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FOREWORD

This book is one major outcome of a research program on innovation
that was lnitiated in the Management and Technology Area at the Interna-
tional Institute for Applied Systems Analysis (IIASA) in the summer of
1978 under the leadership of Professor Harry Maier. The general direc-
tion of the work was to develop an understanding of the underlying pat-
terns of innovation, so as to assist those advising industry and govern-
ment on issues related to innovation. As we developed the research we
found that this was one of those universal problems facing all countries
large and small and of all political complexions. It was also a question
that needed active collaboration with researchers from many countries.
We have done this in many ways, notably through short term assignments
at 1JASA and through the workshop which is reported in this volume.

The workshop. which was attended by 55 representatives from *7
countries, was, we believe, something of a watershed in the development
of this subject. 1t enabled the 11ASA team to present their ideas in public
for the first time, but more importantly it brought together many of the
leading experts in a new environment, so as to identify fully our present
state 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 is a major need for reliable compara-
tive data on the impact of government policv on industry, and 1]ASA is
now launched on a collaborative international research study to provide
such information. We hope, in any case, that as a result of our workshop
there will be significant advances in research, leading to better under-
standing and action. That is, in the end, the only justification for our
work.

Roalfe Tomlinson

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 efficiency 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 {rom external sources in order to improve
their overall economic performance.

In this way innovation becomes a universal, even a global, problem.
Without technological innovation it will be impossible to solve these most
urgent problems facing 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-
ing 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 higher annual
rate than that of today in order to solve the resource problem
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 hurmnan needs and

national and global commitments and to help alleviate resource problems
in the future.



To identity the new problems in the management of innovation on the
firm 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 firm strategy was the target of the IIASA workshop
“Innovation Policy and Firm Strategy"” held in December 1979.

The workshop had more than 80 participants from 17 countries —
both decision makers at 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 deveiopment of the relationship
between macroeconomic and microeconomic stability during the innove-
tion cycle, the change in the organization pattern during the innovation
process, the role of different kinds of innovation and the requirement of
different managerial skills 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 finding 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 for the successful management of innovation on the
national and firm level, at the other extreme, others are skeptical that
such a complex process as innovation can or should be managed at all. 1f
you are in agreement with either of the above then you will 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 achieve a high rate of innovativeness 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. Iln this 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 this field 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.

Harry Haier
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PART ONE

INNOVATION POLICY AND COMPANY STRATEGY:
NEW CHALLENGES AND OPPORTUNITIES






INTRODUCTION

Jennifer Robinson

What 1s 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 guestions. 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 to define the terms in which he will view technology for himself.
This results in great divergence of perspectives. One person sees innova-
tion in terms of economic efficiencies, another in terms of international
division of labor, and a third in terms 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, the 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
terms of their power to increase efficiency. He postulates three kinds of
innovations: basic innovations, which open technological niches for
efficiency gain; improvement innovations, which exploit the niche spaces
opened by basic innovations; and pseudo-innovations, which create
change without creating significant efficiency gain. He then relates the
three kinds of innovations to a lifecycle concept of efficiency change, and
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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 his introduction Goldberg
notes that 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
as found in the shipbuilding industry.

Goldberg closes with speculation on stagnation as a generalized con-
dition in economies that are leveling ofl. He writes: "The present situa-
tion in the shipbuilding industry may be a valuable crystal ball when it
comes to depicting a situation of more general stagnation in which many
industries will fight vigorously not only to defend their shares of existing
markets, but also to try to enter into market segments which are already
occupied by others... It seems to be quite urgent to extend research into
the problems of leveling ofl 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 the problem as the changing nature of technological inno-
vation, rather than in changes in its effects. His basic concern is that 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, which reduces the rewards to those promoting major
innovations; inflation, which increases the rate of return that an innova-
tion must draw in order to be commercially attractive; large currency
exchange fluctuations, which create random disturbances of an order of
magnitude that overshadows the potential gain 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 structure
of firrms, which inhibit the risk-taking., entrepreneurial spirit necessary
for innovation.

In closing, Hirshhorn voices the opinion that governments may help
reverse the trends which are antithetical to technological innovation by
taking on more of the 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.
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Braun's approach is essentially skeptical. He opens with the obser-
vation that industrialized countries are asking a lot from technological
innovation these days, and that most governments now feel it their duty
to support the innovative process by suitable policies. He proceeds to
describe and catalogue a representative sample of the sorts of policy
measures used in industrialized market economies to attempt to stimu-
late (or to remove impediments from) technological innovation. This
leads to a review of critical 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 which to
influence innovation. The eflficiency of the various measures is, however,
largely unknown.” In closing Braun notes that underlying basic questions,
such as what kinds of innovation are desirable and optimal, and what
measures will 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.” Planning for techno-
logical change has necessarily been part of state planning. The nature of
the planning that has had to be done has been a product of the historical
circumstances in the CMEA countries, most of which were economically
backward at the end of World War 1l, and which faced further managerial
difficulties due to hostility during the "cold war.” The need to overcome
backwardness rapidly has, in the past, driven the CMEA countries to
adopt dehumanizing and environmentally degrading technologies from
the capitalist economies.

This trend will not necessarily continue. Zacher expresses the opin-
ion that socialist countries have reached, or are near to reaching, a state
of development in which they can better afford actively to implement the
Marxist concern with humanization of technology. In the last section of
his paper he discusses specific institutions that are being used and might
be developed to that eflect. This includes discussion of how research and
development policy is currently formulated and how technology assess-
ment might be worked into present planning mechanisms to give society
greater goal-directed control of its technological development.

The last paper in this Section is by Gerhard Mensch and Alfred
Kleinknecht, from the International Institute of Management, Berlin
{West). The authors try to identify the situation in which the innovation
process is currently managed. Their assumption is that the economic
potential, which was created through basic innovation of the thirties, for-
ties, and fifties, is currently absorbed through improvements in innova-
tion. This is the reason for the current situation which is characterized
by a pause in the creation of basic innovation 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, which will possibly occur in the
latter half of this decade.






NEW PROBLEMS AND OPPORTUNITIES OF GOVERNMENT
INNOVATION POLICY AND COMPANY STRATEGY

Harry Maier

NEW 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 which 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, which in the past were success-
ful in generating social and technological change, now have to realize that
the current economic environment, especially the resource situation,
needs new technological, managerial, and social approaches in order to
deal with the new circumstances and thus fulfill the social goals which
arise out of the nature of their society. Developing countries are faced
with growing imbalances between their responsibility to secure and
improve the living 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
innovations 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 diminishing 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
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and imitate advanced technologies ir a growing number of countries, the
impossibility of protecting monopoly returns from advanced technologies
against imitators, etc. All these problems are real and it is 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 1n 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 which indicate a lack of social and techni-
cal innovations.

1f we try to assess our innovative capability we have not only to think
about the problems facing us in our countries, but also about how we are
prepared to deal with the new circumstances, the global problems, which
are the results of change in the structure of the world economy, and how
we can shape this 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 giving 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 DEVELOPMENT OF
OUR THINKING ABOUT INNOVATIONS

The exploration of innovation is a process which has run through dif-
ferent phases of investigation in which different topics and analytical
tools were dominant. The scientific results of all stages are now embo-
died in our current thinking about innovation. ] assume that it is possible
to distinguish between three phases in our efforts over the last two
decades to understand the innovation process: '

Phase 1:1n the beginning of the 80s problems of management plan-
ning and forecasting of R&D activities, vertical and horizontal alloca-
tion of R&D resources within the national economy between the dif-
terent types, disciplines, and stages of R&D, and the creative charac-
ter of the innovation process, were the main problems of investiga-
tion. At this time many new research disciplines and new research
directions were created, such as "the science of science,” and "the
economics of research.” More and more scholars were starting to
identify the contribution of technological progress to meet national
needs. The "production and distribution of knowledge" and the
attempt to measure its contribution to economic growth were main
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subjects of research at that time.

Phase 2: The next step began with the recognition that higher expen-
diture on R&D does not automatically result in a higher rate of inno-
vation. It was especially recognized that any innovation is the result
of a combination of need factors and technological means of meeting
a given or latent demand. This puts the attention of analysis on
those factors which are influencing the creation of innovations. In
this context it was obvious that an important time lag exists between
inventions and their technical and commercial utilization. The result
of this was a sequential model which stressed that R&D is only one
phase of the innovation process and that technical realization and
commercialization are crucial for successful innovations. It was
obvious 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 at that
time put emphasis on the better understanding of the links between
different phases of the innovation process: invention, technical reali-
zation, and commercialization.

Phase 3: The third phase of the innovation process, which started in
the first half of the 70s, began with the recognition that the demand
for innovation of a production unit very much depends on the
economic environment in which it has to operate and from the stage
of development of that production unit. It was found that the rela-
tionship 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 high 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 units as a whole in the production field. With
this 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. This does not mean that we
are trying to ignore the advantages which were gained 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 their
importance. We have only tried to demonstrate the direction which
our efforts to understand the innovation process better were taking
in the past, without ignoring the results which we found in this way.

We are now faced with the need for a new step in the innovation pro-
cess, with the following problems becoming crucial in the investigation of
the innovation process:

(1) The influence of innovation on the macro- and micro-stability of
the society
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(2) The interlinkage between technological and social innovation

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

(4) The contribution of innovation in solving global problems.

INNOVATION AND EFFICIENCY

The key problem for the management of innovation is the relation-
ship between innovation and efficiency. How do we measure this relation-
ship?

Innovation is not a goal in itself, and it is not possible to measure the
rate and importance of innovalions by calculation of their frequency or
by identifying the input and output characteristics of a single innovation.
Average efficiency coefficients, like labor productivity, capital coefficient,
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 characteristics have changed during
recent years.

To understand the nature of the innovation process, it is important
to distinguish between two kinds of etficiency:

(1) Dynamic efficiency. the efficiency of the production unit that
has adopted the innovation

le(i)t]
(2) Awverage efficiency: the efficiency of the entire production field

(B(t)]

We then define the relative efficiency as the coefficient of the dynamic
and the average efficiency

z(t) = ﬂi)t_

T R(t)

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 efficiency. Therefore, with the help of the relative effi-
ciency coefficient 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.
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We consider the set of all productive units

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

touy .. pu)

adopts a certain innovation and the subset

does not. Now we are interested in the development of the efficiency of
the innovative subset

where (; is the output to pu;, and /; is the input. Furthermore, the effi-
ciency of e, of the innovative subset is equal to

r

e (t)p;

i=l

and the efficiency of the noninnovative subset is

i e; (t)p

Jj=r+d

where {p, . ..., P, | are weights which fulfill 0 < p; < :.
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Let us call

2(t) = Ye(t)ps

i=1

the efficiency of the whole system, so we get:

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

B zr:ei(t)r.‘
el (t) = mr—
X P
i=1
2 e (t)py
B(t) = B

and resulting from that

(t) _ O1(t)r3e)
(&) (ot )

—~
|
= =
~

e

where o_q (t) resp ]—i (t). the average output resp input of the subset, is
tpuy. Pyl

Let me talk a little about z(¢), the relative efficiency. Figure 1
demonstrates that the development of z(¢) during the innovation cycle
can indicate three fundamentally different situations for the firm.

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

Where z =1, the efficiency of the production units which 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 approaching a situation which some
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Relative
efficiency
'
!
b
| |
x> e e
|
x=1 | >
Rapid  Matura- Satura- | Crisis Time
Take-off growth tion tion
x <1
_ e;lt)
e(r)

FIGURE I Development of the relative efficiency in the main stages of an innovation process.
e; (1), efficiency coefficient of production unit /, which adopted the innovation at time r; e(r),
efficiency coefficient of the production system as a whole at time r; x, relative efficiency of an
innovation process.

critics have labeled as "stalemate of technology” or "productivity
dilemma.”

In the case of x < 1, the influence of efficiency factors on the produc-
tion growth is declining.

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

For the innovation strategy of a firm or country, two kinds of infor-
mation are decisive: (1) What is the place of the production unit in the
development of efficiency of the production field in which it is incor-
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 distinguish the following five stages in the develop-
ment of the production unit which has adopted the innovations.
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Stage 1
This 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 potential and their
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 start 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.

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

Product design plays a decisive role at the start-up phase of a basic
innovation which is a major product innovation. The production process
at 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 light, rugged, and had low power
requirements. Thus they were ideal for such wide ranging uses as missile
guidance 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 in comparison with the average efficiency. The opportunity of
gaining a "monopoly rent” or "extra high efficiency growth" from the
innovation is very important as a stimulus for the deecision to implement
an innovation.

Many other enterprises will try to imitate and to improve on the
basic innovation. In this 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.
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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.M. Ericsson, the Swedish engineering multinational, overcame the
first difficulties in making the shift 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 this, one of the most competitive high technology businesses.

Stage 111

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 preduction units.

The greater the advantages of adopting one innovation in terms of
productivity increase, product quality, and process uniformity, 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
units which do not adopt the innovation will become greater and greater.

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

Example

It is especially possible through major process improvement at this
stage to realize a high rate of productivity. The cost of incandescent light
bulbs, for example, has fallen by more than 80% since their 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 falling by 20 to 30% with each doubling of curnu-
lative production (Bodde 1978). The trend towards increasing the packing
density and the number of functions per semiconductor chip is as yet
unbroken. Figure 2 shows the rapid increase in the number of logic func-
tions per chip versus the resulting decrease in costs within the period
trom 1962 to 19B0. Also entered are the years in which some important
semiconductor technologies such as TTL and MOS, and a number of out-
standing devices, were introduced. According to this curve, semiconduc-
tor manufacturers are expecting very large scale integrated circuits of a
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FIGURE 2 IC semiconductor trends. Source: Ernst (1978).

mmillion transistor functions per chip 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
This 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 existing technologies which improve
product performance, cost, or quality step by step.

Cost reduction and the increase of labor productivity are the main
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 innova-
tions. The findings were the same in studies about light bulbs, liquid pro-
pelled rocket engines, automobiles, and computer core memories (Utter-
back 1979).

While 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.

This makes these production units more and more vulnerable for
alternative technical solutions, but this is also the last point at which a
new direction of production can be started.
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Otherwise the production unit will sooner or later run into stagna-
tion, "productivity dilemma" {Abernathy 1978). or "stalemate of technol-
ogy" (Mensch 1975).

Examples

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

Stage V
This is the "stage of crisis.”

Production units which were not able to respond creatively to the
new circumstances and the new radical technological options will now try
to hold their position through product differentiation, design variations,
larger efforts in marketing 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 lighting was completely absorbed.

lmprovement or incremental innovations are now unable to compen-
sate for the diminishing efficiency because of higher resource and infras-
tructure costs or the performance and cost advantages of new technolo-
gies which have been ignored by the production unit.

Production units which have not been able to adopt the new product
and process innovation of their production field now find themselves in a
state of crisis.

Table 1 gives a summary of the most important events in the dif-
ferent phases of the innovation cycle.

We are trying to prove our hvpothesis about the importance of dif-
ferent kinds of innovations with the help of empirical data. For the pur-
pose of this presentation our f{indings about the "employment and pro-
ductivity"” effect of the different kinds of innovation is especially interest-
ing. We can identify the two effects with the help of data gathered from
the Institut fur Arbeitsmarkt und Berufsforschung in Nirenberg, Federal
Republic of Germany. This is data from 2266 technological changes within
909 firms from four industrial branches (plastics, metalwork industry,
food industry, wood and furniture industry) in the Federal Republic of
Germany during the period 1970-1873. By the employment effect of
innovation we mean the relationship between workplaces created and
eliminated because of technological change.

The productivity effect is the contribution of the different kinds of
innovation to labor productivity growth as a result of technological
change.
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Figure 3 demonstrates that basic and major improvement innova-
tions have the highest employment effect, and a high contribution to pro-
ductivity growth too. Among them the implementation of new products
had the highest employment effect. 1t created 31.7 times more new work-
ing places than it eliminated. But its contribution to labor productivity

©
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FIGURE 3 The employment effect and the labor productivity effect of different kinds of inno-
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, cost reduction innovation; IE,
improvement of efficiency; SL, reduction on shortage of labor; SSp, reduction on shortage of
space; Wc, improvement of working conditions; R, replacement of product equipment; SO, short-
age of orders.

growth through technological change was relatively low —only 2.4%. This
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
(12.6x). Major improvement in the quality of the product has been able to
contribute to labor productivity growth by 6.8% and to create 5.9 times
more working places than it eliminates. It is important to realize that
basic innovation is doing both —i.e., creating many more working places
than any other type of technical change and contributing significantly to
productivity growth.

Improvement innovations devoted to cost reduction have naturally
the highest contribution to labor productivity growth (49.8%). but they
are the starting point from which the employment effect becomes nega-
tive. They eliminate 1.4 times more working places than they are able to
create. Only in the case of improvement of working conditions and
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production space is the employment effect positive again, for obvious rea-
sons.

But in other types of technical change due to medium improvement
and incremental 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 ~8.3x and a productivity effect of only 1.4%.

This 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 high rate of unemployment.

CONCLUSIONS FOR NATIONAL INNOVATION POLICY
AND COMPANY STRATEGY

(1) The tirst conclusion that can be drawn from the mental model of
the innovation cycle is that a high degree of efficiency and output of pro-
duction is not an insurance against future disadvantages through an inva-
sion of new technological options. The highest degree of efficiency, a
large market share, and a high degree of standardization and vertical
integration represent the last opportunity for a production unit, if it is
also to gain in future economic vitality, to search for new ways of satisfy-
ing a latent demand or to satisfy an existing demand with better and less
expensive alternatives. Today's examples for this concept of missing the
right moment for change are the shipbuilding 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 future, 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 taking 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 pertect.
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(2) The relationship between product and process innovation 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 which 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 which
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 o! 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 innovation.” Mostly, people
assume that innovation is a function 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 investiment. Obviously, we have
to distinguish here between two kinds of innovations:

(a) Mmnovations which are driven from investments. These are the

improvement and incremental investments.

(b) Mmnovations which are driving investment. These are the basic
innovations which open new fields for investment activities with
high potential efficiency rewards. That is the reason why the
recommendation to put more emphasis on the stimulation of
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extensionary investments, with the target of new employment
opportunities, is one-sided. Extensionary investments without
adequate innovation will have an adverse eflect on the efficiency
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 high demand for industrial goods and high growth
rates in industrial production, there has been a great deal of
expansionary investment.

However, the demand for higher 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 different situations in the textile and electroengineering
industries in the GDR. The textile industry of the GDR obviously
had a high 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 influence of
demand and efficiency factors in the industries of the CMEA
countries is higher 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
improvernent and rationalization innovation is very high and
these countries are therefore trying to increase the share of
rationalization and replacement investment. But this 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, ete.

Therefore, 1 think it is dangerous to ignore both the linkage
between expansionary, rationalization, 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 relationship exists between expansionary investment
and rationalization investment. Therefore recommendations
which only put emphasis on expansionary investment without
taking into account their interrelationship 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 will have an
adverse effect on the eficiency of investment and only a short-



Industrial working time (billion hours)

-23-

iA;l | ]
TV

A 4 T T T

5 10 15 20 25 30 35 40

Real industrial investment (billion DM)
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term employment eflect. Rationalization and replacement
investment which is not connected to improvement innovation
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 which only exist because of the protection policy of
the government.

From the nature of the innovation process we can draw one con-
clusion: to secure the better use of human resources we need
efforts to coordinate the innovation cycle. lf 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 planning
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 this paper to discuss the problems of
the existence of "long waves.” Important indications of their existence
were discovered by Kondratieff early this 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-
tionship 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 important indicator for the
existence of “long waves.”
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It is evident that the world economy is not currently in an upward
swing. Problems which face us, such as shortages of energy and food,
environmental degradation, diminishing growth rates of efliciency,
significantly lower returns of investment, etc., are very clear indications
of this. Only with the help of appropriate basic technological and social
innovations is it possible to change this situation. This means that we
need technological innovations which 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 difflusion of these technological
options and to avoid the undesired eflects 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 this 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 which is not
able to contribute significantly to solving the problems which 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 efficiency of the
entire resource-using system of the world economy. Such a technology
transfer could be the global dimension of the innovation policy.

(8) The global dimension of the innovation policy has to play an
important part in improving the capability of society to deal with new cir-
cumstances and situations through the development of new procedures
for social innovative learning. 1t could be disastrous and fatal in our time
of growing global interdependence to learn only by shock. Social innova-
tive learning 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
at a time when events, circumstances, and environment are not yet
irreversible. But anticipatory social learning requires not only the
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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. This is a posi-
tive response to the growing complexity and international interdepen-
dence of the technological innovation process. If this is sometimes
reflected in a rather irrational way, this only indicates our commitment
to search for new forms for the creation and distribution of knowledge,
cooperation, and dialogue 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. ] 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 within 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 start from single
technological change and look at its social consequences and implica-
tions, or at 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 at the given field of technical possibilities for a technological fix. We
could call this latter approach socioeconomic opportunity analysis (SOA}.

SOA is especially important for finding out future innovation fields to
identify new alternatives for structural change to solve problems facing
national economies and the entire world economy. This makes SOA an
important tool for innovative learning in society and the global commun-
ity. The 1JASA Energy Study is an interesting example of SOA of global
problems (Hafele 1979, Maier 1979).

Innovation is 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 which are able to
generate and implement the innovation. Therefore one of the most
important measures in 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 high productivity industries, but must also
try to identify the future fields of innovation and create a social
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procedure to ensure that the country's economy is prepared for dealing
with new national and giobal circumstances.

The degree of openness to new ideas about needs and technical
options is an important precondition for innovation activities of the firm.
This requires an efficient information flow between organizations. The
recognition of needs often stimulates entrepreneurs to search for techni-
cal resources and information to meet the needs. It is not so much the
establishment of formal "pipelines” of knowledge from different sources,
but more the establishment of close interaction between basic research
institutes, applied research institutes, and also between production units
which is necessary.

(B) The adoption of innovation tends very much to depend on the
degree of qualifications of management and labor forces within 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 at the same time it is not possible to approach a
higher quality in human resources without social and technological inno-
vations. The creation of conditions in which 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 working people
according to their qualifications and the use of these qualifications to
implement, control, and manage technical innovations. For this two
important preconditions are necessary:

(a) It is necessary to make the education process more creative. 1f
the supply of knowledge is not connected with the development
of the capability of independent thinking, with the production of
sound educational motives, then these faculties, which are
decisive for dealing with social and technological innovation,
remain underdeveloped. Innovative learning demands the
development of the capability of independent and creative
thinking 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 skills to recognize needs and tech-
nological feasibilities and to assess the different sides of techni-
cal innovations. This should be an especially important part of
in-service training. 1f in-service training is too tightly bound to
direct organizations and tasks of the workplace it cannot fulfill
its function of stimulating creative thinking and innovative
skills.

The high efficiency of social expenditure for education and qualifications
can also be seen in the close connection between increased qualification
leve] and a growing contribution of the innovator's movement to the
efficiency of the national economy. The benefit of the innovator's
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movement in the GDR (more than 50% of the prime cost reduction in GDR
industry results from it) per unit of educational funds was 2.5 times
higher in 19711975 than during the period 1860-1965.

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

National innovation policy especially must take into account that the
stimulation 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 Push Actions. That is, actions that directly support
the development of new technology or modification of existing
technology.

(b) Technology Pull Actions. Such as product characteristics inter-
ventions and market modification 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 (1976-1880) required
from firms a reduction in the final energy coefficient of production of
4.,7-57% through regulations on the environment, pollution, material and
energy consumption, etc., and this 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 in special phases of that
cycle. Otherwise government actions will not produce the results which
they were ostensibly intended to achieve.

It is not possible to stimulate innovations with technology push
actions only. The risk is too high to support a technology which 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
at the right moment, or when the moment is right we might not receive
the right solution.
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It is obvious that technology push actions could be very helpful in the
innovation process in Stage 1 and Stage 1I, but they will have no influence
on Stages 1II, 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-
ductionism) and uninfluential in Stage 1.
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STAGNATION AND INNOVATION:
RELEVANT POLICY QUESTIONS

Walter Goldberg

When one examines innovation and stagnation in the terms of this
workshop, that is in terms of "Innovation 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 more/better 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. It then presents some typical cases of stagnation, and closes with
speculation on the nature of the stagnation that the world is likely to
experience in coming decades.

The approach in this 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 relative 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 at various levels, ranging from suprana-
tional, to national economy, to regional, to industry, to line of industry,
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regional line of industry, enterprise. and even part of enterprise. Situa-
tions in which growth on some levels occurs simultaneously with stagna-
tion at other levels are not uncommon.

Biological analogies come to mind when one talks about stagnation;
in particular, lifecycle models in which stagnation and decline follow after
development and growth. Though such models may help visualize stagna-
tion, they lack predictive properties and are not useful for predicting
forthcoming phases of the "lifécycle” on the basis of known parameters.
Only through ez post facto analysis can one recognize the lifecycle pat-
tern of a product, a market, a functional property of a product, a brand,
a firm, an industry, etc. Only rarely does the actual cycle take the
famous bell shape of the theoretical lifecycle.

Stagnation implies that, after a phase of growth, conditions of and
rewards from economic activity deteriorate. Factual stagnation of flow of
resources, of demand, of activities, of (monetary, physical or psychologi-
cal) net gain, usually also implies a deterioration of psychological condi-
tions; whereas during a growth phase the outlook is positive (rewards,
better or more rewards are to be expected; the motivation to participate
and to perform is positive). Stagnation usually means that expectations
have to be reduced or cut back and that fewer rewards are available for
distribution.

Thus stagnation implies changes in both the objective and subjective
conditions of an organization and its members, internally as well as exter-
nally. Even the environment in which the organization acts will behave
differently vis-a-vis a growing as compared with a stagnant organization.

Stagnation is not a uniform phenomenon. It appears in different
shapes and forms, is stronger or weaker, appears at short notice or in a
longer perspective. A differentiated treatment of the phenomeneon is thus
required (in combination with the already mentioned vertical differentia-
tion with respect to levels).

HOW TO MEASURE STAGNATION

Several criteria are to be applied to measure the existence or non-
existence of the phenomenon "stagnation:” turnover market share, value
added, profit (yield), employment, factor price (share of factor yield or
gross yield). 1t is simultaneously possible to find growth on some and
stagnation on other criteria. For example, one frequently finds that a
growing turnover goes together with reduced employment. It is thus
necessary to specify the measurement criteria on the basis of which one
finds stagnant conditions or stagnant performance. Amongst the many
problems of measurement some particularly applicable in cases of stag-
nation should be mentioned.

Delinition and delineation of the object and unit of measurement are
required. The time span of measurement, that is, whether observations

are made on a scale of years or decades, must be decided upon. These
choices should be explained.
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There are also reliability problems. When using monetary data, infla-
tion very often hides the actual development. Certain standards of meas-
urement and classification standards developed, for example, in account-
ing, have distortive effects on the description of a real situation. They
should thus be explained with regard to both their character and their
possible distortive effects. The same applies to rules of valuation, of cost
distribution, etc.

Other measurement problems are introduced by interdependences
between factors. It would be desirable —though difficult —to establish a
set of measures that would permit observation and measurement of these
interdependences, as well as observation of the effects of environmental
context on stagnation.

STAGNATION: THREE TYPICAL CASES

The phenomenon of stagnation as well as its “medication” through
innovation is illustrated in the following three cases, each of which
represents a different type of stagnation: the textile industry and related
industries which show long-term stagnation, the printing industry which
shows mid-term stagnation phenomena, and the shipbuilding industry
which shows drastic and dramatic short-term stagnation.

The Textile Industry: Long-Term Stagnation

Stagnation in the textile, ready-made suit, and shoe and leather
industries is of a long-term type; that is, it has been observed for a long
time and is expected to continue for a long time. It has drastically
reduced the numbers of both jobs and enterprises. Profitability in the
industry is generally below the industrial average (there are, however,
cases where single enterprises far surpass the performance of the indus-
try as a whole). The life expectation of existing and new firms is shorter
than in other industries.

Stagnation first hit the textile industry in the traditional centers of
textile production whose economies were heavily doniinated by textile-
related activities. During the Industrial Revolution such areas had typi-
cally enjoyed a comparative advantage for textile production due to avai-
lability of hydropower, cheap labor, or other resources. With the intro-
duction first of steam and later of electrically powered textile equip-
ment, as well as increased competition from textile industries in regions
with very low wages, these regions have lost their former comparative
advantage. However, owing to a combination of tradition and the per-
sistence of the infrastructure, which developed during the growth phase
of the industry (schools, but also the particular vertical specialization
and segregation of ownership of the industry) the textile industry has not
moved out of these areas. As a result they have become depressed
regions with serious employment problems. Many policy measures have
been directed toward ameliorating these problems, but results have gen-
erally been disappointing.
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Several reasons for the long-term stagnation of the textile industry
are listed in the following.

(1) In many regions the textile industry is the oldest, most mature
industry. According to the lifecycle assumption it thus should
be stagnant or even disappearing, in particular as the innovation
potential of the industry may be declining because of its age.

(2) Despite the fact that large proportions of it have become tech-
nologically rather complex and advanced, the textile industry
continues to be a low-wage industry. The industry employs a
small but slowly growing share of skilled workers; however, the
skills needed by the majority of the employed workers are still
unsophisticated in nature and can be acquired within a few
weeks. It is thus possible to move the labor-intensive parts of
the industry, in which the cost of labor matters, to regions with
cheap labor. For example, regular cotton bed sheets are no
longer produced in high-wage countries. The development pol-
icy of some major industrialized countries explicitly accepts or
stimulates the growth of textile industries in the developing
countries at the expense of the textile industry in advanced
industrialized countries.

(3) Changes in consumption behavior have a strong influence on the
structure of the industry. For example, people dress much
more lightly because of better heating and increased motoriza-
tion. Heavy wool has nearly disappeared; wool is lozing to the
advantage of cotton and of blends. Furthermore, demand has
expanded for textile products, such as light tashion goods of lim-
ited lot sizes, which require individuality. Such goods are pro-
duced in small lot sizes and cannot be produced by conventional
mass production techniques.

{4) Structural factors have blocked vertical integration, and the
depressed segments of the industry have been unable to
increase productivity through system integration and system
rationalization. Attempts to obtain control of preceding or fol-
lowing production processes by purchase (e.g., backward
integration of weaving mills, buying spinning mills) quite often
result in losses because of diseconomy of scale and consequent
noncompetitiveness of both units.

These and other factors are known Their development is predict-
able, as is the gradual change within the industry, the reduction of the
number of workplaces and firms. The general awareness of belonging to a
troubled industry has triggered a great number of innovations of all
major types. from the invention of new fibers and processes to the
development of new markets and uses. Many of these innovations have
been developed in cooperation with technicians in the industry and inno-
vators of the textile machinery industry (as well as other industries).
However, the machine producers serve the entire textile industry of the
world and must, in order to recover the cost of product innovation and
development, sell to competitors of their customers. The single enter-
prise in the industry in highly industrialized countries is in principle
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forced to innovate at a pace which few firms are capable of maintaining
over a long period of time.

The foregoing discussion of the textile industry suggests two conclu-
sions:

(1) The stagnation of the textile industry in mature industrialized
countries is not necessarily a consequence of too little innova-
tion (of either basic or rationalization or process or product
type). Rather, the combination of rapid pace of innovativeness
and the rather short and continuously shrinking payoff time for
physical investment in innovation seems to limit the industry's
potential to survive. Only those firms which manage simultane-
ously to keep up a high pace of innovation and to adopt market
strategies that permit recovery of the financial investment
required for continuous innovation will survive. One may be
tempted to conclude that only large firms will have the stamina
to keep abreast of the imitators over long periods of time.
Empirical evidence, however, seems to give medium-sized firms
a fair chance if they are flexible and persistent enough. Only
very few small firms in the industry will be able to survive.

(2) Government and firm innovation policies must be fiexible and
persevering. Evidence is inadequate to say whether these tenta-
tive conclusions may be generalized to apply to other industries
manifesting long-term predictable stagnation and decline. It
seems plausible, however, that construction and other indus-
tries face similar, but not identical, conditions, and require
similar policies.

The Printing Industry: Mid-Term Stagnation

The printing industry, like the textile industry, has a long-standing
technical tradition. In contrast to the textile industry, it has been sub-
ject to drastic technological change over a limited period of time. Major
technological innovations have occurred before (linotype, offset printing,
etc.) yet the old printing methods survive together with the new methods.
Computerization, however, is thoroughly changing the structure of the
industry. Printers who fail to perceive or understand the challenge or
who lack the resources to adapt, and who therefore do not adopt compu-
terized techniques, will have little or no chance of surviving. Similar con-

clusions apply to producers of mechanical as opposed to electronic calcu-
lators, typewriters, watches, etc.

The situation of the firm in the printing industry is rather different
from that of the firm in the textile industry. When a major innovation
strikes the industry, producers have only 5 to B years to respond to its
threats and opportunities. Response requires strategic reorientation and
a keen managerial mind because of the nature of the technological
change: computerization. This computerization:

(1) implies a shift away from a traditional "visible and tangible"
craft technology to an at least partly invisible "iceberg technol-
ogy" (program and computer technology)
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(2) means a "systems innovation" in the sense that all phases of the
entire production process must be reorganized and reshaped

(3) pens a wide variety of opportunities, thus requiring a substantial
number of strategic choices that are of vital importance to the
enterprise’s future.

Computerization thus not only requires a thorough technological
reorientation of printing enterprises but also causes revolutionary change
in the demands placed on management. So far there is little empirical
evidence to predict how the industry will develop based on electronic
technology. It seems reasonable to assume that computerization will set
off a wave of secondary process and product innovations. The firms in the
industry will be confronted with accelerated change on many fronts
(markets, products, production methods, etc.).

The above description of technical change in the printing industry
suggests the following.

(1) Innovations in other (and in particular in loosely related) sec-
tors may create radical threats and opportunities to an industry
and its enterprises.

(2) About 5 to 10 years will be available for adaptation to computeri-
zation: thereafter, return to the earlier leisurely pace in the
industry is most unlikely. Rather, a sequence of more or less
thorough innovations around and in support of the new process
is likely to follow.

(3) Computerization's affect on management goes far beyond purely
technical aspects. A radical change in managerial thinking and
acting is prerequisite for survival.

(4) Computerization will strongly affect virtually all personnel
categories of the firm. The personnel policy of these firms must
cater lor adaptation to new requirements, by retraining etc.

(5) The pattern of the change in the printing industries may apply
to many other industries, in particular to those which are of
standardized mass production character (production of many
quite uniform units, to order or to stock).

(8) The change implies a drastic reduction, in the span of a few
years, in the market demand for traditionally produced pro-
ducts. On the other hand, computerized production, owing to
technological convenience and to drastic cost and price reduc-
tion, will achieve remarkable market expansion.

The Shipbuilding Industry: Short-Term Drastic Stagnation

The stagnation in the shipbuilding (steel etc.) industries is quite dif-
ferent in character from the previous two prototypes.

Firstly this is because government intervention in many countries
has distorted the market at large. This includes the Japanese
public/private policy to boost shipbuilding in order to cut prices, because
of the dependence of Japan on cheap sea transportation facilities. Today
Japan, to some extent at least, is the victim of its own policy, since this
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has been and will be copied by other countries.

The global establishment of new shipyards in the 1960s and 1970s
inevitably resulted in market collapse. The situation in the steelmaking
industry was very similar, with one exception: shipbuilding is dependent
on markets in which speculation plays a most important role. The price
mechanisms in the industry in its relations to the buyers are susceptible
to severe distortions because of speculation.

The steel industry to some extent, in particular during the years
1972 to 1974, was affected indirectly but nevertheless substantially by the
order boom in the shipbuilding industry and the consequent forward con-
tracting boom for steel plates from the shipbuilders.

Secondly, although shipbuilding is a mature industry, it has experi-
enced several substantial process innovations and a major product inno-
vation (very large and ultralarge crude carriers). Those innovations trig-
gered a landslide. The vast majority of shipyards rushed into the tanker
building business because of both the boom in demand and the almost
exclusive applicability of new process innovations to the production of
tankers. This resulted in substantial overordering and overproduction of
tankers. The deflation of the boom would have occurred without the oil
price crisis of 1973 {and 1979), but it was drastically amplified by this, as
well as by some changes in the transportation patterns for oil and other
commodities.

Finally, stagnation in the shipbuilding industry was exacerbated by
international currency exchange fluctuations. Virtually all contracts for
ships (and cargo) were concluded in US dollars, whereas production and
tinancial costs in the industry were in most cases incurred in currencies
which stayed firm (or at least firmer) than the US dollar atter the col-
lapse of the Bretton Woods Agreement.

It is claimed again that the most important reason for the drastic
mismatch between supply and demand in both the shipbuilding and the
steel industries is governmental intervention in many countries. One
estimate, which as yet lacks support by hard data (these will only become
available in 6 to 7 years from now), is that the most affected steel and
shipbuilding industries were those in countries in which governmental
interference was either very strong or virtually nonexistent before the
crisis occurred.

Most surprising and puzzling, however, is the fact that the crisis was
perfectly predictable, but that virtually all actors proceeded as if the
outlook was very bright and secure. ’

This final conclusion makes one question the usefulness of public
forecasting and early warning systems presently under development in
many highly industrialized countries. If such systems (Strukturberi-
chterstattung etc.) really should produce valid forecasting information, it
remains questionable whether enterprises will use the information they
produce. Abundant evidence seems to support the assumption that
managers will not act uniformly. Many of them in fact will react counter-
intuitively, since almost any threat in economic life will be interpreted by
businessmen as a potential opportunity for business.
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Stagnation in the steel industry has not primarily been triggered by
technological or other innovation, nor does it, for several reasons, seem
to be curable by innovations of any type in the short or medium term.
Major innovations do not occur at short notice and the industry in its
present shape is in no position to finance and to produce major innova-
tions.

The intended move of many shipbuilders into new nonshipping mark-
ets is an interesting phenomenon. It it had taken place B or 10 years ago
it could have rendered new markets of some durability. The late and
massive move into new markets of limited size or into market segments
which are already occupied by traditional tenants in command of consid-
erable experience seems neither to be very promising nor likely to be of
any great durability.

STAGNATION AND INNOVATION UNDER CONDITIONS OF
AN ECONONMY LEVELING OFF

The present situation in the shipbuilding industry may be a valuable
crystal ball when it comes to understanding the nature of more general
economic stagnation. It depicts a situation in which many industries fight
vigorously not only to defend their shares of existing markets, but also to
try to enter market segments which are occupied by others.

Meny highly industrialized countries, and many industries, will very
probably face similar conditions: that is, general and longer-lasting stag-
nation. It can be envisaged that in such a situation there will be tur-
bulent, dynamic trends of a sort quite unlike what we have seen in the
past. Our experimental understanding comes from a period of rather
static growth in which very few drastic changes in intersectoral condi-
tions have taken place. Even sectors subject to long-lasting stagnation
have not suffered substantial or any real losses. It may be true that the
primary sector has declined quite rapidly and that the industrial sector
recently has been leveling off as well. There have been no obstacles to
intersectoral or interindustry migration of labor and other resources.
Rather, there has been a pull for resources from the growing sectors and
industries.

If there is little or no general growth, the conditions will change
drastically. The role of the state as an equalizer of incomes will change,
as long as fewer and fewer surpluses have to be distributed to fill bigger
and bigger gaps. In a generally stagnant economy the race for new mark-
ets, new product uses, new geographic markets, new customers, etc. will
be much more severe than we have experienced hitherto. This will lead to
attempts to innovate more or less thoroughly. Many attempts are
expected to break new ways in order to gain dominance over certain
market sectors for some time to come, in order to recoup the cost of
innovation incurred and to let the next innovation mature. However, the
time horizon or the lifecycle of innovation is most likely to shrink. More
capital for more risky ventures will be required. The yields to be
expected will become less and less certain.
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The description of such a context is very incomplete, maybe even
incorrect. In any case, the situation will require policies, instruments,
and methods of strategic character for industries, for the state, and for
individual enterprises, of types we today neither have access to nor even
can imagine.

It seems to be quite urgent to extend research into the problems of
leveling off economic systems and into objectives, methods, and instru-
ments of industrial policy under such conditions.






INNOVATION AND INTERNATIONAL COMPETITIVENESS

Joel Hirschhorn

INTRODUCTION

This paper is based on two premises: (1) innovation does not simply
occur, rather it is used by firms as a strategy to increase industrial com-
petitiveness; and (2) technological innovation is less used as a means of
increasing competitiveness than it has been in the past.

In the following I discuss the five factors which I believe to be most
important today in explaining the reduced strategic use of innovation,
without attaching any special significance to their order nor implying
that the list is all inclusive. They are, however, factors with substantially
different and more powerful roles today than ever before, as well as hav-
ing particular association with international realities. | therefore discuss
what governments might do to counteract these factors.

TECHNOLOGY TRANSFER

One of the most important and complex but least-studied factors
affecting innovation and industrial competitiveness is technology transfer
among both nations and firms. Barriers to technology transfer during the
past decade have steadily been removed, and the trend appears to be
accelerating. The net effect has been to reduce the economic benefit of
innovating — of being "first.” Why, strategically, should a firm invest and
plan for innovation when technology transfer has removed the set of
advantages of being first with the innovation?
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There are two sides to this dilemma. First, if a firm does innovate,
then there are substantial econornic and perhaps political pressures to
sell its innovation either to other firms within its country or to firms in
other nations. Sales revenues are not the motive for selling; under
today's realities it is becoming increasingly risky not to sell innovative
technology. The increasing internationalization of all markets, constant
flow of people and information, high costs and long times necessary to
defend patent positions, sophisticated technology which permits quick
"reverse engineering,” rapidly changing consumer tastes and market con-
ditions, and trade barriers all work to push firm managernents toward sel-
ling their innovation.

Ever increasing emphasis on short-term profits contributes further
to pressure to sell innovations. Management sees the immediate rewards
of selling the innovation and finds it exceedingly difficult to quantify the
long-term negative impacts of selling what might be a competitive edge.
There are so many uncertainties about the future that the choice easily
swings to immediate economic rewards.

My main point is that the strategy of transferring innovations, in
leading to a rapid diffusion of the new technology, gives a very new mean-
ing to innovation. If innovations are quickly sold, generally available, and
quickly applicable, then they do not significantly affect the relative com-
petitive positions of firms. Innovation has become a mercenary activity
rather than a competitive strategy. Historically, innovations have been
developed by firms which have used them as a means of gaining competi-
tive advantage. Today innovations are increasingly developed by firms or
institutions which serve an industry, and by firms which have moved from
their historic role as innovators to the creation and marketing of innova-
tions. When a firm purchases an innovation from such an institution,
often with the necessary capital equipment it is purchasing minimum or
comparable competitiveness, not competitive advantage.

Now consider the other side of the innovation transfer dilemma. In a
world in which rapid technology transfer and widespread diffusion of inno-
vations nullifies any competitive advantage resulting from early entry
into the market or being higher up on the learning curve, why should a
firm embark on the costly and risky strategy of innovating when it can
assume that with minimal cost and risk it can buy innovations? True, this
buying of innovations will not improve its competitive position, but it does
assure that the firm will not lose its competitiveness. The strategy of not
innovating is especially attractive under the following conditions:

- the nature of innovations for the firm, based on historical evi-
dence, is incremental rather than "radical”

— the nature of pertinent innovations is more "“process” than "pro-
duct”

— the industry is capital intensive, hence new firms are not likely
to enter the marketplace

— there is already an established network of information and per-
sonnel flow as well as technology transfer for the firm's industry
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-- the nature of the firm's productive processes and products is
“mature” so that the cost and difficulty of obtaining significant
innovations is high

- there is a problem of capital availability, probably associated
with low profitability, which makes investment in long-term R&D
projects unattractive

— the firm's market is not expanding at a rapid rate
-- there are increasing pressures on the firm to diversify

-- the firm deals with a product or products whose prices are
under government control.

In sum, technology transfer reduces the use of innovation strategy to
gain competitive advantage. The very nature of innovations is also likely
to be affected by this innovation transfer process, spurred of course by
industrialized nations. Innovations of this type are likely to be more
suited to industrialized rather than developing nations, and they are
likely to reduce traditional comparative economic advantages among
nations — another step towards the internationalization and homogeniza-
tion of the world economy. By the very nature of the innovation transfer
process, innovations must be designed to maximize their adoption among
all potential user firms and nations. The process of innovation transfer is
antithetical to "appropriate technology"” suited for particular locations,
natural resources, market needs, and infrastructure limitations.

Another factor is that quick innovation transfer promotes incremen-
tal rather than radical technological changes. If your aim is to create an
innovation which can be sold to a large number of tirms, then you are
likely to emphasize innovations which can be put in place with minimurm
capital by existing firms. This is in stark contrast to the strategic meas-
ure, now disappearing, of destroying competing firms by monopolizing an
lnnovation, but it is consistent with a general trend to reduce risks. In
other words, innovation transferring is consistent with maximizing small
rewards with little risk, rather than attempting to get very large rewards
at considerable cost and risk.

Finally, T sense that this process of technology transfer in a subtle
and complex way shifts competitive emphasis from technological to
market sales factors. Consequently, firms which continue to use innova-
tions will tend to shift emphasis from R&D to marketing, to reduce or
eliminate all R&D efforts and the role of scientists and engineers within
the firm, and to rely on outside sources for technology and technical
expertise. 1 doubt that this situation will lead to more meaningful techno-
logical innovations. Use of external sources of innovation splits the world
of production from the world of creating innovation. This will surely
reduce the insights and "wisdom" which have played an important role in
the traditional innovation process.
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INFLATION

Although inflation is not new to the world, its unpredictable rise and
decline among nations and its high numerical rates in some economies
can have large impacts on the strategic use of innovation. First, high inf-
lation rates increase the economic benefits required to justify an innova-
tion. Therefore, easier-to-obtain, incremental innovations are less likely
to yield a meaningful benefit. Where once an innovation that reduced
production costs by 5% to 10% was significant, with inflation at 15% or
higher such an innovation may not be worth the cost of creating, refining,
and adopting it.

For many firms, the costs of obtaining and implementing an incre-
mental innovation would lead to a net disadvantage in comparison with a
competitive firm with existing plant producing an acceptable product.
Conversely, it can be argued that this same inflationary world increases
the value of a "radical’ innovation which might reduce the inflationary
impact of some input, or which shifts dependence to less affected inputs
or resources. But, since by its very nature the process of creating and
adopting a major technological innovation is a high cost and high risk
endeavor, the same inflation is likely so to increase the costs of this inno-
vation process that it becomes impractical economically.

The net effect of high inflation, then, for both incremental and radi-
cal types of innovation, is to reduce the likelihood of a firm improving its
competitive position by means of innovating. 1 want to emphasize that it
is not merely the existence of a high rate of inflation which deters innova-
tion, but also the uncertainty which management must deal with. The
perception of a possible onset or continuation of inflation is sufficient to
deter the relatively high cost, long-term, and high risk efforts associated
with using innovation as a means to improve firm competitiveness. It
should be noted that the situation with innovation is different from the
often-heard argument regarding capital investment in times of high infla-
tion. For the latter it may be true that immediate investment in produc-
tive capacity which can be utilized will yield a substantial competitive
advantage over other firms which invest at a later time. However, this
strategy depends on having sufficient capital available and on perceiving
relatively low risks associated with future demand. Investing capital in
the long-term process of creating innovation and the risky act of actually
adopting an innovation is quite different, and when viewed as an alterna-
tive to the aforementioned process of investing in existing technology is
likely to be judged a poor choice in a period of high inflation. Rather than
using innovations, a firm is likely to employ marketing and sales tactics
to increase its market share and, if any investment is made, to attempt
to achieve benefits by utilizing existing technology and greater economy
of scale to gain competitive advantage.
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CURRENCY EXCHANGE RATES

In internal markets, changing currency exchange rates are an
extremely potent force determining firm competitiveness vis-a-vis firms
of other nations attempting to sell in the same market. Any private sec-
tor action or government policy which affects currency ratios alters com-
petitive relationships, thereby detracting from the perceived effective-
ness of innovation as a competitive strategy.

At one time shifting exchange rates reflected, to a large degree,
differences in inflation rates, costs of production, and productivity move-
ments, as well as other determinants of industrial competitiveness. In
more recent times, however, rather than acting as a balancing device,
exchange rates have become as uncontrollable and unpredictable as the
speculative forces which move them. For example, virtually all analyses
conclude that the recent rapid decline in the value of the dollar on
foreign markets was far greater than can be explained by an actual
higher inflation rate or lagging productivity in the United States. Instead,
it is explained by widespread loss of confidence in the United States econ-
omy. The gain in the competitiveness of US firms resulting from this
change in exchange rates overshadows most potential gains that might
result from technological innovation. US managers can easily observe
that advantages they gained from this devaluation exceeded those they
had from investments in innovations. And from the perspective of other
nations, investments in innovation strategies can easily be nullified by
such devaluation of a trading partner’'s currency. Consider the following
data for sleelmaking costs as influenced by currency devaluations (see
Table 1) They demonstrate how inetfective or unnecessary innovations

TABLE 1 Estimated steelmaking costs at different currency values for the first quarter of 1979.

Actual Pretax costs Pretax costs with 20% Change

exchange rate (8/tonne) devaluation against § in costs

(per 3) ($/tonne) (%)
United States - 421 421 -
Japan ¥201.5 407 355 —-12.8
West Germany DM1 85 470 410 —12.8
United Kingdom £0.496 513 434 —154
France FF4.27 459 396 —-13.8

SOURCE: Marcus and Kirsis (1979).

can be relative to the effects of changing exchange rates. The loss of
competitiveness a strong currency can suffer is illustrated by data for
1969-1978 for steel industries. In their home currencies Japan and West
Germany had per annum pretax cost increases of 6.8% and 5.6% respec-
tively. However, in dollars those increases were 12.7% and 13.0% respec-
tively. In both cases during this period there had been heavy investment
in creating and using technological innovations by the respective steel
industries. Yet both nations lost competitiveness in a lucrative export
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market, the United States, owing to currency exchange rate changes.

SOCIETAL IMPACTS

The costs and benefits of innovations have become more difficuit to
predict because of the increasing attention by governments and the pub-
lic to secondary societal impacts of technological changes. The impact of
an innovation on the environment, on worker and consumer health and
safety, on geographical distribution of production facilities and labor
shifts, on relationships with other nations, and on consumer rights and
values tend to make the innovation process more risky. The following
observations correctly point out the magnitude of the problem:

In the chemical industry, many companies have given up all
research on food additives as too risky. Research into new and
better pesticides has also declined. And the number of newly
developed drugs has been cut by more than half. Between 1948
and 1962, 641 new drug products were introduced in the US;
since then, only 247 new drugs have hit the market. (Newsweek,
June 4, 1979.)

Even if a firm attempts to deal from the very outset with secondary
impacts, the costs of the innovation must escalate sharply. Additionally,
firms often find they lack the range of professionals and expertise neces-
sary to deal with these factors. In the United States there has been an
explosion of consulting companies providing services to firms attempting
to anticipate and measure the extent and cost of secondary impacts, as
well as to deal with government bureaucracies.

Assessing impacts is made both difficult and costly by the unpredic-
tability of government regulations and policies concerning secondary
impacts. Perhaps this is unavoidable, since impacts of technological
changes cannot be totally anticipated and assessed before the fact. The
increasing tendency of governments to hold firms liable for secondary
impacts also leads to a growing need for costly forms of liability
insurance. Thus, the firm which goes ahead with an innovation risks
creating new, unforeseen impacts which may then become cause for
government action, which in turn may lead to new and often large costs
for the firm. This is a significant factor in explaining the increasing reluc-
tance on the part of firms "to be first,” and the increasing use of funds
and personnel for “defensive” R&D rather than on bold new ideas.

In addition to increasing costs and risks, secondary impacts have
greatly increased the time span between invention and commercial suc-
cess. Public hearings, government studies and assessments, laboratory
testing, and other such endeavors all lead to extensive delays. This situa-
tion increases the likelihood of events occurring which can make an inno-
vation useless or unprofitable. For example. other innovations can enter
the marketplace which directly or indirectly reduce the demand for or
novel aspect of the development or, as already discussed, “exogenous”
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factors such as changing inflation and currency exchange rates can elim-
inate the anticipated benefits of the innovation. Equally significant is the
potential for competitor firms discovering much about the innovation
during lengthy public examinations of it.

1 believe concern over possible secondary impacts has a net effect of
making major or radical innovations less attractive in comparison to
smaller, incremental changes. The increases in risk, cost, and timne make
radical innovations simply too difficult to justify. Furthermore, assessing
the secondary impacts of incremental innovations is somewhat easier and
less costly than dealing with truly major innovations.

Also in this world of heightened public awareness of and sensitivity to
secondary impacts, a firm risks great damage to its public image by
using an innovation which may lead to a well-publicized adverse impact.
This effect can go far beyond the direct costs which may be covered by
liability insurance, and can take vears of costly advertising, public rela-
tions work, marketing, and lobbying of government to offset.

At one time firms might have circumvented problems of secondary
impacts by moving riskier phases of their activities to Third World
nations. However, this means of escape has (rightly) been frowned upon
by international banking and financial institutions, under the prodding of
some industrialized nations. Thus, there is a general trend toward reduc-
ing the competitive advantage of developing nations in which adverse
secondary impacts may be accepted in order to obtain short-term
econormmic gain.

FIRM STRUCTURE: SIZE, DIVERSIFICATION, AND MULTINATIONALS

A number of factors related to firm size and structure appear to be
eroding the use of innovation as a competitive strategy. A large firm can
provide extensive support for R&D efforts in profitable firms, but it also
tends to inhibit the risk-taking, entrepreneurial spirit of individuals that
1s necessary for innovation. The very nature of a large bureaucracy
makes it more difficult to shepherd an idea through the lengthy process
of research, invention, demonstration, and marketing. Also, huge invest-
ments 1n existing technology and plant can act as obstacles to radical
innovation, and large industries and firms generally make the entry of
new, small firms with innovative technology very difficult.

In order to reduce business risks many firms diversify. Diversifica-
tion and its capital needs tends to reduce the attractiveness of long-term
innovation investments. There is greater appeal to acquire other com-
panies who have already invested in an innovation and brought it close to
commercial success, if not actually already to that point. Diversification
often leads to formation of a holding company or conglomerate in which
individual profit centers are likely to be less inclined to invest in long-
term innovation. This attitude results from the competition among such
profit centers to show immediate and high returns on investments and
the problem that innovations might lead to types of business outside
currently defined boundaries.
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Both highly diversified companies and multinational firms have
increasingly emphasized large cash flows, fast payback from capital
investments, use of marketing tactics to gain competitive advantage,
acquisitions to obtain new products or processes, and the use of lobbying
to influence government policies which affect competitiveness. All these
factors lead to a declining importance of innovation, especially of major
types of technological change. Of special importance is the decline in
basic research which would stimulate more radical innovations; between
1987 and 1977 expenditures on basic research by industry declined by
about a quarter. In fact, much of what industry defines as R&D is really
sales and marketing related, or even plant engineering.

CONCLUSIONS AND SUGGESTIONS

1 chose to discuss the loss of innovation's importance in firm stra-
tegy to achieve more competitiveness: not surprisingly, I constantly
found that declining innovation can be linked to several contemporary
factors. Perhaps of greater significance is the observation that major or
radical innovations are particularly affected by technology transfer, infla-
tion, currency exchange rates, societal impacts and changes in firm
structure. Because many types of firms have always been biased toward
incremental innovations, this increased shift to incremental innovations
resulting from trends largely ignored in previous analyses is of even
greater concern. The increasing shift to incremental innovations aggra-
vates a number of problems, including the following: reduced economic
growth, slow improvements in energy and raw material utilization and
conservation, and decline of noteworthy improvements in and diversity of
products and production processes.

One way to help reverse this trend would be shifting more of the
effort and cost of making major innovations, especially carrying out basic
research, to universities and other institutions funded jointly by govern-
ments and the industrial sector.

At the other end of the innovation spectrum, there may be a need for
government assistance to pilot demonstration and other activities associ-
ated with the final stage of commercialization. Such assistance must be
carefully justified and should not be solely in terms of funding, but rather
in changing policies and regulations so as to reduce risks and project
durations. The emphasis of such programs should be to encourage major,
risky innovations.

More specific policy responses to the five innovation-stifling factors
discussed here are briefly reviewed in Table 2. These are not options
necessarily recommended, but merely those which appear to have been
used by some nations and which appear to have some potential for coping
with the causes discussed. My thesis is that the use of innovation stra-
tegy is becoming more influenced by what are traditionally viewed as
"external” factors - factors not directly related to the nature of the
market which pulls innovations or to the technology itself. Another way of
looking at this evolving situation is that the "system” in which innovations
must be developed, judged, and used has grown both larger and more
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TABLE 2 National policy options to increase innovation effectiveness.

Factor reducing innovation effectiveness

National policy options to promote innovation

Increasing technology and innovation transfer

Inflation

Currency appreciation

Societal impacts

Firm structure

To prevent innovation transfer until a competi-
tive advantage has been gained by domestic
firm(s)

To help finance equity positions of domestic
firms in foreign operations purchasing inno-
vations

To ensure continued efforts to create new
innovations to maintain competitive advan-
tage

Provide rapid depreciation write-offs and other
tax assistance for radical innovation expenses

Fund basic research

Facilitate cooperative R&D efforts by firms

Provide direct aid for innovation activities
Use trade barriers to block imports to maintain
domestic firm profitability

Promote use of technology assessments

Provide consistent, long-range policies

Offer special exemptions for major innovations

Use cost—benefit analyses to prevent high cost,
minimally effective laws and regulations

Facilitate low cost liability insurance

Limit acquisitions and mergers

Provide special assistance to small firms
attempting to enter an industry

Require multinational corporations to fund
domestic R&D activities in proportion to
domestic sales

dynamic. The benefits of innovations can new be erased quickly by fast-
moving developments far removed from the firm and its market. The
current situation has been accurately described by James R. Bright, as

follows:

Today we are in absolute turmoil technically and economically
and the assumptions by which you approach a technology today
are invalidated by tomorrow's developments .... The reason is
not that the nature of the technology changed. What happened
is the outside world changed. (fron Age, October 15, 1979.)
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History shows that industrialization, economic growth, major
increases in standard of living, and, hopefully, improvements in the qual-
ity of life for society as a whole have been linked to technological innova-
tions in industrial firms. That is, the social rate of return for innovating
tirms may be greater than the private rate of return. What we need is
greater recognition of the impact of so many of today’s economic and pol-
itical trends and decisions on the strategic use of innovation. Mere
economic and political solutions which miss the bheart of the matter will
not suffice. Necessity may indeed be the mother of invention, but we
need a father to inseminate the invention so that an innovation is born.
The father of innovation may be long-range risk taking facilitated by
government policies.

REFERENCES

Marcus, P.F., and K. M. Kirsis (1979) World Steel Dynamics. New York:
Paine Webber Mitchell Hutchins.



GOVERNMENT POLICIES FOR STIMULATING
TECHNOLOGICAL INNOVATION

E. Braun

INTRODUCTION

Technological innovations and technological fixes have been given
great social responsibility. In the industrialized countries it is generally
believed that flagging economies can be revived by opening up fresh ave-
nues of economic activity (e.g., Mensch 1976, Freeman 1979). It is further
believed that each economy must retain or achieve a competitive advan-
tage over newly industrialized countries and over its technically
developed competitors by producing every new sophisticated product by
increasingly efficient new methods. The saturation of markets for some
goods, such as television receivers, is used to support a belief that new
goods, which create new needs, are required. Finally, it is considered
that unless the spectrum of products is constantly increased, produc-
tivity advances in old products will erode the employment market; yet
innovation is also often undertaken to ease bottlenecks in the availability
of labor.

Environmental and resource (energy) problems have added special-
ized branches to the pursuit of innovations and technological fixes. Inno-
vations are called for to save energy (particularly imported energy), to
develop new energy sources, and to substitute abundant raw materials for
scarce ones. Innovations are also called for to protect the environment
and to maintain, if not reverse, the environmental consequences of new
technologies.

As the importance of technological innovation became more widely
recognized, the literature on the subject grew. One body of literature has
arrived at a reasonable degree of consensus on the important steps
through which an invention must proceed to become an innovation (e.g.,
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Freeman 1974, Mansfield 1968). Another body of literature discusses,
with a lesser degree of agreement, the sources of ideas which may have
become innovations (e.g., Jewkes et al. 1958).

PUBLIC POLICY OPTIONS

Most governments now feel that it is their duty to support the innova-
tive process by suitable policies and indeed most governments have insti-
gated a number of measures designed to stimulate innovation. Before
reviewing some of the measures that have been or are being used, we
shall attempt to define what measures are, in principle, available to
government. There are, of course, many possible classifications and we
shall not explore all of these. 1t may be useful to distinguish between
measures which:

(a) influence the general environment in which innovators operate

(b) influence industrial performance (either specific sectors or
industry in general)

(¢) stimulate innovation in general
(d) stimulate specific innovations.

Bearing these distinctions in mind, we can list classes of possible meas-
ures, though some overlap is difficult to avoid, and give some examples of
each class. This is done in Table 1.

Some of the examples listed can fall into all or several of the
categories (a) to (d), others fit only into one of these. A more elaborate
matrix of possible measures could be devised and undoubtedly the level
of generality and of abstraction could be increased, though it is doubtful
whether the utility of the scheme would increase in proportion.

Perhaps it ought to be emphasized that policy measures can act at
any point of the innovation process from the pre-invention stage to the
stage of full commercialization. Invention can be encouraged by educa-
tional and information measures, by financial rewards, and by esteem
afforded to inventors. The research and development phase can be eased
by a widely available research and technical information system, by finan-
cial grants, contracts, or loans, by liaison services, etc. Decisions about
innovation can be eased by government risk sharing. by procurement
promises, or by market information services. The stage between proto-
type and production can be aided by loans, grants, purchases, provision
of manufacturing facilities, tax incentives, advisory services, etc.

Thus policy measures need not only be specifically designed to
stimulate innovation, they can also be aimed at removing difficulties at
specific points of the innovation process. Hence an understanding of the
process, or theory, of innovation is an integral part of innovation policy.
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TABLE | Measures available to governments that are designed to stimulate innovation.

Type of measure

Examples

Financial

Taxation

Legal and regulatory

Educational

Procurement

Information

Public enterprise

Public services

Political

Scientific and technical

Commercial

Grants, loans, conditional grants, subsidies, financial sharing
arrangements, loans and gifts of equipment, provision of free ser-
vices, provision of buildings

Company, personal, indirect, payroll taxation, tax allowances

Patents, environmental regulations, health regulations, inspecto-
rates, protection of designs, arbitration services, monopoly regula-
tions

General education, universities, technical education, apprenticeship
schemes, continuing, and further education

Defense purchases, central government purchases and contracts,
local government, public corporations, R&D contracts, prototype
purchases

Information networks and centers, libraries, radio and television,
freedom of information, advisory services, statistical services, gov-
ernment publications, data bases, museums, exhibitions, liaison
services

Innovation by publicly owned industries, setting up of new indus-
tries, pioneering use of new techniques by public corporations, cor-
rection of imbalances by public enterprise, participation in private
enterprise

Purchases, maintenance, supervision and innovation in health ser-
vice, public building, construction, transport, consumer protection,
telecommunications

“Atmosphere”, honors system, planning, regional policies, innova-
tion by decree

Technical standards, research laboratories, testing stations, support
for research associations, learned societies, professional associations,

research grants

Trade agreements, tariffs, currency regulations

In summary. government has many tools at its disposal for the
stimulation of technological innovation, ranging from fiscal and legal
measures to direct industrial participation. These tools can aim princi-
pally at four different target areas: the general "environment;” industry:
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general technological innovation; and specific innovations. All tools are,
or may be, interrelated. Tables 1 and 2 give a few examples from the very
large range of possible measures.

EXAMPLES OF RECENT POLICY MEASURES

In the following, some characteristic policy measures used to stimu-
late innovation are shown, together with a partial listing of the relevant
literature. The review excludes general ambience measures; it is taken
for granted that all developed countries have a complex structure of ele-
mentary, intermediate, and higher education, a network of government
laboratories, patent and other legislation, and a web of standards, regula-
tions, and inspectorates; it is also assumed that all governments make
substantial purchases ranging from paperclips to computers and from
policemen's helmets to fighter aircraft. It is further assumed that all
these countries have developed transportation and communication sys-
tems, including road, rail, air, telephone, telex, radio, television, etc.

The present review cannot, and is not intended to, give a complete
list of individual measures taken by individual governments for the pur-
pose of fostering technological innovation. All that can be achieved is to
give a few characteristic examples of current measures in two countries
which illustrate the most common features of such measures. It should
be said, without apology, that most real measures contain a mix of
theoretically possible tools and do not fit neatly into single pigeonholes of
our classification. Many government measures consist of packages con-
taining more than one tool and many try to fulfill several aims at once.
The classification may nevertheless be a useful tool for analysis and
understanding.

Amongst the more specific measures for the stimulation of innova-
tion we shall look at only a few countries and use the classifications shown
in Tables 1 and 2.

Financial

An example of a financial support program aimed at general innova-
tive activity, perhaps with special emphasis on small and medium-sized
enterprises (SME) is the "Erstinnovationsprogramm"” of the Federal Minis-
try for Economic Affairs (FRG) (Hagedoorn and Prakke 1979, p.54). In
this program the Ministry pays 50 percent of R&D and preproduction
costs for “important programs of high risk, which would not be launched
without aid or would progress much more slowly.” 1f the project is com-
mercially successful, the grant has to be repaid within 10 years.

In a somewhat similar scheme by the Federal Ministry for Research
and Technology (FRG)., aimed purely at research and development con-
tracts placed by small firms with external organizations, the Ministry will
pay 30 percent of the cost up to DM120,000 per enterprise per year {For-
derfibel 1979). The measure is to promote "... R&D contracts which aim
at obtaining technically new. or improved products or processes and
which contribute to an improvement in the economic performance of the
enterprise.” The scheme is an instrument of public policy in that it
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supports innovation, but excludes R&D contracts "... which run counter to
the public interest...."”

In the UK, technology policy employs a wide range of financial meas-
ures. Only a few are mentioned here (see e.g. Hagedoorn and Prakke
1979). One such instrument is apparently the resuit of the Rothschild
Report of some 8 years ago. Many departments of government now have
their own Chief Scientist who supervises the work of Research Require-
ment Boards. These boards have a number of industrial and other
independent members. In the Department of Industry there are nine
such boards for different industrial sectors. "Their objective is to
improve the technological base of the industry by helping to fund R&D
projects carried out by companies and research organizations, including
research associations.”

The Boards generally prefer to fund projects in direct support of the
government's industrial strategy, i.e., they give preferential treatment to
projects in support of technologies singled out by the Department of
Industry as being of high priority. Generally, projects should "yield finan-
cial returns and improve the manufacturing performance in terms of
international competitiveness, added value per employee, and energy
conservation.” What more could one ask?

Quite large sums are dispensed in this way. For example the
Mechanical Engineering and Machine Tools Requirement Board has an
annual budget of 10 million pounds sterling.

The financial schemes mentioned so far are aimed at aiding the pro-
cess of innovation at the R&D stage. Indeed Gerstenfeld (1977} estimates
that the German Federal Government pays for about 50 percent of all
industrial R&D. Several schemes go further: for example, the UK Product
and Process Development Scheme of July 1877 provides 50 percent
government funding from the design stage up to the point of commercial
production. The scheme allows either for grants of up to 25 percent of
qualifying costs or for a 50 percent contribution coupled with a levy on
sales. Furthermore, the Department of Industry can buy prototype
equipment and lend it to an industrial user. The user has the option of
buying on favorable terms or returning the equipment.after a certain
period.

The schemes described so far fall into the category of general finan-
cial help for innovation, although there is some limited vetting and prior-
ity allocation and, in that sense, the schemes aid specific innovations.
There are, however, much more specific schemes, financed almost
entirely from public funds. Under this category fall schemes like the
recent British program for the promotion of microelectronics, or of inno-
vations like supersonic transport aircraft. Most other governments have
similar programs.

The microelectronics program is a deliberate and many-pronged pol-
icy instrument. 1t aims to strengthen the production and application
{with some stress on the latter) of this particular new technology. The
instruments used fall into many categories: an information campaign,
grants and loans for research projects, financial help with the launching
of new products, and the founding of a public corporation for the
manufacture of microelectronic components. The overall hope is to
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increase innovative activity in products using microelectronics as control
elements. The public involvement in the manufacture of components is
less an instrument of innovation policy and more one of industrial stra-
tegy. although motivations in this area, as in most others, tend to be
mixed.

An important aspect of financial help for innovation is public provi-
sion, or public support for private provision, of venture capital. In the
Federal Republic of Germany the Government has provided a venture cap-
ital cooperation, the Deutsche Wagnisfinanzierungsgesellschaft, financed
by a consortium of banks, which carries risk up to 75 percent of the
losses for the tirst 15 years of its operations.

In the UK, one of the aims of the National Research and Development
Corporation (NRDC) is the provision of venture capital and it is allowed to
borrow directly from the Department of Industry for this purpose.

Tax Incentives

Again, only a few examples of the kind of policies that have been used
will be mentioned. In the UK capital expenditure on plant and machinery
used for R&D purposes is completely tax deductible for the tirst year.
Similarly, revenue expenditure on R&D, wages, etc. is deductible and
costs of license fees and patents may be written off over a number of
years (Hagedoorn and Prakke 1879).

In the FRG, research and development facilities receive a tax-free
subsidy of 20 percent of allowable costs up to DM500,000 and 7.5 percent
for further costs. For investments which are aimed particularly at
energy savings there is an additional subsidy of 7.5 percent (Forderfibel
1979).

Patents, Liaison, and Information Services

In the FRG there are four sets of measures specifically designed to
increase the utilization of patents {Hagedoorn and Prakke 1979, pp.
30-31). The Patentstelle fir die Deutsche Forschung provides a consult-
ing service and credits for inventors to patent their work and to find
industrial sponsors. The Max Planck Gesellschaft owns Garching
Instrumente GmbH, which mediates the licensing of patents and develops
and sells prototypes of equipment invented in MPG laboratories. There
are two [further patent information centers: the Arbeitsgruppe
Patentverwertung is establishing a system to inform industry about
patents resulting from government-funded projects, while the Technolo-
gieverwertungsstelle der Grossforschungszentrum aims at selling patents
resulting from research at major laboratories.

The Patent Office itself offers to produce, at a cost, surveys of
patents existing in any specified area of technology even for companies
not seeking to patent an invention.

In the UK, one of the tasks of the NRDC is the patenting and patent
management ol inventions originating in the public sector, particularly in
government research laboratories and in universities.
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A large variety of other sources of technical information is generally
supported from public funds. A Central Office of Information Pamphlet
(1978) lists: general library services, British Library, National Reference
Library of Science and Invention, National Central Library, National Lend-
ing Library for Science and Technology, information services provided by
the Department of Industry, the United Kingdom Atomic Energy Authority
(e.g., Technology Reports Centre, Ceramics Centre, Non-Destructive Test-
tng Centre) etc., etc. The only item missing from the list is an informa-
tion center on information centers.

One of the widely quoted success stories of a mainly advisory and
information system is a special working party set up by the German
Federal Ministry for Research and Technology (BMFT), the central
"applied science" research organization (Fraunhofer Gesellschaft), the
user industry, trade unions, and manufacturers’ organization to advise
the clock and watch industry on technological change. Assistance has
been given to firms in the watchmaking, clockmaking, sensor, weighing
machine, and office and sales equipment areas. Services available under
this scheme include advice on applications and diversification, technical
advice and provision of knowhow, preliminary assessments of develop-
ment projects, and advice on the availability of public funding. Fifty per-
cent cost sharing in R&D and innovation projects is also available under a
BMFT scheme {Hagedoorn and Prakke 1979, p.37). Table 3, reproduced
from Hagedoorn and Prakke, shows the funds available over the years in
the UK and the FRG for projects identified by the authors as policy meas-
ures in support of technological innovation. These funds are exclusive of
the very large sums spent on general industrial policy schemes and in
government procurement schemes.

The total spent by governments in support of innovation can only be
guessed at. Pavitt and Walker (1976) have neatly summarized estimates
of the ratio between total UK government expenditure on industrial sup-
port and on industrial R&D. The figures give an indication of the relation-
ship be)tween general direct support and R&D support for industry {see
Table 4).

SOME CRITICAL EVALUATIONS OF POLICY MEASURES

No policy measures escape criticism, but it may be worth remember-
ing that the criticisms can be aimed at two fundamentally different
aspects. It is possible to criticize a policy because of disagreement with
its aims or because of doubts about its effectiveness in achieving these
aims. Additionally policies attract criticism because of the unintended,
unwarranted, or unforeseen effects which they may cause.

A simple, devastating criticism of innovation policies has been made
by Gaudin (1977): "As a civil servant managing research contracts, 1 can
tell you that most work in economics of innovation is completely
irrelevant and useless."”
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TABLE 4 R&D and total government financial aid to manufacturing industry in the UK.

R&D (1970-71) Other (1969-70) Total
Chemicals 0.2 14.8 15.0
Metal manufacture 0.1 8.5 8.6
Engineering 7.1 104 17.5
Vehicles (including aircraft) 163 20.7 37.0
Textiles 0.1 4.6 4.7
Other 1.2 16.0 17.2
TOTAL 25.0 75.0 100.0

SOURCE: Pavitt and Walker (1976).

In fairness, this is not so much a criticism of innovation policies as of
the theories they might be based on. Gaudin goes on to criticize the
assumption that research is the primme mover of innovation: "... most
innovations are not the result of research....” Here again, in fairness, it
needs to be said that most recent theories of innovation do not identify
research as the sole source of invention but only as a component of the
innovative system. Most case studies of innovations support this view (see
e.g. Braun and MacDonald 1978, Langrish, et al. 1970).

Another line of criticism questions the thesis that innovation is desir-
able, or if desirable, whether it is taking the right course. Some critics
question both the desirability of innovation, or at any rate of a forced
pace of innovation, and the ability of government to influence it greatly.
A characteristic comment, critical of both the aims and the efficiency of
innovation policies, comes from R.G. Noll (1977):

"... the literature does not establish either that too littie innova-
tive activity takes place, or that government can be particulariy
effective in devising cost-effective strategies to promote more
R&D..."

However, in the same publication Lederman (1977) writes about "per-
suasive evidence that R&D and technological innovation have had a signifi-
cant positive effect on growth of productivity... (and that the US is) prob-
ably underinvesting in civilian R&D.”

Much controversy surrounds the question of whether government aid
for specific technological innovations is more or less effective than gen-
eral measures to stimulate industrial or innovative activity. A charac-
teristic comment on these issues is:

Data presented in this report have strongly suggested that gen-
eral measures (e.g., tax, safety) have a greater impact on indus-
trial innovation than R&D specific measures. It seems that
unless the general social and economic environment is favor-
able specific R&D innovation-related measures will have only a
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limited impact.... (Rothwell and Zegveld 1978).

Leaving aside fundamental criticisms and essential doubts about innova-
tion in general and innovation policies in particular, a number of recent
reports have concentrated on proposals for improved innovation policies.
All these proposals are firmly based on opinions, and all too often the
opinions closely reflect the vested interests of those who express them.

A recent report by the UK Advisory Council for Applied Research and
Development (1978) (ACARD) makes, inter alia, the tollowing specific
recommendations:

(a) increased tax incentives for a limited period for investment in
new manufacturing plant and machinery

(b) money additional to the science budget for a build-up in Science
Research Council programs in support of manufacturing tech-
nology

(c) an expansion of the Department of Industry Manufacturing
Advisory Service

(d) provision of financial and other support to Research Associa-
tions and the appropriate Engineering Institutions for the study,
research, and publicizing of the sciences supporting highly effi-
cient, internationally competitive manufacture.

Many nations place great emphasis on the role of the small firm in
innovation. Although there is certainly no unanimity in the matter, there
is a large body of opinion which believes that some innovations are most
efticiently carried out by small entrepreneurial firms (see e.g., Rothwell
and Zegveld 1978). This view is reflected in the ACARD report and some of
its recommendations.

The government should do more to toster the special contributions
which smal! firms make to industrial innovation by providing additional
support through:

(a) arranging that any losses from small business enterprises be
allowed against the personal tax liability of the shareholders;

(b) reducing capital gains tax on the appreciation of founder's hold-
ings;

(c¢) examining the feasibility of setting up special tax arrangements
which might make it attractive to large companies to spawn or
help to support small businesses.

One of the hotly debated issues of the day is the role of government
regulations in innovation. As regulations concerning safety, environmen-
tal pollution, working conditions, descriptions of goods, etc. became more
pervasive, so their opponents began to argue that so much money had to
be spent by manufacturers on complying with regulations that none was
left for innovation. On the other hand it is argued that the need to com-
ply with them gives a fillip to new products and processes. While dispas-
sionate writers such as Lederman (1877) say that no consensus exists on
whether, on the whole, regulations are beneficial or detrimental to inno-
vation, many members of a recent US Domestic Policy Review of
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Innovation (1978) were extremely critical. Amongst the recommenda-
tions of the subcommittee on Industry Structure and Competitors (p.4) is
the following:

Each regulatory agency should issue a long range statement of
regulatory intent... . Where a company has related compliance
requirements controlled by more than one law, consultations
must occur between the agencies. No doubt, some confusion
and changes of direction can cause difficulties. The main thrust
of the argument, however, is directed against regulations which
prescribe solutions instead of prescribing performance stan-
dards.

Innovation is negatively impacted by regulating the means rather
than the ends (p.8). Regulations should only prescribe the standards of
performance to be achieved, not the means by which they are to be
achieved (p.7). Small firms again become the subject of special pleading.

Smaller firms, historically the source of significant contributions to
innovation, suffer disproportionately greater injury from the overall costs
of regulation than do larger firms (p.21).

The subcornmittee on Federal Procurement Policy makes similar
points in relation to procurement policy. The recommendations of this
committee on general policy include the following:

(a) express needs and program objectives in mission terms and not
equipment terms to encourage innovation... ;

{b) ... allow competitive exploration of alternative system design
concepts... .

Different subcommittees of the same Domestic Policy Review of Inno-
vation view obstacles to innovation and the role of the state very dif-
ferently. The Labor Advisory Committee states "The best stimulus to
innovation comes from a healthy full employment economy — not from
weakening protections.” The Subcommittee on Public Interest, on the
other hand, states: "We do not accept the widely held industry assump-
tion that regulations impede innovation” (p.2). “Moreover, job security is
a fundamental aspect of innovation. Frightened workers, worried about
whether another job will be available if a specitic new idea is imple-
mented, often oppose innovation” (p.4).

Regulation and innovation is obviously a highly politicized issue.
Interested groups clearly have a different view not only of what influences
innovation and how the mechanisms operate, but also, mostly implicitly,
of what direction innovation should take. Only one group, however, states
this: “From the public interest perspective, the rate of innovation is sub-
servient to the question of the direction of innovation” (Subcommittee on
Public Interest, p.8).

So much then, for opinion; but what about actual research findings
on the efficiency of government policies for the stimulation and direction
of innovation? Knowledge in this field is sparse. One of the few serious
attermnpts to investigate these questions (OECD Report 1978, p.80 ff.) used
the method of questionnaires addressed to government officials
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administering the various schemes identified by the report. The conclu-
sions are somewhat confused, but on the whole officials either felt unable
to answer certain questions or answered in a spirit of rosy self-
satisfaction. The questions were directed in the main at the attainment
of the intermediate rather than final objectives.

Allen et al. (1978) investigated 164 innovation projects in several
industries and several countries. They found that nearly half the projects
were affected by Government policies, but found no indication that the
government contribution influenced project success or failure. Projects
involving a response to regulations tended, on the whole, to have an above
average rate of success.

Rubenstein et al. (1877) investigated management perception of the
role of government incentives to technological innovation in the UK,
France, West Germany., and Japan. On the whole, they found that
managers tended to regard government incentives with great scepticism,
although Japanese and German managers less so than their British and
French counterparts.

Jones and Willett (1877) discuss the difficulties in evaluating the
costs and benefits of government laboratory research and information
services. On the whole they believe these services to have positive
results, but find a rigorous examination of all costs and benefits too com-
plex to be cost etffective,

CONCLUSIONS

The conviction that technological innovation is a powerful driving
force which gives dynamism to an economy is widespread. Considerable
controversy centers around issues of what directions innovation should
take and how government should stimulate it. There can be no doubt that
the process of innovation is extremely complex and varied and therefore
any simple prescription or description is likely to be widely off mark.

Government has a wide range of measures in its armory by which to
influence different aspects and stages of innovation. The efficiency of the
various measures, however, is largely unknown.

The stimulation of technological innovation undoubtedly forms an
important part of any government's industrial and economic policy and
much more thought must be given to questions such as:

— what kind of innovation is desirable

— what rate of innovation is optimal

— what government measures would be most effective in achieving
the objectives arising from answers to the above questions

It is impossible to obtain complete answers to the above questions, but it

is perhaps worth trying to come a little closer to approximate and partial
answers,
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THE MANAGEMENT OF TECHNOLOGY
IN THE CMEA COUNTRIES

Lech Zacher

HISTORICAL BACKGROUND AND SOCIOECONOMIC
AND POLITICAL CONTEXT

The Council for Mutual Economic Assistance (CMEA) countries believe
that scientific and technological developments can be used to create a
better future. In other words, they believe that science and technology
are important factors in socioeconomic growth which will ensure them
economic power and improve social welfare. These countries are still
more growth oriented than growth impact oriented. They do not share
the fashionable catastrophic view of the technological future of the world.

The present situation in the CMEA countries in terms of technology
and its assessment evolved out of the strategy of liquidation of historical
blocks to development, which resulted in rapid industrialization and
urbanization. This development was important. Before these countries
embarked on the socialist road of development most of them were quite
backward; only the GDR and Czechoslovakia had reached &an advanced
level of industrial development. The CMEA countries assimilated the
available technology as it was. They had no choice but to use the environ-
mentally degrading and dehumanizing technologies developed by techno-
logically and economically leading countries of the capitalist world. How-
ever, the socialist production system has been able to limit the negative
side-effects of technology.

Technological and economic change in socialist countries resulted in
radical social transformation, including changes in social and professional
structure, education, lifestyle, mentality, culture, etc., accompanied by
technological, structural and economic changes. Technology was a
powerful force in achieving that transformation. The CMEA countries
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have now attained a high level of development in science, technology, and
industry. The Soviet Union's position as a scientific and technical power
is beyond question. The standard of living in CMEA countries has
increased, as is evidenced by mass education and greater availability of
industrial consumer goods, such as automatic washing machines, radio
and TV sets, stereos, cars, stc.

Society, appropriately, has become fascinated with technology as an
instrument of progress. This fascination has contributed to the successes
of many projects in the accepted strategy of development. Nuclear power
stations were set up, sputniks were launched, and military equipment
that could rival Western achievements was produced.

The founders of Marxism stressed the importance of technology in
the structure of production forces. Karl Marx wrote in das Kapital that
technological improvements that increase worker productivity result in
an increase of surplus value, which in turn increases capital accumulation
and expedites growth and development. Oskar Lange, in developing the
law of advancing development of productive forces, pointed out that tech-
nology plays a crucial role in the creation of man's artificial environment.
Lenin's political slogan that “socialism is the power of Soviets plus elect-
rification” was also a comment on the economic importance of technolog-
ical development. The large-scale plan of Russia's electrification
(GOELRO) was a historical event without precedent in the planning of
technology.

However, this should not be interpreted, as some Western writers
argue, to mean that technoeconomic determinism is the basis of Marx-
ism. This is a distortion of the truth. Historically there have been times
when Marx was interpreted mechanistically. However, human and social
goals have always been the pillars of Marxist philosophy and they are
regarded today as the highest values of socialist ideology. It was Marx in
his youth who established the basic principles of socialist humanism and
the concept of multifaceted development of human personality.

One of the general practical tasks of the socialist societies is to over-
come disorderly tendencies in socioeconomic and technological develop-
ment. This is a long-term and probably unending process, since social
processes cannot be fully controlled "mathematically and technically.”
They should not be treated mechanically. Planning is a powerful tool in
social practice and an essential characteristic feature of socialism.

Planning takes place in definite historical conditions. These condi-
tions are subject to objective factors such as the state of science and
technology, available human and material resources, etc., as well as to
subjective ones, such as political will, management skills, experience,
aspirations, etc. Historical conditions for the development of planning in
CMEA countries have been unfavorable. Russia's October Revolution took
place in a genuinely undeveloped, semifeudal country, with no democratic
traditions whatsoever, mass illiteracy, etc. Other socialist countries,
except the GDR and Czechoslovakia, were among the less developed coun-
tries in Europe before World War Two. The historical conditions men-
tioned included:
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— technological and economic backwardness

— the level of education and skills and the traditional human men-
tality

— lack of experience in planning and managing a noncapitalist
economy

— the predominance of economic and security goals.

In addition these countries were ravaged during World War Two and
faced with hostility from the capitalist countries after the war {the cold
war, embargoes, discrimination, etc.). These factors are generally under-
played by critics of socialism.

A nationwide planning system proved to be an effective means of
managing and controlling socioeconomic development. Planning has
evolved but it still has a long way to go. Its future evolution will see com-
puterized assistance and wide citizen participation.

It should be noted that few economic plans in the CMEA countries
have been implemented exactly in accordance with directive guidelines.
Some tasks are overfulfilled, others unfulfilled. Indeed, plans have never
been treated mechanically or taken literally in planned economies. The
"commmand economy' is & myth. It was partially true in the 1950s, when
administrative means of centralization and control were quite effective,
particularly during the great postwar structural transformations of the
economy (basic industrialization, big military R&D, the investment pro-
grams, etc.), when central planning was substituted for the competition
market mechanism and private initiative.

Planning and socialist democracy are developing step by step in
accordance with the material and intellectual development of socialist
society; they are also sensitive to external conditions. There is no ready-
made prescription for a “good socialism.” The founders of Marxism were
not prophets; they just discovered some basic regularities or laws of the
development of mankind and learned how to use dialectics to analyze,
understand, and control social processes.

Two main processes are under way in the socialist countries:

— the continuation of basic industrialization {in the terms of
Kuznets's "modern industrialization'); and

— the early stages of the so-called scientific and technological
revolution.

This latter phase entails a form of broad modernization {(in Kalecki's
terms, changing capital ratio) which integrates indigenous R&D technolo-
gies and organizational patterns into vast technology transfer from the
West. The transferred technology is in most cases dehumanizing and
environmentally degrading. but there is no other way to be highly produc-
tive at home and competitive abroad. The centrally planned economies
have not entirely escaped from their historical (capitalist) heritage with
its absence of effective coordination of various human activities; the capi-
talist environment also continues to influence the CMEA countries
through technology transfer, foreign trade, etc. The lack of long-term
experience of the CMEA countries is also visible in, and to a great extent
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responsible for, the shortcomings in governing science and technology.
While negative side-effects of the scientific and technological revolution
are usually unintended and difficult to predict, sometimes they are sim-
ply the effects of inadequate assessment or judgment based on inap-
propriate values and criteria*.

Often social directions are affected by psychological factors. Poor,
uneducated country people who associate nature with hard, dawn-to-dusk
outdoor work and with flood, drought, and catastrophe do not understand
why nature should be protected. Thus under socialism we find people who
are attracted by patterns of the most advanced countries, who strive for
prestige, consumption, fast cars, tower blocks, and asphalt motorways
and streets, and who do not mind pollution, noise, or a lack of trees.

In fact degradation of the natural and human environment, the rise
of technocracy. and discrepancy between technological and social change
also endanger planned economies. Not even the least developed countries
are spared the threat of nuclear destruction and the menance of rising
armaments.

However, one ought to emphasize that uses and abuses of science
and technology are exactly determined by the social and political goals of
society. There is an apparent feedback between the goals and uses of sci-
ence of technology and the sociopolitical system. This general statement
assumes a substantial difference between the capitalist and socialist sys-
tems. Critics of planned economic systems often unjustly accentuate the
divergence between socialist theory and practice. In so doing they ignore
the historical factors involved, forget that socialism, being a new system,
is by definition an experiment on a very large scale, and fail to realize
that the goals of a society must be appropriate to its stage of develop-
ment. The high aspirations for huranity and society that are stressed in
socialist theory and ideas can only be effectively implemented at a cer-
tain stage of economic and technological as well as intellectual and politi-
cal advancement. We now believe that the Soviet Union and Eastern Euro-
pean countries are actually presently approaching this stage.

It is worth noting that the socialist countries have begun placing
great emphasis on humanization of work and technology, on using science
for the material and intellectual benefit of society as a whole and on the
multidimensional development of every individual. This includes
emphasis on permanent education, common (not mass) culture, and
democratic participation in decision making processes of every kind. To
ignore this phenomenon or to devalue it as mere political propaganda is
to ignore not only the new programs but also the newly emerging reality.

*It is noteworthy that most decision makers in the CMEA countries have technical
education, yet they do not constitute & technostructure as described by J.K. Gal-
braith; they are very often first generation intelligentsia. In contrast with capital-
ist countries, technocratic and economocratic attitudes in socialist societies are
not primarily connected with profit orientation and competition. The result is not
utopian. People in socialist countries seem to be "learning & system" markedly
conditioned by historical as well as other factors and events. As a matter of fact,
there is no such thing as a recipe for socialism. There is no simple, prepared
operational prescription that will make people good, humanistic, democratic,
respectful of ecological laws, etc.
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The technological planning of the future will presumably have
greater emphasis on the achievement of socialist ideals. This will prob-
ably entail a shift in orientation from profit, productivity, novelty goods,
and hard technology to pure, environmentally harmonious, and
creativity-oriented technologies. Since Marx's concept of development of
the individual personality is deeply human and rmultidimensional, humani-
zation and promotion of creativity will be among the ultimate goals for a
“developed” socialist society. Rejection of the concept of technological
determinism and the challenge to technocracy and bureaucracy are
important features of the contemporary socialist societies.

TECHNOLOGY ASSESSMENT IN SOCIALIST NATIONS

Many scholars advance the belief that socialist and capitalist nations
are converging to a common system. We believe that view is not justified,
in particular, we believe that the management of technology is an area in
which capitalist and socialist nations will diverge. By integrating technol-
ogy assessment (TA) into central planning the socialist nations will be
able to steer their development away from some of the errors and blind
alleys of contemporary capitalism, thereby contributing to a divergence.

How does technology assessment fit into socialist thought and
action? In a sense the concept of technology assessment is implicit in
planning for long-term development. Almost all fields of man’'s activities
are considered (but not necessarily planned) in the planning process in
socialist countries. Important fields of planning include industry, con-
struction, exploitation of resources, spatial and urban development, pro-
tection of the natural environment, social welfare, and medical care.
Such fields as education, R&D activity, and cultural development are also
built into the planning system, but with a higher degree of flexibility.

Technology assessment, in the sense of considering and planning for
the effects of technological change, is implicit in the planning of all these
areas. Most of this de facto technology assessment is incorporated in
planning for other social and economic problems and therefore does not
take place in specialized institutions.

Different socialist countries use different institutional and political
decision making frameworks for controlling technology {and everything
else). In what follows, a structure is presented based on the Polish
experience, where the basic factors are (as shown in Figure 1) the ruling
party, the parliament, the government and its agencies, the R&D sector,
public/social bodies, local organizations, and consultation with society
(especially with industrial workers).

In the socialist countries, general guidelines of social development,
especially in the sphere of the economy and technology, are included in
the program of action agreed upon by the periodically held congresses of
the communist parties. The parties steer economic, technical, and other
development in directions that are consistent with the general guidelines
of social development set forth in socialist ideology: while at the same
time ensuring that these actions answer the needs of the population. Pro-
grams established by Party congress are carried out by the government
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acting under the control of the Party leadership and of Parliament. By
showing the nation the prospects of development in the years to come,
the program mobilizes citizens and creates at the same time a political
framework for long-term plans being drawn up by the government, basic
elements of which are then submitted for adoption by the Parliamentary
forum.

These long-term plans are a basis for one-year plans, worked out by
the government and then adopted by Parliament. In Poland, annual and
long-term plans are prepared by the Planning Commission of the Council
of Ministers. At present this commaission is working on a prospective plan
to the year 1980. The research and forecasting involved in this work are
carried out by the Committee of Research and Prognostics "Poland 2000"
of the Polish Academy of Sciences.

The plans of technical development are guidelines for technological
policy and are subject to the general plan of social development. The
plans for the realization of technological achievernents in various fields of
the national economy are prepared by respective ministries; research
and development plans are developed by the Ministry of Science, Higher
Education and Technology, which also carries out technological and scien-
tific policy based on these plans.

The main concern of research and development policy in recent
years has been to increase and make better use of the R&D potential.
Special attention has been given to work covering the complete develop-
ment cycle, from research and development to coordination plans worked
out with accuracy sufficient to synchronize them with economic plans
when it comes to the practical application of their results in the econ-
omy. As a rule of thumb long-term plans should be accurate at least
within the one year time limit as regards their final implementation and
no less than 50 percent of industrial research should be devoted to works
with complete development cycles.

Considerable importance is also attached to the closest possible link
between the cycle of research and development work, on the one hand,
and practical application and popularization on the other, because the
experience of many countries, including Poland, shows that practical
application and popularization are the least efficiently operating links
within the development cycle.

The activities of technology assessment fit into this framework in
approximately the following fashion and sequence. The governing Party
first recognizes and defines a social problem; then experts, especially in
the R&D sector, assess the technological development involved. The
results of the assessment are then transmitted by the Party to the public
and decision makers through consultation with the working class, society,
government bodies, etc. This may lead teo Parliamentary action in the
form of legislative and administrative decisions. Thereupon the decision
is transmitted into the planning process through the State Planning Com-
mission or Parliament, whereupon suitable government institutions are
called upon to implement it. The government, meanwhile, observes and
measures the progress made in implementing the plan. The Chief Board
of Supervision {a Parliamentary Agency) and the ruling Party authorities
oversee and control program implementation.
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These steps work iteratively. Information gained in observation of
performance and control feeds back into every stage of the problem solv-
ing process, thereby allowing for possible modifications as required. Such
continuous observation and analysis is necessary to update technology
assessment periodically and to keep it tuned to changing circumstances.
This sort of information-guided control process is widely and successfully
used in the socialist countries to develop and implement plans. The
updating process often leads to progressive improvements above and
beyond simple control. When this happens the system becomes a learn-
ing system.

Technology assessment could, potentially, be applied to a wide
number of areas including monitoring negative unintended side effects of
existing technologies, recycling of natural resources, environmental pro-
tection, spatial and urban planning, assessment of technology transter,
R&D activity, and programming new desirable technologies. So far its use
has mainly been confined to environmental protection and spatial and
urban planning.

SOME REMARKS ON TECHNOLOGICAL STRATEGY AND POLICY

The directions of technological policy must be appropriate to the
current economic and social situation. So, for instance, the rapid techno-
logical development of the Soviet Union in the 1930s was aimed both at a
more satisfactory fulfillment of people's needs and at building up the
country's military force to resist a Nazi invasion, and, in alliance with
other countries, to destroy the power that menaced the whole world.
Similarly, during the Cold War period, the socialist countries were con-
cerned with mapping out defensive aims for themselves.

At present technological progress and the development of the econ-
omy have given rise to new dialectic contradictions in the socialist coun-
tries. Wide application of material incentives in these countries, although
indispensable for rapid technological development and production
growth, and thus for more satisfactory fulfillment of people's needs, tends
to focus young people's aspirations on the satistaction of material
requirements; such attitudes are reinforced, moreover, by the patterns
of social behavior prevailing in the capitalist countries. This type of con-
tradiction seldom becomes antagonistic in character, but it does compel
decision makers to pay special attention to ideological instruction, par-
ticularly among the young, in order to develop the awareness that the
increasing satisfaction of social needs should not be the ultimate aim, but
rather a means whereby the future communist society is to be built.

CONCLUSIONS

On the basis of available literature, the knowledge of Western solu-
tions, and the current state of affairs, the following conclusions and pos-
tulates concerning the role and place of technology assessment research
in the socialist countries {particularly Poland) can be put forward.
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1. In the Sphere of Methodology and Research

(a)

(b)

(c)

(d)

(e)

It seems necessary to elaborate an expertise on the existence
and functioning of technology assessment elements in the sys-
tem of planning and decision making.

FEach country should work out its own specific methods of tech-
nology assessment giving due attention to the present advanced
achievements of other countries.

It seems indispensable to set up specialized institutions (or to
create appropriate means in the existing organizational struc-
ture of science) dealing with technology assessment in the
broad sense.

It is necessary to develop interdisciplinary research not only on
the technological future of the country in connection with intro-
ducing new technology but also on the assessment of the
present and past adverse effects of technology, in order to elim-
inate these and to draw proper conclusions in the future.

The coordination of research, decisions, and ventures connected
with the analysis of basic problems of technology and their aft-
ermath up until 2000 and beyond (within the frames of the
government research programs and with the expertise of the
Committee "Poland 2000” of the Polish Academy of Sciences) is
a matter of special importance.

2. In the Sphere of Planning and Forecasting as a Preparatory Phase
of the Plan

(a)

(b)

It seems desirable to select technology assessment research in
planning practice as a result of selecting "“the field of technologi-
cal choices.”

It seems desirable to promote the problems of technological
choice not only as regards investment choice but also regarding
the types and directions of technological progress and its social
consequences (i.e., forecasting and perspective planning}).

3. In the Organizational and Political Sphere

(a)

(b)

The value and possibility should be reviewed of setting up new
specialized institutions or small organizational units within the
existing structures which would be competent in the field of
decisions related to technological development. In Poland,
organizational units or independent workshops for technology
assessment could be set up at the Parliament's commission, the
Office of the Council of Ministers, the Chief Board of Supervision,
the Planning Commission, special interbranch or suprabranch
committees, the Central Committee of the Polish United Work-
ers' Party, and the Central Council of Trade Unions.

1t is indispensable to create a system of technological, statisti-
cal, and planning information for technology assessment.
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It seems desirable to raise the political prestige of the problem
of technological choice in a developed socialist society and to
have them included in the program of democratic consultations
with society, and with the industrial working class in particular.

4. In the Economic Sphere

(a)
(b)

It is necessary to build technology assessment into the innova-
tion process.

Technology transfer should be the subject of detailed evaluation
by means of technology assessment methods.

5. In the Sphere of Social Education

(a)

(b)

It is necessary to promote the technical education of society in
order to manifest various facets of technology, especially its
less-well-known threats, and to arouse interest in the future
alternatives for technological development of the country.

It is necessary to introduce on a broad scale interdisciplinary
studies at universities and in postgraduate courses to increase
capabilities for the social evaluation of technology, such as, for
exarnple, technology and social values, technology and the world

future, technology and man's personality, technology and poli-
tics, etc.

8. In the International Sphere

(a)

(b)

The problems of technology assessment should be taken into
account in the process of coordination of the sociceconomic
development plans of the CMEA countries.

It is necessary to develop international cooperation, both bila-
teral and muitilateral, in technology assessment.



BASIC INNOVATION AND INDUSTRIAL GROWTH

Gerhard Mensch and Alfred Kleinknecht

GENERAL VIEW: DISCONTINUITY

Our concept of industrial evolution (stagnation = lack of basic inno-
vations) was conceived at a time (1970-71) when economic research was
still projecting incessant economic growth, and when science and technol-
ogy policy were expected to produce the right kind and appropriate
volume of new technology to nurture this industrial development (Mensch
1971, pp. 295-314). From that time stems our awareness of some funda-
mental properties of the evolutionary process of socioeconomic change,
which then indicated that the next downturn of the business cycle would
bring disappointment to those who relied on the prognosis of “just a mild
recession.” Among the early indicators of a coming depression were labor
market and capital market trends as well as indicators of change in the
international division of labor and of technological change and substitu-
tion.

In modern industrial civilization, the boundary between nature and
culture becomes increasingly fuzzy., and many of the socioeconomic
forces manifest themselves in the use and creation of artifacts. There-
fore, indicators on the rate and direction of industrial innovations can be
expected to tell us a good deal about change within a changing economy.
We suggest a metamorphosis model of long-term socioeconomic change
(Mensch 1979). The following propositions characterize the industrial
metamorphosis, which we view as a stream of various kinds of innovations
with considerable variation within the innovation mix over time.
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Types of Innovation
VWe distinguish the following types of innovations (Mensch 1872, pp.
291-287):

(1) Basic innovations, which establish new branches of industry, and
radical improvement innovations, which rejuvenate existing
branches. Both tend to occur discontinuously in time, namely in
rushes. For a survey of the observed clusters of basic innova-
tions see Figure 1.

18
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10

©
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T T 1 T 1§ 7
1740 50 1800 1850 1900 1950 1960

FIGURE 1 Frequency of basic innovation, 1740—1960.

() Within those new or renewed branches, the pioneering innova-
tions are followed by series of improvement innovations. The
improvement effects of these successive innovations are
governed, on the demand side, by the law of diminishing margi-
nal utility and, on the supply side, by the law of diminishing mar-
ginal returns on investment.

This means that in the course of time, as certain technological
potentials become fully used and certain technologies increasingly per-
fected, and there are more and more pseudo-innovations that do not
benefit buyers and suppliers to the extent they once did. Also, owing to
power, inertia, and other decisive reasons, investors tend to favor
pseudo-innovations over basic innovations. Consequently, reading (1) and
(2) together, we can expect certain lulls to emerge in the course of indus-
trial evolution. We call such a pause in the busy creation of basic innova-
tions "stalemate in technology.”

In an obvious way, our concept of basic innovation is related to
Kuznets's concept of epochal innovation, although an epochal innovation
will be considered by most as a particularly fundamental basic innova-
tion:



-79 -

An epochal innovation may be described as a major addition to
the stock of human knowledge which provides a potential for
sustained economic growth — an addition so major that its
exploitation and utilization absorb the energies of human
societies and dominate their growth for a period long enough to
constitute an epoch in economic history. (Kuznets 1973.)

And in a similarly obvious way, the dynamics of exploitation and
exhaustion of the technological potential of some basic innovations can be
formulated in terms of diminishing demand side and supply side returns
on technology (Giarini and Louberge 1978), leading to pseudo-innovation
and no innovation.

This typology, and the previously mentioned interplay between types
of innovations, give rise to the following scenario about the end of the
current stalemate in technology.

A Bold Projection into the Future

In the course of history, several such stalemates have occurred.
They developed from a temporary lack of basic innovations, and ended
with a new spurt of basic innovations. It appears that the world economy
has again become ready for another spurt of basic innovation. If the
relevant parameters of the macroprocess of industrial evolution stay as
they are set now, then we can offer a conditional pattern prediction on
the next cluster of basic innovations:

Approximately two thirds of the technological basic innovations
that will be produced in the second half of the twentieth century
will occur in the decade around 1989. (Mensch 1979, p. 197.)

Even if this pattern prediction fails to hold owing to unexpected
changes in the conditions upon which it has been based, we must come to
the systems analysis of needs, the chances and the risks involved, and the
appropriate policies to be taken. Our immediate aim, however, is to point
at two macroconditions upon which this projection has been based:
acceleration and slowdown of production and employment growth in the
course of diffusion of industrial innovation, and structural instability of
the economic system in the later phase of this diffusion, including the
emerging state of “structural readiness for another spurt of basic innova-
tion."”

OBSERVATIONS ON GROWTH AND CHANGE
Main Hypotheses

Taking the clustering of basic innovation as an empirically observed
phenomenon, the statistical significance of which has been found to be
fairly high, we may treat it as our starting point and derive the following
two hypotheses on the rate and direction of change:
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H,: Within those branches of industry which had been mostly affected by
the cluster of basic innovations in the years around 1935, a particu-
larly fast growth should be observable for the prosperity period after
the war, and a slowdown toward the average within the recession
period of the last 10 years or more.

Hy: Within industry as a whole, the prosperity period should be charac-
terized by a dominance of expansionary improvement innovations
(product innovations) over rationalizing improvement innovations
(process innovations), with a reversal of this dominance during the
recession period (the Imbalanced Technical Change Hypothesis).

This Imbalanced Technical Change Hypothesis H, we have dealt with
elsewhere, where we have collected several sets of data which all indicate
that the hypothesized development has indeed taken place (Mensch et al.
1980). And as a further result, we have deduced that both retardation
and acceleration of the speed of change can be partly attributed to iner-
tia or to sudden structural adjustments. These factors, however, should
be viewed in connection with the general speed of growth tendencies.
Therefore, the hypothesis A, we shall deal with here and now.

Acceleration and Slowdown in Industrial Production

Here, we deal! with the Speed of Growth Hypothesis and illustrate it
for the industry of the Federal Republic of Germany. To the degree that
the above hypotheses are realistic, it must be possible to demonstrate
that in periods of stronger growth, those industries which then can be
designated as growth industries are just those which were affected by
basic innovations during the previous period of weaker growth, or which
were founded during that period as a result of basic innovations. At the
same time, it should become evident that the end phase of a period of
stronger growth is characterized by a tendency to relative stagnation of
these "innovation industries.”

In what follows we will draw from an article by Kieinknecht in which
the above hypothesis //, has been empirically tested and validated on the
basis of West German industry data between 1950 and 1877 (Kleinknecht
1979).

As a first step (see Table 1), the individual basic innovations were
categorized according to the industries which are principally concerned
with the production of the respective new products, or those in whose
production the process innovations play a major role. The Index of Indus-
trial Groups and Branches, which also serves as a basis for the series of
stetistical data for 4B industrial! branches in manufacturing and mining
published by the DIW (German Institute for Economic Research) was used
as a grid (Krengel et al. 1978). From this series, the indicators on Indus-
trial production (Table 2) were also derived.

Inspection of Table 1 reveals that 34 out of 42 basic innovations
affected the following industries: plastics manufacturing, petroleum refin-
ing, aircralt construction, electrical equipment, chemicals, and the auto-
mobile industry. One must make yet further differentiations within these
industries. While in the plastics manufacturing, petroleum refining and
aircraft construction industries the innovations affected virtually the
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Basic innovations and industrial lines.

Innovation event

Innovation year

Industry affected

Wrinkle-free fabrics
Insulin

Kodachrome
Plexiglass

Neoprene
Nylon/perlon
Penicillin
Polyethylene
Silicones
Streptomycin
Synthetic detergents
Terylene polyester fiber
Tungsten carbide
Rollpoint pen
Watertight cellophane

Fluorescent lighting
Magnetic taperecording
Radio

Television

Transistor

Synthetic light polarizer
Cinerama

Automatic drive
Automatic clutch
Power steering

Catalytic cracking of petroleum
No-knock gasoline

Jet engine
Helicopter
Rockets
Radar

(iyrocompass

Zipper

Diesel locomotive

Sulzer loom

Cotton picker (Rust)
Cotton picker (Champbell)

Xerography
Continuous hot strip rolling
Continuous steel casting

Titanium

1932
1922
1935
1935
1931
1938
1941
1933
1946
1944
1928
1955
1926
1938
1926

1934
1937
1922
1936
1950
1932
1953

1939
1937
1930

1935
1935

1941
1936
1935
1934

1909

Chemical industry (plastics manufacture)
Chemical industry

Chemical industry

Chemical industry (plastics manufacture)
Plastics manufacture (chemical industry)
Plastics manufacture (chemical industry)
Chemical industry

Chemical industry (plastics manufacture)
Plastics manufacture (chemical industry)
Chemical industry

Chemical industry

Chemical industry (plastics manufacture)
Chemical industry

Plastics manufacture (chemical industry)
Plastics manufacture

Electrical equipment
Electrical equipment
Electrical equipment
Electrical equipment
Electrical equipment
Electrical equipment
Electrical equipment

Vehicle construction
Vehicle construction
Vehicle construction

Petroleum refining
Petroleum refining

Aircraft construction

Aircraft construction

Aircraft construction

Aircraft construction (precision engineer-
ing and optical industry)

Precision engineering and optical industry
(aircraft construction)
Precision engineering and optical industry

Machinery construction
Machinery construction
Machinery construction
Machinery construction

Printing and duplicating industry
Iron and steel industry
Iron and steel foundries

Nonferrous metals

SOURCE: Kleinknecht (1979, p. 323).
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Abbreviations in Table 2 (previous pages)
KBB = Coal mining

STBB = Hard coal mining

BRBB = Lignite coal mining

EIBB = Iron ore mining

KS = Potash and rock salt mining

OELG = Petroleum and natural gas extrac-
tion

S.BB = Other mining

STE = Building materials industry

EST = Iron and steel industry

ESCH Iron making industry

ESTG = Iron and steel foundries

ZKWW = Steel drawing and cold-rolling mills
NE-M = Nonferrous metals industry
METH = Nonferrous metals smelters refin-
eries, secondary smelters, semi-
manufacturing industry
Nonferrous metals foundries
Chemical industry (including coke
oven by-products and chemical
fiber production)

MINV = Petroleum refining

METG
CHEM

KA = Rubber and asbestos manufacture

SH = Saw mills and timber processing

Zp = Woodworking, cellulose, paper and
board industry

STB = Steel construction

MB = Machinery construction

BMDV = Production of office and data-
processing machines
FB = Vehicle construction

SCHB
LB
ELT
FO

ESBM

STV
EBM

FK
GLAS
H-V
MUSS

PV
DV
K-V
LED
L-E
LV
SCHU
TEXT
BEKL
MUEL
OM
ZUCK
BM
SNG
TV
RNG

= Shipbuilding

Aircraft construction

= Electrical equipment

= Precision engineering and optical
industry (including watches)

= Hardware and metal goods, includ-
ing steel forging

= Steel forging

= Hardware and metal goods indus-
try

= Fine ceramic industry

= Glass industry

= Wood manufacture

= Musical instruments, toys, jewelry,
and sports articles

= Paper and board manufacture

= Printing and duplicating

= Plastics manufacture

= Leather industry

= Leather manufacturing industry

= Leather processing industry

= Shoe industry

= Textile industry

= Clothing industry

= Grain milling

= Edible oils and margarine industry

= Sugar industry

= Brewing and malting

= Other goods and beverages

= Tobacco manufacture

= Food and beverages. other
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whole product palette, in the electrical equipment industry, chemistry
and vehicle construction industry, the influence of basic innovations is
likely to be less significant because these lines were already fairly well
developed before World War Two. In the statistics of these industries for
the 1850s and 60s, old and new products are mixed together. We assume,
however, that the probable growth effect of the innovations will be evident
here nevertheless (if to a lesser degree). On the other hand, we must
presume that the influence of the other B basic innovations, which are
distributed among the machinery. precision instruments and optical
industry, printing and duplicating, iron and steel, and non-ferrous metails
industries, cannot be investigated at the given level of aggregation. More
tinely aggregated data are difficult to obtain from the official statistics;
for this reason, the effect of these basic innovations on growth has been
omitted in this paper.

For the purpose of testing the growth-intensity of 4B branches of
West German industry (manufacturing and mining), the growth rates of
industrial net production at constant prices from the study of Krengel et
al. quoted above were taken. For a better overview, the arithmetical
averages of annual growth rates for the entire period of the "economic
miracle” as well as for subperiods have been calculated (see Table 2). The
subperiods between 1950 and 1988 are identical with the economic
cycles, dated from peak to peak. The growth rates of industrial net pro-
duction served as rough indicators of cyclical development; their respec-
tive maxima mark the upper turning points (for further details see
Kleinknecht 1979, pp.326ff.). A first result is given in Table 1.

In Table 2, the arithmetical averages of the yearly percentile growth
rates for the individual subperiods are compared with those for the long
period 1950-1969. The 4B industries have been arranged in each column
according to their ranking by rate of growth. This rank order we call the
cross-sectional growth hierarchy.

The hierarchy in Table 2 confirms that the "innovation industries”
which we have identified in Table 1 are identical with the top-ranked
growth industries. This is evident both from the general overview of
1950-69 (column A), as well as from the subperiods (columns B-E),
although with slight modification. The first cycle (1950-55) occupies a
somewhat special position: because of structural change processes ini-
tiated by the division of Germany, as well as the special conditions of the
postwar reconstruction, numerous industries which later lie in the middle
or even in the lower end of the scale still demonstrate a relatively high
average growth rate (a total of 26 out of 48 industries lie above the gen-
eral average of 12.5%). In spite of this relatively broad distribution of
growth rates, five out of the six innovation industries are located at the
top. Only the chemical industry falls back —despite its 12.8% growth rate
—to 26th place. In the second cycle {1955—60), the aforementioned influ-
ences appear to lessen: here all six innovation industries occupy the top
positions on the rank scale (oil drilling can be categorized for our pur-
poses as part of the petroleum industry). Only in the third cycle does the
precision instruments and optics industry move up to S5th place; in the
fourth cycle the extrusion and cold-rolling mills come up to &6th place.
Since both of these industries occupy the middle ranks in the rest of the
cycles, the hierarchy of growth rates up to 19869 is hardly affected
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thereby. Thus, the acceleration phenomenon stated in the Speed of
Growth Hypothesis A, is valid.

Also the slowdown phenomenon stated there must be taken as an
empirical fact. The growth rate hierarchy begins to dissolve after 1989,
as is documented by the rising number of exceptions; by the last time
period (1973-1877), it has disappeared entirely: accelerated growth has
leveled out. However, we should interpret the data for the latest period
1873—-77 with a certain degree of caution, since this period covers no
complete cycle (downswing and upswing). As investment goods industries
in general are subject to greater fluctuations in the course of the cycle
than are consumer goods industries, it is not surprising that within this
incomplete cycle a series of consumer industries have climbed to the top
of the scale. Thus, the obvious diminution of the growth impetus of the
prior innovations may appear somewhat overestimated by these data.
¥When the data for 1978 and 1879 (and possibly for 1880, depending upon
how long the present upswing lasts), are included, it is quite possible that
the position of electrical equipment or of aircraft construction will still
improve. Nevertheless, it can be expected that the process of relative
decline in the ranking of the innovation industries will persist. It is also
significant in this connection that the "production of office and datapro-
cessing machine” (BMCV), a "newcomer"” among the innovation industries
(it has been separated out of the machinery industry since 1870), has
already achieved a position at the top of the ranking.

A further confirmation of the acceleration—stagnation pattern
results if one reads Table 2 vertically: the growth industries should
demonstrate growth rates over all economic cycles from 1950 to 1869
which lie above the general average. This criterion is relatively rigorous,
because the above-average growth rates themselves are included in that
average. If we apply this longitudinal criterion, the cross-sectional
hierarchy already observed is reconfirmed. Besides a group of nine
industries® which consistently achieve above-average growth rates in
three out of four cycles, only the six innovation industries show above-
average growth rates in all four cycles.

Figure 2 and Table 3 summarize the dominant influence of the "“inno-
vation industries” on the whole industrial sector. During the 1950s and
60s the weighted average growth rate of the "innovation industries” was
much higher than that of the other industrial lines. In the late 60s and
the 1970s, the relative slowdown of the innovation industries is docu-
mented by decreasing differences of their growth rate from the average
growth rate of the other sectors. Thus the Speed of Growth Hypothesis
ought to be taken as an empirically established fact.

An open question remains in this context: does the industrial train
slow down because the locomotive (the innovation industries) doesn't pull
as fast as it used to, or does the engine actually brake, as is suggested by
the sharper downturns of the broken line in Figure 2 ?

*This concerns the following industries: extrusion and cold-rolling mills, nonfer-
rous metal processing, rubber and asbestos manufacturing, precision mechanics
and optics, glass, paper and cardboard processing, printing and duplicating, and
the brewing industry.
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FIGURE 2 Influence of the innovation industries on the industrial sector.

CONCLUSION AND OUTLOOK

We have taken the general view of a cyclically changing course: insta-
bility of the economic system will result in a spurt of basic innovations,
which will provide for additional growth potentials. These will then be
exploited at the typical dynamics often described by means of the lifecy-
cle concept.

This scenario emerged from observation of the past. Statistical
analysis of the industrial production data of West German industry
1950—-77 reveals that the Speed of Change Hypothesis is valid: those
branches of industry which were most affected by basic innovations in the



- 88 -

TABLE 3 Comparison of annual weighted growth rates of total industry, innovation industries,
and total industry excluding innovation industries.

Year 1 2 3 4=2-1 5=2~3 6=1-3
1951 19.1 28.7 17.1 9.6 11.6 20
52 7.1 6.5 72 —0.6 —0.7 —0.1
53 74 13.5 6.1 6.1 74 1.3
54 13.1 206 11.3 7.5 9.3 1.8
1955 15.6 219 14.0 6.3 79 1.6
56 79 93 75 1.4 1.8 04
57 4.5 8.1 35 3.6 4.6 1.0
58 29 14.1 —0.5 11.2 14.6 34
59 7.8 15.4 53 76 10.1 25
1960 12.3 18.7 10.2 6.4 8.5 2.1
61 6.0 9.9 47 39 52 1.3
2 37 79 22 42 5.7 1.5
63 2 99 06 6.7 93 26
64 8.6 10.5 79 1.9 26 0.7
1965 54 8.7 4.0 33 47 1.4
66 0.7 46 -1.0 39 5.6 1.7
67 -3.0 1.7 -36 47 5.3 0.6
68 9.0 14.8 6.4 58 8.4 26
69 127 15.5 11.3 2.8 4.2 14
1970 6.2 97 44 35 53 18
71 1.6 3.1 038 1.5 23 08
72 3.2 55 2.0 23 3.5 1.2
73 6.5 11.0 39 4.5 7.1 26
74 -20 22 -19 —0.2 —0.3 —0.1
1975 —6.8 —6.6 —69 0.2 03 0.1
76 8.8 12.8 6.4 40 64 24
77 2.3 4.6 09 23 37 1.4

NOTES: The annual growth rates are weighted with the relative contribution to total production.

Column 1: Total industry (48 branches of manufacturing and mining).

Column 2: Innovation industries (weighted average growth rate of chemicals, petroleum refining, automobiles,
aircraft construction, electrical equipment, and plastics manufacturing).

Column 3: Total industry excluding innovation industries

SOURCE: Krengel er al. (1978, pp. 6, 8), and authors’ own calculations.

1830s and 40s are the branches with fastest growth during the prosperity
phases after the war. And the slowdown of this growth in the 19605 and
70s we attribute to the fading of the innovation impetus.

This fading and slowdown in recent years, is, we think, coupled to an
imbalanced type of structural change which has created a state of struc-
tural instability in the economy, which in turn provides the preconditions
for another spurt of basic innovations in the years to come.
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PART TWO

NATIONAL INNOVATION POLICY IN
DIFFERENT COUNTRIES






INTRODUCTION

Jennifer Robinson

Assume that you are a national policy maker and that you believe
that technological innovation is an integral part of economic growth and
of adaptation to changing circumstances. What do you do? How do you
decide what measures to ernploy? What eflect do these measures have?

Obviously, your choice is affected by the economic system within
which you operate, by your national needs and resources, by your ideol-
ogy, by what you know about technology, and by how you and your politi-
cal constituency react to all of these factors.

This section includes papers describing policy responses to the ques-
tions of managing technological innovation in different countries. There
is considerable variety among the papers it contains.

In centrally planned economies technological innovation policy is
tightly interwoven with existing planning procedures, and is much more
goal oriented than in market economies. Thus the three papers from
planned economies in this section, those by Pokrovski and by Glagolev,
both from the USSR, and by Szanto from Hungary, all deal with planned
innovation, discussing topics such as fitting innovation into socioeconomic
development plans, making the innovation process function well within
existing institutional frameworks, and keeping innovation goal directed.
The paper by Glagolev provides a clear, brief overview of the decision
making hierarchy through which science and technology policy is worked
out in the USSR. Pokrovski's paper covers much of the same ground as
Glagolev's but puts less emphasis on the framework and more on the
activities taking place within the framework. The paper by Szanto is con-
siderably more conceptuel and philosophical than the two Soviet contri-
butions; the first part of the paper sets forth a theory of innovation and
planned innovation. Only the second half pertains specifically to Hungary.
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In the market economies relatively little concern is shown for coordi-
nation of innovation policy with overall development plans, for the obvious
reason that central plans do not exist. Instead. innovation policy is
oriented toward stimulating (or not blocking) innovation and directing it
toward fulfillment of societal needs in a context of technological laissez
faire. Approaches to the subject, like this collection of papers, vary from
piecemeal and ad hoc measures to fairly comprehensive planning.

We divide the market economy papers into two groups: those looking
at specific, partial measures and those aimed at more comprehensive
development of national policy. ln the first group come papers by
Jorgensen and by Schwarzkopf which describe specific programs.
Jorgensen and Schwarzkopf describe respectively Swedish and US pro-
grams to assist inventors; the Swedish program is intended as an aid to
inventors; the US program is ostensibly conducted to gain information on
the process of invention and how it can be promoted. These are followed
by a paper by Burkhardt which describes the use of public procurement
as a means of stimulating innovation in the Federal Republic of Germany.

In the second group are papers by de Graaf and Tindemans, by
Chaloupek, and by Eto which describe recent evolution of more
comprehensive naticnal innovation policies. Two of the countries
described, Holland and Austria, have not, at least until recently, taken
much public action to stimulate innovation. The third, Japan, has a some-
what longer tradition of government involvement in technological
development. Chaloupek’'s paper on Austria largely reports events and
statistics with only occasional interpretation or philosophizing; the de
Graaf and Tindemans paper on Holland's innovation policy deals much
more with the conceptualization behind the recently announced Dutch
innovation policy. Eto describes historical and cultural factors, seeking
in them an answer to the question of why Japanese industry has largely
contributed improvement (as opposed to basic) innovations.



PLANNING THE DEVELOPMENT OF SCIENCE AND
TECHNOLOGY IN THE USSR

Viadimir Glagolev

The USSR was the tirst country in the world to recognize the neces-
sity of formulating science and technology policy and implementing it on
the basis of a system of plans, The first steps in this area were taken in
the first years of the Soviet systern. National industrialization on the
basis of electrification was the main core of economic, science, and tech-
nology policies. In 1820, 3 years after the revolution, the first long-term
plan (10 years) of Russian electrification {the GOERLO plan) was worked
out and successfully completed ahead of schedule. It was the core of an
all-round expansion of the economy on the basis of mechanization. On
the basis of the GOERLO commission the State Planning Committee was
later established. It is interesting to note that 58 years later, a similar
body was established in the USA: the Energy Research and Development
Administration (US Congress 1974), with objectives that sound like
GOERLO objectives.

Understandably, the methods of drafting the GOERLO plan were far
from perfect, there being no experience of nationwide planning at that
time. There is now a comprehensive planning system for the development
of science and technology in the USSR. which is the basis for the imple-
mentation of science and technology policy. It includes the following
hierarchical levels:

~ long-term forecasts for the development of science and technol-
ogy. & comprehensive prograrn for scientific and technical pro-
gress and its social and economic effects (draft);

— programs to resolve key scientific and technical problems;
- state 5-year and annual plans for science and technology;
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— economic branch 5-year and annual plans for science and tech-
nology;

— union republic 5-year and annual plans for science and technol-
Ogy.

— associations, organizations, and enterprises 5-year and annual
plans for scientific and technical progress.

Let us have a closer look at the upper levels of this system.

Long-term forecasts for the development of science and technology
include retrospective analysis and the prediction of development trends.
Forecasting is the initial stage of planning, which is based on the detailed
study of factors affecting the development of science and technology in
the past and the present as well as in the future. Forecasts give some
possible variants of how the stated task might be performed, depending
on conditions.

From the planning process point of view, a long-term forecast for the
development of science and technology requires the following:

— prediction of the main probable developments in the future with
estimates of the earliest and latest that a forecast event may
take place

— evaluation of the areas in which predicted developments may be
useful and the determination of the volume of resources (raw
materials, labor, energy, finance, etc.) needed for their imple-
mentation

— assessment of the social and economic effects of forecast
developments in order to take them into account in long-term
plans and to coordinate them with other forecasts.

The Presidium of the USSR Academy of Sciences provides guidance
for the work on drawing up forecasts. The State Committee for Science
and Technology provides guidance on the application of science and tech-
nology.

The comprehensive program for scientific and technical progress
and its social and economic effects is presently in draft form. Academic
institutes, jointly with ministries, departments, and planning bodies, con-
tinue the work on the improvement of this program. This program is
becoming an integral part of the planning system for the development of
science and technology, connecting 5-year plans with forecasts.

Programs to resolve key scientific and technical problems are
worked out on the basis of forecasts and the Comprehensive Program for
Scientific and Technical Progress and Its Social and Economic Effects.
This program cover projects of an applied nature which have a fairly high
probability of achieving their intended results. Most such programs have
a multidisciplinary and intersectoral character, which means their solu-
tion requires a whole complex of work to be carried out from research
stage to their application and production.
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Examples of such programs (Dzhavadov 1878, Kosygin 1976) are the
tollowing:

~ developing the production base of nuclear power generation;

— creation of large power block units for thermal generating sta-
tions;

— mechanizing manual and arduous labour in the national econ-
omy;

—  protection of the environment.

Programs to resolve key scientific and technical problems occupy a
speciel position in the planning system for the development of science
and technology. From the point of view of the time horizon they jointly,
with the Comprehensive Program for Scientific and Technical Progress,
serve to link 5-year planning with long-term forecasting. From the point
of view of planning process organization they establish the main scientific
and technological targets in the 5-year plan, especially in the section
entitled "Solving the Main Scientific and Technicel Problems.” Elabora-
tion of programs must be carried out prior to the drafting of the 5-year
plan as program tasks are included in the 5-year plan.

The main purposes of the programs are the following:

— formulation of the aims and targets of work at each stage of the
program;

— ensuring continuity of the innovation process and consistency in
the fulfiliment of the work;

— coordination of activities among scientific research, project
design organization, and industrial enterprises participating in
the solution of a specific problem;

— securing the necessary resources for program targets.

Completion dates are fixed for each program, the organizations
responsible for the work and the financing organizations are named, and
the cost confirmed. Up to 50 ministries and departments of the USSR
participate in the fulfillment of some programs. In some cases as many
as 500 scientific research and design organizations and industrial enter-
prises becomie involved in program execution (Dzhavadov 1978).

Program drafts are elaborated by the main ministries (departments)
responsible for the solution of the corresponding problems as a whole,
with the cooperation of ministries and departments whose involvement is
necessary for the fulfiliment of these plans. All disagreements or con-
flicts which arise are resoived by the State Committee for Science and
Technology. This committee considers and approves programs, introduc-
ing appropriate changes where necessary. After that, programs become
directive documents and the tasks they set forth are obligatory for all
ministries and departments.

The main form of state planning for the development of science and
technology. as for the whole national economy, is the 5-year plan. 1t is
elaborated on the basis of a long-term forecast, the Comprehensive Pro-
gram for Scientific and Technical Progress and Its Social and Economic
Effects, Programs to Resolve the Key Scientific and Technical Problems.
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The principle of combining centralized planning from "above" with propo-
sals from "below” is broadly used in the course of plan elaboration.

At the present time the Five Year Plan for Science and Technology
consists of the following sections:

—  solving the main scientific and technical problems
~ starting new methods of industrial production

— mechanization and automation of production processes and
introduction of advanced technology

—  selling of Soviet licenses abroad and buying of foreign licenses

—  application of computers in the economy

~  state standardization and metrological servicing of the economy
— improvement of management and labor organizations

— main indices of the technical and economic level of production
processes and output

~ financing of scientific research works
— training of scientific personnel.

The contents and designation of each section are as follows.

1. Starting New Methods of Industrial Production

This is concerned with products being developed for the first time in
the USSR or essentially modified. An average of approximately 4000 new
types of machinery, equipment, apparatus, instruments, and automation
means have been developed and initiated per year over the last 10-year
period. But a yearly average of only 1170 in the period 1966—-1970, 3300
in 1971—~1975, and 3400 in 1976-1978 have achieved the stage of batch
production (Statistical Yearbook 197B). Special attention is paid to
improvement of the technical and economic characteristics of machinery
and productivity and reducing material intensiveness.

2. Production Process Mechanization and Automation and Introduc-
tion of Advanced Technology

This is concerned with measures for supplying and equipping
branches of the national economy with advanced machinery based on the
use of high speeds, pressures, and temperatures.

At the present time particular attention is being paid to technical
re-equipping of the national economy by transferring to the production
and wide-scale use of highly productive systems of machinery, equipment,
instruments, and technologies, ensuring comprehensive mechanization
and automation of entire technological production processes, including
auxiliary, transport, and warehousing operations, replacing individual
machines and technological operations. Such systems of machinery have
higher technical, economic, and other indices of performance than indivi-
dual machines. Special attention is paid to the production of machinery
and equipment for labor-intensive processes and industries in which
mechanization could release large numbers of workers for other employ-
ment.
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This section also contains the tasks for raising the level of mechani-
zation and automation. As shown by the data in Table 1, in USSR industry
both the proportion of workers controlling or monitoring machinery and
their total number has consistently increased. In 18975 more than 457% of
all workers were engaged in controlling or monitoring machinery. The
fraction of workers feeding and unioading machines and performing
manual tasks not using machinery decreased in the period 1858—-1875 by
about 13 percent. Further mechanization and automation of labor is one
of the main social and economic tasks for science and technology
development (see Table 1).

TABLE 1 Statistics describing labor mechanization and automation in industry, 1959-1975.

Task Percentage of total, by year

1959 1965 1969 1972 1975
Controlling or monitoring machines 358 403 424 443 455
Feeding and unloading machines 9.3 79 7.3 7.1 73
Manual tasks not using machinery 454 40.6 38.2 36.0 34.6
Repair and maintenance of machines 9.5 11.2 121 12.6 12.6
TOTAL 100 100 100 100 100

SOURCE: Glagolev (1975).

3. Application of Computers in the National Economy

This section establishes tasks with respect to the creation of
computer-aided control systems (automated systems of management in
Russian terms) for managing enterprises, production associations, scien-
tific organizations, and regional bodies, and for controlling technological
production processes. In the first 3 years of the tenth 5-year plan
(1976~1978) more than 1100 computer-aided systems were brought into
operation at various levels of management of the national economy (Table .
2). Performance indices indicate that computer-aided systems for pro-
duction enterprises and associations are effective in mechanical
engineering; for example, they have led to a 5—87% increase in labor pro-
ductivity, a 2—4% reduction in the need for raw material inputs, and a
reduction in the stocks of material and made-up components of optimum
dimensions.

4. State Standardization and Metrological Servicing of the Economy

A whole set of measures is envisaged in this section concerning the
standardization of raw materials, industrial supplies, and tools and other
items whose quality has a decisive influence on the productivity, reliabil-
ity, and durability of machinery and other capital goods. This section
also deals with the functional properties of consumer goods.

The main task of this section is planning for improvement of product
quality. A set of generalized and differentiated indicators is used for this
purpose. Procedures for certifying the quality of manufactured goods on
the basis of three categories of quality have been established in each
branch of the economy. Coeflicients increasing contributions to the
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TABLE 2 The development of computer-aided control systems in the USSR.

1966—1978 1971-1975 1976—1978

Number of computer-aided control systems 3,885 2,309 1,162

Management information systems (MIS) 1,207 838 218
in use in enterprises

Automatic production process control systems 1,329 564 595

MIS in ministries and departments 239 168 52

MIS in regional organizations 922 631 230

Automated systems for processing information 188 108 67

SOURCE.: Statistical Yearbook (1978).

bonus funds from profits made through increased sales of top quality
goods are established, while coefficients that lower the standard rate are
applied to output of category 2 {out-of-date) goods.

5. Training of Scientific and Scientific-Pedagogical Personnel

This section of the plan stipulates the number of postgraduate stu-
dents to be accepted in universities and scientific research institutions
and the different scientific specialities in which they will graduate. One of
the main tasks of this section is to foresee in good time the change of
scientific personnel structure and to establish new specialities in accor-
dance with the needs of scientific, technological, and national economic
development.

CONCLUSIONS

In order to speed up the innovative capacity of the national economy
a further improvement of planning systems and of economic incentives is
necessary. Soviet planners and scientists are presently working on the
problems of the improvement of coordination for plans of various time
horizons, the choice of the system of planning indicators for plans of vari-
ous time horizon, and on methodological problems of working out scien-
tific and technical programs, including improvement of the system of
financing and economic incentives for work on the programs.
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GOALS, DIRECTIONS, AND PROBLEMS OF
INNOVATION POLICY IN THE USSR

V.A. Pokrovski

INTRODUCTION

Technological progress under Socialism is directed toward promoting
the personal development, material welfare, and intellectual needs of
working people. Scientific and technological policy is central to the
development of the Soviet state. Since 1917 the USSR has developed sig-
nificant scientific and technological capacity. Research and development
is carried out in thousands of scientific institutions, in hundreds of higher
educational establishments, in over 200 R&D and production amalgama-
tions, and in tens of thousands of design and development organizations
and departments within amalgamations and enterprises. The science and
technology sphere employs more than 4 million people including 1.3 mil-
lion researchers and teaching staff.

We take pride in the accomplishments of our own scientific and
technological work force, including:

~ a high average percentage of annually introduced new product
lines (from 3—4 percent some 25 years ago to B—9 percent at
present);

— economic growth through assimilation of new technology: the
GNP has expanded from 12.3 billion rubles during the ninth 5-
year plan period {1970~-1975) to 20 billion rubles planned for the
current period;

~ increased release of labor from labor-intensive industries
through technological advance: in the ninth S-year plan period
P million people were so released and in the tenth, 11.85 million
(as planned).
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Conscious, goal-oriented guidance of social development, including
the scientific and technological development, is a cornerstone of Marx-
ism. Centralized management of science and technology in the USSR is
based on the premise of public ownership of the means of production.
The need for centralized management and direction of science is increas-
ing owing to the increasingly complex nature of scientific research.
Development of stronger ties between science and the branches of the
national economy plays a critical part in this process and serves to
enhance the effectiveness of the interbranch management of science.

An essential feature of the Soviet science and technology policy is its
long-range nature and orientation toward restructuring the entire techni-
cal base of the national economy. Accordingly. ever-increasing emphasis
is placed on the development of long-term technological forecasts. A
good example of how long-range policy is being used to bring about uni-
fied technological and social advance is provided by the Comprehensive
Program of Scientific and Technological Advance. This program was ela-
borated on the basis of technological. social, and demographic forecasts
prepared by tens of thousands of scientists and leading specialists of this
country.

The State Committee of the USSR for Science and Technology {(GKNT)
is responsible for pursuing a unified national policy on innovation and the
application of technological achievements in the national economy, the
identification of major trends in science and technology in the USSR, and
organization of activities aimed at the solution of interbranch technologi-
cal problems through program planning and supervision of the major
technological programs.

The USSR Academy of Sciences, which includes the country's most
prominent scientists, is responsible for coordinating research; the
Academy initiates major research programs based on fundamental
discoveries of great scientific and national economic significance. For
instance, the Academy's 1976-1980 plans envisage more than 500 funda-
mental research programs and 84 research directions. Work on these
problems will provide new tools for managing natural and social processes
and advancing production technologies. To speed up the practical appli-
cation of research discoveries, problems are jointly tackled by a multi-
tude of industrial research institutions, design establishments, and fac-
tory laboratories. :

Research and development has an economic elfect only when its
results are introduced into practice. Thus one Article of the Constitution
of the USSR reads "In accordance with society's needs the State provides
for the introduction of the results of research in the economy and other
spheres of life." This implies that government action results in an
accelerated application of innovations. The national policy of innovations
in the USSR contains three major elements: planning, organization, and
incentives. let us consider each of the elements separately.
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Planning

Planning of scientific and technoiogical research is central to the
entire system of managing the socioeconomic development of society.
Science planning in the USSR takes place within the context of naticnal
5-year plans. The b5-year plans contain a special section "Development of
science and technology” broken down into subsections such as scientific
and technological problems, assimilation of new product lnes. introduc-
tion of advanced technology, mechanization and automation of produc-
tion processes and computer-based management systems, financing of
research and development, and training of scientific personnel and teach-
ing staff.

This section identifies primary lines of research. It is oriented
toward the satisfaction of the most pressing and long-range needs of the
country’'s population.

As a complement to the assignment of priorities in the Comprehen-
sive Program, prospective lines of research and development are continu-
ously identified. This is the responsibility of scientists and specialists on
the science boards of the Academy of Sciences of the USSR and the State
Committee for Science and Technology and of temporary science and
technology committees and expert groups set up by the latter.

A unified national innovation policy specifies for each 5-year plan
period the direction of technological advance determining the prospects
for long-range economic development. In the tenth 5-year plan period,
for example, the directions for specific areas are as follows.

mplement production. Increased output per unit capacity of
machinery and plants; shift of focus from development and introduction
of individual implements to development and introduction of integrated
production systems; mechanization and automation of labor-intensive
types of production; supply of proper raw materials; technological pro-
cess improvement. development of technology that is efficient in its use
of basic materials, fuel, and materials, and protection of the environ-
ment.

Energy engineering. Rapid development of atomic powerengineer-
ing, construction of hydraulic power stations and super-high-capacity
coal-fired power plants, development of large, more eflicient turbogen-
erators, discovery and exploitation of new energy sources.

Construction materials. Increased production of high quality steels,
especially by electroslag and vacuum remelting, greater mix of rolled
steel, increased proportion of aluminum and titanium in the total output
of construction materials, production of synthetic materials.

Particularly high and steady rates of development are noted in
branches of industry that are vital and central to technological progress,
such as electrical engineering, oil and gas production, chemistry and
electronics, machine building, and production of automatic control facili-
ties.
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The unified policy of innovations covers the entire cycle from
research to design to production to utilization. This permits acceierated
introduction of top priority innovations. To improve further the planning
of science and technology the USSR, starting from the present (tenth) 5-
year plan, is elaborating programs to cope with the nation’'s most press-
ing scientific and technological problems. These programs should provide
useful means of speeding technological advance as they concentrate
resources on the attainment of specific results. Under these programs,
most development of computer-based management systems and techno-
logical processes and materials is transferred to industry. The targets
specified in the programs are supported by adequate resources and
integrated with national plans for production, capital construction, and
inventory.

A central issue in the formulation of goal-oriented technological pro-
grams is the selection of an operating subsystem. Technological achieve-
ments are applied more efficiently when an interdepartmental technolog-
ical and economic assessment of finished projects is planned, the
branches of the national economy extensively applying the innovations
ere predetermined, and the plans of respective ministries and agencies
include the selected projects.

The program planning at the industrial level is managed through a
system or orders in which organizations and enterprises producing
resources needed in R&D are charged with filling R&D orders. Each such
order outlines the R&D objectives, the performance characteristics of a
newly developed technology, and the areas of its application; its resource
requirements at different stages determines the project's aggregate
costs, year-by-year financing requirements, and volume and source of
bonuses.

On the basis of the unified technological policy, industrial science
has moved from development and introduction of individual machines and
processes to development, manufacture, and application of highly effi-
cient systems on a large scale. For example, using the unified order sys-
tem described above the Ministry of Electrical Engineering has developed
and introduced a new unified type of asynchronous electric motor, A-4
type, in the remarkably short time of & years. By contrast, development
of the preceding similar type A-2 took 12 years..

The development and introduction of innovations in the USSR is
financed from the national budget and internal sources of ministries and
departments. The national budget provides financial support primarily to
the activities related to major technological problems and important fun-
damental scientific research. Most financing of science and technology is
carried out in a centralized manner through the national plan.

Science financing plans specify total costs, including those associ-
ated with the most important technological problems, wages funds of
research institutions, and sources of financing these expenditures. The
amount and priority of funding for a scientific or technological venture is
determined mostly by its economic feasibility and estimates confirming
its socioeconomic effectiveness. In order to secure a bank of scientific
ideas from which new discoveries can be drawn, a sizeable portion of the
total science budget is allocated to fundamental and exploratory
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research.

In line with the Decree of July 12, 1979, of the Central Committee of
the Communist Party of the Soviet Union (CPSU) and the USSR Council of
Ministers on "lmprovement of planning and increasing the effect of the
economic mechanism on raising the efficiency of production and the qual-
ity of work,” all industrial ministries and departments are establishing
unified funds for scientific and technological development aimed at
financing R&D and technological programs. These cover projects related
to the development and introduction of new products and technological
processes and scientifically based work standards as well as the financ-
ing of product quality programs and the payment of overheads during the
initial years of the new product manufacture.

Centralized financing has the advantage of allowing goal-oriented
commitment of resources to the development of science and technology,
reallocation of resources between various branches, and tighter control
over the efficiency of investments. Transition to a single multi-industrial
source of innovation financing makes it possible to initiate goal-oriented
planning of research and development and the introduction of new tech-
nology.

Organization

The organizational goals of national science and technology policy
are primarily directed toward building closer relationships between sci-
ence and industry.

The existing organizational structure of science and technology
management involves three principal hierarchical levels: the national
economic level, the branch level, and the level of industrial organizations.
The growing scale of science development has necessitated deep qualita-
tive changes, the most important and promising of which concern various
torms of science and production integration at the national economic and
industrial levels.

Science and production integration involves transformation of the
way different R&D stages are integrated. This depends on the scope of the
scientific activities the branch or subbranch conducts. Integration takes
place within the following hierarchies:

— research laboratories, design bureaus, technological services
directly at enterprises;

— research institutes within large-scale production amalgamations
and enterprises;

— integrated research establishments containing, apart from
research units, the design, technological organizations and pilot
(experimental) production;

— R&D production amalgamations affiliating research institutes,
design and development units, pilot production, centers of per-
sonnel training, and development of branches (subbranches) of
industry and other organizations contributing to the "research-
production” system with regard to specific features of a given
branch (subbranch) of industry and amalgamation;
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-- academic, sclentific, and technological complexes set up within
the framework of the Academies of Sciences;

-- research centers in large economic and administrative regions
with a spread system of research establishments, design and
development bureaus and pilot production.

The way the ties between science and industry should be
strengthened was outlined in the 1973 Decree of the Central Committee of
the CPSU and the Council of Ministers "On certain measures for further
improvement of industrial management" which provided for transition to
two- and three-level systems of industrial management as well as the
establishment of various amalgamations. Consistent with the general
schemes of industrial management the amalgamations have become the
central link of industry. There are 3800 amalgamations (including over
200 R&D and production amalgamations) in the USSR, whose output
accounts for about 50 percent of industrial produce.

The distinguishing feature of the current stage of the scientific and
technological revolution is the combination of science and production and
the coordination of planning, organization, and management of science
and technology with production activities. This is most fully realized
within the R&D and production amalgamations. The emergence of the
latter reflects the elimination of overlapping and duplicating of activities
in the "research-production” cycle. The major task of R&D and produc-
tion amalgamations —acceleration of technological advance —is achieved
through optimal organization of the ‘“research-production” process,
through greater contribution of science to production potential and
through concentration of resources in specific sections of a branch (sub-
branch). For example, the "science-intensity” index of "plastpolymer”
R&D and production amalgamation of the chemical industry is twenty
times higher than the industrial average.

At present about two thirds of R&D and production amalgamations
function within the All-Union industrial armfalgamations, i.e. the middle
management link, and the remaining ones report directly to ministries.

Coherent cross-cutting long-range plans covering all the links of the
"research-production” cycle drastically reduce the lead time of new
technology (1.5—-2 times as intermediate “delivery-reception” stages
compared to the same activities in industrial enterprises). Amalgamation
of R&D and production yields high rates of efficiency, growth, returns on
investment, circulation of current assets, etc. An analysis comparing a
group of research establishments affiliated in 12 R&D and production
amalgamations with similar organizations outside amalgamations indi-
cated that the economic efficiency of the former is 1.5 times higher than
that of the latter, the number of patents issued is twice as high, and the
share of the most significant project is three times higher.

Emphasis on scientific and technological development increases the
responsibility of the aforementioned emalgamations for the ultimate
results of R&D. They exert great influence on the performance of
branches (subbranches) of the national economy, speeding up the renova-
tion of production facilities and the technical base. For example, the
introduction of a technique developed at the "Sojuznauchplitprom”
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amalgamation which sharply increased the output of technological lines
made it possible to more than double the design capacities in chip-board
production. The fraction of the labor force engaged in such amalgama-
tions in the development and rapid introduction of new technology has
tended to increase. According to the data collected from over 30 amalga-
mations of this type, 17% of the employees are engaged in research activi-
ties, 22% in development, 4% in design, 2% in experiments, 2% in mounting
and tooling, 48% in pilot production, and 5% in managerial and adminis-
trative activities.

Centralization of management is an important part of the overall
strategy of science and technology development. Centralization provides
for a unified technical and economic policy, brings closer the interests of
different groups of employees, increases the concentration of efforts and
means for most perspective research directions, reduces the managerial
staff, and opens up broad opportunities for the application of computers
and office equipment and the transition to computer-based management
systems.

The progressive integration between science and industry originates
from the Academy of Sciences. In particular, the Siberian branch of the
USSR Academy of Sciences and the Ukrainian Academy of Sciences suc-
cessfully work on joint long-term scientific and technological programs in
collaboration with ministries (departments). The Ukrainian Academy of
Sciences initiated a new form of scientific complexes, the Academic
Scientific and Technological Associations, which affiliate research insti-
tutes, big design bureaus, pilot production, and plants. Such a system
provides for the closed-cycle fundamental research, design, development,
and testing. Such associations drastically reduce the length of the
“science-production” cycle.

Regular evaluation of their scientific and technical activities under-
taken by ministries and departments takes place once every 3—4 years.
This serves in times of change as a flexible tool for growing scientific
activities towards new topics of research. These evaluations help identify
scientific and technical opportunities for R&D, to assess the research
activities on scientific and technical effectiveness of research and its
impact on economic indicators, to promote economic efficiency, and to
evaluate social and ecological implications of practical application of the
newly developed techniques. These evaluations provide a basis for deci-
sions about further development {or abandonment) of both the scientific
organizations and separate research directions. Such decisions are
important input to the scientific and technological policy, as they provide
feedback needed for organizational improvements and to rnake the nation
adaptable in tackling its long-range R&D problems. The results of the
evaluation are also used in decision-making concerning lines of research
and development, rates of scientific personnel training, allocation of
resources in the field of science, etc.
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Incentives

Development, assimilation and introduction of new technology pro-
vides employment for a powerful work force. Rapid development and
assimilation of innovations is an important lever for raising the efficiency
of science and technology.

Practice shows that emphasis on more extensive and rapid applica-
tion of R&D results in a gradual transition of research organizations,
amalgamations to a system of planning, financing. and economic incen-
tives oriented toward the development, assimilation, and introduction of
new technology. At present this system is operative in 15 branches of
industry. In line with the recent { June 12, 1979) Decree of the Central
Committee of the CPSU and the USSR Council of Ministers, this system is
to be introduced throughout the industrial ministries and departments.

The procedure envisaged for the establishment of economic incen-
tives is the creation of three economic incentive funds in scientific organ-
izations — one each for material encouragement, a welfare and housing
construction fund, and organization development. These will be used to a
greater measure than ever before, as incentives to increase the interest
of scientific organizations' personnel in the results of their activities.
This interest is supported by the changes in the fund-forming indicators.
The major ones are an actual (guaranteed) effect of introduction and the
scientific and technical level of the ultimate result of a development. The
principal behind the use of these funds is that workers have a right to
share the profits which they have helped to make.

Previously the bonus for a new technology was paid out automatically
irrespective of the wages fund. Now, the encouragement funds are
created mostly from the money inflows from the enterprises after a new
technology has been developed and introduced in production. The posi-
tive effect of the economic stimulation and material encouragement sys-
tem is reflected in a greater R&D payback, and increased quantity of
newly introduced products.

The branches of industry that pay serious attention to improving
their organization for development and introduction of new products show
higher R&D efficiency: for example, the Ministry of Electrical Engineer-
ing, which 10 years ago shifted to a special system of planning, financing,
and economic incentives for new technology development and carried out
a set of measures aimed at bringing science closer to production. In
electrical engineering the economic effect of one ruble of investment
committed to the development of science and technology is 8—2.5 times
higher than that in other industrial ministries and departments. The
aggregate annual economic contribution from application in the national
economy of new technology developed by the scientific establishments
and enterprises of the Ministry of Electrical Engineering are more than
sixfold since the introduction of the new system of incentives.

More efficient use of a scientific and technological potential is noted
also in other industrial ministries that have switched to this system. 1t is
due to that fact that the aforementioned Decree of the CPSU and the
USSR Council of Ministers made provisions for transferring all the indus-
trial branches of the national economy to this system by the end of 1980.
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Most new technology resulting from R&D is handed over for assimila-
tion and introduction to industrial enterprises. However, both the indica-
tors currently used for assessing the economic activities of enterprises
and the standing procedure of pricing provide poor economic incentives
for the industrial assimilation of new technologies. This is because the
period of the new product assimilation, accompanied by the reduced out-
put of established and highly profitable products, is characterized by the
lower profitability of the enterprise as a whole and the volume of output
in value terms.

A set of measures was instituted in 1979 that markedly raised the
interest of industry in rapid introduction of innovations.

It is worth noting that a new indicator is introduced in the 5-year
plans of industrial ministries, amalgamations and enterprises, namely “an
economic effect of scientific and technological undertakings.” Use of this
indicator in planning decisions along with the targets on the share of
higher grade products, stimulates the amalgamations (enterprises) to
much faster utilization of innovations.

Until recently industry has had little interest in reducing the
material intensity of its products, particularly of the newly developed
ones, as frequently this resulted in lower production indices of amalgama-
tions and enterprises. Hence a positive alteration was introduced both
into the system of production indices {transition to pure product) and
into the system of accounting products. Now, the wholesale prices of new,
less material-intensive products are not reduced in a way that reduces
the enterprise’s profits until the end of a 5-year plan period. Conse-
quently, enterprises (amalgamations) introducing material-saving
changes do not face a reduction in profits, respectively, in the incentives
fund.

To make industry more interested in the introduction of new techno-
logies and in increasing output, it is desirable to reinforce the aforemen-
tioned measures with the following. Firstly, when planning the application
of new technology in amalgamations, enterprises, and organizations, the
ministries should not reduce the volurme of economic incentive funds dur-
ing the period of assimilation and introduction of the new technology.
Secondly, it must be made a standing practice to invite the people from
industrial enterprises to participate, from the early stages, in the
development of new technologies that will eventually be used in their
enterprises. Thirdly, to stimulate the industrial enterprises and amalga-
mations to renew and modernize the product mix promptly, the price of
the new technology should depend mostly on the degree of improvement
of its characteristics. Also, the prices for the assimilated products and
those being assimilated must be established in a stepwise manner with
regard to increased output and reduced production costs made possible
by improvements in technological processes. Fourthly, the formation and
utilization of the incentives fund, within the limits allocated to the enter-
prise, should to a greater measure depend on the rates of introduction of
scientific and technological achievernents.
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In conditions of an ever-increasing "science intensity” of new pro-
ducts, the maximum realization of the potential economic effect of R&D is
possible only through a whole set of planned, organizational, and incen-
tives measures.



PLANNED INNOVATION IN THEORY AND PRACTICE:
THE CASE OF HUNGARY

Borisz Szanto

‘WHY DEAL WITH INNOVATION?

The modernization of the industrial product structure is a current
task of industrial policy in both the industrialized and the developing
countries. This is so not only because if you do not modernize you will fall
behind, but also because rapid scientific and technological development
has forced reevaluation of the means of industrial policy. Consequently,
new ideas, knowhow and inventions have been upgraded and the develop-
ment of adaptive capacity and the factor of the organization has acquired
more importance. Planned innovation has become one of the most signi-
ficant means of scientific policy in the development of technology.

What does technology mean here? Technology equals:

. Tools and materials

. Knowhow

. Knowledge

. Experience

. Culture

Innovations may have different purposes, as for example:

(a) economic, profit-oriented innovation;

(b) economic, non-profit-oriented innovation;

(c) specific innovation (military, environmental protection, ete.);
(d) '"l'art pour l'art” innovation.
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THE THEORY OF INNOVATION IN ECONOMIC POLICY

Policy of Structural Modernization

No country's industrial policy can afford to ignore the minimal
requirements of keeping up with the "today's” technological level. Selec-
tively developing industry to narrow the excessively wide and scattered
production list can work for this end by permitting us to concentrate our
efforts and utilize increased international cooperation to gain access to
the articles we no longer make.

The selective development of industry means that technology, too,
concentrates its attacks on fewer and narrower fields. This is done in all
the countries of the world, each being compelled to make selections when
determining development goals. At present only the USA and the USSR
can afford to engage in every branch of science and every area of
development.

By selecting a few effective technologies that can be realized rela-
-tively fast and seem to offer large profits, even countries with poorer
opportunities can remain close to the technological forefront.

Consequently, structural modernization policy is based on the selec-
tion of effective technologies, each resulting in the market realization of
the largest amount of value added. This requires in turn that the product
manufactured by the technology should have considerable price-forming
power on the world market and, if possible, should not be very investment
intensive.

In order to be capable of exercising a wider pull in industry, a tech-
nology must be new and original, and must have good market prospects.
It is also important that the technology chosen should not be in contrad-
iction of the socioeconomic principles of the society.

Novelty gives strength, because it is unexpected in the world market,
but at the same time it creates problems for the industry and agriculture
of an insufficiently developed country whose economic adaptive capacity*
is not developed enough to handle it.

If, however, the new technology is really promising, the country
should be able to achieve success despite its previously low level of tech-
nology. To do so, priority has to be given to institutes and companies of a
higher than average technological level and adaptive capacity.

In the case of planned innovation we do not trust to chance: instead
we try deliberately to discover and utilize the sources of innovation.
The strategy of production structure modernization relies on two
principles:
{a) creation of the preconditions for a technological breakthrough
by facilitating the discovery and utilization of resources for
innovations that are strikingly new and are likely to affect pric-

ing:

*Adaptation readiness is the readiness and inclination of management to utilize
the newest achievements of science. The adaptive capacily is determined by the
firm's product (technology) market and intellectual potential.
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(b) facilitating the increase of the general technological level.

Principle (a) is aimed at generating the effectiveness, the forward
driving force of the innovation, and (b) at the improvement of the indus-
trial and agricultural basis needed by the first. For (a) we need original
invention and research results of our own; (b) is most efficiently reaiized
through the purchase of licenses and knowhow. A relatively small and not
highly developed country has a rather limited area in which technology
can be brought to current standards by relying largely on domestic
research and development. Such a country's research and development
resources should be used to lay the foundations for forward-driving tech-
nologies and to make the most of these technologies. It is so much the
better if the licenses purchased can be further developed at home by
own results; this may then produce a pulling force as well.

Sources of Innovation

Strikingly original inventions are usually a matter of chance, but cer-
tain incentives may promote their emergence. Although individually
made inventions cannot be neglected, the national research network is to
be regarded as the main source of the active innovation in any given
country.

From an innovation-centered point of view the range of action of the
research network can be described as follows:

0. Widening the limits of our knowledge

1. Exploratory Research: "the study of new phenomena and relation-
ships”

2. Research for Social Use: “the creation of innovation sources"”

3. Technological Research: "“Development, Experimental Production
and Preparation of Production”

4, Selection of the most suitable technology when licenses are pur-
chased

5. Facilitating adaptation after license purchase

6. [Examination of the expediency of further research on development
after the purchase of the license

7. Organizational work connected with innovation's realization.

Group A {definitions 1 to 3 as suggested by Balazs 1977) includes the
classical activities of research institutes. The activities 0 and 1 represent
basic research. These activities cannot be planned to result in innova-
tion, for results depend on the research team and not on prefixed tar-
gets. In phase 1, however, researchers deliberately look for what is new
and technologically exploitable.

In relation to Group A and Group B activities it should be noted that
organizational work can be critical. In many instances public neglect has
greatly increased the time required for an invention to progress to
development. This is not to say that scientists should take up on organi-
zational responsibility for the useful application of their invention occa-
sionally. This does happen, but usually the inventor is the least suitable
person to do this. The research institute, however, could have well-
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trained experts for the solution of the problems of technology transfer,
meaning not the mere handing over of the documentation, but active
organizational work to promote the innovation. This holds especieally for
research institutes that are organizationally separated from the produc-
tion sphere.

Permanent Innovation
Chain reaction of innovations

The relationship between innovation and society has a positive feed-
back mechanism built into it. Basic innovation strongly influences
society, and society creates the possibility of basic innovations being
made. According to this thesis, innovation is a self-stimulating process: it
is itself accelerating scientific and technological progress.

The more instances of basic innovation occur, the higher is the tech-
nological level; and conversely, a higher level of technology results in
more innovation. Basic, improvement and pseudo-innovations evolve as if
by a chain reaction started by a basic innovation as shown in Figures 1
and 2. The accelerating scientific-technological development is propelled
by this process, a kind of chain reaction.
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FIGURE 1 Chain reaction of innovations: Bi, basic innovation; li, improvement innovation; Pi,
pseudoinnovation.
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FIGURE 2 Chain reaction of innovations in consumer electronics.

Projecting the direct relationship of “innovation technological level”
to the company sphere, we conclude that mostly the technically advanced
companies are to be relied on for planned innovation. This theoretical
reasoning is supported by practical experience, the companies that
succeed in carrying out innovation have generally a higher than average
technological level and a more developed infrastructure. Innovations are
too expensive and require too much additional investment for weaker
companies which lack the infrastructure, internal resources, and high
technological culture required for operating new technology.

The commercial realization of an innovation can be shown as a curve
by plotting variation of technological level or economic effects against
time (see Figure 3). Essentially this curve is a product life curve, where
0-t, is the period of the product’s introduction and marketing, £;-t, is
the period of effective production and beyond t, the period of aging
(Bucsy 1978). The rise of technological level to T nax Symbolizes the accu-
mulation of human knowledge.

An economy that is realizing planned innovation has to reckon with
the phenomenon that after a certain time (t3) an innovation loses its
economic effectiveness. In other words, a single, technologically isolated
innovation extinguishes itself; autogeneration stops. lf, however, further
development of old technology or the starting o! a new innovation is
ensured by internal or external factors, conditions for continual and
accelerating scientific technical development are created.
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FIGURE 3 The lifespan of an innovation-based product.

This means that when an economic unit has achieved & certain suc-
cess, it has to think of the time after £, and to prepare a new innovation.
New R&D should be started before current technology saturates its inno-
vation potential (Figure 4).

If new R&D leads to an innovation that does not significantly change
the technological level, the company is able to maintain its favorable
economic position {covering curve A) but if it scores significant R&D
results then both the technological level and market results show signifi-
cant increase (covering curve B).

It means that the first innovation in a chosen system of coordinates
should be regarded as Basic, the following one with significant increase of
technological level, Improvement, and the one with economic effect but
without significant change of the original technological level, Pseudo-
innovation. What innovation is regarded as Basic depends on where we
place our system of coordinates. Thus a licensed technology can be a
basis for development by a chain of improvement innovations produced
by our own R&D activity.

Permanent innovation activity organized to ensure continual
development and timing of R&D activity to bring about new innovation
sources as they are needed are strategic necessities for an economic unit
operating with an innovation plan.
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FIGURE 4 Permanent innovation.

INFORMATION PROCESSING IN THE COURSE OF INNOVATION

The Closed Circle of Innovation

An economically oriented innovation process starts with the creation
of an innovation source and finishes with market realization. The main
steps of the innovation process are represented in Figure 5. Information
and feedback flow in a closed circle from marketing to research to
development to production and back to sales and marketing.

¥When the innovation process operates smoothly and all these ele-
ments are functioning, the closed innovation circuit separates itself from
its environment and acquires a relatively independent life and a develop-
ment capability of its own. Drawing a parallel with cybernetics, one can
say that an automatically controlled closed system of negative feedback
has developed.

In reality the closed circle of innovation runs through administrative
managerial organization and/or across systems of connected organiza-
tions (firms). The elements around the circle represent points at which
information is processed and transferred. Their continual interaction
requires both the feedback mechanism of mearketing research, and the
two-way information flows between research and production, production
and sales, and so on.

Information coming back to research from experimental production,
from production and marketing, is a basis for continued research and
further development.
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FIGURE § The closed circle of innovation. Abbreviations: R, research or the creation of some-
thing new; D, development; EP, experimental production; P, production; M, marketing; S, sales.

The idealized closed circle of innovation presented here is an over-
simplified view of complex multivariate processes and systems, but it
may be helpful for identifying the system’'s main relationships. It may
also be useful as a rnodel or guide for designing programs to insure fulfill-
ment of permanent innovation criteria.

The closed, self-renewing nature of the circle of innovation may lead
to problems of self-contained technocratic developrment and endless
reproduction of the innovation, something that is not necessarily in har-
mony with the goals of society. Therefore external, centralized (e.g.,
governmental) intervention is needed to determine the main directions of
innovation and to control innovation policy (Trapeznikov 1978).

Planned Innovation

Planned innovation presumes not only local goal-oriented planning
but also the coordination of this planning with more comprehensive
socioeconomic plans, such as the national governmental development
plan.
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The full circle means division of labor between its main points,
regardless of whether these points each represent a single enterprise or
several companies. In this context both keeping an innovation circle
within a firm and distributing the cycle through many organizations have
advantages and disadvantages. An innpovation circle established within
the framework of one firm can be regarded as a partial solution of the
innovation linkage system. The single firm approach has the advantage
that it is easier to establish a full innovation cycle within the framework
of a single company; the linkage system is relatively easy to manage and
external disturbances have relatively little effect.

On the other hand, a change in the general line of innovations within
the framework of the company is made almost impossible by the rigid
organizational forms. That is why a number of Western authors insist on
the thesis “new innovation, new company” (Malmstrom 1878).

By contrast an innovation system organized for a given innovation
from administratively separate elements acts expediently in the interest
of the given innovation. It can be a system of bilateral contracts between
companies, a joint venture, an association, or a loose alliance based on
shared or coincidental interests. If the innovation target is modified, the
system comes apart without major shock, and its parts enter new linkage
systems, other innovation circles, for the sake of other innovations.

I do not dispute the proposition that a new innovation means a new
undertaking. It may be that under capitalist circumstances new ventures
can generally be undertaken by creating new companies. Under socialist
conditions, however, an undertaking, a closed innovation circle, can be
organized through the association of the research institute and the pro-
duction and trading companies concerned.

The Control of the Innovation Circle
Incentives

The closed circle relationship implies a predominance of direct face-
to-face contacts. Therefore it is extremely important that people, groups,
companies, etc., constituting an innovation circle should be united by
common interest in the innovation's success. Thus, it should be esta-
blished during the planning stage how and with what incentives the parti-
cipating companies and key figures of the undertaking can be stimulated
to do good work. Personally, 1 consider moral acknowledgement of the
inventor and of the realizers of the innovation by society as the most sig-
nificant stimulating factor.

The functions and units of control

Establishment of a closed innovation circle requires a source of inno-
vation, flexible and enterprising companies, excellent personal relation-
ships between the participants, market opportunities, and a suitable
infrastructural and financial environment.
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The source of innovation is generally an invention. The inventor is to
be regarded as the core of the closed innovation system.

The information processed within the circle is partly technical data
and requirements pertaining to products and production processes and
partly managerial information concerning cooperation. The innovation
system must therefore have a "think tank” that examines technical scien-
titic problems and a manager who has an overview of the entire linkage
system. Both of them are responsible for the preparation for decision
making. Decisions are to be made by an organ, e.g. a board of directors,
which represents the components of the circle.

It takes a person of exceptional ability to be a successful innovation
manager. A good manager needs to be an expert in the field, & good
organizer and economist, and a man possessed. Ideas are new and origi-
nal because they differ from ingrained customs. opinions, and practice.
Resistance and occasionally even hostile reactions in the face of new
ideas should be reckoned with and considered objectively.

This kind of resistance can only be subdued by a man who combines
interest with optimism, persistency and great activity, a man who sees
the potential market perspectives of the invention and is ready to fight
for their realization. In the absence of such a manager the inventor him-
gelf often tries to manage his own invention, and since in most cases he is
unsuitable for this role and he harms his brainchild and himself in the
process.

Innovation is wusually an enormous financial risk for the
entrepreneurs that can only be bridged by external aid. Therefore
financing, credit or loans from banks, and active assistance from organi-
zations representing state interests may be a decisive factor.

INNOVATION PRACTICE IN HUNGARY

Level of Technological Development

Hungary is a relatively small country at a mmedium level of industrial
development, without significant mineral resources. About 28 to 30 per-
cent of its manufactured goods were exported in 1977 and its import
volume was almost the same. About 50 percent of its GNP is realized
through foreign trade.

In the classification scale used by Nyilas (1977) and shown in Table
1, Hungary has partly the technology of today and partly that of yester-
day. A medium level of development is accompanied by a medium tech-
nological level. From the point of view of innovation, it should be pointed
out that the technological level in terms of hardware and software is
unevenly developed in Hungarian industry and agriculture.

The technological level at research institutes and a relatively small
number of industrial companies can be rated as that of today, or, in a few
cases, of tomorrow. However, most industrial companies and the services
in general stand at the level of yesterday. Their machinery is outdated,
and professional skills and managerial practice are at best mediocre.
This relatively low development has repercussions on the economic infras-
tructure (production of component parts, communication, etc.) which
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TABLE 1 The technological days: a schematic classification of technological development.

1. ““The day after the day after tomorrow”. Military and space R&D of
the USSR and the USA

2. “The day after tomorrow”. The latest military and space technology
of the USSR and the USA

. “Tomorrow”. The nonsecret military technology of the USSR and
the USA

4. “Today”. Western Europe in general, CMEA countries in part
Hungary

Technological development
w

5. “Yesterday”. CMEA in general, capitalist countries in part

6. “The day before yesterday . The developing world

more developed companies have to live with.

The engineering and consulting services needed today for sophisti-
cated technological activity are still underdeveloped and sporadic, and
their organization is mediocre. The greatest problem, however, is caused
by the insufticient cultural level of the labor force and in the consequent
lower adaptive capacity.

This conditions calls for active innovation planning, but at the same
time hinders the implementation of plans.

Factors Hindering Innovation

The economic control and regulation systerm related to inventions
and innovations is an organic inseparable part of the general economic
control system.

Our present system of material and moral incentives is antithetical
to innovation at several crucial points. The rewards to persons directly
and actively participating in an innovation are not significantly higher
than those to the others; companies strive for stability and are more
interested in increasing output than in improving efficiency and profita-
bility; a large nurnber of managers authorized to make decisions are
reluctant to take risks, to accept change, or to introduce new methods.

These factors hinder innovation activity, but do not make it impossi-
ble. A reform currently under way to reevaluate the system of economic
regulators is expected to create stronger incentives for innovative
behavior.

Also detrimental to innovation is the undesirably large number of
companies. True, closed innovation circles may be more easily esta-
blished and controlled in the framework of these large companies, but
they tend to be unadaptive and inflexible to changing market conditions.
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More than 3B,000 scientists and lecturers work in Hungary's 126
research institutes. In 1978, as much as 19,200 million forints {about
US$77 million), 3 percent of the GNP, was devoted to research and
development. Thirty-seven of the research institutes work under the
authority of the Hungarian Academy of Sciences; more than 20 are under
the aegis -of the industrial ministries; 14 belong to large industrial com-
panies, and 30 operate in agriculture. Research capacity may be said to
be bigh, but the research institutes and laboratories are not optimally
concentrated and are often inadequately equipped.

Detachment from the problems of the industry and.consequent slug-
gish integration of research, production, and sales is the worst drawback
of a high concentration of research capacity. The relatively low techno-
logical level of industrial companies creates a situation in which the unit
making a discovery is often left with the responsibility of promoting it as
well. Companies are not eagerly watching research institutes for new
discoveries and research institutes are forced to seek out the companies
likely to need and apply a result. Moreover, the product development
plans of industrial companies are aimed at products that have become
known during marketing and leave no room for including the new pro-
ducts that may emerge from original research. The improvement of
organization is the least expensive means to promote innovation.

However, organizational improvement is needed most in companies
with a lower technological level as this is where the labor culture of the
employees is the lowest and the organization least receptive to change.

The importance of innovation in industrial policy and in the economy
in general has still not been recognized widely enough. This also hinders
innovation.

New Innovation Policy Measures

Ten years ago the Central Committee of the Hungarian Socialist
Workers' Party (HSWP) formulated the directives of scientific policy,
stressing that priority was to be given to research problems connected
with development projects which are likely to prormnote the attainment of
excellence in some field and to contribute to the solution of some com-
plex problems in a way to benefit society.

In 1977, after evaluating the experience with the realization of past
scientific policy directives, the HSWP Central Committee considered it
timely to set up associations for carrying out individual research pro-
grams. The members of such associations would realize common
interests, take mutual risks in the application of research results, and
could ensure the unity of the control process from research to the appli-
cation of the results in practice.

The 11th Congress of the HSWP stressed the importance of improving
the methods and system of planning.

The October 1877 resolution of the HSWP Central Committee decided
to encourage more self-reliant companies. "“Central decision can only
deal with the most important comprehensive development goals. Matters
of product structure are, however, in most cases within the competence
of the company. Implementation is to be based on the self-reliance of the
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companies and on a socialist spirit of enterprise together with the simul-
taneous enforcement of the responsibilities of the directing organs. The
companies should consider market requirements in every aspect of their
foreign trade activity, in order to create, develop and render effective the
new forms of contact which extend to the functions of development, pro-
duction and sale.”

A number of government resolutions treated the need for improving
legal protection in industry in order to encourage company innovation.
The problems of associations comprising all the participants of the inno-
vation chain were also dealt with. Ministerial measures were taken for the
sake of spreading organizational culture, and large sums are spent to
draw on the services of management consultants. The modernization of
the economic control and regulation system is also under way.

The Technical Development Fund (along with the budget) serves for
tinancing the development and utilization of inventions. Currently the
Technical Development Fund allocates money to companies in fixed pro-
portion to their total production value, with the proportional allocation
depending on the individual industrial branch. From 1881 onwards,
technical development funds will be allocated on the basis of value added
and not the total production value, and will be extended to agriculture.
From 1980 onwards, new loan constructions and promoting organizations
will be established to facilitate innovation activities. The innovation loan
created at the National Bank of Hungary can be used by any economic
unit for financing the development of a product idea into a marketable
commeodity. An organization established within the bank's framework will
assist the innovation, and contribute to its realization of the innovation
through sharing in the risks.

Foreign trade companies play an increasing role in the organization
and promotion of innovation, but even more could be done. This is espe-
cially true where the chosen development starts with the purchase of a
foreign license and goes on with its further development, thus realizing
permanent innovation.

Many linkage systems along the lines of closed innovation circles
have been established in Hungary, but this number is still smaller than
expected, and planning has not always been at the required level. The
Institute of Energy Management, with its own 10 to 15 patents a year, is
the host and control center of a number of innovation systems: to men-
tion just two, the air condensation cooling system of Heller and Forgo,
and the seawater desalinization process. Another example: the Taurus
Rubber Factory has worked out development conceptions for 40 product
groups on the basis of criteria of newness and market position. Individual
product groups have been evaluated according to 17 characteristics in
relation to similar products ranking highly internationally. A computer
model is used for the evaluation, continuously following the change of
characteristics and the position of the products in the income of the com-
pany. The deep drilling rubber hose of Taurus is a good example of suc-
cessful risk taking, for the creation of a forward-driving technology based
on an original invention.
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The Chinoin Factory is realizing permanent innovation using an
industrialized closed corn production system developed under an Ameri-
can license. The system has since been introduced at more than 200
farms, covering nearly 350,000 hectares, and it is already sold abroad as
a system and as knowhow. This activity has served as an example for
other agricultural innovation. The corn and industrial plant production
system of Nadudvar and the swine breeding systems have brought some-
thing that is technologically new to internal and external markets.

Innovation can flourish only under a socially beneficial climate.
Hungary's innovation climate is fast tmproving. Our reserves for the
practical application of innovations have not yet been exploited at all.
There is good reason for further developing innovation theory and for con-
tinuing with analysis of its economic, organizational, and sociological
aspects.
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SWEDISH GOVERNMENT SUPPORT
FOR PRIVATE INVENTORS

Peter Jorgensen

The National Swedish Board for Technical Development (STU) is the
main, and virtually the only, source of government support for private
inventors in Sweden. STU both gives advice and financial support and
assists in technology marketing.

GENERAL INFORMATION ABOUT STU

STU's task is to encourage technical development and to promote
technical research. Some of its programs are tailored specifically for
development projects; within this scope advice and financial support are
provided at the initial project stage. Thus STU covers the development
phases from the basic idea stage to the stage of working prototype; it
does not fund pilot production, investment in production equipment, or
marketing to the end user. Financing for these latter stages is provided
by other organizations, such as Sweden's 24 Regional Development Funds
with whom STU cooperates closely, the Swedish Investment Bank, or com-
mercial banks.

Financial project support provided by the STU is given as a grant or
loan which may be used for the development, demonstration, and evalua-
tion of ideas behind new products, methods, and processes. STU is
expected to finance risk-bearing projects and to assist projects in areas
where expected social benefits are greater than benefits to the
entrepreneurial firm (e.g., aids to disabled persons, environmental con-
servation, and factory safety equipment). Financial support may be given
with conditional repayment, meaning that STU will demand a refund if the
project succeeds. For projects conducted by companies STU normally
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provides only half the project cost. Private inventors and small firms are
normally provided with 100 percent of the project costs.

STU also assists the Regional Development Funds in evaluation of new
inventions and product development ideas presented to them. Here again
the result can be that both STU and the fund find reason to support the
project.

Other innovation support is available through the liaison officers at
the universities, who have certain funds for the investigation of new ideas.
Service to inventors is also given by the Swedish Inventors Association in
agreement with the conditions stipulated by the STU. However, both
these sources are quite limited in nature.

SUPPORT TO PRIVATE INVENTORS AS PART OF THE INNOVATION POLICY

The support to private inventors is a small but important part of the
Swedish innovation policy. Until 1979 it was a special program at STU but
recently it has been integrated into several other programs at STU.

The reasons for establishing STU were partly historical. STU was
formed in 1988 through the merger of a special agency for support to
inventors with several other agencies that supported research. Another
reason, also historical, is the great respect Swedes have for inventors.
Men like Gustaf Dahlen and Alfred Nobel helped to create that respect,
and deservedly so: during the first half of the present century a very
large part of Swedish industry was both created and started by inventors
such as Dahlen and Nobel.

A more rational reason for the present program is the fact that many
of the radically new innovations do in fact come from private inventors
and small companies (prominent US examples are the techniques mark-
eted under the trademarks Xerox and Polaroid). Another reason is that
an organization or program designed to assist private inventors and an
organization funding research need rather different characteristics.

Since 1878 the new program has been fully integrated with other pro-
grams at STU. Special efforts have been made so as not to decrease the
quality or quantity of the support given through the earlier program.
Thus the government has stipulated a minimum amount that STU must
reserve for project assistance to inventors. For the fiscal year 1979-1980
this amount is 25 million Swedish kroner (about US$6 million). Project
applications by private and small industry inventors are screened by
technical officers with special experience in the field and who also have
industrial experience.

HOW STU CONSIDERS AN APPLICATION

STU receives about 1000 applications from inventors every year. In
the application the inventor normally describes the use and operation of
his invention and how he intends to exploit it commercially. Of these

1000 applications about 20 percent are rejected after a brief examina-
tion.
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The remaining BOO applications are considered in greater depth.
Points such as evidence of technical progress and possibility for commer-
cial exploitation are carefully considered. This consideration involves
estimation of factors such as estimated production cost, buyer's risk fac-
tor, potential market, what commercial interest has been shown, poten-
tial domestic market, and compatibility of the product with existing or
changing regulations. The result of this examination is a rather vague
estimation of the project's potential value: the more radical or unusual
the project is, the less definite the estimation can be.

When considering the possibility of exploiting the project, patent
considerations and availability of potential licensees are also studied.
The invention is investigated to see if it is patentable and if patenting will
provide sound protection from competitors. Answering these questions
requires an investigation that is normally more thorough than the exami-
nation made by the patent authorities. Our assessment also depends on
the number of possible licensees within the country. In our experience,
exporting nonproven technology is difficult; therefore, to ensure a rea-
sonable chance of success the licensee has to be found in Sweden. Some
projects could lead to the start of a new company, many say. This is true,
but it is not something that can be counted on.

Finally, we evaluate the applicant's competence. This is extremely
difficult, especially for applicants with no previous record of having
invented something or for persons without formal technical training. It is
also difficult to assess an inventor with some failures behind him: he
might have learned enough to succeed the next time.

It may be of interest to know how STU handles an application from an
inventor. Generally the process is as follows:

— the application is registered and classified as secret

— the application is judged and if found to be of very low standard
a rapid negative reply is given

— the project is discussed with the inventor and necessary infor-
mation is acquired from specialists in consent with the applicant

— contact with the applicable Regional Development Fund is made
if further support is anticipated

— & decision is taken by a group on the basis of the information
presented

— a grant or loan is issued together with applicable conditions for
repayment, etc.

Normally about 25 percent of the proposed projects are supported.
The evaluation takes about 3 months. External experts are sometimes
consulted. The average grant is about SwKr50,000 (US$12,000). Support
is given with conditional repayment as mentioned earlier. The inventor
has all rights to the project and the patents providing he makes such con-
ditional repayments as are applicable.

During project execution STU may assist the inventor in different
ways, especially establishing contact; for example, STU officers often help
inventors to find good workshops where they can have their prototype
produced and tested. Sometimes university protessors or consultants are
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contacted to assist with calculations, marketing estimations, and feasibil-
ity studies.

At some phase of the project’'s development marketing must start.
STU can assist both in finding and negotiating with suitable partners and
with the actual writing of contracts. These activities are sometimes car-
ried out under a special program by the Technology Marketing Depart-
ment. This support is given with a conditional repayment clause covering
STU manpower costs.

RESULTS

In the beginning of 1976 a major study was completed covering all
projects supported in 1860-1975. A special part of the study covered 87
inventions supported in the first 3 years of this period.

These 67 projects proved to have managed rather well with regard to
both production and marketing, although a small number of the projects
generate a large percentage of the sales. Through STU grants of about
SwKri.6 million, 15 of the projects (22 percent) reach a combined sales
figure of SwKr29 million in 1875. Three years after the inventors had
received the STU grants, the actual sales generated by these inventions
was D.7 times as great as the initial STU grants. After 4 years the factor
had risen to 16.3 (not taking account of inflation). The remaining 78 per-
cent of the projects had not reached the production stage.

A more recent survey showed that STU spent SwKr18.8 million (about
US84.5 million) between 1988-75 on projects from innovators. The sales
generated from these projects amounted to SwKrl00 million (about
US$24 million). When studying these figures one should notice that the
STU grant only covers the development costs and not production and
marketing costs. However, the projects with the highest sales were
licensed, and production and marketing investment were therefore prob-
ably not prohibitive.

Unfortunately, it has only been possible to study sales. It would have
been interesting also to examine net profits and return on invested capi-
tal. The accounting procedures of the companies concerned are so dif-
ferent, however, that such analyses would have been unreliable.

Some more findings from the study made in the beginning of 1976
may be of interest.

— Of the inventors who received grants from STU, 25 percent had
previously succeeded in exploiting at least one invention without
support from STU. Just over 5 percent had exploited more than
five inventions.

— Approximately 59 percent of all the grant recipients were work-
ing in the manufacturing, building, or mining industries (only 40
percent of the employed population is engaged in these
branches). The engineering industry was particularly well
represented, accounting for 25 percent of the beneficiaries but
only 6 percent of Sweden's employed population. Industries
which were poorly represented included foodstuffs, clothing,
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wood products and furniture, pulp and paper, and the graphics
industry.

— The grants were awarded to "spare time inventors" in 54 percent
of the cases, and to owners of companies in about 25 percent.

— In many cases the development of the invention has involved a
change in the employment status of the person seeking the
grant. In about 45 cases companies were subsequently formed.
In a number of other cases the inventor became part owner of
the new company.

— Design and manufacture of prototypes was normally undertaken
by the inventor himself.

— According to the inventors, the main problems encountered in
the course of the development work were in financing and in
assessing the sales potential and market conditions.

— According to the inventors, insufficient financial resources was
the biggest problem both in manufacturing and in marketing
and sales of the inventions.

DEVELOPMENT OF THE. SUPPORT

We are now investigating new ways to support inventors. One
approach being investigated is locating the industries that are interested
in defining and presenting actual problems to inventors. Different ways
to exploit this concept are being examined. Courses concerning patent-
ing strategy and licensing negotiations have also been tried.






NATIONAL SCIENCE FOUNDATION EXPERIMENTS
IN INDUSTRIAL INNOVATION

Alex Schwarzkopf

INTRODUCTION

Technological and industrial innovation is a major factor in the
economic well-being of nations. Innovations provide new areas for
economic growth and generally raise overall productivity. The apparent
decline in the rate of innovation in the United States in recent years has
heightened the importance of innovation and has resulted in more studies
of the innovation process and the means by which innovation might be
stimulated. The Domestic Policy Review Report released by the US
President is an example of these concerns. The purpose of this paper is
to describe the experiments being conducted by the National Science
Foundation (NSF) Industry Program that are designed to study and
accelerate the innovation process in the US.

The Industry Program traces its origin to the Experimental R&D
Incentives Program started in 1972. Over the ensuing years, it has
become the Industry Program and is now part of the Engineering and
Applied Science Directorate within the NSF (one of the seven directorates
comprising the NSF). The charter for the Industry Program has remained
essentially unchanged since its inception. It calls for the program to
"provide a focus in the Federal structure for testing various means of
accelerating the rate of technological innovation in the private and public
sectors of the economy. The Program supports: (1) background studies
to identify and understand barriers and blockages to the technical inno-
vation process; (2) experiments designed to investigate incentives
intended to overcome these blockages. Each experiment supports tests
on the effect a specific incentive mechanism has on a barrier to the inno-
vation process.” The Industry Program, as shown in Table 1, is divided
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TABLE 1 Organization of the NSF industry program.

[ University—industry coupling
~

A, Centers
\1. For scientific excellence
;.. For high technology business starts
B./’I‘echnology innovation projects

[I Small business innovation research

between studies of university—industry coupling and small business inno-
vation research. University—industry coupling experiments are further
subdivided into centers (of two types) and technology innovation projects
(TIPS). Centers differ from TIPS in that their experiments attempt to
build self-sustaining institutions, while TIPS are experiments with specific
finite lifetime projects. In the following text each of the subdivisions of
the Industry Program is described in turn accompanied by one or two
examples of how its program operates.

UNIVERSITY-INDUSTRY COUPLING

The Industry Program performs experiments with different
university—-industry coupling arrangements designed to improve our
understanding of how such couplings contribute to innovation. Thus,
while we desire experiments which produce successful
university—industry linkages, we are more interested in the knowledge
gained through our experiments about underlying relationships and insti-
tutional structures necessary for productive university—industry cou-
plings.

Coupling experiments are directed to areas in which it is felt that
external benefits from research are high; that is to areas in which total
benefits from research are greater than benefits to individual companies
conducting research. Areas of high external benefit have been identified
using the following model.

When a successful product is introduced in highly fragmented indus-
tries, such as the construction material industry, where the majority of
firms are too small to undertake research and development, the ratio of
total to individual returns is high owing to the large number of firms
available to adopt it (see Table 2). If individual returns are plotted
against the ratio of individual to total returns a scatter suggesting a
hyperbolic form, as shown in Figure 1, results. On the far left of this
curve, where the ratio of total to individual return is high, the public
benefit of such innovations warrants financial assistance by the public
sector. Besides copstruction materials, other examples are subway sys-
tems, fire trucks, military aircraft, dams, etc. This area is characterized
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TABLE 2 Total and individual rates of return from investment in 17 innovations.

Innovation Rate of return (%)
Total Individual Totalfindividual

Primary metals innovation 17 18 09
Machine tool innovation 83 35 24
Component for control system 29 7 4.1
Construction material 96 9 107
Drilling material 54 16 34
Drafting innovation 92 47 20
Paper innovation 82 42 20
Thread innovation 307 27 114
Door control innovation 27 37 0.7
New electronic device Negative Negative -
Chemical product innovation 71 9 79
Chemical process innovation 32 25 1.3
Chemical process innovation 13 4 32
Major chemical process innovation 56 31 1.8
Household cleaning device 209 214 1.0
Stain remover 116 4 29.0
Dishwashing liquid 45 46 1.0
MEDIAN 56 25 2.2

SOURCE: Mansfield er al. (1977).

by a strong public need, fragmented industries, and the lack of private
capital.

There is a transition region on the curve with good to moderate
returns from innovation to both the public and private sectors. For
example, machine tool innovation shows an individual corporate return of
35 percent with a total return of 83 percent. But, responsibility in this
region among State and local governments, the Federal Government, and
industry is not always clearly defined and innovations that fall in these
regions may be ignored by both sectors. It is in this area that we feel the
greatest opportunities for the Industry Program lie.

UNIVERSITY-INDUSTRY CENTERS

University-Industry Research Centers are institutional experiments
designed to produce a coupling that becomes self-sustaining over the long
term; i.e., industry ultimately supports the entire center on a continuing
basis. These experiments focus on two types of centers: centers of scien-
tific excellence, which have both industry and scientific-discipline-
specific and technology-specific orientations; and centers for high tech-
nology business starts which are directed toward educating and develop-
ing innovative and entrepreneurial skills that could lead to high technol-
ogy business starts. The business services of these latter centers provide
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FIGURE 1 Rates of total and individual return from seventeen innovations. Source: Mansfield
etal (1977).

supplemental funds for continued center operation. In both types of
centers one of our objectives is to study the variables that produce suc-
cessful centers.

The Industry Program restricts funding for the initiation of centers
for research to areas in which there is reason to belief funding will result
in innovations which are able to justify private investment. However,
because the US Government is committed to a market economy, it may
be reluctant to fund centers that do not become self-sufficient. This
means that the class and quantity of innovations resulting from research
activities at a center must have a rate of individual return sufficient to
justify the company's continued support of the center. Because a center
aggregates company research funds, the cost per innovation is reduced
for each participant. In effect, we are causing a given innovation to move
to the right along the curve in Figure 1. Centers that generate a class of
innovations sufficient in numbers to maintain company participation and
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continued financial support result in successful centers.

The MIT Polymer Processing Center: a Center of Scientific Excellence

The Massachusetts Institute of Technology Polymer Processing
Center has directed its research activities in the areas shown in Table 3.
The operating mode of the center, which was started in 1873, is focused
around the Director. The three major functions in the operation of the
center are administration, research, and the interactions with participat-
ing industries. Administration is accomplished by the Director with the
advice and consultation of the Industrial Advisory Council and with insti-
tutional support from MIT. The Industrial Advisory Council consists of
senior representatives of the industrial participants, the MIT Vice
President for Research, the Director, and a senior representative for
MIT's Center for Policy Alternatives. Research is performed primarily by
participating graduate students supervised by the Director with partici-
pation and supervision by other faculty and staff. Industry interactions
are focused on quarterly Technical Review Meetings attended by 30 to 40
people who are equally divided between MIT program staf! personnel and
representatives of the industrial participants.

TABLE 3 MIT Polymer Research
Center projects 1974—1978.

Electric field mixing
Accelerated testing

Friction and wear of polymers
Graphitization

Adhesive tape

Impingement mixing

Rubber mixing

Electrostatic powder mixing
Mixing viscous reacting liquids
Rapid processing of thermo plastics
Asbestos reinforced phenolics
Fiber reinforced phenolics

At these meetings, the research program is reviewed by the Director,
and the graduate students and the participating faculty members give
reports on their active research projects. Considerable interaction
ensues between the program staff and industrial representatives — vice
presidents and managers of research and operational entities. The
operational structure has been highly successful, but it places a heavy
burden on the Director for leadership.

NSF provided some US$450,000 over a 5-year period with the support
declining in the last 2 years of the experiment. During this period. the
center built up industrial support to where it now receives over
US8500,000 annually from twelve companies. NSF financial support
ceased in July 1978.
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Evaluation of MIT polymer center experiment

Analysis of the subjective assessments, obtained from meetings of
participants, has indicated that industrial participants have become pro-
gressively more involved with the center, have found the projects to be
increasingly more useful, perceived the research as being of high quality,
and have respect for the abilities of the student researchers. We believe
the center is successful because it is creating a sufficient number of pro-
cess breakthroughs to maintain company support. It has also reduced
the cost of these innovations to each participating company. In effect,
the center has increased the rate of individual return from innovation.
This corresponds to a movement along the line to the right on the
innovation-return curve shown in Figure 1

The NCSU Furniture R&D Applications Institute:
a Center of Excellence

Another example of a university—industry center is the North Caro-
lina State University Furniture R&D Applications Institute. This center
has directed its research activities in the areas shown in Table 4.

TABLE 4 North Carolina State University Fur-
niture Research Center projects 1974-1978.

Clark chair frame

Finger-jointing

Lumber yield

Robots — spraying/wiping

Material handling

Dowel joints

Production control

Workshops

Reinforcement device for furniture construction

This center, also initiated in 1973, was structured to operate with a
strong Director reporting to a board. (In this instance the strong Direc-
tor plan was not realized.) The board of Directors consisted of Deans
from the various schools of the university, with the Dean of Research as
chairman.

This board was assisted by an Advisory Board consisting of appointed
representatives of sponsoring companies. The research agenda of the
Institute was to be based primarily on needs perceived by industry spon-
sors, although suggestions could be accepted from any source. The
Director, with the assistance of a Technical Comnmittee, would screen the
suggested projects and obtain proposals from competent researchers for
those projects which appeared to have a high industry impact. These pro-
posals would be screened by the Board of Directors and Advisory Board,
and the approved projects would be implemented.
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For this center, NSF provided over US$700,000 during a 5-year
period, again with the support declining in the last years. Targeted indus-
trial support was to reach over US$500,000 annually but only US$60,000
per year was achieved. An effort was made to increase industry partici-
pation through sponsorship by an industry association. This did not
materialize and the university has entered a retrenchment mode since at
least US$300,000 annually was needed to continue the full operation of
the center.

Evaluation of NCSU furniture R&D applications institute

The structure of the furniture industry and the nature of its product
indicate that substantial continuing government financial participation
would be required to continue this center. Even though a number of tech-
nological developments were created by this center, they were not suffi-
cient in number to build and maintain industrial support. In this case,
there were not enough firms aggregated to lower the supporting center.

Centers for High Technology Business Starts

Another of the university—industry coupling efforts of the Industry
Program is the initiation of Centers for High Technology Business Starts.
This effort began in 1973 as innovation center experiments. Four centers
are in operation. Each is a unique experiment but all combine elements
of entrepreneurial education, business, and innovation exposure for stu-
dents, and research and private business/inventor assistance in stimulat-
ing innovations and entrepreneurship. The uniqueness of each center
derives from the various institutional settings and the perceptions of the
center Directors. One such center is described here.

The Utah Innovation Center

The Utah Innovation Center began operations in the fall of 1978. The
objectives of this center include increasing the number of technological
entrepreneurs emerging from the university; establishing an atmosphere
In which innovation occurs; increasing the use and commercial exploita-
tion of new technology developed at the University and in the community;,
encouraging the development of Utah-based companies; and increasing
the success rate of small technologically oriented businesses. '

Activities include educational programs, product development assis-
tance and the creation, for the first time, of lines of communication
among innovators, entrepreneurs, venture capital organizations, new
product-oriented companies, and interested educators and organizations.

The center provides straightforward, low-cost evaluations of ideas for
University students, faculty and staff, and community inventors. If an
evaluation is sufficiently favorable, the inventor may be asked to submit a
brief application containing a surnmary of goals, plans for develcpment,
and a description of the assistance sought. At this point, the inventor
would be introduced to the formal requirements of the center and
encouraged to enroll in an individualized study program at the University
to pursue the idea in more detail.
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The center mey, for especially promising concepts, negotiate
arrangements to provide specialized services such as laboratory studies,
machine shop services, computer time, and hiring of consultants needed
to enhance the development of the product toward eventual commerciali-
Zation.

In many instances, the best business strategy for the technological
innovator is licensing of the new product to existing industry. The Innova-
tion Center, through its wide-ranging contacts with individual tirms, can
assist the innovator to locate specific firms likely to be interested in the
project. New technology executives in such firms, when dealing with a
project recommended by the center, can be assured that the idea is
sound and that thorough business planning has been undertaken.

Experience indicates that there are many problems in need of inno-
vative solutions within established firms. In such cases, the lnnovation
Center can conduct structured problem-solving sessions with respect to
the proprietary interests of the sponsoring firm and bring together highly
creative talent not otherwise available to the firm. Technological product
and process needs common to an industry group can be approached
through the joint effort of the center and an industrial association.

Ewvaluation of innovation centers

These centers are planned to become self-sufficient over a 5-year
period. Self-sufficiency depends on their development of income from
royalties, industrial sponsorship, and government contracts and on
university support.

Only in the case of the center at MIT has sufficient funding been gen-
erated to continue without NSF support. The results to date indicate that
the following are necessary for a successful innovation center: (1) strong
leadership during and after the NSF grant; (2) sufficient annual funding of
approximately US$250,000 during the start-up period to obtain both dedi-
cated space and personnel and adequate visibility within the university;
(3) qualification of the courses developed and the laboratory investiga-
tions for full recognition and support as part of the university's curricula,;
(4) taculty participation other than the center staff, (5) the support of
suppliers, distributors, and bankers; (6) a continued tflow of new ideas into
the center from outside and within the university; and (7) a plan for
licenses, royalties, equity, or other income necessary for the economic
viability of the center at the end of the 5 years of NSF support.

The impact of this activity is evidenced by the great interest
expressed by many educational institutions and governments both in the
United States and elsewhere.

Technology Innovation Projects

The next group of university—industry coupling experiments is in
technology innovation projects. These projects do not attempt to build an
institution or center that extends beyond the project itself. Instead, they
are designed to test how to accelerate the application of the results of
university research supported by the National Science Foundation to
industrial applications and provide data for policies in this area. These
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projects typically involve research programs that are unsuitable for a sin-
gle firm to undertake without assistance. They typically involve innova-
tions that have a high total rate of return but one that cannot be entirely
captured by any single company. These projects generally link a com-
pany (or companies) with a university {or universities) to make the firm
familiar with current applicable research results. This permits the firm
to identify and work with the university to resolve the remaining research
gaps blocking the implementation and testing of an innovation.

It should also be noted that, no matter how successtul a Technology
Innovation Project experiment, the companies and universities party to it
always believed they had gained a valuable experience. Companies
cooperated fully with the universities, often committing more funds than
initially agreed upon. At the same time they learned about the ongoing
research at universities so that they could consider possible subsequent
applications. Universities learned about the types of data companies
needed to make decisions and could identify future areas of research that
would probably be significant. Finally, while the success of the experi-
ment is important, the knowledge gained on the factors of the successful
interaction is of primary significance to us.

The Westinghouse TIP

A current project will provide one example of an experiment. This
project, "Programmable Assembly Research Technology Transfer to
Industry,” builds upon many research results already generated by NSF's
Production Research and Technology Program. 1f these research results
could be implemented in a timely fashion by manufacturers using batch
assembly operations, the research results could have a significant impact
on productivity.

In the first phase of the project at Westinghouse, their Research and
Development Center worked with the University of Massachusetts, Stan-
ford Research Institute (SRI), and the Charles Stark Draper Laboratory,
Inc., to analyze all the available research results on programmable auto-
mation to determine which were ready for application in batch manufac-
turing assembly operations. Among the results of this phase of the pro-
ject was a conceptual design of an experimental Adaptable Programmable
Assembly System for fractional horsepower electric motors. The pro-
posed system synthesized those research results ready for application
with the latest state of the art in industry. Economic studies indicated
the proposed system would be cost effective if subsequent research could
fill in the remaining information gaps and the adoption of the research
results to assembly line conditions were successful.

Funding has been provided for Westinghouse Research and Develop-
ment Center to work with universities in filling in the current phase of the
project. A binary imaging processing system is evolving from SRI
research results and SRI is currently developing visual serving systems
for final assembly operations. Programmable part presentation systems
are evolving from work at the University of Massachusetts. Compliance
and force sensing systems are evolving from the Charles Stark Draper
Laboratories initial research breakthroughs.
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If the current research is successful, the next phase of this project
will be to build an experimental system for the assembly of the end bells
for small electric motors and test the system under simulated production
operations for 3 months. In the last phase the experimental system for
final use in assembly lines will be built and tested. The Westinghouse data
on these tests should provide the vital information necessary to minimize
the risk in adoption of an adaptable programmable assembly system by
US manufacturers having batch assembly operations.

Technology Innovation Projects generally have a cost-sharing
arrangement. This one will cost approximately 1.8 million dollars over a
39-month period with Westinghouse contributing 257%.

SMALL BUSINESS INNOVATION RESEARCH

The last major activity of the Industry Program is that involved with
small high technology business firms. Studies have shown that small
businesses support scientists and engineers at half the cost of large firms
and each scientist and engineer produces twice to three times the
number of patents as do those in large firms. Because the total rate of
return for investment in research by small business appears to be high,
the United States Congress directed that a percentage of the Engineering
and Applied Science Directorate's budget be used for small business
research. This fiscal year, approximately US$8 million is targeted to use
small business as a resource for the reasons listed in Table 5.

TABLE 5 Small business as a resource.

Many have strong science/technology capabilities

Produce more innovations per scientist than large firms
Receive only 3.5% of Federal R&D expenditures (OFPP 1976)
Ideal coupling to technological innovation and utilization

Small businesses can participate in this program by either of two
mechanisms. One is through an unsolicited proposal which is the stan-
dard mechanism to request NSF support. Unsolicited small business pro-
posals compete with all other unsolicited proposals received. The other
mechanism is by responding to the Small Business Innovation Research
Solicitation. The solicitation is a three-phase competition designed
exclusively for small, profit-making businesses. In this program, small
businesses do not have to cost share. In the first phase, small businesses
respond to the solicitation with a simple proposal of no more than 20
pages. These proposals compete for approximately fifty awards of
US$25,000 each of 6 months duration. During the 6-month period, the
necessary research needs to be performed to obtain the data base and
then a detailed research plan to attain the proposed objectives is
prepared. The research accomplished during this first phase also estab-
lishes the feasibility of the project and tests the capability of the small
business firm to perform research. Phase 1 winners only can then submit
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a phase 1l proposal. Phase Il performs the research deemed feasible in
phase 1. It carries awards averaging a total of US§200,000 for up to a 2-
year period. Small businesses that successfully complete phase II are
expected to be funded in phase ]Il by previously identified private venture
capital sources to pursue commercialization. While the solicitation
involves research in all areas of applied science in the Engineering and
Applied Science Directorate, the Industry Program plays a major role in
coordinating all the phase 1 proposal processing.

Over 100 awards have been made to date to companies with up to five
hundred employees. Many have been small businesses with only one or
two people. An example of one such firm may be useful.

The lonomet Company

The lonomet Company started as a one-man firm that competed in
the Small Business Innovation Research solicitation.

The lonomet Company proposed to study a process that would signifi-
cantly increase the sensitivity and reliability of photoplates for mass
spectrometers. lonomet competed successfully and showed that the
objectives of the project were feasible. When lonomet decided to submit
a proposal for phase Il funding, it had difficulty identifying a venture capi-
tal source interested in underwriting the proposed process for photo-
plates. Identification of follow-on venture capital interest is one item con-
sidered by the National Science Foundation in evaluating phase 1l propo-
sals. In discussions with lonomet, the NSF program manager suggested
that the electronics industry might be interested in the research because
the proposed photoplate process had a very high resolution that might be
useful in microcircuitry. lonomet then discussed this possibility with a
university, which saw merit in the approach and suggested relevant com-
panies. A number of the companies contacted agreed the process could
result in an important innovation and committed themselves to a venture
capital follow-on if the proposed phase Il objectives in the ongoing
research were met. The growing industrial interest and potential applica-
tions have resulted in the Jonomet Company expanding to a staff of four
professionals.

The NSF Industry Program is performing experiments that contri-
bute to a better understanding of innovation and ways to stimulate it.
The experiments we perform must be within the Charter of the National
Science Foundation so they address only a limited area of the innovation
process. Within this area, we have learned that leadership, organization,
university resources and attitudes, and industry structure are key ele-
ments required in the melding of a successful university industry experi-
ment.

Our effort is only one of many that the United States is undertaking
to create a broad base of knowledge. The unquestioned need for innova-
tion and its related benefits make these studies increasingly impertant to
all policy makers.
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PUBLIC PROCUREMENT AND TECHNICAL INNOVATION:
THE EXPERIENCE OF THE FEDERAL REPUBLIC OF GERMANY

Dietrich Burkhardt

THE PROBLEM AND THE PRESENT SITUATION

Technological policy in highly industrialized countries has long been
concerned with the direct and indirect funding of R&D in industry, univer-
sities and other research establishments, and with facilitating and
accelerating the transfer of the results of R&D into economic use, gen-
erally known as promotion. The various measures and instruments used
for these two activities are well known and their effects have been ade-
quately analyzed and discussed.

However, the question of how far innovation can be promoted
through the demand side has so far been given littie attention There is
increasing evidence that government has very great leverage for promot-
ing innovation through the demand side (Allen 1978), both through legal
regulations and through procurement transactions which influence the
market chances of new products. Just as there is no doubt that govern-
ment spending helps to ensure full employment, its use for stimulating
innovation may equally well become a matter of course in the near future.

Reflection on technological and innovative stagnation in the indus-
trial nations of the West leads to the conclusion that state purchases may
be concentrated in areas where potential for innovation is high. Provision
of private consumer goods, which government does not buy in great quan-
tities, has reached a high level, both quantitatively and qualitatively. So-
called basic innovations are seemingly absent in consumer goods indus-
tries and these industries do not appear ready to support large scale
innovation in the near future. On the other hand, there is an increasing
need for services which are traditionally provided by various government
departments, such as health services, environmental protection, public
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security, municipal waste disposal and utilities, transport, and communi-
cations. In all these sectors the state is an important procurer of instal-
lations and equipment for provision of the corresponding services.
Whether and to what extent technical novelties can establish themselves
on these markets will be greatly affected by the readiness of the State to
procure new products (Overmeer and Prakke 1978).

It is also noteworthy that the sectors mentioned are characterized
by a large share of the direct national R&D expenditure since they are
given a high social priority. Thus, in the end, the State's willingness to
buy new products also determines the effectiveness of direct state R&D
expenditures. This is not to be confused with a policy of “buy German,”
but it is immediately clear, particularly in these areas, that insufficient
enthusiasm for innovation on the part of the state can be very obstructive
to technical development. '

The following aims should be kept in view when using public procure-
ment as a means of stimulating innovation: firstly, optimum provision of
public services should be maintained and the general criteria of economic
production and maximum resource allocation should be observed; and
secondly, technological standards should be raised, thereby increasing
the vitality of the economy and improving its competitiveness on interna-
tional markets.

When speaking of "new products” here, no distinction is made
between the initial innovation phase and the diffusion phase: Public
demand can operate in both phases as a support and incentive, although
when dealing with products that are already selling well the diffusion
phase may well prove a more favorable starting point for public procure-
ment.

In the context of this paper "the state” is taken to mean all institu-
tions for which the German contract regulations (VOL and VOB) are bind-
ing, i.e. the Ministries of the Federal State and the “Lénder,” with their
subordinate authorities, the local authorities, and the Special Funds of
the German Federal Railway and Post Office.

GENERAL REMARKS ON THE APPLICABILITY OF THE INSTRUMENT

In discussing and examining the utility of procurement as an instru-
ment for innovation promotion, it is necessary to consider questions of
legal framework, probable effectiveness, and competition regulations.

Legal Framework

The legal framework within which public contracts are placed is
mainly codified in the contract regulations {VOL and VOB), the Federal
State and "Lénder” budget regulations (BHO and LHO) and the German
constitutional budgetary law (HGrG).

Numerous single regulations in these sources are or could be
relevant in the present context. To cite four examples:
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{1) There are important forms of offering for tender, public invita-
tion, limited invitation, and private contract. Of these, public
invitation is most likely to provide an opportunity for companies
with new products to participate in making offers.

{2) It is stipulated that the "most economic offer” should obtain the
contract. This must not be taken rigidly, i.e., it should not be
limited solely to the investment cost. Maintenance and operat-
ing costs must be taken into account. The criterion "lifecycle
costs’ is being increasingly applied, e.g. in American provisions.
The overall economic aspects can be equally important, as in
the preliminary regulations for BHO, for example, which stipu-
late that cost benefit analyses are to be carried out in order to
assess the financial importance and suitability of public meas-
ures (Vorl.VV BHO 1973).

{3) In the VOL amendments the "design” specification is replaced by
one which determines "performance” in conformity with the
European Economic Community regulations. Although problems
are more open to solution under the performance specification
than under the design one, proof of performance standard can
prove very costly for the procurement agency. For this reason
experience with the performance specification in the US has not
been entirely positive.

(4) Restrictive adherence to technical norms can impede market
entry for new products.

Of course, legal regulations can be altered. However, practically
speaking, activities strengthening the innovation aspect of procurement
must work within the scope of the present legal framework.

Probable Effectiveness

The impact of the instrument of public demand on innovation policy
is largely dependent on how far it improves the market chances for new
products; in other words, how far it reduces or eliminates existing com-
petitive disadvantages. This can be achieved, for example, through
government contracts which secure production on a sufficiently large
scale to enable calculation of a competitive price.

In addition, the government can establish the technical quality of the
product by so called demonstration projects, so providing the product
with a competitive advantage. This can also be important with regard to
opening up foreign markets.

Whether or not the effects mentioned actually come into operation
depends, among other things. on the magnitude of the government
demand, the structure of the market, and the behavior of the market
"partners.”

In principle, government demand is a more powerful force where: (1)
government demand is large in relation to the overall demand on the
market; (2) the supply side is intensively competitive; and {3) the procur-
ing agency or decision maker has a positive attitude toward innovation.
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It should also be noted that the potential use of demand for stimulat-
ing an innovation always remains weak for commeodity cases, where the
main consideration is the most economic use of budget funds.

Magnitude of Demand

Table 1 gives an analysis of capital procurement spending on public
contracts for 1974. It can be seen that 28 out of DM55 billion, a good half,
is spent by the local authorities.

TABLE 1 Public expenditures on investive procurement in
1974 (in billion deutsche marks).

Item Expenditure
Federal Republic, Equalization Fund 6.68
Federal Railways 395
Federal Postal Administration 8.00
Linder 8.26
Local Authorities, municipalities 28.38
TOTAL 55.27

However, bearing in mind that the municipal demand is itself widely
dispersed, one may conciude that the quantitative effect is slight. This
impression is further strengthened by the figures in Tabie 2 which show
that only in the steel, carmaking, and building sectors does the state
demand appreciably exceed 5 percent of the overall turnover of the
industry. The proportional state demand for all industries is 6 percent.

Competitive Structure

However, a purely quantitative assessment would lead to wrong con-
clusions. A suppiementary analysis of the competitive structure of the
individual markets is absolutely necessary here.

Where, for example, the suppliers are mainly small and medium-
sized companies, a relatively small public demand can be sufficient to
pull production of an innovative product over the “break-even point" and
so to provide the initial incentive for market success. For this reason the
Federal Government has emphasized the possible suitability of this
instrument for the particular marketing and managerial conditions in
small and medium-sized firms (Federal Ministry of Science and Technol-
ogy and Federal Ministry of Economics 1978).

The theory of competition emphasizes that an oligopolistic structure
has a favorable influence on innovative behavior on both supply and
demand sides of the market. Since the state in its role of supplier of pub-
lic services is only seldom in competition with other vendors, there is no
immediate pressure on the procurement agencies to achieve a competi-
tive advantage armnong the public services offered by purchasing new,
qualitatively superior and /or more economic products. For this reason,
motivating the public agencies concerned toward a greater readiness to



‘(LAAE Woa "31y) 3uniyosio.] 1auxgsap
-ung wnz [ L6] 1YoHIqUIIYE,| L yuresapung SAYISNSNELS (FUnyIsIos)JRYISINIAL INJ INNISU] SIYOSIRIISIAM-YOSILIOL Y ¢ }JBYISUISSIAL SYOsINa AP N PUTqANS ILDUN0S
ANsin wuagaq dutpnjour sjuesd jerapa g,

09 0001 058°Z€ 60 9T 6L1'l AYLSNANI 11V

UoIEIIUMUUIOD
- S0 Il : $0 24! pue uoneyodsuer |
€0t ylL LYP'ET 0'§¢ 0 0¢ apes) uipjing
s 6l y€9 901 60 99 ssejd ‘sanuel1ad ‘Aejd pue auolg
¥o €0 68 8 € 44! S01Sagse pue ‘1agqni ‘sonsel|
69 6C 0s6 - - %2015 Juljjo1 pue jpag
87 ol 8¢t - 80 SL S|B)oLW SNOLIJUON
o 10 iL ztl 80 8¢ dunjiopo pue ‘safnxa) ‘1211ea
> €l o'l SeE v'g 60 43 $po0d {ejaws pue uij ‘uoly
M £t L0 6€£C 1°6 oS {4 sonpdo pue s31uedatu uoiIsIdal]
‘ Sl L't 81’1 (18 T4 8¢ 9£6'T $po0d [E2a11)03[]

wawdinbs
Lo Al 98¢ v'9¢ 6P LY’ Hodsue) e pue peoy
Sl I'e 6001 0'tC I'e Pot’ 1 Araunjoepy
- - - '8 20 6S Suiuiyas 10
S0 0l 133 ot vy v68'C SjEOHIDY,)

saseyoind (33ejuaoiad e se) (sajes |©)0) Jo
sajes [ejo1 Jo  algqnd [B1oy Jo ainppuadxa ¥y a3ejuaoiad e se) (WQ@ vonpw uy)

adejusosad esy adejuasiad esy  WQ uoypw up  10) syuerd aje)s  saimpipuadxa qBY  sainppuadxa 4By

sanjuoyjne jel0}i119) 03 spood [eyides jo Ajddng sanspie)s Juawdojaaap pue |oleasay

‘€161 Wl Auew a9 Jo orqnday [e1apa.] 3yl Jo Awouoda ayy ut spood [eiides jo saseyoind aijqnd jo souepodwit ayy 7 34VL



- 150 -

innovate represents an important task for technology policy.

Although the quantitative aspect of public demand should not be
overestimated, there is always a "break-even point” which must be
reached before there can be any stimulating effect on firms' readiness to
innovate. Therefore, in special cases, it may prove necessary to coordi-
nate the demand of various government offices. Long-term delivery con-
tracts or concentration of single orders at the same time can also be
advantageous.

This procedure can create general problems of organization and
specific difficulties with antitrust law and Federal competition policy.
Whether and to what extent this kind of measure produces a detrimental
effect on competition can only be judged in individual cases, taking into
account the specific structures and competition on the market in ques-
tion. The possibility of conflicts arising between the objectives of technol-
ogy policy on the one hand and competition policy on the other cannot be
excluded. In these cases, a political decision must be made, taking into
consideration social priorities and the interests of those concerned.

THE FEDERAL MINISTRY OF RESEARCH AND TECHNOLOGY RESEARCH
PROJECT

The economic and technological situation in the Western industrial
nations has caused some countries to evaluate its possible effects and to
develop measures for reducing potential obstacles.

The US government's Experimental Technology Incentive Program
(ETIP) carried out by the National Bureau of Standards (NBS) in the US
Department of Commerce must be regarded as the forerunner of most of
these programs. The first activity started as early as 1973.

lnnovation by US government purchasing was implemented in two
ways: .
(1) Innovative products were purchased in cooperation with a pro-

curement agency, whereby both partners made a financial con-
tribution.

(2) Demonstration projects were financed with the purpose of estab-
lishing the technical and economic suitability of new products
and so promoting acceptance with other buyers, private buyers
included.

The examples were selected from sectors which were of overall social
importance, had a technological backlog demand and could nevertheless
be presumed to have an innovative potential.

In 1978 a working conference was held in Dublin in connection with
the "Six Countries Programme on Aspects of Government Policies towards
Technological Innovation in Industry” at which the different countries
gave reports on current programs and activities on the theme "Procure-
ment and Innovation” (Overmeer and Prakke 1979). At this gathering the
representative of the US Department of Commerce (Wolek 1978) under-
took a critical assessment ot ETIP's achievement so far. In this the
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following reasons, among others, were given for the as yet not always
encouraging results of the experimental purchases (noiseless lawnmowers
and energy-saving air conditioning are well known examples):

—~ underestimation of the ability of government agencies to insist
on the traditional purchasing procedure and also of the special
connections between technical advisers and purchasers;

-~ lack of agreement between overall social interests and the con-
crete purchasing aims of a public institution;

~ insufficient emphasis on specific products in demonstration pur-
chasing.

Against this, the introduction of the concepts of lifecycle costs and func-
tional performance specification in US government regulations was men-
tioned as a positive result of ETIP.

In the Federal Republic the most positive experience of other coun-
tries with comparable programs led the BMFT in consuitation with the
BMVi to instigate an investigation of the possible uses of public procure-
ment policy for promoting technological transfer and technical innovation
with special reference to political, legal, and economic conditions. The
study was intended to bring to light obstacies and mechanisms that might
arise in innovation promotion through the demand side and to work out
draft measures which could serve as a basis for the development of a pro-
motion instrument.

Problems were examined by taking case studies from five separate
sectors. In each case procurement activities had already been com-
pleted. Sectors were chosen keeping in mind social or political interests
(e.g.. promotion of R&D through public funds). innovative potential
{patent statistics were included in the criteria applied here), and compo-
sition of the overall demand, both public and private {in other words, the
state should not be regarded as the sole purchaser of the product in
question).

In choosing case studies care was taken that wherever possible they
showed a typical range of problems occurring in innovative procurement
and that examples of both central procurement, e.g., Federal Army (Bun-
deswehr) and Post, and decentralized purchasing. mainly local authori-
ties, were represented. The case studies have shown that only under
favorable conditions can innovative procurement be carried out without
additional incentives. The problems encountered can be summarized as
follows:

— low motivation of the procurer to undertake the risks associated
with purchasing new products

— insufficient information about new products

— inadequate planning process; introduction of new products fre-
quently calls for a more extensive and complex systems analysis
with its associated costs

— limitation of options by restrictive conditions and norms
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- small orders, where the impact on the product is difficult to
assess

- incomplete decision criteria, e.g. in the choice of the "most
economic offer”

— insufficient public funds to allow preference to be given to a pro-
duct with high initial but low maintenance costs rather than to
one which is initially cheaper but more expensive to operate.

The problems described were used as a basis for developing possible
measures aimed at helping to stimulate innovative procurement. Table 3

TABLE 3 Draft of measures.

Motivation 1 Innovation consulting
2 Premium system (purchaser)
3 Removal of regression fear
4 Adoption of positive attitude to innovation
Information 5 Publications
6 Trade fairs, etc.
7 Information systems
8 Product information
9 Local purchaser newspaper
10 Extension of tenders
Planning 11 New planning methods
12 State subsidies of planning costs
Means 13 Innovation promotion in the diffusion phase
14 Financing pool
15 Subsidy systems
Demand 16 Coordination of demand
17 Longterm contracts
Norms 18 Modification of technical norms
19 Elimination of market introduction difficulties
20 Removal of restrictive specifications (VOL/VOB)
Decision 21 Methods of cost-effectiveness calculation
22 Modification of guarantee requirements
Supporting measures 23 Consumer publications
24 Requisition criteria and testing norms
25 Premium systems (manufacturers)

26 Purchase of prototypes

shows the measures in the individual problem areas. Further investiga-
tion is needed concerning the effectiveness and financial impacts of these
measures as well as their compatibility with the existing legal and
administrational structures and their teasibility from the organizational
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and institutional points of view.

CONCLUSIONS AND OUTLOOK

Analysis of case studies has not only shown the problem areas and
possible obstacles which may arise in promoting innovation through the
demand side, but it has also brought to light the following positive effects
of successful innovation procurement:

— First introduction or utilization of new products by public
authorities can have a positive technological influence on the
whole market.

— Public procurement can in fact stimulate development of new,
more economic products or effect a considerable improvement
in existing products.

-~ Adoption of new products by public authorities can achieve a
multiplier effect in the diffusion phase.

These findings, which are supported by similar investigations in other
countries, provide a stimulus to examine the practicability, effectiveness
and profitability of the suggested measures by means of so-called pro-
curement models.

In such a model, procurement would be accompanied and supported
by expert advice on planning, organization, and financing. The aim of a
procurement model is to remove obstacles, to foster an innovative atti-
tude and to ensure that in future dealings with commodity coverage the
procurer is better informed about new products, more open to offers, and
more ready to purchase new products. Care must be taken not to repeat
mistakes made in other countries’ programs. However, at the present
stage of discussion it can be concluded that public authorities, through
their demand for products and services, can provide an increasingly valu-
able stimulus for innovation.

The success of this kind of innovation promotion depends on the
extent to which market mechanisms remain undisturbed, how far com-
petition acts as an incentive, and the amount of public money employed
for this purpose.
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NATIONAL INNOVATION POLICY AND
STRATEGY IN THE NETHERLANDS

P de Graaf and P. Tindemans

In September 1978 the government of the Netherlands published a
white paper on sectoral policy in which a new, formal innovation policy
was announced. This paper describes some of the features of that policy
and the thinking behind it.

Under the new policy. total government spending on R&D will
increase by 10 percent, thereby increasing the government contribution
to industrial R&D from a mere S percent of total R&D expenditures to
about 10-15 percent, which comes close to the average in industrialized
nations. An extensive reorientation of the R&D and innovation infrastruc-
ture will accompany this increase, and government spending on “general
improvement of knowledge" via universities etc. (now more than 50% of
government R&D spending) will continue, but with new attention to the
applicability of the results in the manufacturing and service sectors.

Like many such policies, the above is a compromise between political
points of view, long-term thinking, and theoretical studies. Here effective
policy decisions are hindered by the complete lack of methods to make
good quantitative estimates and evaluations (in economic and social
terms) of the effect of government measures. This problem is formid-
able. Unless a complete input-output model is used, microeconomic stu-
dies on innovation policy end up in the booby trap of counting R&D spend-
ing. and I think most readers will agree that R&D spending is a very poor
yardstick for judging an innovation policy, whether on a macro-, meso- or
microlevel.

In the absence of hard data, the Dutch innovation policy was based
on a mixture of qualitative results of various studies, national and inter-
national, and discussions with representatives of several groups in
society. lnstitutional factors were taken into account, and policy design
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attempted to make society profit as much as possible from the dynamic
"hop, skip, and jump" character of technological change.

Two main methodological questions remain to be solved: how to
monitor the effects of government innovation policy and what methods to
employ in selecting the directions in which government will encourage
innovation. In selecting directions it should be noted that Dutch policy
mostly aims to create a set of conditions within which industry (and the
service sector) can unfold their creativity, knowing the market forces,
etc. That part of the innovations program was not too difficult to develop:
A "cost reduction scheme” and a "risk reduction scheme' were created
for that goal. Where difficuity arose was in formulation of the "selection”
theme, which is part of most measures of the so-called "infrastructural
line."”

To act effectively, government needs a clear picture of the various
factors affecting the process of innovation in industry and the way in
which it can influence these factors. The framework of the Dutch innova-
tion policy is based on two theoretical conceptions. Firstly, the interac-
tion between natural technological trajectories, and the selection
environment in which the innovative process within a firm will take place.
By technological trajectories are meant scientific and technical trends
which predominate for a given period, somewhat like the ones proposed
by Nelson and Winter. Examples are the increase in the scale of produc-
tion; the substitution of natural materials by artificial ones; miniaturiza-
tion; and some successful product designs. The term selection environ-
ment covers the acceptance or rejection of an innovation by the market,
and other background factors (such as the social and economic climate,
government policy etc.). It is important to realize that there is an
interaction between technological and background factors. ln many
cases there is no sharp distinction between the technological supply
angle and the market angle, as sometimes suggested by the use of con-
cepts such as technology push and demand pull.

Secondly, the Dutch policy is based on the conception of appropriate
firm strategy. In this conception firm strategy should be developed in
the area where the technological trajectories and the selection environ-
ment interact, taking account of the firm's strong and weak points. It is
of the utmost importance to select a segment of the market which
corresponds to the size of the firm. Small and medium-sized firms in par-
ticular often have difficulty in developing strategies appropriate to tech-
nological trajectories and environment; often they will need to call in out-
side experts. Also important are the internal organization of the firm and
the question of finance. Owing to the multiple aspects of innovation, the
firm's internal orgenization should be able to cope with the demands it
places on coordination and planning. Chief among these is interaction
and exchange of information between individuals and groups involved in
innovation. The worst problems with regard to finance are the high cost
of R&D work and the limited availability of venture capital: innovation is a
time-consuming affair and investments do not bring in good returns for
some considerable time.
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Policy in the Netherlands also recognizes the key role of people;
creativity, good education, opportunities for retraining and refresher
courses, and mobility are very important in stimulating and maintaining
an innovative society. Integration of these two points leads to a scheme
as presented in Figure 1.

Selection environment

Firm
Recognizing needs, Strong and Innovation Investment Innovation
possibilities, and =P weak points = process L—D {or not)
boundaries

Technoiogica! trajectories

FIGURE | Scheme of factors in innovation policy in the Netherlands.

In developing Dutch innovation policy we devised the above scheme
to show how the innovative firm with its weak and strong points is influ-
enced by technological trajectories and selection environment. This
proved to be a nice way to reconcile theory and practice of innovation.
This was mainly because:

— it avoids the still too often presented view of demand pull versus
technology push;

— various specialized institutions active in the innovative domain
tit naturally into the scheme; and last but not least

— it represents both government policies on a level of high
abstraction and those aimed at individual projects.

In this context | would like to register a complaint against the direc-
tions taken by study of the innovation process. We found it necessary to
construct the above scheme because we could not find anything in the
literature that met our needs. Moreover, we found a great void in the
literature concerning the mixture of macro-, meso-, and microinstru-
ments. In our experience this is an important policy question and it
deserves research. Admittedly, innovation takes place only on the
microlevel, however, the government in the Netherlands or in any other
country is not apt to deal with the individual projects of all innovative
firms. Moreover, not every firm really needs and appreciates this indivi-
dual attention; therefore policy mix deserves greater emphasis both in
research and in practice.
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In recognition of the importance of mesolevel policy measures, the
Government White Paper on sectoral policy published last September
allowed for a collective, sectorwise approach which permits new sectors
to be created through designation of key areas. On the macrolevel, the
Dutch government mostly uses a nonspecific approach to innovation,
although certain topics like regulation, procurement policy, attention to
environmental gquestions, energy, raw materials, and international divi-
sion of labor, must sometimes be tackled on a project specific basis. The
new innovation policy also created possibilities for technical universities,
research institutions (like TNO), and other members of the research
infrastructure to tune in on firm's needs on all three levels.

The big question to be answered in the coming years is, of course,
whether these policy measures really influence the innovation rate in the
Netherlands. We in the policy community would welcome suggestions of
practical ways of measuring this.

The rest of this paper is about the mainframe of the Dutch innovation
policy in relation to which I have just discussed a few theoretical points.

First, however, a possible answer to the obvious questions "why inno-
vations policy?" and “why now?" Certainly not because innovation is
something new: one of the main characteristics of modern history has
been the rapid rate of innovation in agriculture, industrial manufacturing
— both products and processes — and in the service sectors. However,
the innovative capacity in the Western industrialized world has come in
recent years under pressures of various kinds. Competitive pressure is
obvious, and needs no further mention other than to say that all coun-
tries are under pressure to "keep up with the neighbors.” Apart from
that aspect, however, important factors are as follows.

—  Shifts are occurring in the international division of labor. In
comparison with other industrialized countries the Netherlands
is heavily engaged in processing raw materials and manufactur-
ing intermediate products. Developing countries will certainly
concentrate on these sectors in the coming decades, in which
the developed countries will concentrate on sophisticated, skill-
intensive goods and services. The high wage levels and social
security costs in the Netherlands place us in a relatively weak
competitive position in comparison to other highly industrial-
ized countries.

— There has been a reduced willingness in industrial companies to
take the risks associated with innovative programs: there is a
tendency to concentrate on short-term survival.

— Technological innovations have important implications in policy
areas such as energy supply, environmental policy. regional
development etc. It is necessary to anticipate these effects of
technological change and to develop policies to cope with them.
The objections of selective growth policy can provide stimuli for
industry to find answers by way of technological innovations to
the problems posed by the new scarcities.
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— The ever-increasing demand to employ technology to satisfy
public needs (health care, public transportation, communica-
tion services, etc.) increases the need to anticipate technologi-
cal change. Here satisfaction of public needs and encourage-
ment of industrial innovation should be able to go hand in hand.

— The rate of technological change is an essential structural factor
in present socioeconomic problems. While the relationship is
not easy to define, let alone to quantify, it is essential for favor-
able social and economic development that industry and society
are in a position to absorb and apply the results of science and
technology.

—  The division {(not the total amount) of government R&D spending
in the Netherlands has been quite different from the mean for
industrialized countries. ’

Turning now to innovation policy as formulated in the recent White
Paper, 1 should first of all mention a few underlying principles. In a
market-oriented economy like ours, industry itself is primarily responsi-
ble for its innovation. The government, however, can and should create
conditions for the stimulation of new activities. 1t also influences the
orientation of innovative actions either by regulations or by supporting
programs in areas which are considered to be of national interest, like
energy-saving technology, health care, and others. Such programs, when
successful, result in new industrial activities. Of course, any policy aim-
ing at technological innovation must take into account the restrictions
and limitations set by other policy goals.

The innovations program announced by the Netherlands' government
centers around four nuclei. Firstly we will concentrate upon increasing
the innovative capacity of industry itself. Individual firms are in the best
position to react to the demand that manifests itself in the market. In
view of the great diversity in demand and scope for goods and services
and in production facilities, the basic policy is to maintain and develop a
balanced mix of large, medium-sized and small firms complementing one
another. In the case of large firms, which account for about 90 percent of
industry's R&D spending in our country, government can help to maintain
innovative capacity by reducing R&D costs and may enhance it by sharing
the risk involved in larger innovative projects.

Medium and small-sized firms require and receive special attention.
VWe are impressed by the recent results of the group of Professor Birch of
MIT in relation to the important contribution of smaller firms to the net
creation of new jobs.

The aim of policy in the Netheriands is to ensure that small and
medium-sized firms make the best use of their specific advantages, such
as their inherent flexibility. Our intention is to stimulate the innovative
capacity of industry itself along two lines. The first is a cost reduction
scheme of about 150 million guilders to cover part of the wage costs asso-
ciated with R&D. Medium and small-sized firms will be granted a higher
percentage than large firms. The second line is a risk reduction scheme.
There will be a substantial increase in the budget for development
credits.
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The second nucleus in the Dutch program centers around attempts
to increase the effectiveness of R&D institutions in supporting technologi-
cal innovation. The efforts will be directed both at more effective utiliza-
tion of existing knowledge and at producing new results that can be
exploited. There are two important policy objectives. The first is to iden-
tify areas of technology which are likely to have a strong impact on indus-
try and to stimulate R&D in these areas. The second is to design practical
procedures to promote the more effective use of the available expertise
for innovation, e.g. by reprogramming the R&D efforts financed from pub-
lic money and by encouraging cooperation between (semi-) governmental
R&D institutions and industry and within industry itself.

A few example of joint actions of the government and R&D institu-
tions are as follows:

— reorganization of TNO to strengthen its user orientation and to
improve its potential for solving multidisciplinary problems fac-
ing government, industry, and society as a whole

-- introduction of innovation-oriented background research pro-
grams with participation of universities, (semi-) governmental
R&D organizations and industry

—  support of small and medium-sized firms in applying electron-
ics; in order to do this, cooperation between scientific institu-
tions (and where possible with industry) will be encouraged

— opportunities for retraining and refresher courses will be
extended as an integral part of employment policy.

The third nucleus in the Dutch program centers on support through
consultancy and information. Most firms can increase their innovative
capacity by increasing their use of knowhow available from outside the
tirm. This applies in particular to small and medium-sized firms.
Menagement requires knowledge and information of various kinds: tech-
nological, organizational, financial., and on markets and national and
international regulations. The support of firms by providing them with
innovation-oriented information takes different forms, including (a) the
removal of obstacles which prevent firms from obtaining available infor-
mation, and {b) assistance, either general or specific, in the effective util-
ization of such information (e.g., assistance to inventors).

The fourth (and last) nucleus of the program centers on intensifying
the use of technological innovation to satisty public needs and extending
the government's potential role in voicing these needs. This can be an
important source of industrial innovation.

The Netherlands is very densely populated and is highly vulnerable to
the new resource scarcities. It is hardly surprising, therefore, that we
should aim at a selective growth in which the objective of economic
growth is balanced against the objectives of national policies concerning
energy, the environment, regional planning, natural resources, and the
international economic order. This policy is clearly formulated in the
government memorandum on selective growth, published in 1976. Pro-
curement policies are important in this respect, though not as important
as in large countries. Regulations, developed to serve public needs, may
also result in new processes and products.
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| have tried to give some impression of the efforts in the Netherlands
to give a new momentum to our industrial policy. A more detailed English
language summary of the policy in this respect in the Netherlands will be
available.

The process of industrial innovation is very complicated and requires
a variety of skill and actions. As a consequence a policy to encourage
innovation should work, in our opinion, from many angles. Whether we
have chosen the right ones only the future can tell. ({And without proper
evaluation instruments even the future will not tell.)
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RESEARCH AND DEVELOPMENT IN A
SMALL COUNTRY: THE CASE OF AUSTRIA

G.K. Chaloupek

RESEARCH AND DEVELOPMENT IN AUSTRIA IN THE. EARLY 1860s

From the early 1850s onwards expenditure on research and develop-
ment (R&D) in the industrialized countries has been rising considerably
faster than industrial production or GNP. In Austria, however, it was not
until the middle of the 1960s that the importance of R&D in relation to
overall economic growth and the international competitiveness of the
country's industry was realized.

The basic conclusion of the first comprehensive study on R&D in Aus-
tria undertaken by the economic research department of the Chamber of
Labor was that the R&D efforts of the Austrian economy lagged far behind
most Western industrialized nations (Prager 1983). Despite its well-
established tradition of high standards and achievements in research and
academic education in various fields of science and technology, Austria’'s
economy had failed to recognize and utilize the enormous potential of
these human resources. In the postwar period a substantial number of
scientists and technicians with a high international reputation were
forced into emigration for lack of opportunities. For a considerable pro-
portion of the qualified technical personnel turned out by the institutions
of technological education it had proved impossible to find jobs
corresponding to the training they had received. The total nongovern-
mental expenditure on R&D in 1983 was estimated at around ASS00 mil-
lion, about 0.25 percent of GNP (Prager 1983, p.39). This was far below
the corresponding figures for most other OECD countries except for the
lesser developed southern Furopean states.

The comparative neglect of R&D in the first two decades of Austria's
postwar economic development should not —as Josef Steindl convincingly
argues — be considered an altogether irrational policy. Austria's
economic development up to the mid-1960s was characterized by high
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growth rates and great prosperity. The obvious contrast between this
quite impressive record of economic growth and low R&D effort can easily
be explained by looking at "“the state of technology which Austria inher-
ited from the interwar period.” This technology was backward and did not
embody methods which had already become fairly commonplace in the
USA some time ago (for example, the broad strip mill, large paper
machines, the catalytic cracking process, modern kilns, efficient metheds
of internal transport, etc.). These methods were then introduced in a
comparatively short time (assisted, in part, by Marshall aid), and the
technology was lifted abruptly to a higher level.

Thus a process of catching up with other countries took place and
over the period 1957-1989 Austrian labor productivity in manufacturing
industry rose by 5% per annum while that of the United States rose only
by 2.7%. We have absorbed technology faster than it can be currently
produced, drawing it, as it were, from a stock of “accumulated
knowledge"” (Steindl 1977, p.211).

This effortless technological success has created a mentality of not
bothering with the high risk and cost of R&D but of relying instead on the
readily available stock of knowhow accumulated elsewhere. This lazy atti-
tude toward technological progress presently poses a far greater danger
to future Austrian economic development than does its past and current
low expenditure on R&D. Hence, the commonplace question of whether
Austria can afford more R&D should be put the other way around: can
Aus)tria afford not to increase substantially its R&D effort (Prager 1963,
p-9)?

THE RECORD OF THE 1970s

Since the 1960s there have been successful efforts to increase the
Austrian public and the business community's interest in R&D. In 1968
two special funds for the promotion of research were set up, one of which
was devoted to the furtherance of industrial research ("Forschungsfor-
derungsfonds der gewerblichen Wirtschaft"). Its purpose is to assist the
R&D efforts of Austrian industry by giving subsidies and subsidized loans
for specific projects.

In 1970, a separate Ministry for Science and Research was formed
which, since then, has been in charge of the science and research policy
of the federal government. The Science and Research ministry is
required to report to Parliament each year on matters of R&D. An "Aus-
trian Research Conception" was worked out by a group of experts and
adopted by the ministry {Bundesministerium flir Wissenschaft und
Forschung 1972).

This increasing government concern with R&D was paralleled by a
substantial rise of private business expenditure on R&D (see Tables 1 and
2). The number of firms reporting R&D activities of their own increased
from 382 in 1966 to 852 in 1975 This increase appears unduly great, as
the coverage of surveys has been extended continuously and the number
of small firms included in the survey was higher in 1875 than in 1866.
Total R&D personnel more than doubled in a decade, rising from 3,580 in
1866 to B,433 in 1975. The number of scientists involved in R&D increased
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roughly in proportion to the total personnel while the number of techni-
cians more than tripled.

TABLE 1 Research personnel and R&D expenditure, 1966—1975.

1966 1969 1972 1975 Increase 1966—1975 (%)

Scientists 790 1,423 1,703 1911 1419

Engineers 1,130 2,511 2,537 3,570 2159

Others 1,640 1919 2,982 2,952 80.0

TOTAL 3,560 5,843 7,222 8,433 136.9

Expenditure 950.4* 1,224.3 2,2558 3,5514 2737

(million schillings)

*Excluding small-scale industry.

SOURCE: Federal Economic Chamber.

The R&D coefficient (R&D in relation to total turnover) of the firms
covered in the survey rose from 1.13 percent in 1969 to 1.7 percent in
1875. the proportion of personnel engaged in R&D was 1.82 percent in
1969 and 2.3 percent in 1975.

There was little change in the structure of the R&D expenditure
between 1989 and 1975 (Table 3). The seven most R&D-intensive branches
accounted for B77% of total expenditure in 1969 and for 88.5% in 1975. In
this period the oil industry increased its share from 4.2% to 18.9%, which
can be largely attributed to the intensification of exploration after 1873.

Most of the R&D is undertaken in large firms (Table 4), which account
for more than BO% of total R&D, leaving less than 20% for the small and
medium-gized firms,

The share of the state owned-industry in total R&D expenditure
declined from over 40% in 1969 to 35% in 1977. The R&D expenditure of
the business sector was almost totally financed by current proceeds of
the firms in 1975. The contribution of public subsidies to private R&D
amounted to only 4% of the total as compared to 1.3% in 1969.

The share of R&D expenditure in GNP has increased substantially in
the 1970s. R&D in the business sector amounted to 0.58% of GNP in 1978
as compared with 0.37% in 1969. Since the public R&D expenditure has
also been very dynamic in the 1970s the share of total R&D (business and
government) rose from 0.93% in 1970 to 1.25% in 1978. This is all the
more remarkable as the corresponding figures have declined in this
period in most Western countries (see the interesting article "Die
Schweizerische Forschung im Internationalen Vergleich” 1879, in Der
Monat, No. 9). Thus, Austria has been able to catch up considerably in
comparison to other countries; however, there is still some leeway for
improvement.
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TABLE 3 R&D expenditure, by branch of industry.

1969 1975
Mining and iron production 18.3 14.2
Oil 42 + 199
Quarrying 2.5 1.5
Glass 0 0.8
Chemical industry 24.6 20.8
Paper 1.8 1.1
Wood processing 1.3 1.3
Food, drinks, and tobacco 34 1.7
Leather 0.8 0.8
Foundries 19 2.1
Mechanical engineering 10.7 88
Transportation 6.8 5.6
fron and metalworking 5.8 5.1
Electrical industry 16.6 14.1
Textiles and clothing 1.3 24
TOTAL 100 100

SOURCE: Federal Economic Chamber.

TABLE 4 Distribution of R&D expenditure, by firm size.

Number of employees of the firm 1966 1969 1975

<100 27 48 4.3
101-500 109 182 14.2
>500 864 770 815
TOTAL 100 100 100

SOURCE: Federal Economic Chamber.

LOOKING BEHIND THE FIGURES: SOME PROBLEMS OF
AUSTRIAN R&D POLICY

So far 1 have only presented the conventional R&D statistics which
must be interpreted with a good deal of caution. R&D statistics are basi-
cally input data. They permit the conclusion that R&D activities have
been substantially intensified in the 1970s. But the question remains
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open to what extent these increased activities have been successful:
whether and how far they have materialized in specific products and
processes of industry.

For one thing it must be said that Austrian technological research in
the 1970s has produced nothing that could be termed a "major break-
through" like the so-called "L-D process” in steel production in the late
forties and early fifties. This kind of innovation now almost seems to be
beyond the reach of any Austrian industrial enterprise. But there were
some remarkable achievements in various fields as can be illustrated by
the following examples:

— hard metals (Planseewerk Reutte): special parts for machines,
implanting material for medical purposes

—~ steel production: increases in efficiency in certain energy-
intensive processes

— powder metals: polishing of wheels
— transport: light Diesel engines, cross-country vehicles

— mechanical engineering: automatic spinning machines (at
present the most prominent example of innovation by a
medium-sized firm), reactor units (Véest-Andritz), track-laying
machinery, branch exchange systems

— pharmaceutical industry: especially antibiotics.

In the Austrian case one question is of particular relevance: How
much does the Austrian economy benefit from its R&D expenditure? The
question arises from the fact that foreign-owned companies dominate a
large and growing share of Austrian industry. Two of the most research-
intensive branches — the electrical and the pharmaceutical industries —
are overwhelmingly dominated by multinational companies (i.e., Siemens,
Philips, ITT, Sandoz, Ciba-Geigy-Hoffmann, Héchst, Béhringer-Bender)
(Grinwald and Lacina 1979). According to a cautious estimate (Table 5)
in 1975 about one third of the total R&D of the business sector was under-
taken in foreign-owned enterprises, some 40 percent in the state-owned
industry, and roughly a quarter in privately owned Austrian tirms.

TABLE 5 Breakdown of business R&D expenditure by ownership in 1975.

Million schillings  Percent

State-owned industry 1,355 40
Multinational companies 1,100 33
TOTAL 2,455

TOTAL INDUSTRY 3362

Difference (i.e.. private Austrian-owned industry) 908 27

SOURCES: OIAG (state-owned industry); Federal Economic Chamber; own estimates (multi-
national companies).
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In some cases the outcome of R&D efforts of foreign-owned enter-
prises formed the basis for new industrial activities in this country. The
most recent example of this is the videotape recorder tactory of Philips
which is located in Vienna because the Austrian branch of the firm has
provided the knowhow. On the other hand, there are multinational tirms
of the electrical and pharmaceutical industries with research establish-
ments in Austria which are not linked to their respective production units
in this country but directly tied to the mother company abroad. Thus, a
significant proportion of R&D undertaken in Austria may and will not be
passed on to the country’'s industry. And there are no Austrian counter-
parts abroad to transter R&D results obtained abroad to this country.

The privately owned Austrien firms are in a rather unfavorable posi-
tion with respect to R&D, a position which arises basically from their res-
tricted size. Small and medium-sized firms are usually not in a position
to commit sufficient funds to risky research projects. Nevertheless they
are often forced to do so and the outcome may be unsatisfactory. A
medium-sized firm can usually afford only one project. It this fails the
firmn may be driven close to bankruptey, but if it succeeds the firm is
liable to be bought out.

The size structure of firms shifts the burden of basic research aimost
entirely to the government. This and the high share of state-owned indus-
try in the R&D of the business sector places an extraordinarily high bur-
den of responsibility on the public sector.

In recent years there has been growing concern with the impact of
recent technological developments such as the microprocessor on
Austria's industrial structure. Austria will only be able to maintain her
competitiveness on international markets if she can manage the required
structural adjustments. The need has been emphasized to give proper
incentives for industry {(Advisory Board on Economic and Social Questions
1978). This could be done by shifting some of the incentives now given for
investment generally to R&D efforts in the manutacturing sector.
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THE RELATIONSHIP BETWEEN BASIC AND
IMPROVEMENT INNOVATIONS: THE DEVELOPMENT
OF INNOVATION POLICY IN JAPAN

Hajime Eto

INTRODUCTION

Basic innovation has traditionally been considered more valuable
than improvement innovation. However, the history of Japanese technol-
ogy indicates that a thriving technological base can exist based mainly on
improvement innovation. This paper first discusses these historical les-
sons of Japan. Secondly, it examines reasons why improvement innovation
is so dominant over basic innovation in Japan.

THE DEVELOPMENT STAGE OF INNOVATION

The Development of Japanese Technology Policy

Development and changes in Japanese science and technology policy
over the past decades are reflected in the titles of Science and Technol-
ogy White Papers reported by the Science and Technology Agency of the
Prime Minister’'s Office (Table 1). The need for R&D itself was stressed at
the end of the 1960s. In the first half of the 1970s the titles made no
explicit reference to R&D itself and were concerned rather with guidance
and the assessment of a technology's development course. In the second

half of the 19703 the titles resurne emphasis on the need and urgency for
R&D itsell.

At the end of the 1960s Japanese technology caught up with Western
technology, and the Western countries became reluctant to export tech-
nology to Japan. Accordingly. technology policy focus shifted to replacing
technology imports with technology self-development and to promotion of
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TABLE 1 The titles of Science and Technology White Papers of Japan.

Year Title

1967  Status Quo of R&D

1968  Science & Technology in Economic Society

1969  Promotion of Selfdeveloped Technology

1970  Science and Technology for a Wealthy Society
1971  New Needs for Technology Innovation

1972  Response to the Age of Change

1973 For a Society of Hope

1974  Response to the Age of Change

1975  For New Needs of Stable Development

1976  For Technology Innovation in Social Development
1977  Facing the Ordeal of Technology Development
1978  The Increasing Importance of Governmental R&D Activity
1979  Improvement in the Efficiency of R&D Activities

technological self-reliance. Emphasis was also put on high quality tech-
nology which was expected to bring a high income and a wealthy life.

In the first half of the 1870s rapid economic growth enabled
Japanese firms to increase R&D resources. Hence the government was
optimistic about technology development itself and was concerned with
guiding and assessing it on the criterion of the new value system. The
titles in that period refer explicitly to the goal of social development,
implying that technology development was a requisite for this.

In the second half of the 1970s to the present, continuing economic
recession has discouraged R&D investment and the uncertainty over
social structure makes R&D managers less confident of the orientation of
technology development. This results in stagnation of technological inno-
vation. The Science and Technology White Paper in 197B discusses the
necessity for governmental intervention in R&D through an increase in
the governmental research activity and grants to the private sector’s
R&D. The latest White Paper in 1979 discusses the necessity of improving
the effectiveness and efficiency of R&D investment for its limited amount.

The 1979 White Paper indicates a need for reform in the organization
of R&D activities. The effect of investment on R&D effectiveness is
saturated today, and the economic resources for it are limited by the
anticipation of a low rate of economic growth. The key factor for R&D
promotion is shifting from increase of input to improvement of efficiency.

Innovation for Excellency in Technical Performance

Japanese industry shifted from light industry (in particular the tex-
tile industry) to heavy industry in the 1930s. This was preceded by
successes in pure sciences such as theoretical physics and mathematics.
Most research was done in universities, and R&D in the private sector was
negligible. R&D for defense (shipbuilding and aircraft) dominated R&D tor
industry.
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Around 1940 Japanese technology developed the world's best navy
aircraft. For example, the Zero Fighter. a ship plane designed for taking
off from aircraft carriers. was the best in speed and range with the heavi-
est arms in the world. With it Japan believed it could control the Pacific
Ocean.

The Japanese aircraft industry, however, had the following weakness
which negated its excellent technical performance: (i) inefficient produc-
tion processes which hindered mass production; (ii) low reliability due to
lack of quality control; (iii) poor delivery system for parts in the produc-
tion process; and (iv) a poor inventory system for repair parts on the
front which resulted in poor operation on the front.

Similar things happened with iron and steel technology. Japanese
physicists developed high quality steel in the interwar period. But the
Japanese production process for iron and steel was inefficient for mass
production, and lack of quality control resulted in big variance of quality
which reduced the theoretically calculated high quality. The basic inno-
vation founded on important physical discoveries was found useless
without suitable production technology.

A third exampie is radar. A Japanese scientist discovered the funda-
mental law for radar and invented its major parts in the 1930s, but
Japanese communications technology failed to put it quickly into produc-
tion. When Japan started its production, the Japanese airforce was
already powerless in terms of number of aircraft.

Innovation For Efficiency in Production Technology

Having learned from the war experience that technology for mass
production with quality control and inventory control was decisive,
Japanese technology began R&D to attain this goal.

In the postwar period the Japanese aircraft industry was converted
into the automobile industry. The automobile industry found that pro-
gress in the technical performance of the car was already saturated.
Hence higher priority was given to innovation in production technology,
reliability, and service systems in the delivery of parts than to innovation
in speed and power. As a result Japanese cars attained a good reputation
on international markets though their technical performance was no
better than American and European cars.

Similar things happened in the iron and steel industry. A great deal
of effort was put into automation technology development rather than
into improvement in the quality of iron and steel itself.

Figure 1 shows that the Japanese iron and steel industry is less R&D
intensive than the average of the total industry, while automation-related
industries (the electrical machinery industry and the precision instru-
ment industry) are the most R&D intensive. A similar thing is seen with
the Japanese transport equipment industry which includes Japan's major
export industries: automobiles and shipbuilding. Figure 2 shows that the
Japanese transport industry is less R&D intensive than that of other
industrialized countries.
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FIGURE 1 R&D expenditure as a percentage of net sales, by sector. Source: Science and Tech-
nology White Paper of Japan (1979).

The prerequisite for an efficient production system is a balanced sys-
tem of technology in diverse fields rather than highly excellent technol-
ogy in a particular field. Accordingly, manpower training and personnel
management systems are often more important than scientific
discoveries. Japan learned this lesson from history and put it into prac-
tice successfully between 1945 and 1965.

Innovation for Need-Oriented Technology

At the end of the 1960s Japanese society began to shift its major goal
from economic growth to welfare. This was naturally accompanied by a
need for new technology which was called welfare technology. Welfare
technology was characterized as a proper combination of the existing
technologies to satisfy social needs or to solve social problems. On the
one hand it was stimulated by the success of space technology which was
a typical example of a combination of existing technologies. On the other
hand it responded to the criticism of space technology as being noncon-
tributive to welfare.

Systems analysis, policy science, or sociotechnology has been
assigned a central role in systematically combining existing technology to
solve social or political problems. The Ministry of Education established
new departments and graduate schools in these fields in the state univer-
sities. The Science and Technology Agency has bestowed upon these
tields, collectively, the name "soft science,” meaning the system of
knowhow needed to exploit the existing hardware technology for problem
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FIGURE 2 R&D expenditure as a percentage of net sales by sectors. Source: Indicators of the
Science and Technology Society of Japan (1978).

solving. The naming of a new science on a national policy level implied
promotion of soft science as an innovation to be used in steering society
toward achievement of national goals. This met with the silent resistance
of R&D organizations, especially universities.

Innovation for Seed-Oriented Technology

"Soft science” was expected to contribute a great deal to solving the
problems but its progress has been much slower than expected. This gap
caused policy emphasis to return from need-oriented technology to
seed-oriented technology. Figure 3 shows that private industry, particu-
larly the electric machinery industry, is losing interest in need-oriented
technology and is increasingly interested in seed-oriented technology in
every sector. But this fact does not imply that the weight is shifting from
improvement innovation to epoch-making or macroscopic innovation.
Figure 4 shows that every sector expects improvement innovation as the
most realistic and likely innovation. Even the electrical machinery indus-
try. which considers its innovation seeds to be bright prospects, expects
little epoch-making innovation.
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Innovation seeds are growing steadily, especially in the material sci-
ence field (the materials revolution). Without a policy direction settled
by systems analysis or policy science it is hardly expected to generate a
drastic and profound effect on industry. In this sense basic and epoch-
making innovation is hardly expected to result from it.

In the electronics field the materials revolution took the form of
innovation in the production process of electronic circuits and resulted in
mass production of cheap microcomputers. This innovation is mostly
aimed at cost reduction; it has permitted continued expansion of micro-
computer markets in all fields despite economic recession. In an age of
diversified social value systems, innovation by small steps is the most
acceptable to society, while epoch-making innovation is hardly put into
practice owing to the absence of strong leadership. Thus microscopic or
improvement innovation is likely to follow from the present seed-oriented
innovation policy. In fact the series of "The State of the Art and the
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Future of Materials Technology” which has been published annually by the
Science and Technology Agency since 1973 is focusing on process technol-
ogy of new materials for the purpose of industrial practicability.

MANAGERIAL BACKGROUND OF IMPROVEMENT-ORIENTED INNOVATION

Absence of Strategic Mobilization

Mr. Alan VWilliams, then the UK Minister of Industry, after his visit to
Japan, told the House of Commons select Committee on Science and
Technology that the most impressive feature of Japanese R&D behavior
was the continued priority being given to R&D. In other words drastic
mobilization of R&D resources for a particular subject is common.
National unity or consensus is the key factor in Japanese policy forma-
tion. This principle tends to lead to conservatism. Policies continue over
many years despite environmental change, until the majority begins to
demand a new policy. In an extremely uncertain field like innovation,
decision makers tend to choose conservative courses for safety's sake
and to allocate R&D resources according to precedent. This makes
epoch-making or basic innovation highly unlikely.
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The consensus-seeking principle also implies that, in the absence of a
strong majority, policy will be broadly based with equal allocation of the
R&D resources to every innovation item. This results in infinitesimal
improvement in every field, yielding a balanced technology system. Such
a system works favorably for mass production with high quaht.y as well as
for commeodity exports and economic growth.

Quick and Slow Responses at Tactical and Strategic Decision Levels

Mr. VWilliams stated that the second most impressive feature of
Japanese R&D behavior was the rapid absorption of technological change
and that the third was systematic search for up-to-date knowhow. These
observations are true at a tactical or operational level but the contrary
holds true at a strategic level. In Japanese management systems the
most important responsibilities lie at the lower decision level (the
bottom-up decision system) and lower-level decision makers are earnest
in quick responses to technological innovation. In a similar way trade
unions are quite cooperative in absorption of up-to-date technology. In
contrast, many top managers want to avoid the possibility of drastic
organizational changes caused by new technology systems and therefore
prefer improvement innovation within the frame of the existing technol-
ogy system to basic innovation. Such a resistance of the "top managers’
union” is a strong obstacle to basic innovation.

Mr. Alan VWilliams stated that the fourth most impressive feature of
Japanese R&D behavior was the separation between and coordination of
R&D for the near future and that for the distant future. There are various
reasons for this. The most decisive one may be attributed to the homo-
geneity principle of Japanese management, which separates the whole
into homogeneous units and cuts off influence between them. This
management principle leads to pocr channels between basic research and
development and makes basic innovation through cooperation between
basic research and development very slow.

Slow strategic innovation becomes a problem when firms in a certain
field meet with saturation of innovation potential in their field and are
forced to convert to another field. In such situations Japanese top
managers tend to postpone strategic conversion until they reach a criti-
cal point. For example, shipbuilding corporations are now slowly convert-
ing their technology into the plant field while their profitability is quickly
declining.

Risk Averseness in Innovation

The stagnation or relative decrease of R&D investment in the second
haif of the 1970s is not so much due to economic depression as to rigk-
averse behavior in R&D investment. Figure 5 shows that the R&D
meanagers in private industry decline to invest in R&D mainly to avoid
risks.

The same survey also revealed that R&D managers consider the risk
averseness inherent in Japan's many small-scale firms to be the major
cause (52.5%) of the inferiority of Japanese R&D. However, this explana-
tion is not convincing. The scale of Japanese lirms is indeed smalier than



-179 -

that of American firms but not smaller than that of European firms.
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FIGURE 5 Major reasons for the decline of R&D in the private sector. Source: Survey of R&D
in Private Industry (1978). A, increasing risk due to increasing R&D expenditure; B, less seed owing
to stagnation of basic research; C, less stimulus owing to global trend of stagnation of innovation;
D, decreasing originator’s profit owing to speed up of technology advance; E, diversity of needs
due to variety of values; F, reduced acceptability of new technology to public; G, miscellaneous.

Unmanageability of Multiple-Goal Technology

As is shown in Figure 5, a tifth reason for the decline in R&D invest-
ment is the increasing difficulty of R&D management owing to diversifica-
tion of R&D goals. As the national value system is diversified, so are
needs for innovation (Figure 6). This makes R&D management so difficult
that many R&D managers and engineers tend to avoid need-oriented inno-
vation and return to traditional seed-oriented innovation.

Seed-oriented innovation is easily manageable under traditional R&D
management systems which give researchers disciplinary autonomy. This
system leads to diffused allocation of R&D resources lacking strategic
cross-disciplinary decision making and therefore to infinitesimal innova-
tion in many fields. This further increases the dominance of improve-
ment innovation in Japan.

Inefficiency in Bazic Research Organizations

The advance of Japanese technology over the past decades has been
due to a significant increase in R&D investment. Now, with continuing
economic depression inhibiting investment, improvement of R&D effi-
ciency is the key factor for the promotion of innovation.

The share of universities in basic research was 64.3% in the 1977
budget year. In this sense universities are largely responsible for the
inactivity of basic research in Japan. Japanese private industry does not
trust the basic research activity in universities and obtains seed mainly
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FIGURE 6 Goals of technology. Source: Science and Technology White Paper of Japan (1979).
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from other firms (Figure 7) with only 3.4% from Japanese universities.

a

FIGURE 7 Source of seed. Source: Science and Technology White Paper of Japan (1979). A,
other Japanese firms in different fields; B, other Japanese firms in the same field; C, foreign firms;
D, Japanese universities.

The Science and Technology White Paper in 1979 mentioned, though
only implicitly, the inefficiency of universities for the first time in the
Yhite Papers series. The government has long been in conflict with the
teachers' union of the elementary and middle school education system
but has traditionally cooperated with universities. Thus it is significant
that the 1978 White Paper quoted private industry's criticism of the ineffi-
ciency and ineffectiveness of universities.

The University of Tokyo and the University of Tsukuba have the
greatest budgets among Japan's hundreds of universities and colleges. In
the following we explore the efficiency and effectiveness of Japan's univer-
sities by looking at these two largest universities.
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The University of Tokyo was founded about 100 years ago. At that
time each of its departments focused on the most up-to-date research
topic. The department of physics chose mathematical systematization of
classical physics and the department of philosophy chose neo-Kantian
philosophy. When the department of economics was added after the Rus-
sian revolution, it chose Marxist economic theory. Departments have
stuck to their original research topics and ignored the emergence of new
subjects. The department of physics overlooked relativity and quantum
theories: the department of philosophy paid little attention to modern
philosophy after the neo-Kantian school, and the department of econom-
ics was long behind in econometrics. This tradition continues even today
in the University of Tokyo. In fact it has rejected proposals to start new
departments such as environmental science.

The University of Tsukuba combines a traditional university (Tokyo
University of Arts and Sciences), which was excellent in the traditional
disciplines such as physics, mathematics, and history, with a completely
new university which was designed to promote interdisciplinary research
and education in modern fields. It is organized in matrix fashion, cou-
pling the faculty's disciplinary research institutes with the student's
interdisciplinary education schools. Within a few years of its start its
interdisciplinary education schools ceased to allow students the freedom
of choosing interdisciplinary programs, and its matrix structure became
a diagonal matrix by making a one-to-one correspondence between the
faculty's institutes and the student's schools. Now the University of
Tsukuba has lost its organizational appropriateness for new interdisci-
plinary basic research.

History shows that great steps in science are often made in new
organizations, but the anticipated low rate of economic growth makes it
difficult to start new universities and research institutes. Thus it is
unlikely that Japan will make epoch-making innovations based on basic
scientific discoveries in the near future.

Balance-Seeking Behavior and Appropriate Technology

Japan’'s top leaders are often said to be of colorless personality.
Indeed a colorful personality is never an advantage in getting a top posi-
tion in Japan. Instead a balance-seeking personality poised between
extremes is the norm for top leadership. This results in conservatism
among researchers and R&D managers which in turn generates a social
situation favorable for improvement innovation.

In addition Japan is a closed culture, isolated from other advanced
countries. Specifically in the technology field Japan needs a closed sys-
tem of technology wherein every field is balanced. Therefore deficiencies
in every field must be filled and, for this purpose, improvements must be
made in every field. Hence improvement innovation is emphasized more
than basic innovation.

This balanced system of technology is unsuitable for technology
export. In fact Japan imports technology much more than she exports
because the balanced system lacks the sort of local excellence that is
needed for export. On the other hand it is quite appropriate for improv-
ing the national welfare (Eto 19B0). Japanese society is, therefore, quite
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satisfied with its balanced, closed, and appropriate system of technology.
Indeed the majority of faculties in the University of Tokyo and the Univer-
sity of Tsukuba enjoy their conservatism in management philosophy.

CONCLUSIONS

The history of Japanese innovation has been reviewed in the light of
the categories of basic and improvement innovations. Japanese innovation
in 1845-1985 can be characterized as a shift from a basic innovation
orientation to an improvement innovation orientation. The innovation
process in the last decade was characterized as an oscillation from need-
oriented innovation to seed-oriented innovation; the recent emphasis on
need-oriented innovation was shown to lead to predominance of improve-
ment innovations .

The reasons why improvement innovation is constantly dominant in
Japan despite the rapid change in many fields were examined in the con-
text of R&D organization and management. The implicit principle of con-
servatism in the Japanese way of management in R&D organizations was
shown to be responsible for ineffectiveness and inefficiency in basic inno-
vation and effectiveness and efficiency in improvement innovation.

Improvement innovation made simultaneously in many fields has
given Japan a balanced and extensively comprehensive system of technol-
ogy. In this sense it is quite desirable as a means of developing an
appropriate and welfare-oriented technology system. At the same time it
might damage Japan's potential energy for basic innovation as welfare in
general might do that. The choice or mixture between basic and improve-
ment innovations is a matter to be decided upon the basis of the national
value system,
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PART THREE

COMPANY STRATEGIES: THE EXPERIENCE IN
DIFFERENT BRANCHES OF INDUSTRY






INTRODUCTION

Jennifer Robinson

The phrase "“technological innovation” encompasses everything from
use of lasers in laser surgery, to enhanced petroleum recovery tech-
niques, to continuous casting of steel, to office automation, to biosyn-
thesis of complex organic chemicals. The physical basis of innovations
ranges, in the cases mentioned, from human biology and laser physics, to
geology and petroleum chemistry, to metallurgy, to cell chemistry and
genetics. The social and economic organizations invoived range from
individual medical practitioners dealing with individual patients, to esta-
blished multinational corporations and state-owned conglomerates, to the
fluid, opportunistic structures typical in microelectronics industries.

There is no reason to believe, because we have grouped all these fac-
tors under the label "technological innovations,” that they are alike. The
products involved do very different things, fill different needs, compete on
different markets and have different scopes for further technical develop-
ment and innovation. Therefore it seems natural that they would be
affected differently by different firm strategies and policy measures.

For example, biosynthesis is just beginning to see commercial appli-
cation, and appears to have an enormous potential for further industrial
application. The constraints placed on recombinant DNA research may be
the determining factor in its future development. On the other hand,
laser surgery appears to have a limited market which is subject to multi-
ple regulations, to fashions in the medical community, and te medical
research funding. Oil politics and OPEC pricing may be determining in
the case of enhanced oil recovery, and relatively pure economics may be
determining in the case of steel. The microelectronics industry seems to
be in a position of an Aladdin who has discovered a powerful but peculiar
genie and is trying to find ways of employing his powers to develop
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products no one has ever seen before. Imagination, and how to hold and
channel creativity within a corporate structure, appear to be more criti-
cal in microelectronics than regulation, politics, or economics.

The heterogeneity of technological innovation makes it difficult to
formulate generalizations about technological innovation as a whole
except in very broad terms. However, if one looks at the specific
branches (or sectors) one finds a much higher degree of homogeneity,
and hence can develop much richer descriptions of the mechanisms
involved, and hence of what strategies and policies are useful for stimu-
lating innovation.

Accordingly, the present section looks at the question of innovation
and firm strategy in different branches. It contains six papers, which are
presented in order of increasing generality. Thus the opening paper by
Vedin presents findings on organizational structure and firm strategy in
specific firms as a function of their lines of business, while the closing
paper by Krejs presents an overview on the subject of strategic planning
and firm strategy with relation to technological innovation. Between
these two extremes are three papers on specific branches within specific
nations {Vecsenyi's paper on Hungarian pharmaceuticals, Okada on the
Japanese steel industry, Harman on the US electronics sector) and a
paper by Richter on the strategic function of combinats in the promotion
of innovations in GDR industry.

Vedin's paper has two distinct parts. The first is based on observa-
tions of six firms that have gone from media work, such as publishing or
film production, into the production of innovative goods. The observa-
tions center on the question of whether media industries, whose business
deals heavily with the management of creativity, can effectively
transform that creativity into production of new and innovative goods.
Vedin's research suggests an answer in the affirmative. In particular, he
finds that media industries have a capability for ad hoc organization.

The second part of Vedin's paper contains observations of eight large
electronics companies, all of which are active in microelectronics, com-
puters, and other lines of electronics where technological change is
extraordinarily fast and has been for around three decades. The central
question in this section of text is "How, institutionally, do companies
organize for rapid change?' Or, to put it differently, "What marks does
rapid technological change leave on the electronics industry firms that
have survived on the forefront of change?’ In answer to these questions,
Vedin notes four syndromes that appear to be common in innovative elec-
tronics firms and relates these syndromes to a certain style of
managerial climate that is typical in electronics.

The paper by Vecsenyi deals with the problem of organizing for inno-
vation in a planned economy. The Hungarian pharmaceutical industry,
historically, has been innovative. Hungarian planners would like to see its
innovativeness increase in order to make it more eflective in competition
on the highly competitive international pharmaceutical markets. To
increase the industry’'s innovativeness they planned for a large scale inno-
vation project, instituted within the Central Development Program (CDP)
in 1881.
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The key strategic problem for the CDP is how to coordinate the work
of many decentralized institutions involved in the Hungarian pharmaceut-
ical industry in a way that will increase their competitiveness on interna-
tional markets. This comes down to questions such as: How best should
the work of the flve manufacturing firms be coordinated with that of the
foreign trade company which markets their products and with the various
industrial companies, research institutes, clinics and university depart-
ments involved in pharmaceutical R&D? How should economic and fiscal
responsibilities be shared among the organizations? What legal form
should be used to accomplish the desired organizational structure?

Vecsenyi was a member of the systems analysis team responsible for
drafting plans for the CDP. Much of his paper is devoted to description of
the analytic and procedural approach his teamn used in working out their
designs. Thus the paper can be read either for information on the organi-
zation of the Hungarian pharmaceutical industry or as description of ana-
lytic methodology for institutional redesign.

The paper by Okada can be considered a paper on the Japanese
experience in development, as seen in the steel industry. The Japanese
steel industry leads the world in terms of labor productivity and cost and
energy efficiency. QOkada briefly discusses the history of the Japanese
steel industry and then examines both technological factors and human
factors that have contributed to the excellent performance of the
Japanese steel industry.

On the technical side, the Japanese steel industry has a high propor-
tion of large-scale, coastal, integrated plants. These are very up to date
and utilize highly efficient techniques, such as computerized control, con-
tinuous casting, continuous annealing and improved LD conversion
processes. On the human side, Okada ascribes the ability of the Japanese
steel industry to reach a state of technical excellence to cooperation
between labor and management in reaching corporate goals and to the
high motivation of the Japanese workforce.

The US electronics sector has been particularly successful at techno-
logical innovation since the 1840s. Harman's paper addresses govern-
mental policies that influence the process of technological innovation,
drawing on aspects of the history of the electronics sector. Three topics
receive particular attention: (i) uncertainties, ideas, and imperfect
appropriability; (2) returns on R&D-associated investments; (3) competi-
tion and selection environments. As a foundation for this discussion,
several conceptual frameworks are briefly described and some
classifications for innovations are explored, i.e. by importance
{basic/improvement), by locus of change (process/product), by area of
application (peaceful/dangerous), by locus of choice (private/public),
and by value {worthwhiie /not worthwhile). The discussion is underscored
by the observation that better links between conceptual understanding
and policy formulation are needed in order to convert practical insights
into useful actions. One specific policy recommendation is tendered: an
income tax credit on earnings of all employees (including salaried stafl
and managers) of R&D-intensive firms.
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The paper by Richter describes the main strategic problems faced by
industry in the German Democratic Republic and the way in which they
are dealt with within the structure of the combinats. After describing the
basic problems faced by GDR industry, he goes on to elaborate how com-
binats are structured, how they fit into the governmental and economic
structures of the GDR and how the combinat structure serves a strategic
function in overcoming problems and attaining national goals. He covers
such aspects as the way combinat structures support long-term strategic
activities such as are necessary for technological innovation, what com-
binat strategy comprises (production strategy. product strategy,
resource strategy, and social strategy, etc.), and how it is formulated. He
closes with two recommendations for ways in which strategic manage-
ment of combinats could be made better for dealing with technological
innovation: through extension of the top-down management system used
in production activities to include the mastery of the innovation process,
and alertness and careful consideration of the behavioral and psychologi-
cal aspects of the managers themselves.



INVASION OF ELECTRONICS INNOVATION: DEFENSIVE
AND OFFENSIVE CORPORATE STRATEGIES

Bengt-Arne Vedin

This is a report on companies representing extremes in the spec-
trum of innovation. The report builds on the findings of two projects
where different efforts to achieve radical innovation have been moni-
tored.

One extreme is represented by the so-called media industry: publish-
ers, advertising agencies, movie makers, etc. The six companies scrutin-
ized see creativity as one of their major production factors and assets,
and thus they have developed methods for the management of what is
regarded to be media creativity. In the instances under study these six
media companies have left their main line of business, venturing into
technical research, development, and production, and even into market-
ing of goods, in some instances with spectacular success. Thus excellence
in the management of creativity may in some instances, e.g., if the idea is
good enough, compensate for lack of experience in the production of
goods.

Another extreme is represented by the electronics industry. If one
studies the list of leading companies in this industry over a couple of
decades, one observes that companies appear and vanish from the top list
frequently. The reason is that a company has to stay innovative to sur-
vive and that companies failing on this issue vanish {additional qualities
may be needed, but innovativeness is one prerequisite).

This project contains an in-depth study of eight large (annual reve-
nue range of US$400 to BOO million) electronics companies which have
succeeded in staying innovative. Their organizational structure and other
features are dissected.



- 190 -

This report is a summary of these two investigations They are given
full accounts elsewhere. Here we attempt to summarize the main find-
ings, and to extract some questions having bearings on both company and
national policies.

MEDIA INDUSTRY CREATIVITY MANAGEMENT APPLIED TO TECHNOLOGY
Analysis

The six cases were selected from a range of media industries includ-
ing publishing (books, newspapers, educational, and magazines) advertis-
ing, and audiovisual program producers {TV, music, and movie). Half
were Scandinavian, half Angio-Saxon. They were followed by the author
personally for between 4 and B years using sources including official
statements, press reports, books, memoirs, internal memos, and inter-
views with persons inside and outside the companies involved. For confi-
dential reasons all companies are given fictitious names in this report.

My object is to identify reasons for the success and failure of media
companies in innovation. This is not a simple task. The projects them-
selves were risky and may have failed apart from management questions.
Where failure occurred my problem is to conclude whether the idea as
such was good but the project was inappropriately managed, or whether
the project was managed appropriately but in vain, because of the
inherent weakness of the idea.

To identify reasons for success or failure I present, in tabular form,
some of the organizational features suggested as being critical for the six
projects for both the idea generation and the development stages. There-
fore | examine characteristics that successful (or unsuccessful) projects
have in common.

The tables convey the essence of the cases in a simplified form. For
example, utilization in an ad hoc organization is noted by a simple “yes"
or "no,” which means that within each yes/no category there may exist a
certain latitude and a variety of finer characteristics. Such a variety is
described by the different methods and inputs related in the idea genera-
tion column.

In general, comparisons with the technically based projects in the
same vein indicate that the media corporations were efficient, not least
when looking upon development time schedules.

Stage 1: Idea Generation

ldea generation is the stage where ideas are generated and sifted
through. Presumably it is the point at which media industry creativity
will operate to greatest advantage. Table ! records how the idea ori-
ginated, whether it had top management authority, whether the technical
idea was clearly defined, and the absence or presence of inventor free-
dom, ad hoc organization, and comprehension of the whole development
process.
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In the first column we see that in two cases general technical audit
for resources, not least ideas, was the starting point for idea generation.
We also see that the electronics challenge has served as a stimulus in
three cases. The severe effects of television upon, first of all, the movie
industry, but also upon point media, has created an "electronics revolu-
tion syndrome" that is taken very seriously in these industries. Auditing
for the effects of “the next electronics revolution” is rather common. The
next threat should be transformed into business opportunity Few com-
panies pick up other opportunities, generated by this process — who
could blame them? Now that electronics invades many industries, they
may have something to learn from the media industries’ experiences.
Still another reason for searching for new opportunities is to find new
outlets for existing software, i.e., broadening the market for existing pro-
ducts.

In the other columns we see that all cases had top management
authority, inventor freedom and ad hoc team organization. All projects
except Enco which eventually failed, and Pelerol, which nearly failed,
display both definition and comprehension of the whole development pro-
cess.

To get the very best starting point for further development, freedom
for the inventor is important in idea generation. In product development,
however, inventor freedom must be constrained.

Finally, we might compare the tabulation with results. Enco was a
failure. Pelerol was a failure that finally became successful in a new con-
text. Ziz and Obs represent successes; Devco and Sovcom gave birth to a
number of successful projects, even if the companies themselves were
deprived of them to favor their mother companies.

Stage 2: Development

Once the idea has been defined, the development process starts.
¥hile idea generation is divergent — creativity in all directions is
encouraged — development is convergent: creativity is employed to
advance the design of the product towards the defined idea, essentially a
business idea.

Again, 1 have tried to establish a table noting the different features,
suggested as being critical to the development process. Some of these
are common to the previous step, whereas others are new.

One question is whether management is patient enough. Media
industries are often geared toward shorter development periods and less
costly projects than when technical developrnent is involved. 1s top
management continuing to extend authority? Inventor freedom should
now be more restrained, the divergent idea generation being substituted
by convergent processes. A new feature under scrutiny is the company
culture, i.e. to what extent the corporation has gained some earlier,
more profound experience of such a project (see Table 2).

Again, the two failure (near-failure) projects single themselves out,
this time on account of their too-large freedom for continuing inventor
divergence. Management authority is now sliding, however, and the same
holds for Sovcom as an entity on its own; authority is instead extended to
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transfer promising projects from Sovcom to the particular owners.
Comprehension is still lacking in these three instances. The three
successes display the opposite features, including a company culture that
provides, and to some extent is developed to provide, competence for
technical development.

The lack of comprehension of the whole process and the lack of
definition contributed to the failure of Enco's Woms system. The lack of
comprehensive planning caused too late the formation of a group of com-
panies that was too heterogeneous. The Woms partnership stage, a third
stage, might be characterized by sometimes no authority, sometimes a
confused — nearly erratic — one. Some partners also had less patience
than others. Instead of relying on the best resources of the partners, the
culture became mixed, and the advantageous ad hoc team was disbanded.
Comprehension was sought when it came to expertise, but not when it
came to the whole product launch process.

The Pelerol project was saved in its third stage, which meant a new
regime, extending authority, for the first time giving the project defini-
tion and control, and quenching the anarchistic inventor freedom. The
new environment offered a good climate and culture, and the new
managers were careful in planning and execution. The cases of Sovcom
and Enco (at the collaborative stage) indicate that media industries would
tend to look for partners in new, risky areas. But do all partners agree on
the same project definition? Such partnerships tend to risk aversion,
dithering, and politicking, because of different or competing interests
and priorities, lack of authority and patience. These are general prob-
lems with joint ventures, but in the formation of development companies
such as those described, extra care is recommended.

It would seem to be beneficial to set up a development unit —"ad hoc
group” — outside all existing organizational structures. Such a unit
should give those working on a project the opportunity to concentrate
fully on that task only. The individuals should be hand-picked for their
creative gifts, but also for their thorough knowledge and expertise.

High level commitment and interest are vitally important. They pro-
vide authority and impetus, and also funds, for the project. The comrmit-
ment must be permanent and comprehensive, and not represent a tem-
porary mood. But commitment and patience, freedom to spend, and
trust in the inventive individual must be balanced by positive control, by
comprehensive planning not only of technical development but also of
production and marketing, albeit conditionally, right from the outset.

This control element serves to guarantee that the inventive mind has
the full understanding of the managerial, economic, and other conse-
quences of the adopted development program. Top management must
have, or acquire, technical expertise for the technical auditing of the
plans and the results of the innovation work, as they arrive.

It is important to preserve the ad hac approach. This provides flexi-
bility during different phases and contingencies including project failure.
The drawbacks are superseded by advantages. A temporary setting
allows for changing team composition whenever new skills are required or
when unproductive ideas should be abandoned.
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When entering into major development efforts it seems important to
review current company culture as well. As seen in the Enco story, "old
history” may lead to some superficial analogies and too loose control. In
other cases, prejudices or lack of knowledge may cause unnecessary or
wrong concerns. Reading, training, and discussions with professicnals in
this field, not to mention the Ziz idea of hiring a former top executive,
would add substantially to climate and culture. {Some companies achieve
this, for example, by establishing an externally based scientific council.)

Success should not come as a surprise. Already when entering the
project, top management should call for a complete appraisal of actions
to be taken, should the project reach the stage of cornmercialization.
Several of our case companies neglected this advice, losing time and
momentum and presumably the best deal with the best partners.

Such an initial analysis also reveals the need for supporting technol-
ogy at an early stage, while the late discovery of such a need may
threaten the whole project. A late discovery may add substantially to
costs and cause detrimental delays.

True innovation in the media industry seems to take place when one
top man believes in one basic idea. When the development sidetracks, the
top man should be careful to hold to definition. If redefinition takes
place, a complete reappraisal should also be made. And if another possi-
ble money-maker spins off, the solution is to spin off another team or
another company, too.

We have seen examples of how an inventive organization, outside the
normal company setting, may spur a number of new ideas, which are then
implanted in the normal company as developed ideas (notably in the
Devco case). This saves the ideas from being killed in infancy. We have
also seen that such groups may gain other benefits from their develop-
ment companies.

But again, care must be taken that the genuine business idea is not
confused. This “genuine idea” could certainly be adjusted and changed
with time. The Devco example shows how a Devco Il was established
because Devco had got deeply involved in one specific promising area.

The six cases reviewed would seem to corroborate most earlier inno-
vation studies. Interestingly enough, though, the centralization so typical
of the media industry is beneficial to innovation — in contradiction to
other findings, based upon other types of industries.

It would be interesting to compare the results compiled here with
results from other industries, which share some media industry charac-
teristics. Fashion and styling, for example, is characterized by factory
production and intuition and "fashion” in styling.

Construction companies and construction consultancies, as well as
other consultancies, display an ad hoc organization of a kind (c.l.
advertising agencies, e.g., Hinesyte). Especially in construction, techni-
cal competence and culture obviously are present. A preliminary collec-
tion of data from this field indicates excellent creativity, and problems
with definition, control, and comprehensive project management.
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Agencies representing foreign supplies of equipment, often fiiid that
they have to develop turnkey solutions to customer problems. Again, an
aod hoc organization may be the solution — and innovation might be the
result.

Conclusions

Staying within one's competence is a basic managerial rule. The
companies studied have crossed into a field where they have no com-
petence — the production of goods — and they have proved that this can
be done successfully. Their pathway to success entails transporting com-
petence in one field, handling creativity, into a very different field, pro-
duction and marketing of goods. In the past, companies have relied upon
one specific competence to invade markets and fields new to them. 1t
would seem as if the media industry’'s skill in managing creativity might
form a basis for invading new fields, where the management of creativity
is an important condition for success.

If successful, this creativity management is characterized by several
factors:

- the notion of creativity as a production factor (the main produc-
tion factor) is central: company climate is conducive to to the
creative act, and to the creative individual

-- the creative individual is in focus: freedom and resources are
supplied, not reluctantly, but purposely

— ad hoc teams, tailored to the specific project task, are easily
established and disbanded; not least psychological traits are
accounted for in establishing the team

— top management is keen both on project content and manage-
ment

—~ decision making is centralized, autocratic, and authoritative

—~ intuition is acknowledged as being the last resort in decision
making: it is pointless to analyze high risk ventures to the last
decimal (or even to put it into precise figures)

— methods for idea generation are powerful tools in generating
successful businesses: these methods have been tried and
refined.

In project management, two "rules” are eminently important: arriv-
ing at a working definition of the new business idea, and comprehension
in planning and performing the development project. The intuitive nature
of the project makes it all the more important to get a clear definition
that may be communicated along the line and serve as a basis for
comprehensive planning.

On the negative side, lack of company culture where R&D is an
integrated part might create random inputs and imbalances in project
management, and lack of definition and of comprehension.
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There may also be a serious shortage of patience, understanding, and
management expertise. On the other hand, few "not invented here.”
"vested interests” or "already tried” barriers exist.

Goods-producing industries may learn from media industries’ experi-
ences in establishing ad hoc groups and in managing creativity in general.
These ad hoc teams are concentrating on one task at a time. They are
formed to solve this single task in an efficient way, which brings costs and
development time down. They are also formed to obtain a working team,
efficient in relation to its particular task.

The lack of internal competence may be offset by external consul-
tants, etc., to a surprisingly high degree. This is an important conclusion,
since it indicates that "knowhow"” might be restricted to "know how to
manage.”

The idea generation processes may contribute some new ideas. One
such successful approach might be termed technology auditing. This may
take two forms: the search for unrecognized ideas within the ranks of the
company, and the assessment of the risks created by new technologies, in
the case of media electronics and optiecs. “Innovation by invasion” is a
threat that may itself trigger other innovations. The hardware-software
relationship, giving impetus to searches for new software outlets, may
also be reversed, in that searches for these new software outlets create
new hardware inventions, offering completely new software opportunities.
New developments in electronics and optics have caused media com-
panies to look for risks, and to identify opportunities. One might specu-
late whether numerous goods-producing companies would not meet simi-
lar "electronic challenges” in the near future — and whether they might
learn from the media.

Finally, a word of warning might be issued. Media industries often
lack capital to undertake all the costs associated with the innovation pro-
cess — especially if the project is successful, markets may turn out to be
unpleasantly large, since huge production and marketing investments
then will have to precede selling and revenues. Without comprehensive
planning well in advance, too large a success may cause unbearable
strains to the developing company trying to exploit the success. The
warning, then, concerns many schemes for collaboration. The idea to
establish an organization backed by companies complementing each
other may very well lead to downfall later on. Complementing companies
will not only complement each other, but also display diverging interests
and priorities.

Sometimes, development, innovation, and ideas take their own ways.
Rather than moulding them into one given form they must develop their
own shape. But this shape must sooner or later become stable, by defini-
tion. And practical solutions must be in agreement with policy and indivi-
dual aspirations.

Costs for establishing odd but dedicated innovative ad hoc organiza-
tions seem to be offset by the advantages with the same approach: care
for the individual, and for freedom with skilled control. Competence must
be assured; 'if necessary, acquired. Definition and the whole
production—marketing structure should be analyzed comprehensively
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from the outset, when the idea concept is taking shape.

INNOVATION IN ELECTRONICS: SURVIVAL OF THE INNOVATION
Introduction

Organizing and managing a company always invoives conflicts and
compromises. Taking into account all the different considerations listed
as conducive to innovation, and complying with marketing, production,
and capital market needs, as well as government, employment, and other
social pressures, do not create one single formula for “one best” company
organization, and for its development as it grows and responds to new
challenges and threats. Rather, in the light of the main business idea,
and on the background and experiences of the managers of the company
— mostly top executives or "founding fathers” — certain main patterns
and guideposts are outlined. These include the general experiences of
the industry; one might at times be tempted to call it a lore of the elec-
tronics industry.

Such experiences are almost archetypical, representing traumata of
some companies. Actually, they tend to aggregate several of the points
that we have mentioned as pertaining to successful innovation, and some-
times to management in other respects. Thus, such a “collective experi-
ence' summarizes several of the explanatory points made earlier, giving
them varying weights, however, and making them operational in linking
them with business ideas and organizational and managerial implications.
I have called these experiences and guideposts "syndromes,” and tried to
describe them in background, characteristics, and implications. We have
seen these experiences and guideposts developing in the interviews.

Innovation in the electronics industry takes place at a prodigious
rate. Large computer companies may introduce a new product every
week or two, and a semiconductor firm may be turning out a new circuit
every day or two. The number of functions attainable per dollar in sem-
iconductor products has been doubling about every 18 months, while
computation speed and circuit capacity have been doubling every 3
years. Such rates of change have been maintained in the semiconductor
industries since transistors began to be commercially produced in the
early 1950s.

One would expect that survival, amidst such tumultuous conditions,
would require management and organizational structures quite different
from those found in more settled industry. 1 have conducted in-depth
studies of eight companies, three mainly in the computer business, four
mainly in semiconductors and one a general electronics company, to
develop a sense of how companies organize to survive amidst the rapid
change in the electronics industry. The companies studied were between
10 and 60 years old, all had more than 10,000 employees and four had
annual revenues of between US8$400 and 800 million.

1 discovered that four patterns of organization, "syndromes,"”
affected all these companies and seem, in general, to characterize the
rapidly innovating segments of the electronics industry. In the following 1
first describe the four syndromes and the ways in which companies
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typically deal with them. Then 1 describe some factors, related to the
syndromes, that appear to exert strong influence on the innovativeness
and organizational structure of the companies under scrutiny. This leads
to specific treatment of the syndromes as manifested in the eight com-
panies and finally to concluding remarks on the special characteristics of
the electronics industry.

This way of describing important features of the industry, of course,
lends many characteristics from much recent action research. Since the
syndromes are aggregates of different phenomena, given different
weights, they will show some overlaps on some of the phenomena.

One might ask whether or not this list of “syndromes” is something
that the author has constructed to fit the data. The answer is that these
explanations were suggested by the interviewed executives themselves.
Very often they used almost exactly the same phrases, and though their
characterizations of the syndromes and the conclusions drawn from them
were not identical, they showed a high degree of coincidence. The names
of the syndromes are my own, however, though in most instances they
have been suggested by those interviewed or by the trade press.

The Syndromes
Carothers’' syndrome

According to legend, around 1930 Du Pont gave a very outstanding
polymer scientist, Carothers, a free hand, saying: "Build your own labora-
tory, do something you believe in, we won't intervene, we just hope for
some profitable results in the long run.” And one of the results, of
course, was nylon. This is somewhat of an exaggeration. BStill, it is
descriptive of an innovation form found in the electronics industry. In
this form a creative individual, given freedom and adequate resources,
attains long-term results. To apply this strategy successfully a company
must: (1) look out for contributors of Carothers's quality; (2) provide
freedom and resources; and (3) apply a little more control than in the
myth: define the area or the goal.

Fairchild syndrome

Shockley left Bell to found Shockley Transistor, but soon some key
people left to start Fairchild Semiconductor. Partly the same people left
Fairchild a decade later to form Intel. Meanwhile hundreds of start-up
companies were started by people leaving the then leading semiconduc-
tor companies to be on their own. As a result much of the semiconductor
industry can be charted, family tree style, in lines of descent from the
Shockley and Fairchild groups.

Because to a large extent people are the key to success in the sem-
iconductor industry, Fairchild, when in trouble in the middle of the 80s,
lured away the whole management team of Motorola Semiconductor.
Likewise Inmos, a company sponsored by the British government, which
was started on the same basis of individual excellence, has found it a
prime management concern to develop schemes and methods to keep
their key personnel.
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The Fairchild Syndrome — people leaving parent companies to start
new ventures — happens in part because it is an established pattern in
the electronics industry. People are motivated to leave because they
have ideas not being developed; they would like a share in the company's
growth; they would like to have the freedom to do it their way: they would
like to run their own shop; and they find large organizations too stifling.

The electronics industry attempts to keep their creative people anc
to defend themselves against the Fairchild Syndrome by giving generous
stock options, generous rewards, and high status to contributors of ideas.
They also find it useful to maintain informality, to have a Chief Executive
Officer (CEO) active in idea searching, and short circuiting bureaucracy,
and to provide multiple ways for ideas to emerge, freedom on the job to
choose tasks, a challenging atmosphere, challenging career paths, job
rotation, and establishment of new subsidiaries and divisions.

The next technology family syndrome

Both the semiconductor industry and the computer industry have
been characterized by distinct generation changes. These have f{ollowed
upon the development and implementation of new technologies. The com-
panies who have dragged their feet, or otherwise not been prepared for
the inherent drastic changes, have suffered, even to the point of ban-
kruptcy. To see this demonstrated over and over again causes fears and
prompts recipes for avoiding such a sinister fate.

Adoption into new technology families is often inhibited because
existing investments/commitments prevent adoption of the new technol-
ogy, because many management cultures put up "not invented here" bar-
riers, because existing marketing organization and company structure
are not suited to the innovation, or because managers are blind to new
combinations (e.g., integration, collaboration). Attempts to adopt new
technology families often fail owing to wrong timing, failures to recognize
new markets, and blindness to new combinations.

Measures that may effectively be used to protect against the new
technology family syndrome include technical and idea auditing, techno-
logical forecasting, multiple paths for ideas, CEO concern with new tech-
nology families, use of outside consultants, invention of new families and
creation of new combinations, and differentiation and integration (in the
Lawrence and Lorsch sense).

The integration syndrome

There is in the electronics industry a strong trend to integrate back-
wards, forwards, and horizontally. Companies integrate forward because
components and systems will merge and companies find that the forward
enterprises are where the future is, where the profits are, and where the
needs and the design inputs are. In sum, they tind that torward integra-
tion is essential to tuture competence.
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They integrate backwards because their production inputs shape
their futures and are often profitable lines of business. Backward
integration puts greater control of a company's environment and links it
to a region where further innovations may emerge.

They integrate horizontally because it is a good business concept and
might work in new markets.

Forward integration is directed into areas with low barriers to entry,
into areas where earlier customers might not be disturbed, and into
areas where the customers have a need for a higher system level. Back-
ward integration often occurs to make specific custom-designed
integrated circuits, to make innovative contributions, or to get a "win-
dow" to the development. Horizontal integration occurs by using auxili-
ary ideas and by using existing marketing capabilities.

Factors Related to Innovativeness

Two unanticipated factors seemed to have an important influence on
the innovativeness and the organizational structure of the companies
under scrutiny: company climate or culture, and industry culture (the
syndromes). A third, expected, factor also turned out to be of primary
importance: business ideas, closely and explicitly linked to innovation
strategy (again. the syndromes form a background). In the following, I
will make a summary of the findings, grouping them together under dif-
ferent headings of interest.

The greenhouse atmosphere

In some companies one is astonished by the strong impression of a
coherent climate, permeating not only different departments but also dif-
ferent locations. On discussing the electronics industry company cli-
mate, several industry leaders emphasized the "heat,” the greenhouse
atmosphere existing south of San Francisco and at some other places in
the US. Five of our eight companies are located mainly in such Silicon
Valley(s).

It is, of course, an exaggeration to say that Silicon Valley, Santa
Clara County, Palo Alto, Mountain View, Cupertino, etc., is where all the
action takes place. There are other areas, e.g. Arizona and Texas, in
which the same kind of greenhouse atmosphere exists, with the latest
knowledge and physical resources, experience, and suppliers easily at
hand. But there is a general concern outside the US and also within the
country that “a window to the Valley” is a must. Thus, for example, Euro-
pean companies such as Philips and Siemens have acquired Signetics and
Advanced Micro Devices respectively. The simple conclusion that com-
panies have drawn from this is that you have to have a plant in Santa
Clara County to benefit from the atmosphere there, to inject it into the
company all over.

The "atmosphere"” in Silicon Valley serves to underline the impor-
tance of the Fairchild Syndrome. Through job rotation and other means
of communication the spirit of the Valley also pervades company depart-
ments in most other locations.
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Organization features

Electronics companies need organizational forms that can deal with
the high degree of forward., backward, and horizontal integration in the
industry, which are conducive to rapid change and creative product
development, and which can handle & high degree of product diversifica-
tion.

To meet these requirements electronics companies typically utilize
pluralistic structures using multiple approaches to problem solving and
idea generation. Pluralism is often achieved through simultaneousiy pur-
suing alternate strategic approaches. For example, a company might
simultaneously approach the same product development goal using a
marketing and a technological approach, a hardware and a software
approach, a large and a small systems approach, or a centralized and a
decentralized approach.

It is a perception shared in at least seven of the eight companies that
multiplicity in development undertakings, properly managed, is contrary
to wasteful: it allows for many more odd ideas to emerge instead of being
killed. Several executives bring up the question of dedication: "if you
have good people, they set out to prove they are right, even if they are
wrong, and in the end the product is right.” In other words, the competi-
tive spirit will give birth to a number of serendipitous proofs that those
projects were worthwhile.

Organizing development groups ad hoc is a standard feature in this
industry. Most companies are open to external and internal ideas, but
only A,D, and E, the largest companies in the group, have formalized and
developed the means for doing so. Every company claims to have more
ideas than they can take care of, but some also say that they lack the
"golden eggs"” — which means the new telephones, transistors, or Xerox
inventions.' (One might add that Western Union rejected Bell, the transis-
tor was too odd to deserve space in conference proceedings in 1949, and
that several large companies turned the Xerox process down. Would you
recognize a breakthrough when you saw it?)

The atmosphere in electronics companies is sufficiently positive to
create a lot of ideas within the ordinary., multiple structure. Several
managers talk about using creative methods, suggestion boxes, and
external capacities —but the internal ideas are felt to be sufficient, espe-
cially when growth causes so many other problems.

Methods

With a technology and an industry that is changing as rapidly as the
electronics industry, forecasting is both a necessity and an impossibility.
The results of "institutionalized" forecasting are part of the established
framework, the industry cuiture. A tendency to stagnation, to a halt in
the rapid change, would actually be felt as a major change.

On the other hand, such forecasting just shows gross development,
not which applications, market niches, and new business opportunities
will develop. If we regard a 100 per cent change as “one generation,” such
a step is taken every second year or so. Forecasting won't help for much
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more than such a period.

Thus technological forecasting is a framework, a substrate to work
trom, but not much more. Creativity in shaping and inventing the future
is needed — and supplied.

As discussed in the previous section, electronics companies generally
have an abundance of ideas. Methods for generating even more ideas are
not felt to be needed. The most frequent method to trace new opportuni-
ties is auditing, taking the following forms:

-~ technology auditing, i.e. analyzing the consequences for the
company (and especially its markets) of a new or envisaged
technology (family)

—~ idea auditing, i.e. "vacuum cleaning” the organization for new
ideas

— market auditing, i.e. the systematic questioning of and feedback
from the market regarding new requirements or important
problem areas.

In general, the methods applied for evaluating new projects are not
very sophisticated. The reasons for this are linked to the rapid change in
the industry:

-- new technology families mean a 50 per cent or better change in
important features, so finely tuned analysis is both unnecessary
and impossible

— technology push makes many market estimates conjectural;
perscnal thrust and marketing twists may be significant contri-
butors in the final attempt '

-- projects are risky but not necessarily too costly. allowing for a
“statistical” approach.

The business idea

The business idea is extremely well integrated with technology and
innovation in companies C, D, and E. This integration is high also in A, B,
and F. It is equally high for technology in G, with its concentration on
trailing, but consequently not with original innovation here.

Top management

The executive team consists — wholly or partially — of engineers and
scientists in companies B, C, D, E, F, and H. There is no question, how-
ever, that the chief executives of A and G are also highly concerned with
innovation. 1ln all companies, the CEO is involved in strategic decisions on
innovations; in D and H, he is himself the last "innovation ombudsman" to
be called freely upon should an idea get stifled; and in companies C and E
he even involves himself directly in challenging projects. The risky and
intuitive nature of innovative projects is recognized by all management
teams of the eight companies. That this is not a lip service has been
demonstrated by the substantial losses on high risk ventures, not least
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for A, C, D, and F, which during the same period display growth and profit
even exceeding that of the other four.

Top management has been most concerned with the process of inno-
vation in company A (with its elaborate structure), C, D, E, and F.

Individual incentives

As mentioned previously, the electronics industry generates more
ideas than it can develop or even evaluate. Clearly, this has been one rea-
son for the Fairchildren phenomenon: people insist on getting their pet
ideas afoot, and venture capital is available at the smell of Silicon Valley.
In an industry where Lhe key resource is people, and where companies
are constantly recruiting new personnel because of rapid growth, it is
imperative to keep the best, those with the entrepreneurial spirit to start
on their own. One reason for applying an ombudsman or a "pluralistic”
approach is that this makes it easier for ideas to get a foothold, however
odd they may seem at the outset. Another important factor is freedom,
including opportunities to choose one’'s own projects and to try new jobs,
and different ways of opening such opportunities have also been insti-
tuted. As we have seen, some companies give a long-term total freedom
(Carothers's syndrome — especially company A), some offer a creative
career path (especially B).

Another reason for starting a company on one’'s own would be to get
a share in the growth of its assets. This same effect may, in principle, be
achieved through stock options. In large and more mature companies this
may not offer the same incentives as in a boom-rocketing new corpora-
tion. Offering substantial rewards is an alternative way, though it has also
been argued that too large rewards may in fact be counterproductive in
that they prevent an open exchange of ideas. A third way is different
status-creating activities.

Most psychological accounts of innovativeness make a distinction
between the personality traits of an inventor and of an entrepreneur.
Relatively speaking, the former is more of a dreamer, the latter more of a
doer. For example, in the Swedish innovation debate it is discussed how
to get these two to find each other, and to work well together. In the US,
this distinction is not accepted to the same extent. The attitude is rather
to train the inventor to double as an entrepreneur. This is actually done
successfully, not in training courses but rather through trial and error: if
the first attempt to build a company fails, try again, with that experience
as a background. One role of the venture capitalist is often to be, if not
the teacher, the counsel and the sparring partner.

Again and again the Silicon Valley environment as a major factor in
creating an entrepreneurial pattern was stressed. This has two sides.
The environment is conducive to innovation within the company — but
also to leaving it for a new start-up.
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The syndromes

Here we review briefly the extent to which the eight companies
(A-H) have manifested the four syndromes.

(1) Carothers’' Syndrome. ] found that one company, A, has followed
the recipe for the Carothers syndrome systematically and to the last
letter with good results. Companies B, D, and E also display the Caroth-
ers’ syndrome, but for various reasons, sometimes linked to other com-
mitments and limited resources, their programs and especially time hor-
izons are more limited. Companies C, F, G, and H attempted to apply
Carothers-like schemes, but for various reasons could not. All were
unhappy about this failure.

(2) The Integration Syndrome. All four companies with a base in
semiconductors have integrated or are integrating forward; two success-
fully, two with less success. The latter seem to have had too vague ideas
about marketing, also regarding the type of unique contributions or sales
proposals they were offering.

Some 4 years ago, a handful of systems-producing companies had
integrated backward —today, the number approaches 40. Of our systems
producers, most belong to the former group. This majority was intrigued
by the innovative aspects; else the approach is more defensive. One com-
pany mentions profit generation as a subsidiary requirement. A regular
request for outside competing bids secures this. "Since our plant delivers
internally only. we save the sales costs.”

Horizontal integration does not form a regular pattern. One pitfall is
lacking insights into market and marketing requirements — but several
examples of successful "diversification” may also be quoted.

In some instances, experiences with integration —especially horizon-
tal —will lead to an antisyndrome: stay with your expertise.

At least three of the companies under scrutiny are managed by peo-
ple who are themselves "Fairchildren.” In one way or the other, all eight
have experienced their syndrome themselves, in some instances with very
substantial repercussions.

We might now list in a matrix what policies are implemented {see
Tables 3 and 4).

TABLE 3 Syndromes impacting different companies.

Syndrome Company

A B ¢ D E F G H
Carothers X X - X X — - -
Integration X X X X X — - _
Fairchildren® ——— See Table4 ———
New Technology Family X X X X X X - X

®See Table 4.
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(3) The Nezxt Technology Family Syndrome. All but one of the com-
panies in our sample have the expressed objective of being leaders in
inventing the new technologies. All companies utilize technological (and
market) forecasting.

Company A applies most of these measures listed, possibly with the
exception of "CEO concern.” Companies C and D exclude the auditing and
outside consultants actions, but implement the other measures. Com-
pany C shows a very high CEO concern and involvement in "generation
shifts."”

Company E displays the unique feature of integrating development
and production. Timing is certainly one of this company’s strongest sales
proposals. Internal "not invented here" barriers, of course, never build
up. The CEO is directly involved, multiple paths exist, as in all eight com-
panies.

Company F applies the whole recipe package.

Company G is the one company. not primarily aiming to be a leader,
but rather to have a full hand. It has the least developed structure for
not being bypassed by new technologies, but on the other hand its stra-
tegy of trailing in everything worthwhile makes it generally susceptible to
buying licenses to everything new that has proved to be promising.

Company H, finally, originated from a "generation shift" and has sur-
vived later shifts. The awareness of this phenomenon is very high, the
measures being some auditing and forecasting, CEO involvement, and
multiplicity in approach.

Syndrome summary
The syndrome discussion is summarized in Table 5.

Conclusions

The electronics industry is in a seemingly permanent stage of rapid
growth and rapid change. Clearly, this would not be the case if there
were no new markets opening up. But these markets are to a large
extent being created.

The growth seems perpetual in that in a climate of boom, a climate
of change sustains itself. This climate has been characterized here as a
series of syndromes. 1f one looks at, for example, the most typical
“climatological” factor, Silicon Valley, the question would be how to repro-
duce something like that. Clearly, climate, tax laws, the availability of
land, and the presence of an outstanding university in the neighborhood
are all important factors.

One might wonder whether this climate would also permeate other
industries. It seems as if "electronics” is a notion that is growing wider
and wider, but the aerospace industry in the same geographical area, for
example, does not seem to prosper in the same way. On the other hand,
the pext would-be boom industry, "genetic engineering." seems to be
enhanced in much the same way and by the same climate as the electron-
ics industry. One might venture the idea that there is a relation between
the "culture” of an industry, and the size of the projects, risks, and
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investments. Actually, venture crganizations such as Exxon Enterprises
seem to have drawn this conclusion in establishing such investment cri-
teria as:

— fast-growing markets (allows for learning by doing, offers a place
for the newcomer)

— developing technology
— low to moderate initial investments
— possible future synergistic effects between different ventures.

The next important conclusion is that there is not only a very tangi-
ble culture in the industry but also a very distinct subculture developed,
haphazardly or consciously, in each company. This may be more or less
distinct, and it may be more or less consciously developed. It would seem
as it had a direct relation to the objectives and the performance of the
company. In other words, companies should be concerned with how they
create and sustain a company climate coherent with their objectives. In
a fast-growing business, new personnel may make up 20-50 percent of the
total each year, creating no small problems in sustaining the climate
aimed for.

Certainly, a more developed methodology for probing, creating, and
sustaining company climates might be called for.

The next conclusion is that company objectives and business ideas
could and should be firmly tied to innovative strategies. Company D has
succeeded in letting its trial-and-error-and-success strategy permeate
the whole company, all over the globe, linked as it is to the objectives of
the company. Company E has a firm and demonstrably well proved belief
that timing is a key factor to success, consequently concentrated on
eliminating internal communications barriers, and ended up on a far
from optimal production process should production be static, but with a
wonderfully rapid fire innovation process. Company A has taken into
account all the lessons from the innovation and management literature
and tried out a complex scheme, fitting its size, growth, environment, and
objectives. The same can be said of company F, which has complemented
the normal functional and geographical differentiation with one along the
time dimension, a temporal differentiation, thus linking innovation and
organizational change, creating the social (in this case organizational)
carrier of technology simultaneously with the new technology itself. Com-
pany B also applies a temporal differentiation, but with another twist, and
company C has a unique market-oriented approach to its product design
that creates very definite guidelines for innovation.

There would seem to be a whole universe of different approaches
combining objectives, business ideas, and innovation strategy. But each
organization has to develop one coherent pattern. This might be changed
with time, environment, growth, and technological change, not to speak of
creative resources, and it has to comply with resources, size, and avail-
able capital — but it is of utmost importance that such & combination be
developed. The examples given by several of the eight companies demon-
strate that this is a highly creative undertaking.
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That such a volatile and highly innovative industry as electronics
would require extensive top management involvement in innovation, in
recruiting creative and entrepreneurial managers, in managing the inno-
vation process, in strategic decisions, and even in specific projects, is not
too surprising a conclusion. Nor is it surprising that these creative and
entrepreneurial individuals form the key resource and must be treated
accordingly. Incentives include opportunities to get odd ideas tried and
launched, personal freedom, stock as a share of the corporate growth
that might be one result of creative contribution, substantial monetary
rewards, career opportunities, and status. To further the creative pro-
cess, different types of assistance to the project manager are developed;
for example, the resource of a listener or sparring partner.

All companies stress the benefits of slack resources. But this slack
should be located 8o as to be accessible to the people who have new ideas,
to allow for “under-the-bench” experiments. Such slack is built into most
of the eight companies’ budgets and organizations.

This is but one way to create multiple paths for an idea to get its fair
chance. The point with this multiplicity is that it should never get stand-
ardized, should never attempt to cover everything, and should be
changed from time to time. This pluralism would aim at differentiation
and integration in new dimensions, at centralization with one measure, at
decentralization with another. It is hoped that this report would give the
reader new inputs for the creation of multiple idea paths.

Multiple paths also point to the fact that far from being afraid of
internal competition, electronics companies inspire it and organize to
create it. Again, the different approaches that competing departments
will have create a successful result in the end —and several opportunities
for sharp criticism and evaluation as well as for beneficial combinations
on the way there. The NIH (not invented here) phenomenon has been con-
verted into a contributing force.

The findings of Lawrence and Lorsch on the necessity of combining
differentiation and integration — which is confirmed here, but just a step-
ping stone —led them to formulating a contingency theory of corporate
organization. The results of this report would also indicate that in an
industry such as electronics, moving even faster than the plastics indus-
try, a number of additional factors must be taken into account, apart
from the integration/ differentiation pair.

Thus, we may draw the following conclusions.

(1) One "ombudsman for innovation” is not enough; several are
needed. Purposeful slack resources and internal competition
are but two opportunities. A pluralistic approach should be
applied.

(2) Organizational change should be built in —the organization must
contain strong anticipative elements. Decentralization may
take place not only along dimensions such as function, geogra-
phy, or product, but also through time.
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(3) Integration, though risky, may be the best way to secure innova-
tive inputs, from subsidiary technologies or from end markets.
It must be balanced against the danger of falling into the traps
of obsolescence and protected climate, however.

(4) The strong interdependence between basic business ideas, stra-
tegies to achieve these ideas, and production, marketing, servic-
ing, and innovation policies, etc., must be realized and clear-cut
conclusions must be drawn and implemented.

(5) The company climate as such is an important production factor,
linked to business ideas and strategy, and also a factor that may
be aflected to make the company more dedicated, efficient, and
successful.

(8) The industry culture is an important substrate for any company
climate. To a certain extent this can be simulated and some of
the characteristics of a "greenhouse industry” copied in com-
panies outside that industry.

(7) Individual incentives are important. They should preferably be
linked to company climate, i.e. to enhance loyalty. Among the
means are personal freedom, job rotation, the maintaining of
small units, stock options, monetary and symbol rewards, and
top management involvement.

As semiconductor technology families, or computer generations,
prosper and then suddenly die, so may paradigms. Electronics industry
managers who are highly successful in one era might be unlucky during
the next period —and such an era may last just 5 years.

But an era might be sufficiently long for the manager to get pro-
moted. perhaps to another industry, before his adaptability been put on
trial. 1 believe that in the future we will see an increasing flux of top
meanagers in all industries hired over from success in electronics. Thus
the spirit of Silicon Valley will spread to other branches of the economy.

But at one point or another we will also see a major breakthrough, a
new innovation — social or technological — a new syndrome, that will
shake the foundations of the industry. That trend shift might well make
one or all of the syndromes obsolete. Actually, the “Integration Syn-
drome"” contains something of an anticipated trend shift, with some vir-
tues of a self-fulfilling prophecy. And we have seen the need for a
coherent company climate dominating over the need to prevent "Fairchil-
dren” from spinning off.

Such a trend shift would not only shake the foundations of the elec-
tronics industry but also add new and important contingencies to the
conclusions brought forward in this report.



-212 -

Policy Questions

The findings reported give rise to numerous questions such as:
How can we give more than lip service to real creativity?
How can we create a framework for real ad hoc understandings®?

How may we recruit development teams on the basis of "psychologi-
cal fit?"”

How can we manage the creative process better?

How may media (and other "artistic") corporations collaborate with
goods-producing corporations”?

What is the role of "risk/opportunity auditing” in creating innovative
ideas?
How do we manage to comprehend the whole innovation process?

How do we manage to get from "divergent” creativity to “convergent"
creativity?

How do we develop the close links between business ideas and inno-
vation strategy?
How can we simulate an innovative greenhouse of rapid change?

How may we translate into the economy the lessons learned from the
role played by small companies becoming large?

How do we develop pluralistic organizations, providing slack and mul-
tiple paths for ideas?

What involvement do we need from top executives and how should
they be trained?



ORGANIZATIONAL ASPECTS OF LARGE-SCALE TECHNOLOGICAL
INNOVATION PROGRAMS: A CASE STUDY OF INNOVATION
IN THE HUNGARIAN PHARMACEUTICAL INDUSTRY

Janos Vecsenyi

INTRODUCTION

According to the field marshal Montecuccoli, three basic things are
needed for waging war: MONEY, MONEY, and MONEY. A large-scale innova-
tion program, too, is based on three things: OBJECTIVES, INFORMATION,
and MONEY. Without money, outstanding researchers cannot be
employed, nor can new equipment be obtained; but lacking objectives, it
is not clear what researchers are to do or where equipment is to be used.
Therefore planning of large-scale innovation programs requires techno-
logical, economic, and organizational analyses. The latter are needed to
determine how objectives based on technological—economic analyses can
be achieved. This study describes such an organizational analysis.

The need for clearly establishing both ends and means has become
more pronounced in planning large-scale innovation programs (LSIP).
Various approaches exist. Approaches based on computer software, such
as networking and experimental technique, are familiar, though much
remains to be learned about the integration of individual innovation
activities and about the sorts of management systems that will best pro-
mote cooperation among different organizations and their branches in
pursuit of established goals.

Project management methods, especially matrix organization tech-
niques, are well known from the literature (e.g.. Cleland and King 1975),
although reports on use of matrix techniques are largely confined to
study of company practices. Less information is available on organiza-
tional methods appropriate to managing LSIPs involving several organiza-
tions. In Hungary, we are confronted with the problem of how best to
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organize what are called Central Development Programs (CDP), LSIPs
selected and subsidized by the government, most of which require
cooperation between several organizations. One such CDP is to begin in
the pharmaceutical industry in 1981.

Given the need for better understanding of multiple organization
LSIPs, our agency, the Bureau for Systems Analysis of the Hungarian
State Committee for Technological Development, has welcomed the tasks
of (1) performing a functional analysis of the innovation system which will
be involved in the pharmaceutical industry CDP, and (2) writing a propo-
sal relating to organizational development for this CDP. The task is novel
and challenging; it involves working out ways to bring about the fruitful
cooperation of more than one hundred organizations.

A SHORT SURVEY OF THE HUNGARIAN PHARMACEUTICAL INDUSTRY

The Hungarian pharmaceutical industry is about 100 years old. It
has a respectable record in research, development, manufacturing, and
sales. On the basis of its 197B turnover it ranked 27th in the world.

Increased international competition, the exportability of pharma-
ceutical products, and an improvement in Hungarian market positions
have provided an impetus to innovation activities designed to produce
better results. On these grounds the government decided to launch a
CDP for intensive development of the pharmaceutical industry.

The general purpose of the program was to make the pharmaceutical
industry more export oriented by giving a larger share to new products.
The concrete objectives of the program were determined by a series of
analyzing and planning activities.

Hungary's pharmaceutical industry is organizationally decentralized.
Manufacturing takes place at five separate companies. Industrial com-
panies, research institutes, clinics, and university departments are
involved in R&D. Foreign sales are handled by a foreign trade company.
The manufacturers and one of the largest research institutes have signed
a cooperation and merger contract, and a partnership contract was con-
cluded between the trade association and the foreign trade company in
order to improve coordination of R&D activities and to align economic and
fiscal responsibilities. These efforts merely defined the framework of
interorganizational cooperation; they did not provide a design for the
management system and means of cooperation.

THE PROCESS OF SYSTEMS ANALYSIS

Figure 1 shows the steps we followed in conducting our work. In the
following, the steps are described in sequence.
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Problem Formulation

Problem formulation activities included clarifying the origin of the
problem, understanding its situational context, planning the analytical
work, and organization of the problem solving teams.

Problem origins

The pharmaceutical CDP was jointly initiated by the pharmaceutical
companies and by their respective supervisory body, the Ministry of
Heavy Industry. In 1978, the State Committee for Planning accepted the
proposed program and issued a decision binding the ministries and other
government organs involved to prepare a detailed plan so that the pro-
gram might begin in 1981. The decree also prescribed that the detailed
plan should include a proposal on the development of a suitable manage-
ment system for the program. This was an innovation on the State
Committee's part. Plans for previous CDPs had not provided for systems
or organizational analyses.

Situational context

In looking at the situational context we aimed to understand our
clients' natures, interests and achievement criteria as well as environ-
ment factors impinging on the CDP.

Our situational context was complex. Our project was initiated by
the State Committee for Science Policy. Responsibility for making deci-
sions on organizational matters was divided; some decision makers were
in the State apparatus while others were in various enterprises. It was
difficult to determine decision makers' aims and interests because inter-
views with high level representatives could not be obtained. Therefore
analysis of important government and political documents was under-
taken to infer their aims and objectives. Interviews were conducted with
some top managers of the respective companies, thus giving us direct
information on their aims and interests.

The most important environmental factors were found to be the
economic circumstances that made the development program necessary
in the first place, the interests motivating the development of the phar-
maceutical industry, and the state of and the changes in the international
market. The economic incentive system, financing possibilities, and laws
and regulations were found to be important factors in the problem solving
climate.

Flanning for problem solving and setting up teams

Available resources were assessed, personnel requirements were
determined according to professional and organizational specifications,
and a preliminary budget for the analysis was made. Our work plan had
to take into account the fact that we had only 8 months to complete the
analysis.
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On the basis of these plans two teams were organized, a systems
analysis teamm and a team of pharmaceutical experts. The systems
analysis team included an economist, a sociologist, a lawyer, a manage-
ment consultant, and a research organizer. No one on the team had pre-
vious professional contact with the pharmaceutical industry. The expert
team was composed of top-level research managers, medium-level
managers from the companies and the foreign trade company. and
representatives from the Hungarian Drug Commission and the Ministry of
Heavy Industry. Shortness of time and the novelty of the project task
resulted, in practice, in these two teams merging into a single fourteen-
member team.

Model Building and Analysis of the Operation and
Organization of the Innovation System

In this phase the CDP's objectives were identified, the general
requirements for an organization implementing a large-scale innovation
program were drawn up. a model of the functions of such an organization
was constructed, and a survey of the present state of the pharmaceutical
innovation system was made.

Definition of objectives

The activities and organizations appropriate for achieving program
objectives cannot be specified without knowing what these objectives are.
Two important objectives appear to motivate: (1) development of pro-
ducts serving medical treatment; (2) increased profits through sales of
drugs on the world market.

Figure 2 illustrates the ways of manufacturing products that can
serve the needs of medical treatment. Available and potential com-
pounds are denoted by set A, biological effects by set B, medical treat-
ment by set C. An element of set C is a well diaghosed case of medical
treatment and its needs. Applying these symbols, the area of intersection
ABC is the set of biologically active compounds used in medical treat-
ment. This may be done either by seeking biologically active compounds
with the required effect for a specific medical treatment, or by seeking
an appropriate area for the application of a biologically active compound
with known properties.

Figure 3 illustrates possible objectives of product marketing stra-
tegies on the world market. Set M stands for the need for medical treat-
ment using chemicals. The elements of set N stand for the drugs and
related research results (e.g., semifinished drugs) produced by multina-
tional firms, and those of set L stand for the analogous elements pro-
duced by nonmultinational firms.

The objective of the innovation organization and its marketing sub-
system is to meet one or more requirements of medical treatment by
utilizing a product or research result in order to achieve an adequate
protit margin. This means, while using the symbols as given in Figure 3,
that the elements of set L (i.e., Hungarian produced pharmaceuticals)
should be moved into set M (i.e.., made to serve medical needs). In plan-
ning product development strategy, the CDP must choose between
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A (chemical compounds) B {desired or known
biological effects)

C (human or animal
therapeutics)

FIGURE 2 Model for interpreting the objectives of R&D. Interpretation of sets: AB, biologi-
cally active chemicals; AC, chemicals in therapeutics; BC, biological effects in therapeutics; ABC,
biologically active chemicals in therapeutics; AB-ABC, biologically active compounds not yet used
in therapeutics; AC-ABC, biologically inactive compounds in therapeutics; BC-ABC, biological
effects in therapeutics without chemicals; Al, biologically inactive compounds; B1, nontherapeu-
tic biological effects; C1, therapeutics not using chemicals.

developing wholly new products that operate on new markets (M1), mov-
ing into market spheres where there is competition with multinational
and other firms (MNL), or moving into market areas where only multina-
tionals are active (MN-MNL) or where only nonmultinational firms are
active (ML-MNL). In all regions except M1, only those drugs whose medi-
cal properties or price make them capable of ousting products already on
the market are economically viable. As for new drugs (M1), time is cru-
cial. The greatest profits go to the firm which is the first on the market.

General requirements for target program organization

Following Churchman (1968) and Szabo (1970). we recognized five
groups of requirements for successful target-oriented program organiza-
tion.

(1) Objectives: The organization should be suitable for the following:
(1) meeting government-set scientific, technological, economic,
and time objectives; (2) planning, selecting, organizing, modify-
ing, and directing projects through to their completion; (3) sup-
porting and stimulating individual, free, but program-oriented
research and —in cases of success —transforming the same into
projects; and (4) the organization should possess the authority
and the scientific, information, financial, and organizational
means to incorporate its goals and tasks into the plans, and the
tunctioning and organizational whole of the participating organi-
zations.
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M (medical needs) N (present and forthcoming
products of multinational
pharmacsutical firms)

1 (present and forthcoming
products of nonmultinational
pharmaceutical firms)

FIGURE 3 Model for interpreting the objective of the program and the task of the marketing
subsystem. Interpretation of sets: MN, multinational firms on the market sphere; ML, nonmulti-
national firms on the market sphere; NL, mutual spheres of interest in research and sales; MNL,
drugs meeting demands; NL-MNL, sphere of mutual research interest; ML-MNL, drugs meeting
demands: nonmultinational firms; MN-MNL, drugs meeting demands: multinational firms; M1,
medical needs not met by drugs; N1, research results of multinational firms; L1, research results
of nonmultinational firms.

{2) Fnvironment: The organization should be capable of embracing
all the involved companies and institutions. It should be able to
recognize changes in market positions, macroeconomic policy,
and administration, and to promote the participants’ adjust-
ment to the same.

{3) Resources: The organization should possess adequate personnel,
equipment and financial resources for the program, and within
this, for the various individual projects and researches.

(4) Components: The organization should be capable of continuous
learning, self-development and self-regulation, and of facilitating
creativity. The content and the relationship of managing and
operating subsystems should be adequately planned and the
executors well trained; and it should provide adequate structure
for subsystems, processes, and projects.

(5) Management: The management of the program organization and
of all participating organizations should be capable of directing
an innovative program or project.
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Modeling the innovation system

In analyzing the activities of the innovation system of the pharma-
ceutical industry, we found it useful to differentiate between well-
distinguishable subsystems. These included, for example, R&D subsys-
tems, different kinds of managing subsystems, and further components in
the innovation chain. After several iterations our analysis settied on the
model of the innovation system containing three managing and six
operating subsystems, shown in Figure 4.

In this model the functions of the individual subsystems are as fol-
lows.

The strategic managing subsystem establishes the main research,
development, manufacturing, and marketing objectives and approaches,
project criteria, and the complex plans of the program. In so doing it
oversees the whole innovation system.

The operative managing subsystem collects and processes data and
provides decision aids for the strategic managing subsystem. This sub-
system thus links the strategic subsystem with the project management
subsystem. A separate project managing subsystem is needed for each
project. Each project managing subsystem is responsible for detailed
planning and coordination of activities and organizations involved in pro-
duction and marketing of new products.

The marketing subsystem serves for: (1) acquiring market informa-
tion for strategic planning and product development activities; (2) organ-
izing the prerequisites to actual marketing; (3) marketing products or
knowhow, {4) maintaining markets.

The research (chemical, biological, and human) subsystem produces
medical knowhow, ie., scientific documentation on the application of a
new drug. The quality and quantity of its investigations basically deter-
mine whether the project succeeds in introducing a new product which
fulfills project objectives.

The technological development subsystem produces the technologi-
cal know-how and appropriate documentation of the developed drug. This
kind of activity is associated with domestically developed or license-based
products. Technological development activities link pharmaceutical R&D
with manufacturing. The form of the drug itself and its packaging. the
profitability of the manufacturing technology, and the volume are all
influenced by market information and econormic analysis.

The manufacturing subsystem produces both old and new products.
In this subsystem it is revealed whether or not our products fultill medi-
cal and technological requirements and the criteria set by the interna-
tional GMP (good manufacturing products) standards.

The industrial patent legislation subsystem is responsible for patent-
ing R&D achievements, and for obtaining information from patent docu-
mentation. It is treated as a separate subsystem because owing to heavy
competition and constant product development, industrial patent legisla-
tion significantly influences the acquisition and maintenance of market
positions and the profitability of sales in the pharmaceutical industry. It
is important that the patent legislation subsystem should coordinate
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FIGURE 4 The model for the pharmaceutical innovation system.
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research, marketing, and technological activities to serve a deliberately
adopted offensive and defensive industrial patent legisiation policy.

The economic—f{iscal—investment subsystem investigates, analyzes,
and makes arrangements for the innovation system's economic require-
ments. This involves analysis of resource utilization efficiencies as well as
preparation and organization of the investments needed for the realiza-
tion of the innovation. The economic subsystem results are utilized by
the project managing and operating subsystems as well as by the stra-
tegic managing subsystem. The economic success of the program can be
judged on the basis of analyses made of this subsystem. Economic suc-
cess is judged from both a technical and a sales point of view. Criteria
include return on investment and other factors, such as increase in the
volume of traditional production.

The dynamic model shown in Figure 4 has been reformulated as a
system definition matrix (Nadler and Thesen, in Delp et al. 1877) in order
to show purposes, inputs, outputs, sequences, environment, physical and
information catalysts, and human agents. One part of this matrix is
shown in Table 1. We have also developed dynamic schema and flow
charts of sequences which show the functioning of the subsystems of inno-
vation and the logical linkages between them. The dynamic scheme
represents the main group of activities {(Figure 5). The tlow charts show
the detailed activities, decision inputs and outputs, in order as a basis for
making networks, planning resource allocation, and defining the criteria
of decision situations.

Analyzing the present state and organization of
the innovation system

The analysis revealed that the present objectives were fundamentally
different from the earlier objectives of pharmaceutical organizations.
This suggested that considerable changes are needed in the dynamics and
structure of the pharmaceutical innovation system. The realization of
new objectives requires considerably closer cooperation between com-
panies, research institutes, university research laboratories and clinics,
as well as a more concentrated allocation of resources.

The analysis showed that the organizations involved lacked a uniform
strategy. The purposeful allocation of resources has still not been
achieved, projects are often disorganized, and intrasystem interfaces
between marketing and R&D are inadequate. On the positive side the
analysis showed that the R&D results achieved demonstrate a strong trad-
ition of innovation in the pharmaceutical industry and offer a good intel-
lectual basis for further development.

Determination of Organization Development Alternatives

By organization development we mean goal-directed activities aimed
at establishing or improving organizational dynamics and structure.
Organization development may be called for by new objectives, by
changes in the organizational environment, or by shortcomings in the
existing organizational system.
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TABLE 1 System definition matrix. Strategic managing subsystem (detail).

PURPOSE Determination and modification of main objectives, approaches and plans
of research, development, manufacturing, and marketing

INPUT Scientific prognosis
Therapeutic demand forecast
Suggestions for new R&D trends
Suggestions for sales and production plans
Information on the size and composition of available resources
Indication for modifying strategies or plans
Survey and results
Need for strategic decision

Operative plans
INFORMATION Information on international price policy
CATALYSTS Market reports

Contracts

Earlier research and strategic plans
Information on current worldwide R&D standards
Information on the number and qualifications of the research personnel

SEQUENCE Determination of marketing concept
Determination of scientific concept
Developing strategies
Preparation of detailed strategic plans
Supervision and control
Modification of plans and strategies
Strategic decision making

OUTPUT Scientific concept
Selected strategy
Complex plan
Modification of strategies and plans
Strategic decisions

ENVIRONMENT Requirements of macroeconomic plans
National and international economic and legal regulations
Domestic and foreign political situation
Interests
World economic and market developments
Competition
Changes in therapeutic needs

PHYSICAL Financial assets (capital)
CATALYSTS Office space and equipment

Management information system
HUMAN Board of top managers
CATALYSTS Marketing body

R&D body
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FIGURE 5 Dynamic scheme of the strategic managing subsystem.
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Our analysis of the pharmaceutical industry innovation system
clearly indicated a need for change. In working out organizational alter-
natives we first examined various strategic possibilities, tasks, and limita-
tions, and then worked out the details for two alternatives. Finally, to
evaluate these we listed the advantages, disadvantages, and the condi-
tions of implementation for each alternative.

Strategies for organization development

Based on the analysis of objectives of the CDP and the dynamics of
the innovation system we established the following two strategies:

(1) Goal-oriented system. Development of innovative methods and
flexible organization capable of realizing the program's objec-
tives —of changing program and industry objectives on the basis
of observed results and changes in environment and of formulat-
ing and realizing new objectives.

(2) "Green light" project systems: Organization of project systems
suitable for accelerating the process of producing original drugs
from potential compounds for the market.

These strategies can be alternatives, or the second can be a part of
the first. In the latter case, a goal-oriented innovation system is organ-
ized including the research, development, manufacturing, and marketing
of new products as a series of projects. However, it could also happen
that we fail to establish a goal-oriented innovation system covering the
entire Hungarian pharmaceutical industry. In that case, individual com-
panies will have to develop the necessary system to achieve their goals.
As a result, the CDP may be realized as sets of uncoordinated projects.

The adoption of Strategy 1 leads to the organization of an innovation
system capable of comprehensive, long-term development of the Hun-
garian pharmaceutical industry. Strategy 2 by itself can only provide a
solution for the duration of the program (i.e., 10 years), although without
comprehensive strategic direction it is doubtful whether strategy 2 would
bring about realization of the CDP objectives.

All things considered, the systems analyzing team decided to pro-
pose the adoption of Strategy i combined with Strategy 2.

Tasks and limits in organizational development

Systematic organizing is required to make an existing organization
work better or to set up a new organization. In designing the "goal-
oriented innovation system,"” the following tasks of organization develop-
ment were considered necessary:

(1) Adding institutions for strategic, operative and project manage-
ment to the existing structure.

(2) Increasing the efficiency of operational subsystems and
processes, paying special attention to the relationship between
R&D, marketing, and the management information system.
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(3) Establishing project organizations comprising staff members
from 1ndustrial and foreign trade companies, research institutes
and laboratories, and other organizations for the selection.
development, and management of projects.

(4) Working out program-oriented personnel training plans, organi-
zation of training courses, and adoption of a personnel manage-
ment system.

In the course of planning we had to consider some limitations. The
new organization had to complement the existing one and at the same
time meet the requirements of the program organization; it should also
minimize modification of the present organizational structure and minim-
ize money and time requirements.

Organization structure alternatives

Legally, new organizational forms can be developed either by state
administration, or by companies and other organizations based on civil
contracts. The former seems to provide the most effective structure for
centralized strategic management. The latter has the advantage of being
more firmly based on the autonomy and interests of the participants, but
it requires more time and coordination. The choice of legal form is
strongly influenced, but not determined, by the program's channel of
financing. If subsidy has a major role in financing the program, the state
administration solution is preferred; when the program is mostly financed
by the companies, the contract form is given preference.

We identified six specific legal forms under which organizational
development might take place. Four of these were rejected by planners.
This left two options: the central program board and the trade associa-
tion. The central program board is a specific collaboration for business
administration that is set up by a government decision. As a legal entity,
the central program board exercises decision rights on behalf of the
appointed companies and other organizations over a list of specific ques-
tions. In this case company autonomy is restricted only in decisions
relating to the program of innovation. The trade association is a voluntary
partnership contract of companies and other organizations; it may be
used for coordinating the strategies and activities related to the pro-
gram.

The fundamental decisions under both alternatives are determina-
tion of strategies, selection and termination of projects, appointment of
organizations to be in charge of the project, financing (resource alloca-
tion), determination of investment demand, evaluation of the achieve-
ments of operational subsystems, and modification of strategies and
plans.

Essential differences between the two are as follows:

(1) In trade associations, the purposes of the companies are gen-
erally similar. This may not be true of the central program
board.
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{2) lntrade associations, financial resources are mostly provided by
the companies, which transfer a part of their own resources into
a common pool. In the central program board, financing is
mostly subsidized.

(8) The central program board has the right of disposing of the sub-
sidy without restrictions. Trade associations may acquire the
right to use part of the subsidy by transfer, with some restric-
tions, from external financing authorities such as ministries and
state committees.

(4) In trade associations, fundamental decisions are based on the
consensus of all members of a board of directors representing
all member organizations. The central program board and its
President have the authority to delegate matters pertaining to
the companies involved.

In evaluating the organization alternatives we could not agree upon a
single set of criteria. Therefore we used nominal group technique (Del-
becq and Van de Ven, in Delp ef al. 1977) to determine the advantages and
disadvantages of the alternatives and the necessary prerequisites for the
realization of their advantages. The list compiled, partly shown in Table
2, provides the necessary information for the decision makers.

TABLE 2 Advantages, conditions, and disadvantages in the case of Trade Associations and the
Central Program Board.

Trade Association Central Program Board

Advantages

Voluntary; company interest is recognizable Good basis for realizing the innovation pro-
in realizing the innovation program gram’s central strategy

Encourages cooperation between the Authority and centralized resources

organizations involved

Conditions

The companies should pool resources for Disposal of subsidy resources needed for the
financing projects whole innovation

Mutual interest of the companies Right to issue directives to companies
Disadvantages

Does not necessarily lead to realization of Restricted freedom of decision making

the program objectives Establishes a paralle]l management system

Stops functioning under permanent and
conflicting interests
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Preparation for Implementation
Convincing the decision makers

Without the participation and agreement of the decision makers no
essential changes can be accomplished. Therefore we sought discussions
with identifiable decision makers. Before submitting the final sugges-
tions, we met with some of the decision makers at the state administra-
tion level and, at another time, with company decision makers. These dis-
cussions revealed that most of these decision makers prefer the trade
association alternative to the central program board. This was partially
due to the fact that there already exists a Hungarian Trade Association of
the Pharmaceutical Industry. It was founded by companies and research
institutes, and decision makers believed it could be transformed into a
target-oriented organization. The final suggestions resulting from these
discussions became part of the submitted program plan.

This plan will be the basis for the final decisions of the State Commit-
tee for Planning in 1980.

Determination of the implementation tasks

The analysis has made it obvious that the operational method and
organization structure for realizing the new objectives could not be
created overnight. We had to define what to do in the l-year period
between the Government approval of the objectives o! technological,
economic, and organization plans of the CDP and the starting of the pro-
gram. These organizational tasks were divided into two groups:

(1) selection of the most important projects;
(2) development of a goal-oriented innovation organization.

In our view, projects need to be organized as quickly as possible in
order to expedite research, development, manufacturing, and marketing
of compounds already known that may be made into drugs. In other
words, a “green light" was called for. Therefore, we defined activities,
methods, and an organization for project selection and organization.

For establishing a new organization, or {more likely) for transforming
the present organization, the launching of an organization project was
suggested.

Documentation of systems analysis

Our analysis was documented in two volumes. The first volume con-
tains the summary suggestions of economic and organizational require-
ments, the dynamic model of the innovation system, the analysis of the
present state of the pharmaceutical industry, the alternatives of organi-
zation development, and the main tasks of implementation.

The second volume supports and complements the conclusions con-
tained in the first volume in a series of appendices. It shows in detail the
different models of the innovation system, summarizing the more impor-
tant conclusions of content analysis. It lists and groups over one hundred
organizations involved in the innovation system, discusses in detail the
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present state of the pharmaceutical industry, and explains the alterna-
tives of organization development.

SOME CONCLUSIONS ON THE BASIS OF SYSTEMS ANALYSIS

Our conclusions can be summarized in two groups: one relates to
the innovation system, and the other to the methodology of systems
analysis.

Conclusions concerning the innovation system

Historically, the Hungarian pharmaceutical industry has proved its
innovative capability. However, in order to cope with the present sharp
competition on the international market, considerable changes are
needed in objectives, operation, and organizational structure. In a
market dominated by muiltinational firms, only organizations which pos-
sess both adequate capital and the organizational characteristics of such
large companies are competitive. Without such organization, companies
cannot produce marketable new drugs at the right time and place. For
multiple organizations with different interests to cooperate in competi-
tion on interhational markets they must have mutual interests and objec-
tives and their participants must possess adequate information. Coopera-
tion can be stimulated by the sound allocation of capital. Consequently,
money becomes an effective factor if it is used strategically to attain
goals.

Conclusions concerning methodology

In our experience no available methodology of systems analysis can
provide clear guidelines for decisions serving organization development.
Organizational theory offers several approaches, but appropriate
systems-analytic techniques are lacking. We have used a methodology
combining general principles and methods of systems and organization
analyses. The models we developed were based on a generalization of the
experiences of team members. We used figures, schemes and group
creative techniques, such as brainstorming and nominal group technique,
to generate ideas. These were combined in accordance with the princi-
ples of the PROVISORG methodology (Szabo 1971). We did not find an
opportunity to employ usefully formal mathematical modeling tech-
niques.

The systems analysis committee has become an interdisciplinary
team. In selecting committee members, a heterogeneous professional
composition was attempted. This provided only a possibility for an actu-
ally goal-oriented teamwork in which members were really concerned
with and accepted the points of view of professionals in other fields. Effi-
cient collective work was brought about by communication between the
team members during the series of team meetings held to establish a
common scheme of reference. An aspect of this was the familiarization of
the participants with excerpts from the relevant project management
literature.
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The exercise of conducting a systems analysis would have been a
good management training course. It led participants to develop a com-
plex set of concepts and a knowiedge of group creative methods that
would have been very useful for managing a large-scale innovation pro-
gram. If such activities could be supplemented with new methods, for
example, deveiopment of simulated competitive activities {i.e., war games
in which territory is defended or gained by innovative activities), partici-
pation on a system analysis team could be an excellent device for
managerial training.

The very short period of only 6 to 8 months was not sufficient for
tearn members to achieve full agreement of the details of the proposal.
An investigation showed the agreement to be 79 percent. This suggests a
need for further investigation on decisions by those who are involved in
the preparatory stages as well.
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BACKGROUND TO TECHNOLOGICAL ADVANCE
IN THE JAPANESE STEEL INDUSTRY

H. Okada

INTRODUCTION

Since the Meiji restoration in 1868, Japan has energetically promoted
the development of & strong domestic steel industry. The history of the
Japanese steel industry, although short by European standards, now
spans more than one hundred years. Only since the end of World War Two,
however, has the Japanese steel industry made the dramatic progress in
both quality end quantity for which it is renowned. The growth of the
Japanese steel industry since 1888 is illustrated in Figure 1. Before 1945,
a steel production peak of 7.85 million tons was reached in 18943. After the
war, steel output peaked at 119 million tons in 1873. From that time
annual steel output has remained around the 100 million ton level.

The reasons for the progress made by the Japanese steel industry
after the Second World War are manifold. One of the external reasons is
the rapid increase in domestic steel, automotive, shipbuilding, electrical
appliance, and machinery industries after the War. In my presentation, I
would like to limit my analysis to the internal reasons. The following two
internal reasons seem to me to be the most outstanding reasons for the
development of the Japanese steel industry.

Firstly, Japan's heavy dependence on foreign countries for fuel and
raw material supplies has compelled Japanese steelmakers to make every
effort to cut costs and improve quality. Their success in keeping costs
down while at the same time improving quality is the major factor behind
the international competitiveness of the Japanese steel industry.
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FIGURE | Crude steel production in Japan. Source: Japan Iron and Steel Federation.

Secondly, these industrial successes were attainable because labor
and management worked together to realize corporate goals. This
cooperation is a reflection of the feeling of commitment that highly
motivated Japanese employees have toward their companies.

This paper describes these two outstanding factors which contri-
buted to the technological progress made by the Japanese steel industry.

1. IMPROVEMENT IN INTERNATIONAL COMPETITIVENESS

1.1. Construction of Coastal Integrated Steelworks

What has the Japanese steel industry achieved since the end of World
War Two to make itself internationally competitive — cost-wise and
quality-wise — despite Japan's resource-poor condition? In a nutshell, the
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competitiveness of the Japanese steel industry is the result of: (1) the
construction of many large integrated steelworks that employ the most
efficient and most up-to-date system of technology available; and (2) the
fact that these large-scale modern steelworks have been built at ocean
front sites. This facilitates the handling of raw materials which are for
the most part imported by means of large carriers developed by Japanese
shipbuilders. Between 1953 and 1872, thirteen giant steel mills were built
in coastal areas, as shown in Table 1 and Figure 2. This period also wit-
nessed a number of technical innovations and improvements which
together established the current system of integrated steel mill technol-
ogy. which employs large-volume blast furnaces, large-scale basic oxygen
furnaces, continuous casters, and high speed rolling mills.

TABLE 1 Steelworks constructed since 1945.

Steelworks Date of blow-in of no. I blast furnace
Chiba: Kawasaki Steel June 1953
Kobe: Kobe Steel January 1959
Tobata: Nippon Steel (YAWATA) September 1959
Wakayama: Sumitomo Metal Industries March 1961
Mizue: Nippon Kokan November 1962
Nagoya: Nippon Steel (Fuji) September 1964
Sakai: Nippon Steel (YAWATA) June 1965
Fukuyama: Nippon Kokan August 1966
Mizushima: Kawasaki Steel April 1967
Kimitsu: Nippon Steel (YAWATA) July 1967
Kakogawa: Kobe Steel (YAWATA) August 1970
Kashima: Sumitomo Metal Industries January 1971
Oita: Nippon Steel January 1972

This adoption of the most modern steel production technology means
not only the use of large equipment to exploit economies of scale but also
using more efficient and higher quality operating techniques to comple-
ment physical economies of scale. For example, computers and a variety
of other instrumental techniques have been applied to process control
and systems management; vacuum technology has been adopted to
improve steel quality; and new civil engineering and construction tech-
niques have been introduced in steel plant construction. Today, an
integrated Japanese steelworks is not merely a combination of metallurg-
ical and mechanical engineering skills but represents an all-inclusive
technological system in which a myriad of techniques from many dif-
ferent areas are systematically combined. As a result, the Japanese steel
industry is far more efficient than any of its counterparts in the world. As
shown in Figure 3, the Japanese steel industry, as a whole, is more
energy-efficient than its counterparts in other developed market
economies. As shown in Figure 4, part of Japan's energy efficiency is due
to the low fuel ratios (e.g. fuel/pig ton output) in Japanese blast furnaces.
Japan also leads the world in production yield and labor productivity.
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What are then some of the major technological innovations which
made the building of these efficient steel plants possible?

1.2. Conspicuous Technical Developments

Perhaps the components of integrated iron- and steel-making tech-
nology which most typify the high level of technical sophistication of the
Japanese steel industry are: the LD process, the continuous casting pro-
cess, and the continuous annealing and processing techniques.
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LD converter steelmaking and continuous casting are two techniques
which Japan imported from abroad and then made major improvements
upon, whereas the continuous annealing and processing technique is an
example of a technique which was independently developed by Japanese
steelmakers.

1.2.1. LD converters

Immediately after World War Two most of the world's steelmakers
used the open hearth process. Beginning in 1949, Japanese steelmakers
developed a technique whereby oxygen was introduced into open hearth
furnaces. This greatly improved the efticiency of open hearth furnace
operations and drastically reduced fuel consumption. In the years after
1949, Japan led the world in large-sized oxygen plant construction and
oxygen utilization techniques.

In 1952, Voest and Oemag, two Austrian steel manufacturers in Linz
and Donawitz, announced the successful industrial application of a steel-
making process in which oxygen was top-blown into a refractory-lined
converter containing molten iron. This process is known as the LD pro-
cess. This new steelmaking process attracted the attention of Japanese
steelmakers, who were then plagued by the high cost of scrap. Their
experience with the use of earlier converters, as well as with the develop-
ment of the previously-mentioned oxygen utilization technique for open
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hearth furnace operations, encouraged Japanese steel manufacturers to
consider introducing this LD steelmaking process. In 1857 an LD con-
verter was put on-line for the tirst time in Japan. Soon, enocugh operating
experience was gained to prove the superiority of the LD converter pro-
cess to the open hearth furnace. As is evident from Table 2, with the
introduction of the LD converter process productivity increased approxi-
mately tenfold and construction costs per ton of steel capacity decreased

TABLE 2 Comparison of LD converter, electric furnace, and open-hearth furnace performance.

Open hearth furnace LD converter Electric furnace

Capacity of furnace (ton/charge) 100-200 200-300 60—100
Number of charges/day 4-6 3040 8-13
Qutput/day 400-1,200 6,000—10,000 400-1,000
Scrap ratio (%) 30-100 0-30 100
Fuels Fuel oil, COG Oxygen* Electric power
Fuel consumption (kcal/ton) 600,000 90,000 1,600,000
Plant/equipment construction 1 0.5 0.25

cost multiple
Steelmaking productivity 15 245 13

(ton/hour)
Sound ingot yield® (%) 855 919 894

'Oxygen is not a direct fuel of the LD converter. Heat from the oxygen reaction with carbon, silicon, and other
elements in the molten iron is used.
Sound ingot yield = sound ingot/(hot metal + steel scrap).

SOURCES: Nippon Steel and Japan Iron and Steel Federation.

50 to 70 percent. Owing to the obvious superiority of the new process, all
green field projects from 1980 onwards were for construction of LD con-
verters to the exclusion of its predecessor. It then became possible to
establish and diffuse a highly efficient mass-production system which
effectively combined imported fuel and raw materials, large biast fur-
naces, and LD converters. Figure 5 shows the percentage distribution of
crude steel output by different steelmaking furnaces since 1957. As early
as 1963, LD converter steel output exceeded open hearth steel output. By
the end of 1977 open hearth steel production ceased altogether in Japan.

The success of the LD process in Japan may be attributed to the
development of rmultihole lances, the development of an optimum furnace
profile, and other improvements to converters; however, the evolution of
vital peripheral techniques has been equally or more important. These
include:

(1) progress in refractory and repairing techniques in the hot state,
which has extended the life of converters and greatly reduced
the specitic consumption of refractories

(2) use of computer control, which has improved the exactness of
the chemical composition of steels and stabilized converter
operations (an LD converter may take as little as 15 minutes to
refine steel; this makes it essential to introduce and develop an
exclusive process computer system), and
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(3) the combination of the LD converter with vecuum degassing
equipment, which has enabled LD converters to produce clean
steels of quality as high as that attainable by electric furnaces.
(Nowadays any steel grade except special high alloy steels can
be made in the LD converter process.)

An account of the LD steelmaking process is not complete without
mention of the basic oxygen furnace gas cooling and clearing system,
commonly shortened to the OG process. This unique Japanese-developed
converter gas recovery system not only contributes to heat recovery but
also helps to protect the environment. To date, more than 100 OG units
have been sold, both at home and abroad, under technology licensing
agreements. This has marked a turning point tor the engineering activi-
ties of the Japanese steel industry.

1.2.2. Continuous casting

Flanked on one side by a large, highly efficient LD converter shop
and, on the other, by wide continuous hot strip mills, the ingot making
and slabbing mill shops of the early 18960s were continually pressed to
achieve technological innovations to match the capacity of preceding and
succeeding processes. Conventional ingot making was clearly inefficient
and slabbing milis had low yields. What was worse, the working conditions
at ingot making shops were disagreeable and rigorous. To solve these
problems, the use of the continuous casting process had long been viewed
with interest. The continuous cesting process, however, was not without
its own problems. At that time, productivity, equipment costs, and pro-
duct quality had yet to be improved. By the end of the 1980s, however,
the continuous casting method began to be tried at various steel com-
panies throughout the world, particularly in areas where the merits of
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improved yields under the new process were extraordinarily great.

The CONCAST continuous casting process was introduced to Japan
from Switzerland between 1955 and 1860. It took several years, however,
before the first practical model of Japanese make was commissioned in
19685. As Figure 8 shows, the continuous casting process produces consid-
erable benefits in the areas of energy conservation, yield improvement
and labor savings. By making constant improvements in continuous cast-
ing equipment, the cost effectiveness of the process grew. Not surpris-
ingly, in the 1970s steelmakers rushed to introduce large continuous cas-
ters and apply them to carbon steel production. In 1872 the Oita Works of
Nippon Steel became operational. At this works, ingot making completely
gave way to continuous casting.

130+
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FIGURE 6 Relationship between productivity and production cost of slabbing mills and con-
tinuous slab casters. Source: International Iron and Steel Institute.

Nevertheless, in the first half of the 1870s, the continuous casting
process still had many unsolved problems involving product gquality. Its
productivity was also lower than that for the slabbing process. These pro-
ductivity problems were tackled by introducing the continuous-
continuous casting process, by increasing the casting speed, by using
variable width molds and by taking other productivity-oriented measures.
It will not be long before a one-to-one correspondence is established
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between large LD converters and large continuous casters.

To improve the quality of continuously cast steels a number of steps
have been taken. The homogeneity of cast steel has been improved by
electromagnetic induction stirring. Refractories have been upgraded.
Molten steel has been kept out of contact with air by inert gas sealing.
The amount of inclusions has been reduced by using degassing apparatus.
Through these measures the quality of continuously cast steels has now
improved to the point where they are practically as good as ingot cast
steels.

Because of the increased emphasis on energy saving since the oil
price increase in 1873, slabbing mills are rapidly being replaced by con-
tinuous casting equipment. Figure 7 shows the growing ratio of continu-
ous casting in the Japanese steel industry, The figure also shows a com-
parison of the continuous casting ratios in Japan and other countries. In
all probability, Japan's CC ratio, i.e., the ratio of continuous casting to
total steel production, will rise to 75 percent in 6 years time.
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FIGURE 7 Trend of continuous casting ratio in Japan, compared with the 1978 ratio in other
countries. Sources: Japan Iron and Steel Federation and International Iron and Steel Institute.

The continuous casting process is an emerging technology with much
room for further improvemment. In any event, continuous casting is sure
to assume a central role in the future progress of steelmaking technol-
ogy.
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1.2.3. Continuous annealing and processing line

One of the technological innovations worthy of note in the rolling sec-
tor of the Japanese steel industry is the continuous annealing and pro-
cessing technique. This process is used in the production of cold-rolled
steels intended for turther fabrication. As shown in Figure 8, cold rolling
activities comprise five distinct processes: electrolytic cleaning, anneal-
ing, cooling, skin-pass rolling, and inspection and finishing. For many
years, steel engineers dreamed that some day these five processes could
be combined into one continuous process. A commonly held view at the
time was that it was “industrially infeasible.”

Challenged by the promise of savings such a combined process would
offer, Japanese steel engineers initiated research and development pro-
jects in this field in the last half of the 1960s. Using the results of past
basic research on pure iron, a breakthrough was made in controlling the
level of impurities in steel at the end of 1969. In early 1970, a practical
continuous annealing line was finally brought onstream. The time it takes
for this new annealing equipment to continuously anneal a certain
amount of steel has been reduced to a mere 10 minutes from the 1 week
it took the conventional batch-type annealing equipment. The continuous
annealing and processing line provides uniform product quality and excel-
lent surface properties. The benefits of the new line in yield improvement
and energy conservation are great and it has thus contributed much to
reducing production costs.

The Japanese-developed continuous annealing and processing line
has undergone continual improvement. Today it is attracting worldwide
attention as a technique for producing cold-rolled, high strength, low-
alloy steel sheet, which meets the low-weight requirements for car body
steels. The continuous annealing and processing technology is expected
to be widely used by steelmakers in the future.

1.2.4. Product development

After World War Two, Japanese steel companies marketed steel pro-
ducts which had been developed in Europe or the United States and whose
qualities were therefore well suited to market demand. This might
account for the greater emphasis which the Japanese steelmakers
attached to cost-reducing process developments. In spite of this, many
new steel products have emerged from Japanese laboratories. Japanese
products include ORIENTCORE.HI-B (grain-oriented electrical sheet steels
with exceedingly low core loss value), high tensile steels, high strength
line pipe materials, tin-free steel, and a substitute for tinplate. In addi-
tion, many other new products are now being marketed or developed.
These product development efforts have made an immense contribution
to the accumulation of a wide range of steelmaking techniques in Japan.
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2. HUMAN FACTORS IN THE DEVELOPMENT OF TECHNOLOGY

For a period right after World War Two, the Japanese steel industry
was given preferential treatment by the Japanese government in its
reconstruction efforts. However, as is evident from the foregoing discus-
sions, the spectacular advances which the Japanese steel industry made
after that period can justly be ascribed to the persistent efforts of civilian
employees working at steel companies.

What then is the secret that accounts for the contributions that
Japanese workers make to the successive development of technology? In
my belief, it is the strong sense of attachment which a majority of
Japanese employees feel for their companies. ln other words, it is the
awareness of workers that they contribute to the advance of the enter-
prises to which they belong. In this next section 1 will dwell on this pecu-
liarity of the Japanese in general and discuss the way in which research
and development activities should proceed in the future.

2.1. Japanese Employees and Their Feeling of
Commitment to the Company

Before World War Two, the Japanese people had "something” to live
for in the form of the nation, or the Emperor. This something formed the
background against which their lives existed. Defeat in the war brought
about a collapse of that old system and with it that special something by
which most Japanese had oriented their lives vanished. For some years
that followed, Japanese minds swayed right and left in search of some-
thing else worth living for. At length they came to find that new some-
thing — an entity which is less national than private. This private entity in
many cases came to be the private enterprise or company for which they
worked. Far from taking the individualistic route as in Europe or Amer-
ica, the Japanese found purpose in a distinctly Japanese "collectivism."”
They could identify themselves with and commit themselves to the cor-
porate cause, Hence the following of a peculiar Japanese groupism or col-
lectivism centered around the business corporation.

It may seem unusual that in Japan after World War Two, while demo-
cracy was growing rapidly, at the same time a groupism based on loyalty
to a business enterprise was spreading steadily throughout the nation. Of
course, this loyalty is different in nature from the prewar loyalty to the
nation which had been fostered through years of feudalism. The Japanese
groupism is apparently based on the Japanese way of thinking, or ideol-
ogy, in which Japanese place greater importance on the group than on
the individual. When conflicts arise between what is good for the indivi-
dual and what is good for the group, the group prevails. The Japanese
gain satisfaction within themselves by following this way of thinking.

In the absence of an understanding of the above, it may be hard to
appreciate the loyalty most Japanese have for their own company. This
fidelity to the enterprise forms the foundations of the ever-advancing
Japanese industry. This notion of loyelty was not built in a day but has
been built up in the mind of the Japanese people over the past four centu-
ries —ever since the start of the Edo era in Japan. Only since the Second
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World War has the object of Japanese loyalty changed from Emperor-
centered to company-centered life — to put it succinctly for ease of
understanding by those who are not familiar with the Japanese way of life.
Accordingly, in any Japanese business enterprise, whether an employee is
on the management or labor side, you will find that at the bottom of his
heart is an undoubted sense of attachment to his company, even though
the degree of that sentiment may vary from person to person. Viewed in
this light, you may well understand why Japanese labor unions generally
cooperate with management.

Under the new post-war order the aristocracy was abolished. This,
coupled with agrarian reform and other democratization policies, helped
reduce class consciousness among the Japanese. Furthermore, the heavy
dependence of Japanese enterprises upon external loans put a practical
end to the existence of capitalists, a fact which helped the development
of a labor-management cooperation. For example, in the construction of
a green field integrated steel mill on the coast, a considerable number of
employees can be smoothly moved from the old to the new steelworks, all
because these people are loyal and their trade union is cooperative. Also,
the technological innovations described earlier entailed the smooth
transfer of employees from shop to shop or from one works to another.
Without the willing cooperation of employees and unions, the Japanese
steel industry could not have realized the rapid progress of the past three
decades.

Thus a business corporation in Japan is a community bound together
by common interests, in which labor and management cooperate in profit
making and in the improvement of the workers' standards of living. Simni-
larly, it is a community knitted together by a common fate. Bankruptcy
means deprivation of the means to earn a living for labor and manage-
ment alike. The desire of employees to contribute and be loyal to their
firm is accordingly enhanced. Undoubtedly, this positive attitude of
employees toward their company forms the cornerstone of the successful
development of technology in the steel industry.

This may be best illustrated with reference to the Jishu-Kanri {J-K)
activities of mill-floor workers. J-K is a "voluntary” movement involving
small groups of workers (normally a foreman and six or seven workers) in
the same workshop. The purpose of the groups is to improve production
efficiency and the work environment. The objective of improving effi-
ciency, for example, includes such tasks as eliminating errors, improving
machinery and equipment design, reducing input consumption, and
improving product quality.

The proposals of these J-K groups are reported at plant, company,
and national meetings, and a great number of them have been put into
practice.

In this regard, it may be worthwhile to touch on the Japanese
employment system, under which the feeling of commitment to one's own
company has been cultivated. In short, the Japanese employment system
features lifetime employment and a seniority based wage system. Life-
time employment means that employees serve only one company
throughout life from their graduation from school until retirement.
Under the seniority wage system, workers' wages and positions rise
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mainly with their length of service in the company To add to this,
employees are favored with housing opportunities, welfare facilities and
other amenities. It is against this backdrop that the Japanese have so far
been able to offer faithful service to their company with contidence and a
sense of security.

2.2. Taaks Before the Japanese in Areas of Technological Development

As mentioned earlier, the Japanese tend to identify themselves with
their we-group. They may, therefore, be very critical but are sometimes
lacking in pioneering spirit. In fact, a careful look into the history of
Japanese steel technology reveals that except for those techniques
genuinely Japanese in origin, many of the technical developments sup-
posedly achieved in Japan are merely extensions of what has been intro-
duced from overseas. In other words, in the presence of a technique A,
the Japanese would compare it with techniques B and C and invest large
sums in the safest of them all. This approach may be successful when
importing technology, but it is not conducive to initiative or invention.

Admittedly, employee loyalty, which is based on the groupism unique
to Japan, has been a success in Japan's introduction of technology from
overseas with the intention of improving on it. But it is a different story
when it comes to technological innovation which presupposes originality
and creativity. Here, “we-groupist" loyalty is not enough but must be
coupled with something that appears to be missing in the Japanese way of
life. 1 am convinced that this missing something is the self-reliance which
springs from European and American individualism. I believe it is neces-
sary to cultivate in the minds of the Japanese the pioneering spirit evi-
dent in the individualistic approach of those who are bent on what they
have initiated on their own. It is my understanding, that if a certain Euro-
pean or American person {or an enterprise) has developed technique A,
he is likely to try technique B. This contrasts with the Japanese who
might be content with technique A or A'. If a Westerner finds technique B
to be better than A, these individualistic Europeans or Americans go on to
examine technique C, unlike the Japanese who may settle for B or B' as an
improvement. This may account for the ease with which original inven-
tions are far more often made in those autonomous, individualistic
societies.

What is needed for the future of the Japanese industry is not the
negation of its collective loyalty. On the contrary, it must combine this
cultural heritage with a self-reliant, pioneering spirit, so that the range of
human cultivation may be further extended. I firmly believe that in the
final analysis, this enlarged scope of human orientation will allow uniquely
Japanese technology to blossom in the not so distant future.






INDUSTRIAL INNOVATION AND GOVERNMENT
POLICY: A REVIEW AND PROPOSAL BASED
ON OBSERVATION OF THE US ELECTRONICS SECTOR

Alvin Jay Harman

1. INTRODUCTION

The US electronics sector has been particularly successful at techno-
logical innovation since the 1940s. This paper addresses governmental
policies that influence the process of technological innovation, drawing on
aspects of the history of the electronics sector. Three topics receive par-
ticular attention: (1) uncertainties, ideas, and imperfect appropriability;
(2) returns to R&D and associated investments; and (3) competition and
selection environments. As a foundation for this discussion, several con-
ceptual frameworks are briefly described and some classifications for
innovation are explored, i.e., by importance (basic/improvement), by
locus of change (process/product), by area of application
(peaceful/dangerous), by locus of choice (private/public), and by value
{worthwhile /not worthwhile). The discussion is underscored by the obser-
vation that better links between conceptual understanding and policy for-
mulation are needed in order to convert practical insights into usetful
actions. One specific policy recommendation is tendered: an income tax
credit on earnings of all employees (including salaried staff and
managers) of R&D-intensive firms. Such a policy would be appropriate
from the standpoint of the topics outlined above (i.e., uncertainties,
returns to R&D, and competition); the policy would also delegate respon-
sibility for effective use of the subsidy to the employees and tirms
affected, and would directly acknowledge and reward the contributions of
individuals — whether in R&D, production, marketing, or support areas —
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to the innovative capabilities of their firms and the society at large.

2. PERSPECTIVES ON THE "REAL WORLD"*

When economists leave their theoretical models aside, they often
refer to circumstances in the “real world.” This reality is, of course,
much more complex than the economists’ theoretical formulations, but it
is precisely the simplifying assumptions that allow the theorist to analyze
tundamental influences conceptually and to verity them empirically.

Like theory development, policy formulation and implementation
also depend on abstractions from the "real world.” In April of 1978
President Carter initiated a "Domestic Policy Review of Industrial Innova-
tion" for the United States. The Secretary of Commerce was charged with
leading the review to answer the question, "What actions should the
Federal Government take to encourage technological 1nnovation?”
Suggestions were sought from business, labor, and consumer groups as
well as from "“experts.” The observations, analyses, and opinions ren-
dered during this process had to be interpreted in the light of broader
economic and political considerations before the President's "Industrial
Innovation lnitiatives” were formulated and promulgated (Carter 1979).

The legislative branch has also been active. Staffers have sought
information and drafted position papers, hearings have been held,** and
specific pieces of legislation have been formulated.

Meanwhile the "real world" continues to evolve: new products are
announced, new companies are formed, and some of the existing com-
panies "disappear’ through merger or bankruptcy. The “real worid" is
changing and new problems are arising. The policy formulation process
resulting directly from the Domestic Policy Review will continue for
several years, during which time legisiative and other action will be taken,
Policy action will often take several more years to be fully implemented.
Some implementation steps will be undertaken by individuals with limited
understanding of the “subtle and intricate process” (Carter 1979, p.5)
that they will be charged with influencing. Thus the policy process can
produce errors in governmental action affecting technological innovation
as easily as the simplifying assumptions of the theorist can produce
errors of insight about the innovation process.

*A preliminary version of this paper was prepared for presentation at the Interna-
tional Institute for Applied Systems Anelysis' Workshop on Innovation Policy and
Firm Strategy, 4-6 December 1979, Schloss Laxenburg, Austria, under sponsorship
of The Rand Corporation, Santa Monica, California, as part of its program of public
service. Support for this work is gratefully acknowledged, but the views ex-
pressed are the author's own, and are not necessarily shared by Rand or its
research sponsors.

**See Industrial Technology (1978), which provides the record of a hearing on
governmental policy and innovation in the semiconductor and computer indus-
tries, together with a summary of several previous hearings on industrial technol-
ogy: see also Gilpin (1975).
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In short, conceptual formulations attempt to interpret reality and
policy initiatives attempt to influence reality. Like the two fists of a
boxer, it would be highly desirable if the two approaches were coordi-
nated and directed at identifying and ameliorating or removing real prob-
lems, each approach sensitive to the many subtleties and limitations of
the other. Even then there would be value issues to resolve — e.g. the
choice of "targets” for policy actions. But too often theoretical models
and policy initiatives are developed independently of one another, are
often uncoordinated — more analogous to the claws of a lobster than the
tists of a boxer —and can produce unforeseen interference as well as pro-
gress.

In this paper 1 will — in the context of the US electronics sector —
both briefly sketch a few of the competing conceptual formulations for
understanding technological innovation at the firm and industry level of
aggregation, and discuss some of the policy actions that have been con-
sidered (or taken) in the past. In the course of these observations, I will
comment on the need for further research and policy initiatives.

Although the principal objective of this paper is to toster discussion,
a specific policy recommendation is tendered. To simulate technological
innovation while delegating to the firm the responsibility of choice among
options, 1 have suggested a personal income tax credit on earnings of all
employees and salaried staff and managers of R&D-intensive firms. This
would become, to some extent, an indirect subsidy to the firms: one that
could be used for a range of options such as further R&D, new hiring. cap-
ital investment, etc. This policy would be relatively more favorable to
smaller and more labor-intensive firms; it would also avoid some of the
inherent biases favoring high income tax brackets as found in many capi-
tal gains tax proposals. The fiscal impact of the policy would have to be
coordinated with broader fiscal policy objectives, and perhaps enacted in
conjunction with encouragement of new investment and/or greater ven-
ture capital availability. One of the main objectives of such an income tax
credit would be to acknowledge directly and reward the contribution of
individuals — whether in R&D, production, marketing, or support areas —
to the innovative capabilities and economic vitality of their firms and the
society at large.

3. CONCEPTUAL APPROACHES TO TECHNOLOGICAL INNOVATION

3.1. The Innovation Process

If we view "technological innovation” as the introduction of a new or
significantly improved product or process into the economy through the
application of modern technology, then quality change and cost consti-
tute the essence of such innovation. In recent decades, governments and
firms have expended considerable energy and resources in attempts to
organize the innovation process etficiently and to direct it toward useful®
results.

*"Useful” here refers to the distinction between innovations which yield quality
changes that are "worth”" what they cost and those which are not.
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Feedback from one stage of the research and development (R&D)
process can help in formulation or reformulation at other stages; learning
must take place so that an innovative concept can be confirmed to be
both technically feasible and desired by the user. The qualitative nature
of purely process innovations permits themn to be measured relatively
easily and quantitatively — in terms of cost reductions in the delivery of
an identical end product. In contrast, the qualitative nature of product
innovations is much more complicated, especially because the original
objectives of the innovation may turn out to be secondary te other appli-
cations that are discovered after the innovation has become more widely
diffused into an economy. For example, the demanding requirements for
reliability and security of real-time applications of computers in the
financial sector were hardly anticipated when the tirst computers were
being introduced.

Serendipity plays an important role in the historical development of
a branch of technology and its applications. The lines of descent of
today's technological innovations can be studied, but it is much more dif-
ficult to anticipate the future directions of current trends. The
antecedents of the US electronics sector can be traced back to the first
prototype light bulb burned by Thomas Edison a hundred years ago. The
earliest antecedents of the high volume production of much of today's
electronics circuitry should include Eli Whitney’'s invention of rifles with
interchangeable parts, as well as Henry Ford's mass production tech-
niques. Opportunities to commercialize the results of these innovations
were different; in the Whitney and Ford examples, a well-defined market
opportunity existed. The needs of the ultimate user in terms of both pro-
duct quality and price were critical to the success of all the innovations.

It is difficult to summarize succinctly the meaning of the phrase
“anticipating the needs of the final user”*. In part this stems from the
variety of potential final users for the vast array of goods and services
available in an economy like that of the United States. Also, most of the
goods and services are amenable to some form of technological innova-
tion over time, so that either the characteristics of the product sought by
the final user or the cost of production is susceptible to change. In Fig-
ure 1 a categorization scheme is suggested for distinguishing between
choices of final goods and services by either private or public decision
makers, as well as for considering the applicability of these choices to two
broad categories of final goods and services — identified as "peaceful” or
"dangerous.” These distinctions are by no means clearcut; the categories
"peaceful” and "dangerous” are descriptions of the extremes of a contin-
uum of goods and services (hereafter referred to as "products”) rather
than mutually exclusive categories. Research and development can lead
to technological innovations in either of these categories. Moreover, the
earlier the stage of the R&D process (e.g. basic research), the less identif-
iable is the work with either of the extremes of this continuum {(or any
point in between). If we distinguish between technological innovations
that are "basic”** and those that constitute "improvements,” we should

*Also, the "needs” a firm deems worth satisfying may be different from the
"needs” viewed as important by society at large.

**'Basic” innovations imply the opening up of a new field of product applications,
or permit efficiency improvements through developing a new technology.
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“Appropriate’’ Final goods and services
decision makers
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Private choice Agricultural produce Pharmaceuticals
“should prevail" Consumer goods Firearms
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political decisions
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‘‘should prevail’’ residential energy weapons

FIGURE ! Microanalytic view of final goods and services, and private or public choice.

recognize that basic innovations can be motivated by end-uses at any
point along the spectrum of final products. Innovations that led to the
emergence of the English cotton textile industry in the late eighteenth
century and the development of atomic energy in the mid-twentieth cen-
tury illustrate this point.

“lmprovement"” innovations can have two different objectives; they
can enhance products subsequent to the original application of a basic
innovation (e.g., improvements in spinning and weaving machinery or in
nuclear weapons design), or they can permit the application of a basic
innovation for new end-uses, i.e., a movement on the continuum between
peaceful and dangerous products. The directions of such innovations are
motivated by the "needs” that are perceived to be worth satisfying.

Thus, consideration of decision making about uses of the final pro-
ducts reveals influences on technological innovation from sources other
than technology. For final products that are not “dangerous” and for
which private choices are most relevant, market forces have been demon-
strated, both theoretically and empirically, to allocate scarce resources
efficiently and to provide signals about the need for further technological
innovation. The limited acceptance of the initial strains of high-yield rice
produced in what has come to be called the “green revolution” occurred
because the reduction in product quality (e.g. taste and texture) had
unanticipated consequences for prices. "lmprovement” innovations were
needed to enhance the quality of the new strains, to make them more
competitive with available alternatives. Such innovative activities can
occur without deliberate public sector intervention.* In contrast, public



- 252 -

choice is widely recognized as the relevant perspective for products relat-
Ing to a nation's military capability, and market forces would provide
inadequate guidance for technological innovation. Under such cir-
cumstances, reliance is placed on bureaucratic and political decisions.

It is important to consider these distinctions explicitly, for national
security requirements, as perceived by national interests, govern a great
deal of publicly supported R&D.** All countries rely to some degree on
bureaucratic and political decision making in assessing the "needs” that
determine allocation of publicly and privately supported R&D.

This  discussion of the roles of market forces and
bureaucratic /political decisions in clarifying the needs of the ultimate
user — to whom successful technological innovation is directed —is appli-
cable (to a greater or lesser extent) across the whole continuum of final
products. For example, there are recognized and legitimate roles for
government regulation of pharmaceuticals in the health care delivery
field in the United States. There is also an expanding government role in
determining appropriate rates of reimbursement for medical services, as
well as activities by the courts in determining responsibility and damages
tor malpractice. It is striking that such public sector activities exist in an
environment in which the medical profession has traditionally been relied
upon to seek improvements in modes of medical intervention, in which
the hospital sector has sought to attract physicians to its staff through
nonprice competition (e.g., investments in the latest medical technolo-
gies), and in which the recipients of medical services are widely regarded
as having incomplete information for choosing among medical services
and few incentives for being ''cost conscious" in such choices. Satisfac-
tion of the "needs of the ultimate user” through further technological
innovation in medical equipment and instrumentation involves responding
to a very complex set of “market" incentives; in such circumstances, pub-
lic policy initiatives can have quite unanticipated effects (Rettig and Har-
man 1979).

3.2. Economic Concepts

The activities of industrial enterprises (firms) undertaking techno-
logical innovation should be analyzed within a conceptual framework that
captures the personal motivations of the participants, as well as more
structured decision processes regarding product objectives. This frame-
work should take consideration of both the context of market forces and
the non-market environment. Despite a great deal of economic research
on this topic, no consensus has been reached regarding such a concep-
tual framework. Thus, it seems desirable to use an eclectic approach as a
guide to policy formulation.

*The crucial ingredient, as Nancy Nimitz emphasizes, is the existence of cost-
E:onsc)ious and discriminating buyers. See also, Eads (1877) and Nelson et al.
1987).

**These "national interests"” may be subject to a broad range of interpretation at
a particular point in time, by leaders as different as Winston Churchill, Joseph
Stalin, Franklin Delanc Roosevelt, and Adolf Hitler.
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Neoclassical theory has been receiving increasingly critical reviews
In recent years. Still, it retains the advantage of being the most parsi-
monious description of the essential elements of a firm's economic
motivations. Neoclassical theory ignores. however, the intrinsic uncer-
tainties of the R&D process, treating them at best as an a priori known
distribution of risky outcomes.*

Two other approaches to understanding firm behavior appear partic-
ularly intriguing. Nelson and Winter {1977) have argued for an evolution-
ary theory; it includes modeling of the intrinsic uncertainties of the inno-
vative process with the aid of a set of conditional probabilistic outcomes
of various R&D strategies. Nelson and Winter have also suggested that it
may be important to recognize the role of institutional structures, in vari-
ous economic sectors, in determining innovative outcomes. There may be
a variety of "selection environments” that capture the competitive
aspects of firm behavior and the needs of the ultimate user. These
"selection environments" incorporate three elements: the determination
of the "worth" (e.g. profit) of innovation activities by firms, the ways in
which consumer and regulatory demands shape profitability, and the
investment and imitation processes that are involived.

Nelson and Winter consider both market and nonmarket "“selection
environments.” The principle distinction they propose is that in non-
market sectors the interests of “firms” and "customers” are not as shar-
ply defined as in the market sectors. They suggest that "natural trajec-
tories” of technologies occur in which obvious weak spots in product
designs or targets for improvement can be identified. Such natural tra-
jectories can lead to rapid advancements in some economic sectors, while
other sectors, lacking such natural trajectories, progress more slowly.
The development of electronic components from vacuum tubes to very
large-scale integrated (VLSI) circuitry seems to provide an example of a
natural trajectory. The widely used S-shaped curve of technological
advancement — i.e. initial rapid advancement in terms of quality
enhancement of an end product's principal dimensions, and then a slow-
ing — can be understood in terms of such trajectories and their underly-
ing scientific and technological base.

In contrast, Klein suggests an explanation based on a dynamic
theory:

The principal reason why technologies come to be defined very
narrowly and why the rate of progress eventually slows down is
not because of a shortage of ideas, but rather because of a shor-
tage of hidden foot feedback. Hidden foot feedback is the feed-
back a firm obtains from its rivals; and it is measured in terms
of changes in market share... . In as much as what is a techno-
logical risk to one firm in an industry is a competitive risk to
another, the more technological risk taking that is undertaken
in developing products with nontrivial differences, the greater
will be the changes in market shares... . Almost inevitably, the

*The author has used this approach in the past, with its many simplifying assump-
tions; see Harmean 1971, Ch. 3.
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larger the advances that are sought, the wider will be the differ-
ences between more and less successful R&D projects, and the
larger will be the change in market shares. (Klein 1979, pp.7-8).

Thus, Klein argues that intensive technological innovation and rapid rates
of technological progress by firms are derived from the threat of a poten-
tially successful rival. He further argues that the successful firm —ocne
that grows and as a result becomes more bureaucratic — becomes sus-
ceptible to narrowing the range of investigation for resolving future
uncertainties, and hence for coming up with further innovations. Kiein
argues that the rate of technological innovation for an individual firm
may slow because of the tendency of such internal bureaucracy to estab-
lish routines and to preserve the status quo. The principal factor that
determines whether or not the industry remains "dynamic” (i.e. contin-
ues with rapid introduction of new process or product innovations) is the
ability of new firms to enter the industry (see also, Schumpeter 1934).

Finally, technological innovation in general has also been stimulated
in important ways by the demands of a diverse and international market-
place.* The standard conception of international trade expla