiency whch only exist because of the protection policy of 
the government. 

From the nature of the lnnovation process we can draw one con- 
clusion: to secure the better use of human resources we need 
efforts to coordinate the innovation cycle. If the main industries 
are approaching the saturation stage, then there will necessarily 
be a gap between the release of working places and the re- 
employment capability of industry. It is without doubt that this 
is one reason for the employment problem in some market 
economies. 
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FIGURE 5 The relation between employment and investment in GDR industry. 

However, coordination of the innovation cycle calls for p1aum.g 
and coordination of the innovation process. In this way innova- 
tion policy is becoming more and more unified with structural 
employment policy. Perhaps the most important precondition 
to reduce the degree of uncertainty of investment and to secure 
a reasonable balance of risks and rewards is to provide better 
information about the future fields of basic innovation. 

(4) It is beyond the scope of t h s  paper to d~ .~cuss  the problems of 
the existence of "long waves." Important indications of their existence 
were discovered by Kondratieff early t h s  century (Kondratieff 1926). 
Other scholars have confirmed these findings. However, the explanation 
for the driving force of this phenomenon still remains an unsolved prob- 
lem. A great deal of effort was made to create a body of ideas and data so 
that we now have some evidence that allows us to assume that the rela- 
tionshp between innovation and structural change is an important driv- 
ing force of the "long wave" phenomenon. The relationship between the 
resource basis and the efficiency of industrial and agricultural production 
is especially important within this context. This can also explain why the 
development of resource and food prices is an lrnportant indicator for the 
existence of "long waves." 



It is evident that the world economy is not currently in an upward 
swing. Problems whch face us, such as shortages of energy and food, 
environmental degradation, diminishing growth rates of efficiency, 
significantly lower returns of investment, e tc . ,  are very clear indications 
of this. Only with the help of appropriate basic technological and social 
innovations is it possible to change thls situation. T h s  means that we 
need technological innovations whlch are able to open new directions for 
better use of natural and human resources, and for the creation of new 
technological options to find substitutes for scarce resources and more 
rational combinations between existing resources. 

On the other hand we need social innovations which are able to 
stimulate creation, realization, and diffusion of these technological 
options and to avoid the undesired effects of wastage of resources 
through parasitic forms of consumption. 

(5) Innovation cannot be a goal in itself. The diffusion of an innova- 
tion spreads the advantages of the innovation through many production 
units and countries. The result of t h s  will be that the "monopoly rent" or 
"extra profit" of the first innovative production will be relatively short. 
However, on the other hand, this will improve the average efficiency in 
many countries, and the capability of more production units to produce 
more rationally to save resources and to supply more goods to meet 
needs as yet unsatisfied. 

To save their benefits from innovations, corporations in market 
economies try to transfer mature, standardized technologies, and to use 
lower wages and nonexistent or laxly enforced government regulations on 
environment, health, and safety requirements. They have established a 
network of subsidiaries located In developing countries. The result of this 
is the well-known "dual economy" in developing countries whch is not 
able to contribute significantly to solving the problems whlch face these 
countries (Haustein, Maier, and Robinson 1979). The necessity obviously 
exists to find a new way of transferring technology which on the one hand 
is able to help developing countries to  develop their own technological 
basis, and on the other hand to improve the average emciency of the 
entire resource-using system of the world economy. Such a technology 
transfer could be the global dimension of the innovation policy. 

(6) The global dimension of the innovation policy has to play an 
important part in mproving the capability of society to deal wlth new cir- 
cumstances and situations through the development of new procedures 
for social Innovative learning. It could be disastrous and fatal in our time 
of growlng global interdependence to  learn only by shock. Social innova- 
tive learmng means that our main concern should not be to find the best 
from given alternatives but to emphasize the  creation of new options 
which are able to  solve the fundamental problems which now face us. 
Social innovative learning could not be adaptive but must be anticipatory 
(Club of Rome 1979). Whereas adaptive learning is only our reaction to 
external pressure, anticipatory learning tries to create new alternatives 
a t  a time when events, circumstances, and envlronrnent are not yet 
irreversible. But anticipatory social learning requires not only the 



judgments of experts and technocrats, it also requires the participation 
of people who are the subject and object of the innovation process. In all 
countries there is significant demand by the people for their participa- 
tion. A growing portion of the population wants to be involved in the pro- 
cess of judgment, assessment, and decision about technology, which have 
tremendous consequences for their and mankind's future. T h s  is a posi- 
tive response to  the growing complexity and international interdepen- 
dence of the technological innovation process. If thls is sometunes 
reflected in a rather irrat~onal way, this only indicates our commitment 
to  search for new forms for the creation and hstribution of knowledge, 
cooperation, and dalogue with a broader range of the population about 
the social consequences of innovation. But this also requires the open- 
ness to re-evaluate the given social and economic structure, social and 
cultural values, and goals. I am convinced that  the investigation of inno- 
vative learning of social systems on the firm, national, and global level will 
become one of the most important problems for future research about 
innovation. 

(7) Social, organizational, and technical innovations are different 
parts of a joint system. Without technological change it is impossible to 
alter the organizational and social system. However, technological inno- 
vations without organizational and social innovations will not improve the 
living conditions withn the national and global framework. The need to 
consider both the social and technical sides of innovation has important 
consequences for our methodological approach. We can s tar t  from slngle 
technological change and look a t  its social consequences and implica- 
tions, or a t  the governmental measures needed to ensure its efficiency. 
This, for example, is the main aim of technology assessment. Alterna- 
tively, we can go out from social needs and goals, from existing and forth- 
coming leaks and bottlenecks in resource processing systems, and then 
look a t  the given Aeld of technical possibilities for a technological fix. We 
could call t h s  latter approach socioeconomic opportunity analysis (SOA). 

SOA is especially important for tindmg out future innovation fields to 
identify new alternatives for structural change to solve problems facing 
national economies and the entire world economy. Ths  makes SOA an 
important tool for innovative learning in society and the global commun- 
ity. The lIASA Energy Study is an  interesting example of SOA of global 
problems (Hafele 1979, Maier 1979). 

Innovation 1s a combination of user need and technological means of 
meeting that  need. Often the information of the need development or 
technological feasibilities lies outside the organizations whch are able to 
generate and implement the innovabon. Therefore one of the most 
important measures m promoting and shaping innovation from the 
government point of view must be to provide and to distribute. informa- 
tion about the development of regional, national, and global needs. It is 
necessary to make national and global needs more evident for the firm, to 
avoid contradictions between short-term corporation goals and long-term 
national needs. Therefore government innovation policy - as the major 
part of the economic policy of a country -cannot only be concerned with 
the flow of resources toward hqh productivity ~ndustries,  but must also 
try to identify the future fields of innovation and create a social 



procedure to ensure that the country's economy is prepared for dealing 
with new national and global circums Lances. 

The degree of openness to new ideas about needs and technical 
options is an important precondition for innovation activities of the 6rm. 
T h s  requires an efficient information flow between organizations. The 
recognition of needs often stimulates entrepreneurs to search for techm- 
cal resources and d o r m a t i o n  to meet the needs. I t  is not so much the 
establishment of formal "pipelines" of knowledge from drfIerent sources, 
but more the establishment of close interaction between basic research 
institutes, applied research institutes, and also between production units 
which is necessary. 

(0) The adoption of innovation tends very much to depend on the 
degree of qualifications of management and labor forces withn produc- 
tion units. 

Most developed countries have had a significant improvement in the 
quality of human resources over the last two decades. A higher quality of 
human resources is an important precondition for technological and 
social innovation, but a t  the same time i t  is not possible to approach a 
hlgher quality in human resources without social and technological inno- 
vations. The creation of conditions in whch the quality of human 
resources can grow and become a decisive social and economic force is a 
crucial factor in national innovation policy. 

An important problem thereby is the employment of worklng people 
according to their qualifications and the use of these qualifications to 
implement, control, and manage technical innovations. For this two 
important precon&tions are necessary: 

(a) It is necessary to make the education process more creative. If 
the supply of knowledge is not connected with the development 
of the capability of independent thmking, with the production of 
sound educational motives, then these faculties, whch  are 
decisive for dealing with social and technological innovation, 
remain underdeveloped. Innovative learnmg demands the 
development of the capability of independent and creative 
thinktng and an optimistic attitude in participating in the solu- 
tion of technical, social, and cultural problems. 

(b) The educational system must be used better for the transfer of 
technology and in developing slulls to  recognize needs and tech- 
nological feasibilities and to assess the d d e r e n t  sides of techni- 
cal innovations This should be an especially important part of 
in-service training. If m-service training is too tightly bound to 
&rect organizations and tasks of the workplace i t  cannot fulfill 
its function of stimulating creative thmkmg and innovative 
skills. 

The h g h  efficiency of social expenditure for education and qualifications 
can also be seen in the close connection between increased qualification 
level and a growing contribution of the innovator's movement to the 
efficiency of the national economy. The benefit of the innovator's 



movement in the GDR (more than 50% of the prime cost reduction in GDR 
industry results from it) per unit of educational tunds was 2.5 times 
lugher in 1971-1975 than during the period 1960-1965. 

(9) Another lesson from the innovation cycle model is that national 
innovation policy and corporate strategies which try to acbeve "stable 
development of efficiency in connection with the necessary structural 
changes; competitiveness of production while avoiding resource wastage 
and securing working places and avoidlng stagflation" will have to put 
more emphasis on the coordination of the innovation cycle. 

National innovation policy especially must take into account that the 
stirnulabon of different kinds of innovation needs different kinds of 
action. Despite the aforementioned measures to improve the climate and 
conditions for innovation, national innovation policy can influence the 
innovation process through two types of action. 

(a) Technology P u s h  Acti4ns.  That is, actions that directly support 
the development of new technology or modification of existlng 
technology. 

(b) Technology Pul l  Actions.  Such as product characteristics inter- 
ventions and market moddication actions. 

It is beyond question that the current status of nuclear energy, com- 
puter, aircraft, and space technology, and communication systems is 
very much the result of the technology push actions of government. In 
the future technological push will also remain important, especially in 
stimulating the take-off for various synthetic fuel technologies, coal 
gasification, and technologies to protect the environment, and to improve 
the communication system. Technology pull actions through product 
characteristics interventions are used in both market and planned 
economies to achieve better use of resources and to avoid undesirable 
side effects. For example, the GDR 5-year plan (1976-1980) required 
from firms a reduction in the final energy coefficient of production of 
4.7-5% through regulations on the environment, pollution, material and 
energy c ~ n s & ~ t i o n ,  etc., and t h s  has played an important role in shap- 
ing technological development. 

Market modification with the help of price policy plays an important 
role in stimulating innovations, but obviously it is necessary to define 
clearly the purpose and to identify side effects of such actions. In this 
context it is necessary to know what will be the impact of the actions of 
the entire innovation cycle and the firm attitude m special phases of that 
cycle. Otherwise government actions will not produce the results whch 
they were ostensibly intended to acheve. 

It is not possible to stimulate innovations with technology push 
actions only. The risk is too hlgh to support a technology whch will not 
be accepted by the market. But it is also dangerous to wait for the 
impact of market forces because we may not receive a suitable solution 
a t  the right moment, or when the moment is right we might not receive 
the right solution. 



It 1s obvious that technology push actions could be very helpful in the 
innovation process in Stage I and Stage 11, but they will have no mfluence 
on Stages 111, IV, and V. Technology pull actions can be helpful in Stages 
11, 111, and IV, but they be may misleading to management in Stage V (pro- 
ductiomsm) and uninfluential in Stage I. 
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STAGNATION AND JNNOVATION: 
REUWANT POLICY QUESTIONS 

Walter Goldberg 

When one examines innovation and stagnation in the terms of tlvs 
workshop, that is in terms of "lmovation Policy and Firm Strategy" and 
"new challenges for governmental innovation policy and firm strategy," 
four questions of policy type come to mind: Is stagnation caused by too 
little innovation? Can stagnation be overcome by morelbetter  innova- 
tion? Are there any means or instruments for the alleviation of stagna- 
tion? What may we learn from the (active or passive) adaptive behavior of 
stagnant firms and industries? 

This paper cannot possibly answer such general questions. Rather, 
some approaches to their exploration will be outlined. The paper first 
asks what stagnation is and how, if it exists, stagnation should be meas- 
ured. I t  then presents some typical cases of stagnation, and closes with 
speculation on the nature of the stagnation that the world is llkely to 
experience in coming decades. 

The approach in tlvs paper is tentative. The thoughts developed are 
based on hybrids of quantitative data (not presented in the paper) and 
qualitative cases. The paper should be understood as referring to the 
pre-hypothesis formulation level. 

WHAT IS STAGNATION? 

Stagnation, like growth, is a relat~ve phenomenon. As a matter of 
fact it is tied to growth and describes the leveling off of economic activi- 
ties after a phase of growth. It is to be measured against some 
criterion/criteria. 

Leveling off may be observed a t  various levels, ranging from suprana- 
tional, to national economy, to regional, to industry, to  line of industry, 




































































































































































































































































































































































































































































































































































































































































































































































