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The Organisation far Economic Co-operation. and Devel-
opment {OECDY] was set under a Convention signed
in Paris on 14th December, 1960, which provides that the
OECD shaH promote policies des:gned;:; : :

o~ to achzeve the. highe ;mmable ‘economic growth
" and employment and a rising standard of living in
Member countries, while maintaining ﬁmmcral sta-
bility;: dnd this to ¢ ntr.rbute Io the de opment of
the world econamy ;"

— to contribute to sound economic expansion in Member
as well as non-member countries in the process of
economic development ;

— 1o contribute to the expansion of world trade on a
multilateral, non-discriminatory basis in accordance
with international obligations.

The Members of OECD are Austria, Belgium, Canada,
Denmark, Finland, France, the Federal Repubiic of Germany,
Greece, lIceland, Ireland, Italy, Japan, Luxembourg, the
Netherlands, Norway, Portugal, Spain, Sweden, Switzerland,
Turkey, the United Kingdom and the United States.




FOREWORD

In responge to a request of the Third Ministerial Meeting on Science
in March 1968, the Council of the OECD decided to undertake the follow-
ing report on the conditions for success in technological innovation.

The report attempts to identify the factors influencing the process of
technological innovation by analysing the results of empirical research
on the subject undertaken over the past ten years, and it discusses im-
plications for national policy.

The report is the latest of a number of studies, which have been
prepared under the direction of the OECD's Committee for Science
Policy, on the relationships between science, technology and the econ-
omy, and is an Immediate sequel to the series published under the gen-
eral title, "Gaps in Technology". Its approach is essentially the same
as these previous OECD studies. If throws new Light on certain policy
problems, and identifies other areas where further information and
analysis are requived. :

The main focus of the report is technological irmovation in response
to industrial and individual needs - in other words, innovation which
lays the basis for economic growth, and which responds to changing
patterns of consumer requirements. The promotion of such inmovation
will continue to be an important objective of national policy in future.
And a better understanding of the factors behind successful innovation
will help policy makers identify action which can be taken to make tech-
nological inmovation more responsible to the increasingly "social" and
Hgualitative™ objectives of economic growth,

The report was written by Keith Pavitt, with the agsistance of
Salomon Wald who was responsible for Part III of the report. Both are
staff members of the Directorate for Scientific Affairs of the OECD.
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'SUMMARY ‘OF MAIN CONCLUSIONS OF THE REPORT
. RELEVANCE TO SCIENCE AND ECONOMIC POLICIES - .-

- Technological innovation is defined here as the first application of::
science and f:e,chnology ih a new way, with commercial success. Fos-
tering technological immovation is an important objective of national
science policy, since considerable scientific and technologmal resources
are devoted to 1nnovat1ve act1V1t1es

‘Furthermore, technolog‘lcal mnovatmn makes a s1gn1f1ca.nt contn-'
bution to competitive: strength in international markets, and the diffusion
of innovation amongst its potential population of users-to economic growth
in all Member countries. - The pressures for technological innovation. =
and diffusion will continue fo be strong as long as economic growth .and:
international competitiveness are important policy objectives in the
- Member countries. . The report's analysis is concentrated .on techno~ -
logical innovation rather than on diffusion, mainly because of the rela~
tive lack of empirical information on the latter,

. SOME-‘GHARACTERISTICS OF. THE:INNOVATIVE SYSTEM .

The Essent1a1 Components

Successful technologlcal mnovatmn alwuys requ1res the ex1stence :
of three factors: scientific and technological capability, market demand,
and an‘agent which transforms this capability into.goods and services -
which satisfy the demand. In the OECD countries; this agent.is the
industrial firm, the pressutres and incentives: being. competition and . -
profit, mamly through product innovations but also through cost- .

g ;reducmg process umovatmns . S
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According to the results of four empirical studies, between two-
thirds and three-quarters of innovationsg are initially stimulated by a
clear definition of market needs. However, the remaining technology-
stimulated innovations include relatively more inmovations of a radical
nature, which provide the basis for a larger number of more minor
inngvations, oriented towards the satisfaction of well defined market
needs.

Differences Amongst Industries

In spite of the relative concentration of R and. D activities.in a few
industrial sectors, many other sectors of the economy benefit from
science and technology, through being suppliers or customers of the
research-intensive industries. According to a U.8. study, these re~
search-intensive industries employ relatively large nurnbers of gualified:
scientists and engineers, not only in R and D, but also in production, :
marketing and general management. They also have relatively high
proportions of total employment outside production and high levelsiof
concentration;: it:they are not particularly capltal mtenswe ‘nor-are: .
they relatively big consumers of raw masterials; - il NS

Three factors have been put forward to explam the varymg research-
intensity of industrial sectors, namely, variations in “technological’ op— o '
portunity, - quality of management, and market-opportunities.:::But there

-ig no’empirical evidence on the: relative importance of these factors:t:.i -

".which may, in any case, be interdependent.. ‘Technological advances. in: ;

materials, ‘antomation ‘and informatics offer considerable opportunities
for application in sectors which.are not at present: research~intensive.:;
Managements in these sectors may themselves exploit:.these opportunities,
which will otherwme be seized. by the research—mtenswe industries: them—-
selves. ii: el : S : : : : Siaais

Industrial Structures

The empirical evidence suggests that both large and é.mall firms
play essential roles in the process of technological innovation, and that
these roles are complementary, interdependent and ever. changmg

They are complementary in that larger flrms have tended to con-
tribute most.to innovation in-areas: requiring large:scale R-and D, pro~
‘duction or marketing resources, whilst smaller firms have tended-to .
concentrate on the supply of specialised but sophisticated components::: -
and equipment, - often with: large firims as customers.: In.addition, how=
ever, small firms: have often made very major immovations; :éither he- .
cause large firms have'not had .effective methods .0f evaluating and fm= ;-
plementing radical proposals, or because major innovations.often involve . -
great uncertainties so that even the best managed of large firms may let
important opportunities slip through their ﬁngers
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emall firms are often started by scientists and engineers with previous
experience in large firms. Sometimes the establishment of these "spin-
off" firms has been actively encouraged by large firms. -Sometimes
it has happened by default., Small science-based firms flourished
earller inthe U.8. A, than in other Member countr1es partly hecause
of & more favourable market a.nd fmanmal env1ronment and of a greater '

Flnally, the roles of large and small firms are ever changmg “As

a technology matures. in one sector,, scale factors tend to become more
important, But as one technology matures another enters a per1od of
growth, thereby opening other and new opportunltles for smaller f1rms
Hence the need for mobility. and flex1b111ty of innovative resources - a.nd
partlcularly skllled manpower and capital -.in order to respond to the:
ever, ohangmg opportumttes and requlrements of. technologloal 1nnovat1on.

The Slze of Nat1onal Markets -

... Studies in the USA have suggested that the size and soph1stlcat10n
of the U 5. market has been a key factor in. the nmovatwe strength of, .
U, 8. 1ndustry I—Iowever th1s explanation does not appear to hold for .
all Member countnes There are countries W1th very small natlonal
markets Jbut also with the tech.nologmal and entrepreneunal capabilities
enablmg them to respond to demands. for innovation on werld markets,
However, overcoming barriers to natmnal markets has 1ts costs and
can reduce the rewards and returns to successful innovators. In par—
ticular; the penetration of foreign government markets appears‘to have
been partrcularly difficult, and to have had 1mportant effects on patterns
of 1nnovatlve performance in certam Sectors

" ‘The Management of Inmovation -~ -~ L

Technological inmovation poses many difficult and sometimes novel
problems to management, given the uncertainties and Iong time horizons
involved, and given the need for communications &cross disciplinary
and functional boundaries. Hence the need for "entrepreneunal” orga-
nisational forms, with flexible definitions of responsibilities and large
possibilities for Iateral ‘communication, capable of evaluating and re-
sponding to new - and often unforessen - technical and market circum--
stances. - Hence also the need for top management's oomm1tment to
takmg I‘lSkS. SR P RS TR e AT el i

Study and teaehmg spec1f1ca11y related to the process of 1nnovat1on
may be particularly valuable - for hoth research workers and managers -
given the difficulties of applying successfully many of the conventional-,
management techniques. Furthermore, the increasingly worldwide com-~
petitive and market environment within which technological innovation
takes place requires a careful definition of the role of R and R inachieving

13
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mix of "offensive", "defenswe" and- "absorptlve" R and D strategies.,

The RoIe of Fundamental Research :

Fundamental research mdertaken’ mainly in the universities plays
an essential role in the process of technological innovation. It enlarges
the pool of knowledge from which innovative activities draw, and is an
essential input into the training of manpower “for apphed research and
development activities. : -

The experience of eleven Member countries suggests that strong
links exist between national potentials in fundamental research and
national strengths in technological innovation., Although the results of -
the world's fundamental research are, in narrow econcmic terms, a
"free good", the effective absorptlon of the results of foreign funda-

“mental research requires an indigenous fundamental research effort - °
certainly in the univergities and, at higher Ievels of technologmal devel—: '
opment, also in industry. :

) Furthermore, the transfer of knowledge between science'and tech~ -
nology is mainly "person-embodied": in other words, ii takes place’
through people talking to one another, or through people moving from =
one institution to another. Hence the importance of integrating the -

‘results of fundamental research rapidly into the teaching process, of
umversn:y staff consultmg with industry, and of un1vers1ty—based Te-
fresher courges for mdustrlahsts :

Conversely, strength in technologlca.l mnovatlon also affects the
quality of fundamental research. - It leads to industrial growth and ...
thereby induces greater demands for university education. and research
either through direct, industrial financing of certain umversny actnutles,'
or through the sensitivity of governmental educatlonal pohcy to 1ndustr1a1
reqmrements :

'THE_ ROLE OF GOVERNMENT

Government is not the pr1mary agent for the genera.tmn and applz-
cation of scientific and technological knowledge. . This role belongs to ..
the universities and industry. But experience has shown that govern~
ment policy, when oriented towards well-defined objectives, can have
an important influence on the resources, mcentwes and barrlers related
to the nmovatwe process

Ob]ectwes :

' However no general pohcy prescr1pt10ns can be made wh1ch w111
_be applicable in all countries, because countries differ in resources,

14
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of various components of government policy, - Nonetheless, successful, -
national innovative systems appear to bé bound up with strong fundamen-
tal research coupled with a capability in industrial R and D, orientation
towards world markets, and flexible structures and methods which
.ensure that multiple channels are kept open for the creation, transfer and
application of technology, i

The Deployment of R and D Resources .

Even where variations in absolute size are taken into account,.
there aré big differences amongst Member countries in the level of
resources devoted to R and D performed in industry; - For R and D
financed by lndustry, the d1fferences are Smaller, although Stlll im-
portant, S T

Government performed R and D_ has decreased as_ a proportion of
total R and D in countries where it has been high, Although total levels
of R and D funding, and the objectives of government-finaniced R'and D,
have often evolved rapidly, patterns of performance of R and D changed
only slowly,

Many governments are taking measures to couple government per-
formed R and D more closely to industrial needs. At the same time,
government measures to promote industrial R and D have been success-
ful when R and D has been the main bottleneck in the 1nnovat1ve process,
but ot otherw*.lse. : : : S

National ‘Technological Specialisation -

The increasingly open and interdependent OECD region requires
national ‘specialisation within areas of advancing technology,  The -
exigting patterns of national specialisation reflect government objectives
and access to raw materials, as well as the sanctions of commercial
success in world markets. Government can reinforce existing patterns
of spemahsatlon through rewardmg successful, innovating firms, and
can help create new patterns in the longer term by building up new
strong po1nts :m sc1ent1f1c and technologmal oapab111t1es.

Large-Scale Technolog'lcal Programmes :

Governments are often involved in financing large-scale scientific
and technological programmes which have a strong influence on the pace
and direction of scientific and technological advance, as well as on the
use of resources, These programmes have had important effects on
technological innovation in specific sectors, But some countries have a
strong national performance in tec]:mologicel_ innovation without such
large-scale programmes, The extent to which governments will finance
large-scale programmes related to technological innovation will depend

15



high return projects;. as well as. the degree of internationalisationg-'o':f-_,“
partlclpatlon in 1arge-scale programmes in future, N R E Ty

Creatmg a Chmate Favourable to T echnologlcal Innovatlon

“When cons1der1ng more general pol1c1es for the creatlon of a chmate
favourable to technological innovation, three key éharacdteristics of the™
innovative process must be borne in mind, First, the oufcome of Inno-

vative activities is uncertain, so that Tisk taking must be rewarded; "
and individuals and institutions must have the ahility to adapt to.new and '
unforeseen situations, . Second, innovation often implies uncomifortable. :
changes;. so that pressures must exist for change, and its social.costs,.
reduced as. far as possible.. Third,. the transfer of technological know-:
lodge is mainly "person-~embodied", so that mobility and person—t0—4 oo
person contacts must be encouraged, both mthm and amongst 1nst1tut10ns
at the var1ous stages of the mnovatlve process ' '

These requirements suggest a number of objectlves for government
pohoy, such-as: R : g S o

- ensuring industrial competition, as the main pressure for techs""
-+ nological: innovation; c - i R v gme

— ensurmg equ1tab1e rewards for 1nnovat1ons through the tax and
l‘_patent systems, o e

- ensuring that regulatmns codes and standards take account of
both the social costs and benefits of the inmovative process, as
well as the flexibility and pluralism required for:successful.inno=
vatmn ok et ERS At

- hav1ng actlve reglonal and manpower p011c1es to deal Wlth the i
.. changes in:industrial and skill patterns brought about by tech-: .
- nological :change; .. ; Cig i L

"~ using . government procurement to upgrade the technical level of
1ndustry, and to couple teehnology more effectlvely to collectwe,
“social needs ' S

- encouragmg the moblhty of sc1ent1sts and engmeers, espemally
in and out of government laboratorles, LI e

Jiie identifying. pohcy measures fo encourage sclence—based entre—
L preneursh1p, : . ; .

- ensurlng contlnued trade and capztal 11berahsat1on thereby helght-
ening the pressures and incentives for technologlcal innovation in

7 oall Member countties,’ and maintaining’ the rapld mternatmnal

5 _spread of the benehts of new technology. P '
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Part 1

INTRODUCTION






.. A;  THE: ECONOMIC. CONTEXT . -

1. The importance of the impact of science and: technology.on the -
OECD economies is now widely.accepted, - Thus, in examining the
growth of output in OECD countries: over: the period:1960-1980, a docu- :
ment of Working Party No, 2 of the Economic Policy Committee has
said the following

N ”Nor is'it llkely that the Sources of the’ h1gh rabes of g‘rowth of
potential output expected in the 1970'5 will quickly disappear; on the’
contrary, all the ev1dence suggests that the industrial and commermal
explontatlon of the ex1st1ng body of scientific and techmcal knowledge o
will continze to generate 1ncreases 1n productnnty for a Iong t1me to Y
come, " (133)* ‘ ‘

2, Yet the nature and the mechamsms of sc1ence and technology s
impact on the economy are often misunderstood, so that some effort of
clarification is necessary. The d1stmct10n between 1nvent10n mnovatmn
and diffusion is particularly 1mportant when cons1der1ng the macéro-
economic effects of technological progress, Invention iz the idea of how
science and tectmology could be applied in a new way, innovation consists
of br1ngmg invention.to lts First successful commercial use, and diffusion
consists of the spread of the use of the innovation amongst its potential
p0pulatlon of users, 'This dlstmctlon is, to some extent at least, an

. Fart1f101al overmmphhcatmn for example the process ‘of 1nventlon

‘ 'pers1sts throughout the entlre life of a new technologr, since the stag;es
of innovation and dxffusmn may themselves give rise to the requlrements
for addltzonal 1nvent10ns related to say, large—scale productlon techmques.

3. However, the d1st1nct10n 1s 1ndlspensable 1E one is to understand
the various: economic pollcy 1mp110at1ons of smence and technology. For

* References are giver in Annex ¢ to this Report,
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ing technologj ~ either indigenous or foreign developed - is clearly the
most important part of the process, The mechanisms of the diffusion
are the same either nationally or internaticnally: expansion of the inno-
vating firm, licensing, independent re-development, the purchase of
producers' goods, and the flow of scientific and technological know-
ledge -~ either written or embodied in people,

4, This explains, amongst other things, why there is no observed
correlation between the proportion of national resources devoted to R
and D and rates of growth of productivity. - Productivity growth depends
on the diffusion of hoth nationally and foreign developed innovations,

But national R and D efforts are concentrated mainly at the inventive
and innovative parts-of the spectrum., - As such;. they reflect enly a”
small proportion of the stocdk of innovations.available for diffusion, and.
hardly any of the factors that affect:the rapidity of the diffusion process.

5. It also shows the difficulty of separating the contribution of "tech-
nical progress" {i.e. the diffusion of innovations) to product1v1ty growth
from that of otheér factors. _The d1ffus1on of an 1nnovat10n often requlres
capital investment, If it'is a rad1ca1 mnovatlon, it may requ_lre changes
in production methods, company orgamsatlon and the gkill requlrements
of management and the work force: it will also offer many Opportumtles S
for improvement once in use, How effectively these changes are made
and these opportunities exploited will depend on the level of education
and the 1earn1ng capacity of management and the 1abour force Thus,
the diffusion of innovation is 1nt1mate1y bound up Wlth and compiementary
to, mvestment educatlon, and ma.nagement

6. However, contmued productwlty growth requlres more than the |
‘diffusion and effective use of existing. technology. For any given pro- )
duction techmque, _there are ultimate limits on the productlvn:y advances
which can be attained by better educatmn and tra.mmg, 1mproved manage-
ment, economies of scale, and so forth, These limits are technologmally
determmed and can be transcended only through technological 1nnovat1on.
Thus, contmmng growth in productawty in the OECD area requires con«
'tmumg technological innovationh in order to inérease the stock of tech-
nology on which the Member countries can draw, The mechanism
through which this stock is increased is the continued competitive = -
“efforts by industrial firms to improve and change their products and
production processes, Innovation - and especially radical innovation -
ia very closely dependent on invention and R and D, and is a risky, un-
certam, and sometimes long-term activity.
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7. It is on the process of invention and innovation, particularly in
industry, that this report will concentrate, This focus has been dict-
‘ated partly by lack of data, Insufficient empirically based information’
and analysis exists comparing rates of diffusion of technology in different
Member countries, or identifying the factors affecting the diffusion pro-
cess, to enable any meangful generalisations to be made, * And the
Secretariat has not had either the competence or the resources to make

a thorough analysis of the factors influencing technological innovation

in such areas as agmculture and medlcme.

8. Although industrialf po_licy towards scienc,_e and technology is more .
than a policy for technological innovation, a number of very good rea- .
gons exists for obtaining a better understanding of the process .of in~ -
vention and innovation, and for improving the effectiveness with which. -
the process works, In individual Member countries, the production of.
technological innovations absorbs a sizeable proportion of national R
and D resources; it, is.there'fore an important aspect of national:science
policy to ensure that these resources are employed efficiently, Further-
more, the successful-production of technological innovations has an - -
important influence on competitive positions in world markets, and is - .
1n1:1mate1y llnked to national capabﬂltles in fundamental research %

9, And for the OECD ares as a Whole technologmal mnovatmns now
create the basis for economiec growth of the OECD members over the next
twenty to thirty years. It would be theoretically feasible for an individual
Member country to stop producing: innovations and to grow solely on the,
basis of those produced by others., But it would be disastrous for long, .

G An attempt o compa.re 1eve1s and rates of diffusa.on of four. technologles in the.
Member countries has been made in a previous OECD pubhcauon (139), Furthermore, a
study comparing the diffusion of ten process innovations in six European Member countries
has been published by the National Institute of Economic and Social Research (140), Wwork
of a similar nature is being continued with 'the’ involvement of the National Bureat of
Economic Research, New York.

Mansfield has analysed the diffusion of twelve innovations in four U, S, industries (17), He
found that the' diffusion of innovation amongst the potenual poptilation of users had been 2~
relatively slow process, often taking’ twerlty years or'more, - He also found that the speed of
diffusion had depended on three factors: the extent of the economic advantage of the inno-
vation, the extent of uncertainty associated with it, and the level of investment required,
He also found that the speed of a firm's response to an innovation was not related to irs rate
of growth, profit level, 11qu1d1ty, proflt trend, or age of 1ts management personnel

#% For a detailed examination of the links betwee,r_l_fundamental resea.rch and mdustual
innovatjon, see Part III of the Report,
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such a "beggar my neighbour™ policy and to stop producmg innovations,
The OECD is perhaps the appropriate framework within which to say that
the industrially advanced Member countries have some, sort of collectlve
responsibility to produce useful innovations as a basis for future econom-
ic'grow_th.' - bl PERREE, - e

_ C. THE FRAMEWORK OF THE REPORT

10, Given the multiplicity and complexity of the processes of technol-

- ogical inmovation, any manageable framework of analysis is bound to be
imperfect,  One interesting possibility would be to consider the processes
of technological innovation as a system of creating, coupling, transfer
and use of information (141), But given the complexity of any consequent’
model in relation to the empirical 1n_format10n ava.llable, thls posm‘blhty
has been re;ected. : : : SRR

11, Instead, the report adopts a much simpler hypothesis: (or "model'"),
which assumes that technological innovation always requires the exis-
tence of three factors: first,a base of scientific and/or technological
knowledge; - second, an economic or social demand; third, a coupling
agent which transforms the scientific and/or technological knowledge
into goods and services which satisfy the economic or social demand, *

‘12, Furthermore, the report is divided into three parts which examine .
respectively the role of industry, of the universities, and of government
in the process of technological innovation, This "institutional' presenta-
tion has the advantage that it enables one to see the role of government;

in relation to those of industry and the universities, within the total
inmovative system, But it must be continually kept in mind that the pro-
cess of technological innovation cuts across these institutional boundaries,
and that the roles of industry, university and government in the 1nnovat1on
process are mutually dependent and mteractmg. '

D. SOME METHODOLOGICAL PROBLEMS

13. It is only over the past ten to fiffcen years that teehﬁoleg_ical .
innovation has been the object of empirical analysis and data collection,

* Although both scientific/technological knowledge and economic/social demand
are necessary conditions for technological inpovation, the initial stimulus leading to innov-
ation can come from one or the other. This point will be d1scus=ed in greater detail in Pare
II, Section B,
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as distinet from theoretical speculation, Some would argue that all
generaligations about fechnological innovations are -and always will bé -
uselesgs, given the unigueness of each innovation, and given the inherent
uncertainties in the direction of scientific progress and in the evolution
of market requirements, The authors of this report accept that each
innovation is unique and that there are considerable uncertainties, but’
are convinced that useful generalisations can nonetheless be made. In
some senses, innovations are like new-born babies. Eachbabyis -
unique (especially to its parents), its sex and physical characteristics
cannot be predicted, nor can the number of babies to be preduced-in‘a -
given family, It is nonetheless possible at the national level to predict
the number of babies of each sex, and the distribution of their physical
characteristics. It is also possible to identify the factors which influence
the scale and nature of national births, Few would deny the usefulness
of such analyses for pohcy maklng RIS g S

14, Thé difficulties in the way of similarly useful generahsatlons about
technological innhovation do not have to do, then, with its ¥mique nature,
They have to do with the comparatively recent growth of data ‘collection
and analysis related to it, There are, nonetheless, a number of scurces
of relevant information and analysis, First, statistical data collected’
at the national level on Such factors as research and development, :
education, fundamental science and technological innovation, Second,-
studies on technological innovation in specific industries, Third, studies
on technological innovation in relation to ingtifutional and organisational
factors, Fourth, the recorded experience of individuals who have been
nvolved in the innovative process, Fifth, historical case studies of - -
individual or groups of innovations, The OECD and the Science Policy
Committee have contributed enormously to the first source of information,
and to some extent to the second, The universities have been the main’
contributors to the third source, The fifth source is the most recent, :
the most rapidly growing, and is likely in the long term to lead to a-
more fundamental understanding of the processes of technologlcal mno-
Vatlon (48 142)

15, The following report uses information from all these sources, on'
the basis of which some useful propositions about the innovative process
canbe made and some relevant policy questions identified. But lack of ~
information and of time has meant that certain problems have not been clar-
ified, In particular, it should be noted that a very high proportion of all infor-
mation and analysis of technological innovation has been undertaken in the °
USA. Sincethe U. 8, system is sowell documented, and since information’
about it is so readily available, there is a danger, in any report of this
kind, of slipping into an almost exclusive discussion of the U, 8, system,
its policy problems and solutions, without sufficient consideration of the
different levels of resources, environmental conditions and policy object-
ives of the other Member countries, The Secretariat has tried its utmost
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countries, .and to identify thoge features of the U, 8. experiences which.
are fundamental to the innovative process, . It has also identified;: in
Amnex B to this report, areas where further data collection and analysis
are necessary in a wide number:of Member countries, . Such information
will be relevant not only to students of technological innovation; but also
to policy makers; unquestioning imitation.of others' policy objectives,-
and of methods of achieving them, may - after all ~ sometimes be just .

as. unrewardmg; as unquestmnmg imitation in the development of.a new
product, . o ‘ . : e :

Because teehnologlcal 1nn0vat10n has only recently been sub;eeted
to rlgoroue empirical enquiry,. its measurement presents many. statis-
tical and conceptual problems, A number of indicators of performance
in technological innovation have been used in OECD studies. in the past:
historical data on the origin of technological inmovations; monetary

- receipts for patents, licences: and technological know~how; patent
statistics; trade or market shares in product areas with rapid ra.tes
of technologmal change, All of them have statistical and coneeptual.
shortcommgs and can ]llStlflably be criticised, However, they are the -
same 1nd1cators that have been used in important academic studies on.: .
technologlcal 1nnovat10n undertaken outside the OECD*, and.some of. ..
them have been used in governmental reporis as a gulde to 1nnovat1ve -
performance. *K Furthermore . Annex Ato this report shows that, in.
making comparisons amongst ten mdustrlally advanced Member coun-, -
tries, these four types of indicator give a similar,. and statistieally. ..
51g111fleant ploture of. natlonal performance in teehnolog,‘lcal mnova.tlon.

. The use of R and D statlstms as. 1ndlcatore :)f mnovatwe perfor— o
mance has also come in for a great deal of criticism over the past two
years. It has been pomted out that R and D statlstlos measure only-one
part of the total input into the innovation:process, . Thus, from a pohoy
point of view, R and D expenditures, cannot be equated \mth 1nnovat1ve
expendltures But it does not neoessamly invalicate the use for analytical
purposes of indusirial R and D expenditures as one indicator of perfor-
mance in fechnological inmovation, No doubt the relevance and the
Eproductlvlty of R and D can, and do vary widely from f1rm to flI‘m. :
But, between 1ndustr1es and between nationg, empirical eV1dence shows
a hlgh carrelatmn between 1ndustr1a1 R and D expenditures and teohnol—
oglcal innovation, Across th_lrteen J.ndustrles in the U, 8, A, ,. Table 1.
‘shows that there 15 a high correla.tlon between R. and D intengity. (me&sur—
ed as R a:nd D expendltures d1v1ded by. sales) and rates of teebnologlcal

. Bee, for exarnple References 1, 4, 9, 13-26, 22-25;: 28, 31, .33,.3%, -64-:_6-’?.‘ )
’70, m, 86 142, . o
' %k, See, for example, References 2, 8 1’7 71, 87-89 109 120 122 127
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TO THE OUTPUT OF N'EW PRODUCTS
IN THE U ‘ T

-] - R:aND D FUNDS:
,| 48 A PERCENTAGE

' EXPECTED
" PERCENTAGE OF

1969 SALES IN'

(OF SALES ... | NEW PRODUCTS

ey | oy
1 2
Aircraft and parts ....veceerevnvss 20.é 40
Electrilcal mAchineTy ...eeeeescrss 12,0 24:
Machiner'y .voeveveessssvecaesnsss 4,2 23
Vehicles 3.4 22
Chemicals ., ssvvsvrsrsesscacans 5,2 18
Fabrication of metals .,,..,.c00s. L7 17
Stone, clay and glasg  ....eesvnsee L4 17
Textile8 ,vievisrennsannsasasrssns 0.5 13
Foodandbeverages_ sesvsessarnren 0.3 11
Petroleum and coal products ...... 1.0 5.
Non-ferrous metals ..cevveeenccans l.d 9 .
Iron and steel ....vevivecrnsanees 0.8 7
Rubber ...iieeeveseosnacencscenas 2.0 4

The rank correlation coefficient between Columns ! and 2 is 0. 7, which is significant at the

1% level,

SOURCE: Column 1: National Science Foundation,

Column 2; See Reference 3,
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ucts as a. percentage of sales) A.nd Annex A to tlus report shows, across
ten countries and corrected for dlfferences in population size, a high
correlation between national expenditures on industrial R and D and
national performance in technological innovation.

" Thus, theré ig no snnple and uncontroversial measure of technolo-
glcal Jnnovation. The indicators used by academics, by governments
and by industrial firms are all imperfect measures of various parts of
the jnnovation process; - Yet these measures, taken together, appear
to be mutually consistent, They will therefore be used - w1th suitable
prudence - throughout, this report
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S Ay INTRODUCTION o

19, In industrially advanced Member countries,.the industrial firm is;

the main agent of technological innovation, It transforms scientific and
technological knowledge into new or better goods and services which

satisly economic needs. The objectives of innovative activities in in-
dustry are profit and growth. = The pressures.on the firm for such activities
come from changing factor prices, from the innovative activities of com~
peting firms, and from the accumulation of scientific and technological
knowledge., The benefits to the firm are reduced costs and bigger mar-
kets, These benefits are, in some cases, sustained through the tempoxr-
ary monOpoly afforded to the 1nnovat1ng f1rm through the patent system.

20, Technolcglcal 1nnovat1ons is as old as man, but 1t 1s only in the
20th century that science, technology and the mdustr1al Firm have come
together to play such an mporta.nt role in it (17). Suff1ce it to say here
that the two key factors appear fo have been: first, “the 1ncreasmg _
explanatory power and applicability of science; second the pressures of
industrial competition - both national and international - which have push-
ed industrial firms to make ever better use of knowledge and intellectual
resources emanatmg from the un1ver51t1es The 1mportance of these j
factors is amply illustrated by the historical development of the plastlcs
industry, _which grew out of scientific discovery, and Where large pro-

' grammes of R and D, together with major technologwal 1nnovat10ns

have been made by industrial firms competing in world markets - and
often in collaboratlon Wlth un1vers1ty sment1sts (1) ‘

21 Data collected .For the U S, A, and the U.K. suggest that’ the main
objectives of 1ndustr1a1 R and D and mnovatlve act1v1t1es are new and '
better products rather than new and ‘better pI‘Od‘l.lCtlon processes. The
main purpose of 1ndustr1al R and D programmes 1n the U 8.A. In 1966
was new product development in 45% of firms, 1mprovmg new products'
in 41%, and new productlon processes in 14% (8). A study of 567 1nnov-
ations in U. 8, 1ndustry since 1945 confirms this pattern, 08% led to
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to new or better production processes (4). In the U.K, the same pattern
probably exists: in 1959-60, 37% of industrial R and D was directed to-
wards new products, and 24% towards major improvements (5). However,
in Japan, a government survey found that, in 1967, one tenth of Japanese
industries' R and D was related to imported technology, and indicated that
most industrial R and D was related to current production activities rather
than to the development of entirely new products and processes (6). It
would be useful to have similar information from a wider number of
Member countries, ' S

22, The following discussion of the role:of industry will be divided into
four parts: differences between industrial sectors, the influence of firm:
gize, the influence of market size, and the 1mphcat10ns of technologmal
1nnovatlon for management .

'B. DIFFERENCES AMONGST INDUSTRIES

23, Table 1 has shown, for the U, 8, A, at least, considerable differ-
ences between industries in their "research intensity" (i, e, ratio of R~
and D to sales) and rate of new product innovation, The same pattern of :
research intensity has probably existed in the U, S, A, for a long period
(20), And, although there are oertam variations, a very sumllar pattern
of research intensity ex1sts in other mdustrmlly advanced Member coun=
tries (21) ‘

24, In splte of this relative concentration of R and D mnovatwe actw—
ities in a few industries, many other sectors of the economy nonetheless
benef1t from science and technology, through rela’uons with research -
intensive mdustrles as customers or suppliers, through 1nter-1ndustry
manpower. mobility, through the "invasion' by research intensive sectors
of other industries' markets, and through the acquisition of scientific _
and technological knowledge proprietary or otherwise (22). Classic o
examples of inter-industry technology transfer include the penetration

of the textile industry by the chemical industry, the contributions of the
machmery and chemieal industries to 1mprovements in agrmultural
productivity, and the contribution of the computer to office administra~
tion, insurance and banking, Thus, although only a few industries may
be research 1ntenswe a much larger number make 1nten51ve use of
science and technology._ It is through this process of mter—mdustry _
transfer that technology makes 1ts mam contrlblmon to econom1c growth
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research Intensive industiries in the U S. A, (23, 24)., From these siudies,
" it would appear that, by comparison with other industries, the research
intensives industries employ relatively:more scientists and engineers - -
not only in R and D, but also in production and sales; employment out--
side production is relatively high, as is the degree of industrial concen-
tration, On the other hand, the research intensive industries are not:
particularly capital intensive, they do not manufacture a relatively high
- proportion of intermediate goods, nor do they use relatively large amounts
‘of raw materials, It must-be stressed that these characteristics pertain
to the U, 8. A, Similar studies for other countries to see if the research
intensive industries have similar characteristics would be very valuable,

26, Howeyer, one drawback to this type of study is that it does not
determine whether the above industrial characteristics cause, Or are
caused by, their research intensity, Some authors stress the importance
of other factors, Schmoockler, on the basis of analysis of patent statistics
over long periods of time, has concluded that market demand is the de~"
termining factor-in patterns of industrial invention (25}, - Others argue. -
that radical immovations open up new markets through creating possibilities
of application that did not exist before:

" .. ajet plane is around two orders of magnitude faster than un—
aided human transportation, while modern computers are around six
orders of magnitude faster than hand computation, It is common know-
ledge that a change by a single order of magnitude may produce funda-~
mentally new effects in most fields of technology: thus a change by six
order's of magnitude in computing has produced many fundamentally new
effects, " (105)

27, And a recent report to the U, S, Government has concluded that
the main factor is ma.nagement : . SRR

"Are highly innovative 1ndustries progressive because of the
manner in which they respond to technological opportunities? Are they
primarily this way because their managements have extraordinary cap~
abilities for grasping and managing technological change? What charac-
terizes the relatively uninnovative industries? . Are they this way because
they failed to exploit innovative opportunities? Because they possess. .
excessive built-in barriers to techmological change? Is it that their
managements have not learned the 1mportance of ut111s1ng technologlcal

' opportumtles and 1nnovatlve gkills?

"We fmd that we must answer each of these questlons aff1rmat1ve1y.
The main barrler is one of attitude and environment, It is primarily a
problem of education - not of antitrust, taxation or cap_ltal ?,Yﬂ._l_i_abﬂ_._lty. " (2),

28, The available empirical evidence on the relative importance of
these three factors -~ markets, technological opportunity and management -
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ary. Certainly, as Table 2 shows, studies of successful innovations in.
the U.:8, A, -and in the U, K. suggest that a considerably higher proportron
of innovatjons.is initially stimulated by need recognition (i, e, market .-
and production need) than by recognition of a technological opportumity.. .
But two of the studies equally suggest that radical innovations rely more
heavily. on technological opportunities, and tend to be more: frequent in the
research intensive industries (4, 86). This finding goes in the same di~
-rection as one of the results of a survey of R and D management practlces
-in U, 8, industry, namely, that a relatively higher proportion of proposals
for R-and D originate in R and D.departments. in the research 1ntensrve
industries than in other mdustrres {7}, : - Co P

Table 2. THE RELATIVE IMPORTANCE or TECHNOLOGICAL _

OPPORTUNITY AND OF PRODUCTION AND MARKET NEEDS
AS INITIAL STIMULI TO TECHNOLOGICAL INNOVATION: "

'A COMPARISON OF THE RESUL’I'S OF FOUR EMPIRICAL STUDIES

" PERCENTAGE DISTE.IBUTION' ACCORDING'TO: i
- % FOUR EMFIRICAL STUDIES '

rrrr'rrz_rL STIMULU:S.:”- | CAﬁTER o I  wavms
' | AND | GOLDHAR | LANGRISH | ~AND.
| WILLIAMS | [ MARQUIS :
Technological opportunity .. |. - 27 S 33 .-.--:._:34_ 7_ : 23
Production and Market need 73 67 66 | oqrtiE
Total number of innovations- S e R EFI S PR 5
studied ..icveacncasnons 204 - 600(?) | : 84| BOBT i

1ot

SOURCE Carrer and erlrarns Reference 116
Goldhar Reference 145
. Langrrsh Reference 86
’ Myers and Marqurs Reference 4,

29; Furthermore, fhefe is some eﬁdenee-the.t‘;tecbnologygsti,mulefe{iEe.nd
need-stimulated innovations are complementary, Studies of patent sta-
trstlcs (25), and of innovations related to the catalytic craekmg of pe—- y

troleum (9), tendto confirm one of the conclusrons of the ”Hmdsrght”
study, namely that: ' g el

- "Advancing technology is-made up of a number of precursor type f
- events and a far greater number of pedestrian accomphshments - The ..
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the rate of growth w111 be dlctated by the latter, ™ (8).

30, Im thls context radical 1nnovat10ns (or "precursor type events”) -
often growmg out of new technologmal opportun1t1es - can perhaps be
seen as innovations which open up opportunities for a far wider number
of need—orlented mnovatlons And the research intensive industries can
perhaps be seen as the main gource of rad1ca1 innovations, opening up
opportumtles for a far larger number of often more minor innovations in
a wider number of 1ndustr1es. . The classic contemporary example of
sucha phenomenon would be the development and st111 prohferatmg range
of utlhsatmns of the computer '

31, Many stud1es of spe01f1c technologlcal 1nnovat10ns also stress the
management factor, and in particular the presence of outstandmg indi-
viduals able to identify market needs or technological opportunities (86).
But no studies ex1st on the effects of the nmanagement factor in d:lfferent
types of 1ndustry, Nonetheless, it may well be that the innovative quality
of management is 1nt1mately bouild up w1th technologlcal and market
developments, Firms in sectors of rapidly advancing technology are
more likely to find new market opportunities, to employ qualified scien-
tists and engineers in all functions, to develop innovative attifudes and .
skills, to have close relations with the universities, to be searching for
new technologles and markets to enter, and to have sufficient: skllls to -
do g0, - : S - L

32,-' The. converse of this proposition is that technologically stable:in~:
dustries are not likely to have these dyhamic characteristics,  Indeed,

A, Stihchcombe hag gone so far as to argue that the organisational and:
managerial characteristics of different industries reveal fuindamental differ-
ences deriving from the fact that firms in each industry were founded at dif-:
ferent times in the development of organisational and managerial skill
and kmowledge, and that further evolution.ig slow (104). How, then, will
- present day technological opportunities in such sectors as materials, -
automation and informatics be exploited:effectively in the non-research:
intensive sectors-of industry?. Will it be through the process of "invasion'
by the research intensive industries? Or will management in the non- -
regearch intensive industries follow. the examples of shipbuilding in - -
Japan - or indeed, office machinery in the U. 8, A, - in actively absorb~
ing, developing and.integrating skills and technologies from a -wide num-
ber .of sectors? . This is a subject that merits a great deal of attention, -
but where little documented evidence and study exists, But it is perhaps
safe to agsume that the relative balance of these two mechanisms: of
technology transfer will depend in part on the quallty of ma.nagement in::
the non-research intensive mdustrles : :
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33. The debate on the respective contributions of large f1rms and
small flrms to technologmal 1nnovat1on eonunues On the one hand it 1s
argued that large firms' are better able to spread risks: to mobxllse
1nterdlsclp11nary reSearch teams and large scale efforts to penetrate _
markets; to undertake fundamental research which will be relevant to .
their commerc1a1 needs and to forecast, plan and (some wonld say) )
'control the development of the1r markets. On the other hand, it is.
argued that small firms are able to take décisions more quickly; to,
integrate technolog'lcal ‘production’ a.nd marketlng factors more effec— -
tively; to generate greater personal commitment and energies in rela-
tion to the success of a project; and fo avoid resistance to 1nnovat10n
w1th1n the f1rm due to estabhshed practlces and mterests o

34, In order to unravel these eonﬂlctmg conceptmns of the role of
large and small firms in the process of technologwal 1nnovat10n we
shall first review the ava1lab1e emp1rlca1 ev1dence and then go on to
suggest why and how theu‘ roles are complementary, -

C.1. The Emp1r1ca1 Ev1dence

35, Industmal R and D tends to be concentrated in large frrms In

nine OECD countries in 1963-1964, the four firms with the largest R:

and D programmes accounted for more than 20% of total industrial R :
and D, and for more than 45%: in: Italy: and the Netherlands(26)..In the!
U, 8. A, in 1966, 471.firms with 5,000 or more employees reported 88%:
of total industrial spending (2%)..- In France, it has: been estimated: that-.
7% of large firms undertake R.and D, as against. 54% for med.lum, -and -
32% for. small firms (28} : INIEINSRINEIE

36 Of those f1rms performmg R and D however large f1rms do. not
always spend relatively :more: of: their resources snRand D:by comparrson
with medium and small sized pnes. . In-the U, 8, A.; in 1966, large firms
(i. e, more than 5, 000 employees) did spend a high proportion of sales.
on R and D, But, out:of 20 industrial -sectors, small or medium sized . :
firms spent as much; if not more than, large.firms as a proportion of .-
sales-in the following sectors: - drugs and medicines, other:chemicalsy -
non-ferrous and other metal products, communications equipment and i
electronic :components, :and scientific and mechanieal measuring instru-.
menta (27), Even amongst large U, 8. firms, Scherer:and Hamberg have
found no positive correlation -between firm-size and R and D -expenditure
as apercentage of sales, Indeed, the K and D/sales ratioitends to de~::
crease with size in most industries, as does the number of patents @ .
taken out as a percentage of sales (42, 45), 3
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1965, the R and D/sales ratio was, on an.average, higher in small firms
performing R and D than in large firms, Of 16 industrial sectors, the -
ratio was equal or higher in small or medium sized firms in the follow-
ing: electrical, electronic, precision equipment', chemicals (excluding
pharmaceutical products), glass and ceramics, power, mechanical,
cars and bicycles, textiles and leather, construction and construction .
materials, food, wood and paper, and services (28). The same study
found that small and med.lum sized firms take ouf relatively more pat- .
ents than large firms, and that they receive relatively more receipts
for patents and licences.. Perhaps similar data should be collected in
other Member countries, . in order to. see it this pattern is repeated
elsewhere, - i

38, A number of hlstoncal studles have also been undertaken on ‘l:he
contribution of large firms and small firms to teohnologlcal 1nnovat10n.
Mansfield found that, in the U.8. steel, petroleum and coal industries
between 1939 and 1958, the largest firms contributed more technological
innovations than their share in production in petroleum and coal, whils?c.
the contrary was true in steel (29), . Freeman found that, in.the plast'icsl
industry, 30 firms in the world account for nearly 20% of the patents .
granted, and that the proportion of patents granted to firms rather than
to individuals has increased over time (1), He also found that the major-
ity of key innovations were launched by established large firms, The
OECD study of the pharmaceutlcal 1ndustry also found a heavy concentra-
tion of innovations in large firms (30), Finally, mention should be made
here of the high correlation found between ten Member countries’ perfor—
mance in technologlcal innovation since 1950 and the number of home-
based large firms (see Annex A),

39, Other empirical studies have' shown the large firm in a somewhat
less favourable light, By far the most famous is that of Jewkes, Sawers
and Stillerman which found that, out of 61 important inventions and innc-
vations of the 20th century which the authors selectedfor analysis, over.
half stemmed from independent inventors or small firms (31), In addi~
tion, Hamberg has confirmed Mansfield's conclusion that the largest
firms have not made a relatively strong contribution to innovation in the
U, 8. steel industry (42), Peck has found a similar pattern in inventive
activity in the U, 8, aluminium industry (33), and Enos in inventive-
activity in the refining and cracking of petroleum (9).

40, It could still be argued, however, that the importance of the large
firm in innovation is increasing over time, Mansfield found this to be
the case in petroleum,’ coal and steel in the U, S, A. (29), Freeman has
undertaken a supplementary analysis of Jewkes' data and found that'
the role of the individual in invention and innovation was relatively
stronger before 1928,. whereas that of the firm Was'-relatively stronger
afterwards (32). Enos found, in his study of petroleum refining, -that the
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And in the 1950's, the important discoveries by Profesgofs' Natta, a.nd o
Ziegler in thé plastics’ mdustry were made in close’ collaboratlon with ™
large chemlcal firms (1). R : . : ,

41, But although invention and innovation in the chemical mdustry has"
probably become more "1nst1tut10nahsed”, it would be altogether wrong
to conclude that all contémporary technological innovation is being t1d11y
organised by large firms, Since 1945, important contributions to inven- |
tion and technological innovation have continued to be made by small
firms, Xerography and the polaroid camera were invented, developed’
and commercialised by individuals and small firms, In the computer
field, those for office use were successfully commercialised by large,
established firms, but there has been a phenomenal growth of new flrms
in scientific and Specw.l purposé computers (both large and small), and-
in software (34), In solid state electronics, the initial d1scover1es and -
inventions were made by large firms, but it was a group of new,; small -
firms which successfully commercislised them and' therebv have become:
1arge Tirms themsgelves, In the field of scientific instruments, firms
with the best innovative and growth records have been those estabhshed
since 1945 and concentratlng excluswely on 1nstruments (36) '

42, Furthermore, one study has found that 34 new companiés have been
started by 44 former employees of one large electronics company in the
Boston region, | " Thirty-two of these ¢ompanies have survived and thelr .
sales in 1966 were approximately doublé the sales volume of the ""parent"
company which the employees had left (37), And an article in Fortune in |
1968 showed that the 150 Americans whose personal worth is more than
$ 100 million include technological entrepreneurs who have made their™
fortunes since the Second World War (38),

C.2, _The Di'visi'oﬁ b_f Lab_o_ur '

43,. Atfirst sight, all this empirical evidence might appear to be both
conflicting and eonfusing. - X would perhaps be legitimate, and certain-
ly would be prudent, to.conclude that no generalisations.can be made about
the respective roles of large and small firms in technological .innovation,
But such a conclusion would not be intellectually satisfying, and certain-
. ly no guide to policy makers,.. And perhaps some generalisations can be
made, The evidence ~ mamly from the U, 8. A, - suggests that large
firms tend to make a strong contribution to innovation in areas requiring
large scale technological;: productlon or market.zesources, and small .-
firms in areas requiring. sophisticated. and specialised technological -
capabilities but relatively small production and marketing Te80Urces,

44, Technologwal scale factors are 1mportant in sectors the products
of which are highly corplex systems; and-where very high standards of
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relation-to weapons and defence systems, in aerospace,  in nuclear
energy and - given more stringent regulatory standards - perhaps also -
pharmaceutical produects, But it is difficult to make generalisations
about technological scale requirements, except that they can vary wide-
1y within a Sector according to the product considered: in‘his study of -
electronic capital goods, Fieeman estimated annual R and D expend-—- '
Hure thresholds which varied from a hundred to tens of m1111ons of
pounds sterling (29). = : :

45, Scale factors can also be important in relation to the nature of the
matket for technological innovation, Selling an innovation to a:large
number of customers is obviously more ‘expensive than selling to a few,’
That is why marketing scale is important in pharmaceutical products
(30, 40), and probably also in consumer electronic products, Marketing
expenditures are also likely to be heavy when the level of fechnological -
sophistication of the innovating firm is much higher than that of poténtial
customers, or —-as ons writer has stated - when there is a big difference
between supplier and customer in the level of "Innovation Quotient' (41},
In such circumstances, relatively large efforts are required hy innov-
'atmg Firms in order to identify potential customers! needs, to sell the
resulting 1nnovat10n _and to give the necessary training, aftersales and
support services to users, Innovatmn in the 1950's and early 1960's in
commerclal EDP computers ig a good illugtration of thls type of situation,
Firms selling such computers spent large sums on marketmg and a.fter-
sales service, sometimes more than on R and D itself (39, 40). In the
electronic components field, however, the required scale of marketing
has been lower, since customers are industrial flrms and government.
estabhshments both of Whlch are better able to define thelr require- . .
ments {35).* ;

48, The converse of the above set of propositions is that small, innov-
ative firms will tend to specialise in product areas which do not require
large scale R and D or marketing efforts, but where they can nonetheless
build up a technological advantage, The areas in which they are able to
do this will depend on the rate of technological change,” In areas where
there ig a high rate of change, a relatively large number of product

* Tt should be mentioned that the degree o which R and D in a sector leads to fzigh—' ‘
ly differentiated products will influence the incentive of firms to penetrate foreign markets,
in the pharmaceutical sector, for example, where products are highly ‘differentiated, it has™
proved to be more efficient for firms to concentrate their heavy'R and D expenditures -and
to conguet a small share of a-large number of national markets, rather than to spread R.and
D expenditures and to conquer a large share of one national market (30),
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economies of scale in production are relatively unimportant, where
market shares of individual firms.are volatile, rates of entry and of .
failure are high, and successful entry depends on scientific and tech- -
nological capability (43), Computers, electronic components and scien-,
tific instruments are post-war examples of such areas, .where the oppor-
tunities for new and small firms have at various times been great (34, .
35, 36}, When technologies become more mature, scale and efficiency

in production techniques tend to become more important,. the opportumtles
for small firms tend to diminish,

47, Empirical evidence tends to confirm the importance _of the above -~
factors, = The relative contributions of small and large firms to technolo- .
gical innovation contain some elementsof such a division of labour, & '
Small firms can and do make significant contribuiions. to technological
inmovation in areas where production is on a relatively small scale,
where-the number of customers is small but their technological sophis—
-tication high, and where development costs are low, Often firms. develop
superior.technological capabilities in specialised areas:. '

",,. a Massachusetts firm employmg some 40 persons ,,, develop-
ed and now produces a crucial precision component for ballistic missile:
guidance systems, So skilled was this firm in its harrow art that a giant
prime contractor was unable to duplicate the product, despite substantial. .
expendlture of techmcal manpOWer and government funds in the attempts "
(45)

48, In many cases, large firms are not interesied in entermg new ven-
tures which do not offer big markets, and they leave these to smaller
firms, In the computer industry, for example, small firms could es—
tablish themselves successfully in small markets where clients were :
sophlstlcated and where no mass production emsted

. - "Big.as, thelr potentlal markets may seem to. the small computer
manufacturers, they are still too limited for IBM, in most cases, to..
have done more than preliminary probes,  Where IBM has pushed further,
most small manufacturers have retreated from its path, "-(46)

49, Scherer provides a similar example from the steel ihdustry: .

"The hig steel companies, for instance, showed little interest in
developing a new stainless steel sheet to meet the Atlas ICBM's needs, .
largely because they saw no prospect for high volume production in the
project, A smaller firm was found to do the job," (45)

50, This explanatory framework is also consistent with the observation .

that smaller firms performing research offen devote a relatively higher :
proportion of the resources to R and D than do large firms, This is -~
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is their technological capability, and which - unlike large firms - do not -
require strong and related production or marketing capability, nor man-
ufacture and sell products of low research infensity..

51, But another reason often advanced to explain the high R and D/sales
ratio in small firms is that a minimum R-and D "threshold" imposes a
certain absolute level of R and D for it to be effective,  However, some
doubt can be cast on this hypothesis, "Thresholds' in R and D are likely
to be coupled with equivalent "thresholds' in production and marketing,

A gmall firm siriving to meet, "thresholds' in production and marketing
as well as in R and D ig likely to be in a transient state.  In a competitive
environment, either it will grow to reach the required '"thresholds", or
it will disappear. Thus, although the R and D "threshold" explanation
may be valid in certain specific cases, it cahnot explain the continuing
and statistically observed fact of higher R and D/sales ratios in small-
firms in certain industries in the two Member countries for which data
are available, Indeed, if there is a "threshold” problem in small firms,
it is likely to arise as a result of growth based on technological capabil-
ities eventually requiring the sirengthening of productlon marketmg and
management capabilities, (2) - i : :

52, But this analysis does not exhaust the subject,. The phenomenal .
growth from very small beginnings of such firms as Xerox, Polaroid,
Texas Instruments and Control Data Corporation are not signs of a tidy
divigion of labour between small and large firms, The standard expla-
nation for such phenomena is the conservatism, the weight of establizh~
ed interests and ways of doing things, and the "not invented here' attitude
leading large firms to neglect opportunities for radical innovation; and
it is probably true that, until the early 1960's, most large firms did not
have ‘an effective mechanism for evaluating and pursuing high risk, inno-
vative proposals from outside sources, Whilstthis may sometimes have
been the case, it is an explanation that is not entirely convineing, ~ The:
concepts of xerography and the Polaroid camera were,: after all, offer—
ed to large firms not at all noted for the negative qualities cited above ..
(i. e. IBM and Kodak). Another possible explanation is the exireme
technological and market uncertainties associated with technological:
innovations - especially radical ones.

53, On the basis of a study of some thirty re'dical'innovaﬁons.,
Professor Brlght has advanced the following proposmon

"The most important application of a new technology ig not always
that which was visualised first ... Technological innovations frequent-
1y gain their first foothold for purposes that were originally not thought
of or were deemed to be qu1te secondary. " (16)
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”One appremates the non—ratmnal nature of the 1nnovat1ve process
when one notes that the more novel the invention is, the less orderly a.nd
predlctable ig the process " (48)

54, And there are some strlkmg examples of 1neorrec1: assessments of :
trends in technologies and marketis:  the too optimistic assessment of . -
nuclear energy, and the too pessimistic assessment of: computers in the
1950's (49}, - the too pessimistic assessment of French consumers'. : .
reactions to irangistor radios (50) and the equally:pessimistic assess-
ment of American consumers' reactions to portable TV (35), :With the.-
wisdom of hindsight, it is all too easy to see where the forecasts went .
wrong, : But. was: the fault:really.that of the forecaster, or.is it just that
identifying and quantifying the relevent parameters in a radical fechnol~
ogical innovation is. very difficult?: How much do we (or even:can: we) .-
know now-about the extra price paSSengers w111 bz w1111ng to pay for: -
supersomc air travel?. - : : p

All th1s is not to suggest that forecastmg, planmng and evaluanon :
are not useful., As Dr, R. Charpie has said:

", .. one thing we have learned. Hard though it may be to predlct
the markets where the idea is going to be successful, it is even harder
to be successful if you don't try to do that because this ig.no place to,
scatter your shots,” You had better. make up your mind you will deve10p
appralsal eriteria and stick to them. We’ mlssed Polaro1d and Xerox, 7

but we are. st111 in busmess ' (51) '

. Butit does suggest that glven the u.ncertamtles even the best—run :
large firm with the most capable of evaluators, planners and fore- -
- cagters may miss an opportunity to: exploit & radical innovation, ... This..
fact, coupled with the heavy backlog in many large firms of research ..
proposals which are not undertaken:beeause of lack of resources (7),+ -
means that the small firm is essential to technological inmovation, not
only as part of the division of labour-with large firms, ‘but as.a necessary
mechanism for enguring that - in conditions of great: uncertamty - radlcal '
immovations will be brought to the- market

C.3, Inter-Firm Mobility

56, The roles of large and sinall firms in the imovative process are
not only complementary, .they are closely interdependent, .- Large firms
are.offen the main; customers for the innovations of small firms,. and. :.
many small firms are started by scientists and engineers who previous-
ly worked for big firms, Thus, Scherer speaks of "“the recent prolifer-~
ation of small research-based new enterprises founded by big firm !
refugees" (45). Sometimes small firms are not built by "refugees" but
are consciously fostered by big firms:
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cases as these in which a small market '(of the order, say, of $ 1, 000 000
per annum gross) was envisaged and in which DuPont encouraged pro— :
ductlon since it was not worthwhﬂe for them. " (44) -

87, - Many such new firms are established on the basis of knowledge -
acquired by their owners elsewhere, In his study of new science-based
firms. inthe Boston region, Roberts found that-the most successful tend-
ed to be those with a high degree of technology transfer - in other words,
those whose owners used their previously gained knowledge most direct-
ly, -He also showed that, during the 1950's and early 1960's, a tirme lag
existed of four and a half to six years between the level of research .. -
efforts in the MIT Instrumentation and Lincoln Laboratories and. the
levels of sales or employment of firms "spun off" by former research -
workers (19). : There are many other areas in-the U, 8, A, ‘where im~
portant clusters of new companies have been "spun off", including Palo.
Alto, San Diego, Minneapolis, -Atlanta, Miami, Pittsburgh, Austin and.
Boulder, All these areas have a strong concentration-of organised re~
search activity, based in un1vers1t1es or government or 1ndustr1a1
laboratories. (47)

58, But although small flrms do grow out of work done in unwersﬂ;y
and government laboratories, perhaps too. much-emphasis has been -
placed on-the university~based, scientific entrepreneur, - Out of 22
firms started in the Stanford area, six emanated from the university,
and the remainder from industry and not-for-profit institutes (47). For
the Boston region, Roberts identified 202:new innovative firms of which
155 emanated from MIT. But'of these 155, 105 emanated from: the MIT
Laboratories, the work of which has been oriented towards development
and hardware, and which are not what would normally be defined as uni-
versity laboratories, Furthermore, Robertsfound that sticcessful
entrepreneurs were development oriented rather than research:oriented,
and that their average level of education was at the Master's and not -at
the Doctoral level (19)

59. A11 this suggests that new f1rms are:more likely to come out of
indusirial or governmental laboratories. than out of the mniversities,

This is not to say that the universities have no role to play in-creating
new science based firmeg, On the contrary, the above evidence suggests
they have made a.gignificant contribution. But, when interpreting the. .
U, S.. experience in this field, and comparing it with their own, other
Member countries might well bear in mind that conventional university
departments have not necessarﬂy heen the main source of smence—based
entrepreneurshlp in the U, S A : : :
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60, This naturally raises the wider question of differences amongst:.
Member countries in the creation and growth of new science-based firms
and, in particular, of the differences between the U, S, A, and other Mem-~
ber countries, At the present time any discussion of these differences:

is bound to be speculative, No empirical, comprehensive and nation-
wide study of science-based entrepreneurship has been made in-any Mem-~
ber country, - Considerably more studies have certainly been made in

the U. 5, A,, and which give some. important insights into science~based .
entrepreneurship, but which do not claim to be comprehensive, For
Eurcpe, virtually no empirical information of equivalent quality exists,
This does:not of course mean that new science-based firms have not been
created or have grown. -Indeed, the existing and widely held view that
science-based entrepreneurship has not flourished in Europe may well .
reflect a lack of study.of the phenomenon rather than a lack of the phe-
nomenon itself ! Some interesting information has been published by the .
United Kingdom's National Research Development Corporation, one of
whose functions is the development of inventions, but the information is
not sufficiently detailed to be useful for this report (109), However, '
information from the EED (European Enterprises Development Company,
whose function is the support of science~based entrepreneurs in Eurocpe),
concerning more than seventy serious proposals for support, enables =
some degree of comparison, however imperfect, with the U, 8, A,

61. .As a starting point, it will be assumed that small science-based .
firms have flourished to a.greater extent in the U, 8, A, than elsewhere;
that some of these firms in the U, 8. A, have grown intolarge corporations
to:a greater extent than elsewhere, and that it is useful to.examine '
some of the factors that have caused thig state of affairs,  Both this-
working hypothesis and the following discussion may prove to be wrong: -
in the light of further study and analysis,  But they may nonetheless

serve the useful purpose of provoking such study and analysis, -

62, Does U, S, science-based entrepreneurship reflect a superior
scientific and technological capability? Table 3 gives a rough comparison
of the educational levels of samples of U, 8, and European science~based
entrepreneurs, . Given the difficulties of matching the equivalence. of
degrees in different Member countries, it suggests a remarkable simil~
arity in the educational profile of science-based entrepreneurs:-on the.
two sides of the Atlantic: relatively few without university education, :
between 15 and 20% with a Ph, D, , and about.70% with Bachelor's and
Master's degrees.  Further data on European science-based entrepre-
neurs suggest that they move in the same technological areas as their

U. S. counterparts: highly specialised, with a strong element of elec-
tronics and instrumentation, and selling to sophisticated (mainly indus-
trial} customers (114), But the potential supply of science-based

42



uation rates of Bachelors (and probably Masters) in Science is higher -
than elsewhere (115}, Although European graduation rates at the Ph, D,
level compare more favourably with the U, S, A,, it must be borne in-
mind that about 70% of science~based entrepreneurs appear 1o have
quahflcatmns below ‘thlS level

Table 3._. THE EDUCATIONAL LEVEL OF SCIENCE-BASED
ENTREPRENEURS:; A COMPARISON BETWEEN U.S.
AND EUROPEAN SAMPLES

o U.S. A, " EUROPE_

LEVEL OF EDUCATION I — : N

S ' s No, -] No, | 7%5"'
Lower than Unlvers1ty Level .9 ' 14, 3 .5 6. 8
First (Bachelor's) Degree w19 30, 2 13 17,8
Second (Master' 8) Degree ... 24 38.0 | . 40 54,8
Third (Doctor's) Degree .... 11 17.4 i5 20, 5
TOTAL  evivuiivneenenaes - B3 -1 1006 .. 73 100

'SOURCES: U,S8,A, - E.D, Roberts, cited in Reference 106 Data are for entrepreneurs who
o have established firms,
Europe - Information supplied by European Enterprises Development Company,
Paris. Data are for entrepreneurs whohave asked for financial support,

63. Do differences between countries in science-based entrepreneur—
ship reflect differences in cultural attitudes towards risk taking and
change? If they do, they are not historically deep~seated: many large
firms outgide the U. S, A, still carry the names of the inventors and -
entrepreneurs who have created them over the past hundred years

(e, g. Citroén, Olivetti, Rolls Royce, Siemens), And there are many
contemporary examples of non-science-based entrepreneurship outside
the U, 8. A. In more traditional industries, shipping, retailing, tourism,
etc, Thus, if there are differences in attitudes to entrepreneurship,
they do not appear to be a generalised phenomenon, but specific to the
entrepreneurship which has come to be called "science-based", Perhaps
some clués could be found to the relevance of this factor in comparing
the social and psychological characteristics of potential science~based’
entrepreneurs in different countries, In the U, S, A., Roberts has found
that a high proportion'had fathers who were self-employed, and that
successful entrepreneurs are highly motivated towards achievement and
only moderately towards power, whilst unsuccessful ones felt a low need
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equivalent data are available for other countries, . .-

64, Given the mechanism through which new science-based firms are
created, attitudes towards mobility are, clearly important, It is.gener-
ally felt that scientists and engineers are more mobile in the U, 8, A,.

than elscwhere, but there are no hard data enabling the comparison of
mobility rates, Nonetheless, it is interesting to note from Table 4 that,
in spite of the observed similarities in their edueational characteristics,
the previous work experlence of the samples of U.S, and European
entrepreneurs is radically different, In Europe, a much lower proportion
come from government laboratories and the universities, and a higher
proportion from industry, than in the U, 8. A. Given the particular
characteristics of the Boston région, the U, S, sample may be heavily
weighted towards government and the universities, Nonetheless, these
data suggest that the lack of mobility of European scientists and engineers
employed in the universities and government Jaboratories (but not in
industry) may be a hindrance to the formation of new, science-based -
firms, This point will be returned to in Part IV of th1s report concern—
ed with government pohcy.

Table 4, THE ORIGINS OF SCIENCE-BASED ENTREPRENEURS:
A COMPARISON OF U,S. AND EUROPEAN SAMPLES

Percentages
CINSTITUTION - oo | ULS.AG . EUROPE
University wiviceesveereinnarrsdnned 23,8 | e 8T
IMAUSETY  sennvesrnsrvarssasosssonnas 18,0 7.0
Government. and Quasi-Government . Co B P
Laboratoriés, . v,esevssssasevseedsas | - . 55,9 Tod
Private Non-Indusirial Laboratories ,,, 2.3 11,9...
TOTAL  vuvvesnreesnnenesansesanenen | 100,0- | . 100,0. .

SOURCES: Same‘_ is Table 3,

65, Related to the questlon of moblhty is the degree to Whlch mdus- -
trial f1rms -encourage their, scientists and engineers to 'spin off!! and .
create their own firms specialising in the.,supply‘ of sophisticated cqm_—,
ponents, ete, As we have seen, this has been common practice in ai . .
U. 8. firm such as DuPont.. One European scientific entrepreneur has.:.
argued that practice in European firms is often less liberal, and that this
has hindered the creation of new, science-based firms (111).. .
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based firms. Roberts has found that scientists and engineers.who set up
new firms often had followed ¢ourses in business management, and that
successful entrepreneurs have been those who explicity recognised the
importance of the management, marketing and personnel functions (19},
And, of the European applicants to EED, 16% had followed some man-~
agement experience, and about 20% had studied in the USA -.almost .
equally divided between management and science studies.. However, it
is likely that most European scientists and engineers have had less
exposure. to management thinking and education than their U. 8. counter=
parts : : : :

67. Personal and company taxatmn is, another antor advanced as havmg
an 1mportant inflzence on the incentives and rewards for science~based:
entrepreneurship. A recent report to the U, 8, Government made a. . ;.
number of recommendations concerning taxation in order to encourage
such entrepreneurship (2), However, given the variety of taxation sys-
tems in the OECDiarea, it is impossible to make any generalisation as:
to their effects., And even in specific Member countries, there are.dis~
agreements between science-based entrepreneurs:about the. effects of
-taxation systems (107, 108). C s R

68. Probably more 1mportant is the avallablhty of Venture capltal for
science-based entrepreneurship, - The same U, S, reportnoted that -
regional differences in science-basged .entrepreneurship in the U, S, A.
could be explained, to some extent at least, by differences in the degree
of communication and linkage between venture capital sources and ..
science-based entrepreneurs, - Furthermore, it identified the followmg
potential sources of venture capital available for. selence—based entre-
preneurship in the U, 8, A, :. personal wealth; insurance companies,.,
investment funds and trusts; corporate sources;. investment bankers
and underwriters. (2), : ' :

69, - Thus, the finance available for science-based enfrepreneurs
depends not only on the amount of capital available in a country, but -
also on the degree of confidence and comprehension existing between
the seientific and banking communities, and on the degree of the latter's
competence. The experience of the American Research and Develop-
ment Corporation suggests that '"venture capitalism'' is a very special
art (113), TIn the 21 yvears of its existence, it has reviewed several
thousand proposals, and invested in 98 firms, the investment in general
varying between $ 100,000 and $ 1, 000, 000, Approximately one out of
five of these investments lost money, but the Corporation has retained
an interest in 43 companies, the value of which is now about 16 times
their original cost, In Europe, the creation of similarly specialised
institutions has been more recent, but a number have been created over
the past five years (112) Their experience so far suggests that there
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must be made to.create closer l1nks between the scientific and bankmg
communities, to train venture capitalists, and to channel more funds 1o
sc1ence—basad entrepreneursmp, : :

70, Di‘fferences in the market environment may also influence the
incentives and the opportunities for science~based entrepreneurship, .
By comparison with those of the U, S, A., the markets of other countries
are smaller and less technologically sophisticated, * But the experience
of certain European science~based entrepreneurs shows that these dif--
ficulties can be overcome {110), Because ihe products that they sell- :
often have a high value-to-weight ratio, and are often unique propositions,.
“tariffs and transport costs are not insuperable barriers, -And many have .
succeeded in selling specialised and technologically s0ph1st1cated prod—
ucts on the U. S, market ' . '

71" But-there do appear-to be differences between Member countries: !
in the role that the government market plays in stimulating science-: "
based entrepreneurship, Roberts notes that most of his sample of U. 8.’
science-based entrepreneurs began as government contractors, but that
after four to five years about 40% of their turnover was in the commer-
cial market - government contracts enabling the products of new science-
based firms to move down cost and learning curves to the point where.
they can be competitive in commercial markets {19}, - In another em~
pirical study of U, 8, science-based entrepreneurship, Shimshoni also
found that the ‘government market played a role, but not at all to the -
dominant extent implied by Roberts' sample. Table 5 shows for three - |
sectors the importance of the government market both when the firms -
started and now, - It shows that, in their initial phase, 39% of new firms
in electronics, and 47% in instruments, sold more than two-thirds of
their production to government, However, the equivalent percentage -
for chemicals and materials was much lower (18%), and about half the-
new firms in electronics and instruments began with less than one-third
of their sales to the government. Furthermore, about 36% of the firms
did not eventually succeed in selling more than one-thlrd of their output
on commerc1a1 markets Sl ‘

* -
For a fuller discussion of the role of markets, see the followmg Sect].on D on the
influeiice of national market size and sophtstication,

46



[— — e w e ame s teaa A A3 B AL Iad T WAL DIBMAYLYS WASLRLE U LT

IN THE U.S.A., WHOSE GOVERNMENT SALES ARE A GIVEN
PROPORTION OF THE TOTAL

CHEMICALS,

PROPORTION | ELECTRONICS | INSTRUMENTS | - TOTAL
OF GOVERN- | - ' MATERIALS _
MENT

SALES | ORIG, | NOw |ORIG, | NOW | ORIG, | NOW | ORIG. | NOW

0-1/3 | 50,8 | 41,5 | 46,9 | 44.4 | 72.7 | 69.7 | 52.3 | 42,5

1/3-2/3 | 10,2 | 23,1 6.2 j 25,0 9.1 9.1 12,0 | 27,1

2/3~3/3 | 39.0 | 35.4 | 46,9 | 30.6 | 18.2 | 21.2 | 35.7 | 30.4

SOURCE: See Reference 44. -

72. Nomnetheless, the impact of government markets on European
science~based entrepreneurship appears to bhe much less strong:
Table 6 shows that, for the sample of applicants to EED, nearly 68%
concerned products for industry, commerce, agriculture and construc-
tion, and only about 10% products for government, But, as in the U. S, A, ,
.products for consumer. markets are negligible, ' E

Table 6, MARKETS FOR PRODUCTS OF: EUROPEAN - -
SCIENCE-BASED ENTREPRENEURS: A SAMPLE. -

| PERCENTAGE DISTRIBUTION

TYPE OF MARKET  OF PROPOSALS '

Industry, Commerce, Agriculture, S
Conatructlon ..ieeeivivivenesonsnse | o o 656

Research institutes, Schools, Hospitals,

etc- 'II....-U.l.'T...'....--ll.'.l. . 18'7
Government Departments and Contracts | 10.4
Services, Consultancies, etC. 4....... ‘5.3

TOTAL seter s estur et ety - 100

SOURCE: EED.
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of Member countries' eXperience. in science-based-entrepreneurship:is .
gpeculative, given the absence of sound inforrmation, But it does suggest.
three key sets of factors which should be examined: the mobility of _
university and’ government scientists and engineers, the avallablhty of
venture capital, and the market environment, Overcoming hottlenecks

in these areas will depend largely on action by the scientific and banking -
communities, coupled with a general upgrading of management competence
But governiment may also have-a role to play. Tais point will therefore
be discussed again in Part IV of this report. S -

C.5. Technological Thresholds

74, Concern with the promotion of technological innovation has been one °
of the reasons given by certain membergo_vernmentsffor adopting active
policies for promoting industrial regroupings, It goes beyond the remit:
of this report to examine all the implications of this trend, Here, we can
only examine briefly some of the points relevant to technological innova-
tion. We have seen that large and small firms have complementary,
interdependent and dynamically evolving roles in the processes of tech-
nological innovation, . But, -from.the point of view of policy, it 1s 1mpor-
tant to ask how large ig: large, and is it gettmg larger? :

75.. ‘ -The. only reasonably comprehenswe ,data or the cost'of industrial-.
R.and D projects and innovative ventures have béen collected in the ...
U. 8. A. by Seiler in a survey.of R and D in over 100 large companiés (7),.
and by Myers in a survey of 567 successful innovations in five indus- I
tries (4). They show that the majority of R and D projects and innova- . -
tions are not very costly: -73% of R-'and D.projects and 65% of the inno-
vations cost less than about $ 120, 000, . These figures suggest that many
innovations require relatively small R and D inputs, and draw largely on
existing and widely available scientific and technical knowledge, On the
other hand, the data confirm that the size of R and D projects tends to
be bigger in blgger flrms, and that relatively costly innovations require
relatively more inventive and R and D inputs, And 14% of the R and D
projects cost more than $ 240, 000, and projects in some of the larger:
firms more than $ 3 million; . in addition, 12% of the innovations .cost:
more than $ 1 million, :

76, Simple arithmetic shows that these data reconcile wha't arc some~
times presented as conflicting viewpoints. 'Thus;-although most R-and-
D projects and innovations in industry are relatively inexpensive, a
relatively high proportion of financial resources are devoted to relatweu:
1y costly R and D projects and innovative ventures, And if one assumes -
that the probability of R and D expenditures leading to a cpmmercially
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itureg should not account for more than 10% of sales price, then the -
largest R and D projects found in the above studies (i.e. $ 3 million or:
more). would require a total sales volume of between at Ieast $ 100
m1111on and $ 400 m11110n Erom the mnovatmn. ST

77. There are some other estimates. On the- bagis of an examination of
Rand D patterns in U. S, industry, Scherer has concluded there may be
a size threshold helow which firms are disadvantaged because they can—
not reap all R and D scale economies, spread risks or reach sufficient=
1y large markets in exploiting their research results,  But if such a -
threshold exists, it has probably been surpassed already by the several
hundred U, 8; firms with annual sales exceeding § 100 million, ** . On

the other hand, Cottrell has estimated that a medium-sized computer:
project, with total R and D costs of $ 50 million, requires annual-sales
of about $ 200 million (102)

78, It should be noted that all these flgures are well below the’ b1111on
dollar range, which is the annual sales of many existing large firms. '
But one must also bear in mind that, in sectors where R and D projects
are uniformly expensgive and their commercial success uncertain, such
a sales volume may be necessary in order to support 2 number of pro- :
Jects and thereby hedge agamst fallure.

79, Are technologlcal "thresholds' tending to increase over time? For
‘large-scale technological systems this does appear to have-been the case,
Advances in such technologies as materials, communication and control,
and reliability, have openhed up increasing possibilities of developing -
ever more complex and expensive operational systems. This has been
particularly true in relation to weapons systems; but also in such areas
as telephone exchanges, power generating plant and jet transport air- -~
“eraft, -It'is on spectacular areas such-as these that public-attention
tends to be focussed, But there are no data which confirm that thresholds
are increasing in all technological areas, It is significant to note that in
the U. 8. aerospace industry - which is largely concerned with large
scale systems development - R and D expenditures became increasingly
concentrafed in the biggest firms between 1958 and 1967, But the same
tendency Was not observed in other U, 8, mdustrles indeed, there is
some indication that the trend was towards lesser concentration (135)

It is also worth nothing that relatively small Member countries such as
the Netherlands, Switzerland and Sweden still appear to be able o under-
_take a large share of the industrial R and D necessary to satisfy the
requlremenf;s of a number of large and technol_oglcally powerful firms, '

* These probabilities are derived from data presented in paragraph 123 of this zeporrt,
-.#% . Scherer made. these estimates in-1965, Given the effects of inflation,. the same .
estimates made today might be as much as 50% highes.
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to conclude that technological thresholds are increasing, given - as we
have seen - the greater requirements for manufacturing investment and
marketing as the technology of a product area matures, But, atthe
same time as technology in certain product areas is maturing, new
product areas are emerging where scale requirements are often less
important,  For example, although the thresholds for entry into EDP
computers have increased considerably over the past fifteen years, the
present-day thresholds for entry info certain gpecialised computers and-
software -services is probably still guite low. Thus, the more rapid .
commercial expleoitation of science and technology means:not only that
scale requirements in a given product field are likely to increase more:
quickly, but also.that a greater number of technclogical opportunities: -
are likely.to emerge where scale requlrements are not 1mportant in. the
early stages, : : : :

81, However, it is possgible that the pressures for increased scale do -
not come from the R and D part of the innovation spectrum, but - given:
that -selling:on world markets is today a necessary condition for success-
ful innovation - from the resources required to penetrate beyond national
or regional boundaries, nsufficient evidence is available to test the
validity of this hypothesis: - :

82, 'Thus, given the enormous variety in the threshold requirements

in different sectors of technology and the speed with which they .change :
over time, few generalisations can be made about the thresholds necessary
for effective industrial innovation, The costs of developing large-scale
systems is probably increasing, -and the initial penetration of world . .
markets may sometimes require considerable resources, so that indus—
trial regroupings may sometimes be necessary for effective technological
innovation, = But size is no universal panacea, Section E of this part of,

the report will show that a partlcular effort is reqmred 1o maintain 1arge
firms innovative, . : i

C, 6, "“C.oilclusion's B

83, After this review of the influence of firm size on technologmal
innovation, the main conclusion relevant to poliey makers would appear
to be that complementary, _mterdependent and dynamically evolving re~.
lations exist between firms of different sizes in their contribution to
technologmal innovation, larger firms tending to concentrate on areas
requiring larger scale technologmal production or marketing resources
smaller firms specialising In sophisticated technological areas requlrlng_
smaller production and marketing inputs, and often drawing upon technol-
_ogical and market knowledge obtained by scientists and engineers with
previous work experience in large industrial or government laboratories,
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¥4, ims conclusion tends to confirm one of the conclusions of a recent
report of the U 8 Academy of Smences on apphed sc:1enoe and teohnolo~
gical progress: L 7 _

", .. the most important invention in the pursuit of modern (as
opposed to. older): applied science ig the big mission-oriented. industrial:
or government laboratory, - Tn fact, modern applied science can hardly,
be.discussed without reference to these homes of applicable science,
These institutions derive their power [rom three sources: 1) .their inter-
disciplinarity and the close interaction beiween basic research and appli-
cation; 2) their methodology: for precipitating and organizing coherent .;
effort around big problems;  3):their. ab111ty to- adapt their. goals to the
requlrements of their sponsors, s

. Just as Basic Research and Natlonal Goals has as its prlmary
1nst1tu1:10na.1 focus the university (at which most basic research is per-
formed) sothis study, possﬂaly less exphclt has as its prlmary institu-
tional foous the multidiseiplinary mission-oriented laboratory, at which
most applled research and development are performed " (52)

85. However, the evidence above 1dent1f1es two further and’ very im-
portant functlons of large f1rms in na’uonal 1nnovat1ve systems, namely

~= 1o create capabllltles embodled in smentlsts and engmeers who .-
go.out to start up their own firms in order to apply and exploit .
commercially the technological ~-and sometimes the market - -
knowledge that they obtained when working in large firms;

- 1o create demands £or technologlcally sophisticated components,
 materials, services and equlpment Wh:loh sophlstlcated small
flrms can meet '

86. 'The addition of these further funétions of large firms in the inno~
vative process helps éxplain, amongst other th_ihgs, the apparently
conflicting observations that countries with relatively more large firms
tend to have a relatively strong performance in technological innovation
(see Annex A), but that ~ w1th1n these same countries - small f1rms
have played an important role in the mnovatlve prooess

87. It is clear that the relationships between small and large firms in
technological innovation are not gtable or fixed for ever, While it is
possible to observe some division of labour between firma according to
their size, the small firms specialising i1 certain sectors - highly sophist-
icated, faced with few buyers ~ there is a continuous change in these
relationghips, While large firms generate many of the basic technologies,
their personnel is liable to establish small volume production fields,
These firms in turn, like other small established firms, may contribute
further to the creation of technological know-how, and exploit-it them-
selves, Or, when markets promise to be big, science-based entrepreneurs
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may be re—absorbed again by 1arge flrms. As the new tech.uologmal L
opportun1t1es appear, so new small firms will then be estabhshed In ..,
other sectors, repeatmg the process descnbed above.

88, - 'l‘hzs leads on to what is perhaps the most 1mportant pohcy con~
clugsion, namely, the need for extreme flexibility in any rational system
in order to be able to change and adapt rapidly to the opportunities and:
requirements of technological advance, This depends largely on the " i
flexibility of industrial structures,: which is a subject which goes beyond
the scope of this report. But the mobility of scientists and engineers is
also very important; not only because - as is sometimes argued - it'is-
good to have fresh minds on a problem, or because mobility is one

means of ensuring the diffusion of technology, but mainly because mobil~
ity is a learning and adaptwe process whereby scientists and engineers.
find the institutional framework where they can best exploit commercially
their knowledge.‘ There is one reason why solid state sc1entzsts and
engineers left the Bell Laborator1es in the 1950's when an antl-trust Tul-
ing restricted AT and T's role in the manufacture of semi-conductors,

It is also why scientists and engineers leave universities, government .
laboratories and large firms to set up their own firms, Once sclentlsts
and engineers find the appropriate institutional framework, they may

well become much lesg mobile, - Project Hindsight found that the scient-
ists and engineers who made important discoveries in U, 8, defence tech—
nology were markedly less mobile than the average'for the indﬁstry (18).

89, Hcmever hlgh moblhty rates are probably both more likely and
more necessary in new sectors with high rates of technological advance,
They are more likely because rapid advance is ncrmally accompanied

by the growth of new firms which are less likely than big established
firms to establish contractual or ingtutional constraints on mobility, :
They are more, necessary because rapid technologmal advance goes hand
in hand with the opening, up of new opportlm1t1es with high levels of
uncertainty, and with difficulties in prediction and plannmg. In such
circumstances, higher levels of _mobility are likely to ensure that larger
numbers of avenues and possibilities are explored and that a greater -
mimber lead to commercial explo1tat10n

D, THE INFLUENCE OF THE SIZE AND SOPHISTICATION
o " OF NATIONAL M.ARKETS '

D. 1, : The Theoretical Framework -

90, We have already streseed in-this report the importance of the : :
demand - or the market ~for technological innovation. It is often argued
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of markets have a very important - and sometimes determining - in-
fluence on national or regional patterns of indusiry's performa:nce in
technological innovation, The scale of such national or regional markets,
it is argued, influences the extent to which firms can successfully
amortise the fixed costs of developing, equipping for, and launching a
technological innovation, The degree of sophistication of market demand,
it is argued,. determines the time at which local firms commercialise -
new products and production processes: market sophistication itsell
being determined by the level of income per head, and the consequent
demand for new consumer:products and labour saving equipment (53),

and also by the nature of the requirements of government,

D, 2. TheEmpirical Evidence

91.: But the empirical evidence suggests that there is in fact a weak
relationship between the size and sophistication of national markets,
and national performance in technological innovation, Table 7 shows,’
for ten mdustrlally advanced Member countmes, a very low correlatmn
between national innovative performance and the size of the national.
market as measured by Gross National Product. Three countries w1th_.
small national markets - the Netherlands, Sweden and Switzerland - = |
all have a relatively strong performance in technological innov’ation.

92, A higher, but still relatively low correlation, exisis between
national innovative performance and the level of sophistication of the
national market, as measured by the level of income per liead, and the.
level of government expenditure on R and D, But much higher corre~ =
lations with national innovative performance exist for ""supply'" rather, -
than "demand" factors, such as the number of large firms, the level of
indugirial R and D, and capab'iliti_es in fundamental research. ’

93, These statistics should not be overmterpreted The indicators
used are open to serious methodological and statistical criticisms, the :
total sample is too small, and the levels of correlatmn are highly
sensitive to slight changes. in the rankmgs. Nonethel_ess in an important
area where so little quantitative evidence is available, they do at least
have the merit of questioning an aspect of current conventional wisdom,-
What they suggest is that the essential element in national innovative
performance is less the size and intensity of national demand for tech~-
nological ‘innovation than the entrepreneurial, organisational and technol-
ogical resotirces within a country that are capable of identifying and re~
sponding to market demands for technological innovation anywhere in the
world, .Firms and countries that have these capabilities appear to be
able to overcome tariff and non-tariil barriers,-as well as the barriers
of distance, differing legislations and standards, in order to respond to
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Table 7.

IN THE INNOVATIVE PROCESS

RANK CORI-‘;’.ELA’I‘IONS, FOR 10 COUNTRIES, BETWEEN NATIONAL PERFORMANCE IN TECHNOLOGICAL INNOVATION
AND SOME OTHER NATIONAL FACTORS ADVANCED AS BEING IMPORTANT

SOME FAGTORS ADVANCED-

"DEMAND " #Ac_'roks

“SUPPLY" FACTORS

AS TMPORTANT I . SOPHISTICATION OF NATIONAL QUALITY OF FUNDAMENTAL.- - - o -
INNOVATIVE - - : INDUSTRIAL R AND.D \ NUMBER OF LARGE FIRMS .
" PERFORMANCE . MARKET RESEARCH. ‘ :
SIZE OF ;
NATIONAL LEVEL OF NOBEL . SCIENTIFIC : : I
STATISTICAL - MARKET'AS LEVEL OF .. | (GOVERNMENT PRIZES ABSTRACTS. | " INDUSTRY INDUSTRY WITH SALES WITH SALES
RELATIONSHIP DETWEN MEASURED ' Scong | . FIANCED 1543-1987, ", 19811962 - | " PERFORMED “FINANCED MORE'THAN | MORE THAN
THESE FACTORS AND NATIONAL * THROUGH GNP. PER HEAD: - RAND D PER HFAD . BER HEAD * RAND D RAND D $250 MILLION | § 500 MILLION
: - TPER . IMANUFACTURING|MANUFACTURING| PER CAPITA PER CAPITA PER CAPITA PER CAPITA
DINOVATIVE PERFORMANGE FOR 10 “| . caprtA 7| POPULATION |- POPULATION' ) : s ) :
COUNTRIES" - cAMTA ] K N PULATICN
Rank Correlation” ... aerriresbein 0.18 0,45 0, 59 0,92 0.87 0, 87 0.79 - 0.65 : 0, 87
: . . Not signif- | Not signif- Not signif- .
Degree of Statistical Significance .. icant at icant at icant at 1% 5% 1% 1% 5% 1%
: 5% 5% 5% : :

NOTE: ‘The ten countries included ares Belgium, Canade, France, Germany, Italy, Japan, the Neterfands, Sweden, the U.K, and the U, S, A,

It 8witzetland, with a high lt_’.‘-r_e_l of national p&_forrﬁance, were included

in the analysl,é, tite only "dernand” side factor to become statistically significant would be level of income per head; the correlations with size of national market, and with level of government-financed R and [
would be reduced still further, On the "supply” side, the correlations with quality of fundamental research aleady include Switzerland; and, if Switzerland were i.ncluded in the maiysls of industrfal R and D; th

- comrelation with industry-financed R and D wuuid increase considuably.

SOURCE- See Annex A,




doubt been greaily facilitated by the liberalisation of trade and capital:
investments over the past few years, reflected in increasing interpen~.
etration and interdependence amongst the Member countries in trade, .
direct investment and licensing. (54)..

94, T h1s 1s not to say that ex1st1ng barrlers are un1mportant Over-.
coming them has its costs.. . For example,.the OECD study on gaps. in
_technology in plastics concluded that, although several couniries had
strong technological and market positions in plastics, European firms!'
profit margins had.suffered, partly because of tariff and non-tariff
barriers (55). Furthermore, there is some evidence for one European
Member country which suggests that the financial and growth performance
of firms in high technology industries has been lower than the average
-for indusiry as a whole (117). And OECD studies have shown that strict-
1y national requirements have had an important influence on innovative
performance in specific sectors, where governments have been important
customers: for example, advanced electronic components, certain
classes of scientific instruments, and electronic computers (34, 35, 38),
It is worth noting that concern about technological disparities has tended
to be focussed on sectors such as these, and not on sectors where
market opportunities can be more readily met by firims of foreign origin,

b, 3, Netional Tnmovative Cepabilities:' The Underlying Factors,- '

95, But what are the factors underlying national differences in inno~
vative performance, as reflected in differcnces in strength in fundamental
and industrial research and in the number of large firms - differences -
which in turn reflect entrepreneunal organisational and technologlcal
capabilities? A thorough answer to this question would require a great
deal of research, Here, we can only speculate, Socmloglsts might :
argue that these differences reflect differences in the degree of flexi~"
bility and outward- lookmg-ness of the various societies. Historians of

" science and technology might point to the fact that dlfferent ‘countries

have tradltlonally been strong in certain flelds of seience and technol~
ogy, and that many large firms of today grew out of specific innovations
or innovative entrepreneurs. Economists might argue that the differences
in national performance in technological innovation reflect differences in
the degree to which industry has been exposed to competition - either -
within a large national market, or in world markets, - Exposure to com-
petition on a world scale forcing not only the necessary specialigsation

and familiavity with world markets, but also forcing firms to use more
systematically the commercial opportunities offeredby scientific advance,

986, Historians ~shou1d no doubt examine these various hypotheses. But
. for policy makers it would be probably right to.conclude that flexibility,
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strong industrial competition are all necessary condititm’s for success
in technological innovation, - Scientists and engineer’s' - and ¢apital -
must be sufficieritly mobile to adapt to the changmg requirements and -
opportunities of technological advance, and ~ in‘cinditions of great un-
certainty - to keep open multiple possibilities of commermahsmg tech~ .
nology. Market integration brmgs the advantages of inéreased compe- _
tition, greater opportunities foi exploiting economies of Scale and possi-
bilities for specialisation, and more equal cpportmities for all countries,
Within this framework, national policies for technological innovation w111
be bound up with strong ‘capabilities in findamental and industrial re-
gearch, and the ability to match these’ capabllltles w1th the demahd for-
technological innovation in world markets. ° Thesé points will be taken up
again in Part IV of this report, which will discuss the role of government,
In the meantime, however; it is necessary to d1scuss the 1mphcat1ons of
technologlcal 1nnovat1on for management e :

E. .INNOVA’TION A'N"D_ MANAG.EMEN,T.‘ .

97. In dlscussmg the 1mphcat10ns of technologlcal mnovatlon for manage—
ment, it is negessary to. stress once again that technological mncvatmn is
more than R and D. Not only as we have seen — does innovation require
resource inputs in productlon and marketing as well as in R and D (2)

The study of 567 U. 8. 1nnovat1ons concluded; -°

""Perhaps the most general overall implication of the findings (of -
the study) is that the management of technical 1nrovat10n is much more '
than ‘the mamtenance of an R and D laboratory w}nch ig productive in
technical output In this study only a small fractwn (21%) of the success—
ful m.novations were based primarily on the recognltlon of technologlcal
potent1al and for even fewer did the maJor 1nformat1on input. evoking . :
the 1dea or solvmg the problem involve exper1mentat1on or.analysis in .
the flI‘m 8 laboratory. The management of 1nnovat1on is a corporate»
w1de task and is too 1mportant to be left to any one Speclahsed functlon—
al department The R and D staff can make its full contr1but1on to the.
total process of 1nnovat1on not only by effective problem solvmg, but by
) bU.l].dlI‘lg‘ its competence, knowledge and personal contacts to contr1bute
1o the generatmn of new 1deas and to the evaluatlon of proposed adopted
1nnovat1ons In this way 1t can partlclpate fully in the overall, corporate
strategy for, technlcal 1n.novat1on. I (4) :

Perhaps this conclusion’ needs to be tempered by another flndmg of:
the study; namely that the number of innovations involving R and D tend~
ed to be the: larger and mdre radical'ones, But it does serve to situate .
and def1ne the role of 1ndustr1al R and D 1n the total mnovatlve process.

98. R and D-and technologmal innovations raise'some difficult problems
for management, first because they are relatively young corporate
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differentiate them from the other corporate functions, These points are
stressed by Professors Roberts and Marquis, members of the staff of
one of the academic institutions with comprehensive research and teach-
ing programmes on the management of research and innovation;, namely,
the Sloan School of Management at MIT: :

"Because R and:D:is a very young corporate activity, the practices
of R and D management are still in the infancy stage of development ...
‘R and D suffers from a lack of standards of performance, a lack of a true
understanding of its process, -and a lack-of an' organised educational
basis for its managers, This accounts for the fads, the "magic" tech-
niques, the unfounded philoscphies. Indeed, I believe R and D has more
of the myst1que about it than any other area of management " (56).

Marquis has suggested that, increasingly:

""Research manageni_ent is not only the critical difference between
a good organisation and an average one, but research is the most difficult
to manage of all functional activities, There are three sources of this
special difficulty, The first is the degree of uncertainty, Compare, for
example, the certainty with which you can plan and schedule production
or mventory or sales or cash flow compared with what you can do in
new product development The second source of difficulty is that you
are managing a new kind of employee who views himself as a professional
person, Scientists and engineers differ from other employees in their
expectatlons their values, their attitudes and their motivations, The
~ third source of difficulty is measuring results when each research task
is unique and never repeated. Even if you could measure results, the
delay in the feedback loop is so great that it is hard to use knowledge of
results as a ba51s for plannmg in the future " (57)

Marquls goes on to say that the body of knowledge on research
management is derived from four sources: tradition, revelation, expe-
rience and systematic invegtigation of results the last bemg the gource
the most in need of deveIOpment SRR

99, This is nelther the t1me nor the place to undertake a detalled and
systematic review of the problems of managing research and inncvation.
A comprehensgive review of R and D management practice in over 100
large U. 8. [firms has, in fact, already been published by Seiler (7). -
Little of a similar nature has been done in‘other Member countries, :
Nonetheless, . some of the points emerging from written experience and
systematic study are relevant to government policy makers insofar as
they are involved, directly or indirectly, in innovative activities,. They
pertain to the problems that research and innovation pose to establish-
ed organisations, and to current methods of programme evaluation,
They also pertain to the fact that the objectives of 1ndustr1a1 research
and innovative activities must increasingly be fixed within a world-wide
framework rather than a national or regional framework,

57



100, . Myers" study has:shown that much indusirial R and-D hag for:
. objective the improvement of. existing products; the widening of market .
applications and the development and 1mprovement of related productmn
processes, (4) Furthermore: R : : :

"With reasonable, fores1ght and cloge eollaboration between market-
ing and research, . (such innovative activities) car be carried out effect—
~ ively without really major decisions having to be made by the Board and E
the short and medium term future of the company provided for, but there
is also the requirement for new products for the longer term, ' (58) .

A recent report to the U 8. Government corroborates this fmdmg
and shows that, because of sales decline and price erosion of older pro-. .
ducts, a firm - in addition .to making relatively: minor-innovations -
must successfully launch new products if it is to. maintain its growth
targets, and that these new products will someétimes he based on radicali~-
ly new technologles or radically new markets for the firm (2) But it is,
premsely the launchmg of such new products which creates the greatest
'challenges and the greatest dlffmultles for management

101 Both Schon and Wormald see a fundarnental tens1on between the' .
nature of the established firmi and the nature of radical innovation (59,
60), Established firms seek a certain kind of ordered, foreseeable, |
plannable change ~ neither’ surprise nor revolution, Yet radical immo- -
vation often goes hand in hand with uncerta:nty with changes in selent1flc
theory, commands changes in concepts in marketing, or requires radical.
changes in productlon equlpment, it forces estabhshed flrms to under—
go major change, Br1ght emphas1ses the dlffermg requirements of four
stages of radical innovation: scientific (i, e, search for knowledge),
engineering (i. e, reductioh to practice}, entreprencurial (i, e, introduc-.
tion to society), and managerial (optimisation of usage), - He pointsiout; .
only in very few cases has.ohe man spanned these four stages;:each of:
which "requires a different type of skill:and knowledge, may:involve -
some changes of attitudes and values, and requ1res the marupulatmn of '
very different types of resources",: (16)

102. The dlffmulty of mamtammg 1nnovat1on in large organlsatmns has :
been described by P..: Haggerty,. the. President of Texas Instruments- _
- a highly innovative firm:that only recently was small but-has now . . :
hecome very large,. His experience-merits extensive quotation*-

"As the orgamsatlon grows, 1t gets more eomplex. Hundreds and
then thousands of people are involved, often in multiple locatlons The.
number of customers grows, Operatlons expand into many states and '
often into many countr1es ... To exploit the invention or innovation .
fully and to get broad dlstrlbutlon, the prlce must come down The '
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in the development . it becomes far more 1mporta.nt that the prmmpal
managers be good admmlstrators than that they be good mnovators '

_ Qu1te understandably, we begm to get a preponderance of )
_what, for_ the simplification of the concept, I will call admlmstratlve_ .
“managers., They can exploit the innovation, but the skills they need

and admire in. themselves, in their peers, in their superiors and.sub-
ordinates, are the skills of administration including leadership, Hence
the people they need and select are, in turn, predommantly admmlstra—
tive managers,

" .. Often they have suceeeded or displaced the original innovators
and sometimes have suffered justifiable despair at the inability of ‘the
innovators to perform adequately the increasingly difficiult administrative
tasks, At the same time many an innovator fails to recoghise how bad-
he really is as an administrator, His own experience and value systems
~simply do not qualify him to comprehend what is involved, how difficult
it is to get the adminigtrative management job done, and how justified -
the administrative manager is in his despair,.

"As a consequence, froim their own experience, the administrative
managers have no basis on which to judge and respect the ¢ontribution -
that the innovator can really make, = All they are able to see is his muddling
and, too often, thoroughly inadequate ability to administer,” So, they grow
the organisation by accretion, adding the kind of products and services’
that flow naturally from the business one is already in, Supplementing ™
the-markets in which one already engages, doing’ effective work in cutt-
ing costs and lowering prices ~ all essential, but unlikely to provide the
step functmn in product and servme necesgsary for dynamw growth

LN Because they are efficient admlnlstrators, the net result is.
often constructive and results in the total organisation's being more
effective, more profitable and more useful to society,  Buf, at the same
time; it makes the organisation still more complex and decreases the =
relative number of those who know how to-innovate, and imovation gets
increasingly harder, At'some point, the growth rate slows down or "
falls below that of the 1ndustr1es 1n whmh the orgamsatlon ex1sts g (66)

Furthermor e

""To handle the growth and increasing complexity, the organisation
decentralises into groups, divisions, departments and branches: and
the total job is divided up and cut into the size pieces that a good admin-
istrator can get his arms. around . This is a logical and good manage~
ment practice, but u.nless the general managers understand their jobs. .-
thoroughly, the company is in danger of its becommg no more than the .
sum total of the decentrahsed parts loosely governed prlmarlly from a .
financial point of view at the corporate level, . ..
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managers develop in a decentralised organisation, their innovations are
'oi-dinarily_r:es_tricted to the entity for which they have responsibility or,
at most, narrowly and obviously beyond it, Hence, though the organisa-
tion as a whole may have far more of the tools ard ‘the opportunity and
the skilled people needed for innovation, the expésure of ‘any one manager
is restricted, and he simply fails 10 see the larger opportlinities to solve
problems which are the rlght SCale Eor the whole corporatlon ora large
part of it 1 (61) ' :

Fmally

.- "... when one must choose between the hazy and uncertaln high _
I‘lSk future associated Wlth a major innovative effort.and the hard, tan-
gible, quantlflable future of exploiting present tebhnologlcal and commer-
cial. posmblhtles the temptation is almost irresistible to press hard .
on the latter and postpone the former. If one is an administrative :
manager whose accomplishment is unquestioned, the necessity for chcuce
may not.even suggest itself, e

"If an innovative effort is to be of such significance that, if it _
succeeds,. it really will have a major impact on a big company - a true
breakthrough strategy - then at some critical time in its development
the risk will be very large and the general management must understand

- both the risks and the potent1a1 rewards ... If management does not .-

understand, . the resources applied simply will not be adequate and the
gtrategy. mll fa11 and. no 1nnovat10n will result, not because it wasn't.
potentially there, but because the management simply lacked the com=
prehensmn and the courage to proceed," (61)

103, But technologlcal mnova.tmn can also create problems for genior
management ;

"Managements are thus c(mfronted with tasks thch are more and
more frequently d1ff10u1t unfamiliar, entlrely new. in their experience
and demanding techmcal expertlse which belongs more and more exclu— '
sively to the young, recently qualified - and junior - r_nanager..'"‘ (62) .

" And this situation is not always recognised, Even in the U, S, A., .
an empirical study by Roberts of innovative ventures in a large company
found that: . -

',.. The young men recelved less encouragement than the older
men, they were given less latitude for independent action, had less say
in formulating the judgmental criteria for the venture, experienced -
less co-operation between their venture and the ‘company, experienced
a good deal of trouble in securing capital suppor: for their project, and
had a lower level of sponsorsghip for their project - sponsorshlp bemg
a term used.to descnbe the supportlve sctions taken by a person or "
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persols L dgiel INalagemenll 1o auvance e cause ol the efirepreneur
and his venture, Even after the project had attained the status of an in-
dependent venture the younger entrepreneurs reported cap1tal support

as bemg a ma]or problem. " (10)

104, Finally, problems can arise becaunse, as we ‘have seen, radmal
innovation involves the manufacturing and marketing funetions in addi-
tion to the R and D function (2). Effective innovation requires effeetlve
"coupling' amongst these functions (63), which may prove difficult
because of d1fferences in mot1vat1on and in vocabulary and education,

in addition to the inevitable preoccupation which manufacturing and
marketing have with existing rather than future business.

105. So much for the difficulties posed by radical innovation, but how
can they be overcome ? Burns has argued, on the basis of empirical
enquiry, that innovation i§ more likely to flourish in a framework which
is "enterprise centred™ rather than "menagement centred':.

"In mana'.gemeﬁt—centred.organisations the problems and tasks
facing the concern as a whole are broken down into sp_ecislisms. Each
individual’ plirsﬁes his task as something distinct from the real tasks of
the orgamsatmn, as if it were the subject of a sub-contract. "Somebody
at the top" is reésponsible for seeing to its relevance. The technical
methods, duties, and powers attached to each functional role are precise-
ly defined, Interaction within management tends o be vertical, i,e.
bétween superior and suborchnates Operations and working behaviour
are governed by mstructlons and decisions issued by superiors, This
command’ merarchy is mamtamed by the implicit assumption that all
knowledge about the situation of the firm and its tasks is, or should be,
available only to the head of the firm., Management, often visualised as
the complex hierarchy familiar in organisation charts, operates a simple
control system, with information flowing up-through a succession of ..
filters, and decisions and instructions flowing downwards througha.. .

. succession of amplifiers, -

"Entrepreneur—-centred systems are adapted to unstable condmons
when problems and requirements for action arise whlch cannot be broken
down and distributed among specialist roles within a clogely defined
hierarchy, Individuals have to perform their special tasks in the light
of their knowledge of the tasks of the firm as a whole, Tasks lose much
of their formal definition in terms of methods, duties, and powers,

Whlch have to be redefined continually by interaction with others participat-
ing in the tagk, Interaction runs laterally as ‘much as vertically, Commu-~
‘nication between people of different ranks tends to resemble lateral ‘con-
sultatlon rather than vertical command, Omnlsmence ¢an no longer be
1mputed to the head of the eoncerﬁ. " (62)
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showed that almost all the inventive and innovative events in the develop-
ment of six complex Weapons systems in the U, 8. A, took place in an
"adaptive" environment in contrast to an ”authoritarlan” enwronment (64).
Of course, the description of "management/authoritarian” systems and
"entrepreneurial/adaptive" systems is to some extent caricatural, and
the distinction between them artificial, Some functions may be best
performed within the framework of a "management" system, whilst others
may require a mixture of both, But the evidence suggests that, whilst
new sc1ence—based firms tend to be strong on entrepreneurship and weak
on management the reverse danger exists in large established firms,

107. For this reason, in'c‘{ustrial firms are adopting organisational
terms which respond to the requirements of radical technological inno-
vation, At Texas Instruments, for example, there s not only the top
management's commitment to technological m.novation

",.. we have'made a serious attempt to mst:;tutlonalise it by
developing a system for the management of innovation, This consists
of a formal statement of business objectives, a detailed summary of
the strategies which will be followed to attain these ob]ectives, and a

_series of technical programmes in such functions 28 research and
development, manufacturing and marketmg, with emphas1s on the m—
vention and 1nnovat10n required .ol (62) S

108, This system ensures that all parts of the orgamsation are aware
of the’ corporate goal of technologieal innovation, and of its 1mphcations
for them, Tt also has the necessary integration of efforts across the
boundarzes of emstmg business, Furthermore w1th regard to the 1m—-
plicatmns of decentrahsation '

MEvery manager must understand that the frequently enunmated
management rule that responsibility and authovity always go together..:
is just mot so.  The right rule is that responsibility and authority must
always go together to the maximum extent possible,but:in a decentralised
organisation the span of responsibility practically always exceeds the
span of authority, and each manager has an authority which extends
only to his own decentra.hsed umit, but a respon81b111ty Wthh extends
across the corporation ”(61)

109 The inevitab'le preoccupation of large firms with existing business,
together with the difficulties of getting across funotlonal and divisional

. boundaries, have led some firms - such as DuPont - fo create a system

of so- -called "venture management" (65, 66) The essence of this system
is.that the 1mplementation of new ventures leading to radical technological
innovation is separated from the existing business. One person is made
fully responsible for the project, in charge of a full time team, thereby
creating the advantages of the "small firm" environment, namely commit-
ment, flexibility, rapidity and incisiveness in decision taking, Such
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markets radically different from the existing business, Members of '
such ventire teams rmust be at home in an environment of wicertainty.
and rapid change (65, 66), One empirical study has been undertaken
which compared the effectiveness of the "venture'' system with the
normal."functional” system of management for the development of 2
number of U, S, weapon systems, effectiveness being measured in terms
of time and technical performance, and not in terms of cost and market-
ability (64), The resultis of the study were somewhat incon lusive, and
not in any case necessarily applicable to commercially oriented innova-
tions.. , s

110, Other methods of coupling R and D,.‘pr..oducti_on and marketing .
exist: ' : c

"A sucecessful pattern of technology transfer often involves people
moving with ideas from research all the way through production, and
organisation should make this easy, It is very difficult to transplant
new ideas from one organisation to another, The development of new
ideas should be left in the hand of the originating group until sufficient
probability of success has been demonstrated.” New ideas should not he
transferred prematurely just because they lie outside the asmgned
tasks of the orlglnatlng organlsa.tlon. " (52)

- And when ideas must be transferred:

",.. only in rare cases is it possible to effect this transfer by the
simple exchange of ""software" between the research organisation and’
operating component. The writing of reports is certainly not sufficient,
nor is the giving of lectures and verbal exchange of information, Almost
mvarlably the transfer of technology requ1res the demonstratmn of tech-
n1ca1 feas1b111ty. " (7 0)

111, Frequent personal contracts between research workers and the
‘rest of the firm are also very necessary :

 MAn extremely 1mportant element in the conduct of apphed science
is to create circumstances that ensure the confrontation of scientists
with practical problems .., The failure of fundamental work to yield .
practical results, or of applied research to solve the true barrier pro-
blems, too often results from the fact that experimenters themselves .
are never adequately confronted with the real practical problems that
exist. These_pract_ical problems can be a stimulating source of funda-
mental research ... just as stimulation can come from the inner develop-
ment of pure science. Such contracts are "even more necessary in
large organisations than in smaller ones, for research on a broad front,
serving a diverse technical clientele, generates a greatly expanded pos-
gibility of matching an.industrial:need to a technical capability, " (70)
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Iong—term and uncertam activlty, few now argue that the 1ndustr131
scientist should in general be left complete freeo0m to choose hlS fleld
of enguiry: . .

"The best atmosphere for applied laboratoriés is charactemsed by
internal freedom under strong leadeirship., Success in applied rese_arch
is seldom achieved by authoritarian methods, e, g, by directives from- _
the head. Consensus must be developed at many levels by discussion and
argument conducted in an atmosphere of mutual intellectual respect,
Each level must have considerable freedom in the Use of resources
allocated to it, Multiple forms or layers of administrative cont‘rol‘-are:
especially stultifying. Lines of scientific communication must be as
short as possible - and not necessarily cohgruent with adm1mstrat1ve
organisation. ' (70)

113.." ’I‘hat R and, D can be managed and coupled with other corporate .
activities emerges from an emp1r1ca1 study into the product1v1ty of ...
1,300 research scientists and engineers in eleven laboratories (mdus-
trial, umverSIty and governmental) (71),. The, results of this study eon-
fll‘m that R.and. D tends to be a Iong term process: R and D groups .
tended to be most produotwe affer four or five years' existence, They
also show research workers tended fo-be more productlve to the degree
that they value intellectual freedom to pursue their own ideas, However,
research workers also fended to be more productive to the degree that
they do not focus on one stage of the research process, * to the degree
that they had more than ohe. area of spec1ahsatmn, and to the. degree
that a number of out51ders Were 1nvolved in shaping their. objectlves. -

114 Flnally, a number of wrlters stress the 1mporta.nt role of the 1n—
d1v1dua1 entrepreneur in technological innovation, . Burns goes so far,
as to argue that the innovative procegs is in principle identical Wlth the
function of the classical entrepreneur, and that the task of .organising.
industrial science is s1mp1y to fao111tate techmcal entrepreneurshlp (62)
Schon suggests that the entrepreneur becomes the champlon of an idea,
who ig totally committed, who accepts by risks of failure, but who will
use évery means to succeed (68), Charpie says that he is likely to be & .-
non-conformist and technically rather than managerially oriented (69)' :
However, the U, S Natlonal Academy of Smenoes has taken a more -’
measured view:: ‘ : |

"The technlcal entrepreneur a mlssmnar} - the man who carrled
the torch for a new 1dea - is often the catalyst of techmcal progress, .

* Effective scientists-,, . did not limit their: efforss gither; 1o the world.of pure science
or to the world of appHcation, but were active in both, " {71)
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and mgenulty than for profound technical understanding, his courage
and tenacity are frequently vital elements of successful innovation, We
need to identify such individuals early in their careers, to encourage

appropriate educational preparation, and {o ensure an occupational
environment that will enhance their contributiona. .

"It must be recognised, however, that many successful innovations
have been accomplished without such zealots. Some very able and orig-
inal technical people, who have contributed important inmovations, ‘are
not especially vocal or persuasive, Infectious enthusiasm may impart
courage when - as is frequently the case - courage is needed; but en-
thusiasm will not, of course, repeal a law of nature, if that is the road
block that stands in the way of a successful innovation. The technical -
idea that has glamour or popular appéal or is easily explained and dram-
atized is not always the best idea, or the one most 11ke1y to lead to
successful apphcatmn in the long run o (52)

E.2. ,L;nova.ttion and Evaluation

115. The choice ex ante, and the evaluation ex post of R and D of inno-
vative venture, also creates new types of problems of management due:
to the relatively long-term time horizons and relatively high degrees of
uncertainty involved, Effective definition and appraisal of the overall
R and D budget appears to be as difficult for individual firms as it is for
national governments: : : . :

"At the present time there are no known relationships between
optimum R and D expenditures and another single variable that can be.
used to .establish the research budget with a sufficiently reliable de-
gree of accuracy. Thus the budgetary determination by top line officials
in most cases is a matter of uging broad gauges to see. if the budget re-
quests of research officers. are reasonable, The more frequently applied
guides are competitors' reSearch efforts and the R and D spending/sales
ratio, " (7}

Some would argue that as w11:h natlonal govemments - the effective
determination of the total R and D budget must depend on the identification
of long-term objectives, and on the existing and the desired capabilities
needed to achieve these objectives, and that it requires participation from
all parts and all levels of the firm, together with an explicit considera-
tion of attltudes towards I‘lSk and uncertamty (75)

116, Ex ante evaluatmn of long-term research programimes presents
particularly difficult problems of evaluation. Not only do they generally
‘present a higher degree of uncertainty than do other types of R and D
programmes but, insofar as evaluation methods take into account the =
time value of money (e.g. through such techniques as Discounted Cash
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Some tesearch directors think th1s is only rlght and proper

e it is preferable to. use the DCF method for longer term pro— :
jects, othermse a, too optlmlstlc result will be obtamed ’ (58)

But others would argue that such evaluation technlques are ‘inappro- '
priate when considering long-term exploratory or fundamental research
in the firm (16) rI‘he charactemstlcs of such research are. often. very '
low probablllty of success,. relatlvely tow eost very high pay—off if |
successful but pay—off only in, the, long term - up to thirty years accord— '
ing to the ev1dence presented elsewhere in this report Given these .
oharacterlstlos together with the 1nev1tab1e arbitrary nature of numer—
ical assessments of probability of success and of pay-off,. evaluatlon o
techmques such as DCF may be unnecessarily blunt mstruments to apply :
to exploratory research It is perhaps. for this reagon that mdustmal
firms such as DuPont do not use sophlstlcated aecounting techmques to
evaluate their programme of exploratory research, but are content to
observe that support of fundamental research has paid off in the past, :
and thus continue to support fields of ""relevance and promise"” to their-’
business.

117,  For radmal 1nnovat10ns the evaluatlon of market and technologlcal
trends also presents many pltfalls Paragraphs 52 to 54 have shown how
difficult it-often is to make an ex ante assessiment of the n_ature and- _
extent of the market for radical innovations, -And'a recent reviewfar—-ff .
ticle by Roberts has pointed -~ rather severely perhaps = to the limita~:. .
tions of present methods of technologmal forecasting: '

"Exploratory technologlcal forecasts -are 1arge1y based either on::
aggregates of "genius' forecasts (e, g. the DELPHI technique) or on the -
use of leading indicators or other trend line approaches, - The practi-
tioners of economic foreoasting,' in contrast, long ago recognised the
need for milti=variable systems analys1s a.nd cause effect models to
- develop reliable preédictions,’ : : : :

",.. The empirical "research-on-research’ of the past"decade o
has how produced ail impressive basis of understandings of the influences
~on scientific and technological progress (78, 77y Surely it is important

t6-begin to embody these findings into the development of ¢ 1mproved ex—-'
ploratory technologmal Eorecastmg models B

”Normatlve forecastmg is. at the opposite extreme on the soph1$t1— :
cation scale, fully utilizing Bayesian statistics, linear and dynamm pro-' _
gramming, and other operations research tools.. Here, despite the '
uniqueness, _uncertainty and lack of unlformlty cf research and develop— S
ment act1v1tles each of the degigners. of normative technlques has pro~
posed a smgle—format Wholly quantltatwe method, for resource allocatmn .
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teohnological forecasting) are:

= the costliness of the inputs’ L

- the dubious accuracy of the estlmate

~  the inflexibility of the methods o L
oy ,;the 11m1ted 1mpact on managerlal dec1s1on. _” (78).

118 Furthermore, a recent meetlng of the European Industrlal Research
Management Association, at which were present both 1nd1v1duals mvolved
in developing the methodology of teohnologlcal forecastmg, as well as
praotltloners from the larger EurOpean flrms, ‘concluded that

"In companies whose markets were subject to short-t1me=scal‘e of -+
product life, long lead time in‘ development, technological discontinuity’
between successive products, low predictability of markets and high ™
competition, technological forecasting was very relevant but difficult to
apply with success. Successful technological [orecasting was 2 oharact-
erlstlo of more slowly movmg 1ndustr1es " ( 149)

119, In other words, useful technologwal Eoreeastmg is most d1fflou1t
to do in precisely those areas where it is most needed, This’ suggests
that until we have a much greater understanding of the mechanisms of -
scientific and technological development, and of users’ reactions to rad=
ical inhovations; forecastih’g will continue to be empirical rather than -~
scientific and deductive.'’As such, few would deny that forecasting is
still both a feasible-and necessdry exercise in the evaluating of R-and D
programmes. ‘It can improve insight into- complex problems and focus-
attention on critical areas where further guestions must be answered
(79); “But, given the uncertainties involved, the judgment, experieice :
and intuition of individuals will continue to have animportant role:to 'pla‘y,
as will a thorough and critical evaluation of the’ assumptmns underlymg
any forecast and the effects of changmg them.

120, Emplrloal ewdence conf1rms that proposals for R and D pI‘O]eCtS
in’industrial firms are rarely taken solely on the basis of numerically -
based models or évaluation technigues,  Two persons concerned with

the management of innovative ventures at DuPont have said the following:

""The choice (of ventures) cannot be properly made on the basis of
numbers, weights, formulas, .or.some other short cut, It cannot be o
properly made by specialists, It must be made instead on the basis . of ,
entrepreneurial judgments, " (65) :

M'Several criteria are used for appraiging the value of the venture
to the Company,. One is the expected net return on investiment over a
period of years, Another is venture worth, which, in a.simplified sense,
is the forecast net cash position from operating the venture for a number
of years and then liquidating all assets, While these criteria are useful,
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Iyetr a Sﬁbstitue for good judgment, '’ (66)

121, Furthermore, in a review of formal R and D project selection
methods in fifty organisations, Baker and Pound found that few were
employing formal selection processes that were described in papers
published by their own employees (80), ‘Oneé reason for this may well
be that accurate ex ante asgsessmenta of the costs, duration and proba-

" ‘bilities of technical and commercial success of R and D projects are
very difficult, One empirical study in the U, 8. A, found 2 weak relation
between initial estimates and outcomes, (150) And a more récent study
in the U, K. came to the sanle conclusion, with the additional findings -
that initial estimates tended to underestimate cost and duratlon, and
that there was no- ev1dence of an improvement in the accuracy as projects. .
approached completion, nor as experience in making such estimates
accumulated, (151) : S

122, Seller also throws some 1nterestmg llght on selec’uon procedures :
used in over a hunderd large U. S, tirms (7). He himgelf lists more than
fifty factors which could be taken into account.in evaluating an R and D
project, many of which are difficult to quantify and involve great uncer-~
tainty., He found that only slightly more than half of the firms employed
project selection methods which were quantitative in the sense that: .
weights or:values were assigned to the several fac_tors-affecting each .
project - -quantitative methods being more readily employed.in develop-.
ment oriented firms and less readily in research oriented firms,. He
also found that. 80% of the research managers felt that there were im~ -
portant qualitative factors which could not be expressed quantitatively, . -
but only.assessed subjectively - the percentage being higher for firms: .
involved in relatively more complex or research oriented projects. '
Finally, he obtained research managements' opinions as to the reliabil- -
ity of estimates of a number of factors which must.enter into project
appraisal, Table 8 shows the percentage of responses indicating excellent,
good, fair, poor and totally unreliable. They suggest that it is easier. .
to predict accurately the cogéts and the time horizons of development than
of research, the benefits of new production process than of new. products,
and technical success rather than commercial success,

123. The uncertainties related to indiistrial research and-innovation
can be illustrated by the results of a number of U. 8, studies.” These
results are not completely consistent, but nonetheless pomt 1n the same
direction: : v

2 for 120 firms, it was found that at least 50% and often more
than 60% of R and D projects never resulted in commerc1a11y
: uSed products or processes (11),_ '
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OF THE ACCURACY WITH WHICH FACTORS,-‘A-FFECT.ING
RESEARCH PROJECTS CAN BE ESTIMATED, - 1964

Percentages

1 ACCURACY RATING, .
FACTOR crbre e ] s e b iTOT AL
' Doun E}i;i{} -GOOD | FAIR:'| POOR ‘{L¥.UN- | TOTAL
RELIABLE

Costpfthei‘esearch 1 R S L R
project...."..........._."_3.5_ 27,8°| 52,2 | 14,8 L7 4100':'_'.

Cost of development if the |- . \ S R S
research is successful .. | 2.6 | 38,8, 46,6 |- 9.,5| :2,5 |. 100 .
Probability of technical A ' - .
BUCCESS uusssvesnnnss 3.5 | 51,3 | 39,9 6,3 0,0 | 100

" Time necessaryto com— . _ . - N
plete the research , .| 0.9 18.6 | 50.4 | 24,8| 5,3 | 100

Manpower requirements
necegsary to complete the . S o i y
research ............., | 2.6 | 34.2| 53,6 7ol 27 100

Probability of market N T A
BuCCeSS .i.i.eeneeen... |03.6 | 33,6 | 38,2 | 14,5 10,1 100

'Time‘necess'ary to comFV ESREE] R EI R S S R
plete the development. ,, | 1.8 |- 34,5 | 41,8 { 17.3 |+ 4.6 | 100
Market life of the prod- 1 SRR R SR
uct if R and D efforts are | | R P _
successful .......0..0.. | 4.6 28.0| 29,0 | 23,4 | 15.0 | .100.

Revenue: from the sale of:
the product 1fRandDare O T P
“suceessful L,,..e000000 5.3 86,0 | 28,91 27,21 2.6 100 -

Cost reductions if R an_d 2] ) | -
efforts are successful ., | 10,7 | 57.1 | 14.3 | 14,3 3.6 | 100

SOURCE: See Reference 7,
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oriented. R and D and 70% of expendltures on produet—orlented
innovation, were for products which proved fo be commercially
unsuccessful, and that 30% of new products launched on the
market proved to be msuccessful (10);

- . for the U, 8, A. as a whole, it has been estimated that some.....
10, 000 new products are developed each year, of which 80%
-die in infancy: and that, of the remaining 2, 000, only about
100 both incorporate significant scientific or technological
advance as well as satisfy an economic need (12),

124, Some take these high '"failure' rates to illustrate bad research
and innovation management, Others argue that they simply reflect the
high technological and market uncertainties inherent in research and
innovation, At whatever point between these two axtreme views the truth
lies, the inadequacies of existing, formal management techniques are ="
reflected in a recent report.of European indusirial research managers,”
members of the European Industrial Research Management Assoc1at10n
(EIRMA):

"The extensnre literature on poss1b1e methods for pro;ect selectlon
would lead one to anticipate finding a certain number of papers dealmg
with how the proposed methods have worked out'in practlce. : Thls is un-
fortunately not the case, S : =

"... It seems that the general feeling is that the methods propos—
ed to date possess a number of shortcomings which cons1derab1y affect
their practical utility .., : : e X

", .. The long-time span of most R and D projects is not reflect-
ed in the proposed procedures, Most profitability methods treat an '
innovation project as though it were equivalent fo a normal capital in-
vestment ... ‘A normal capital investment is usually a one~shot go no-
go decision, The siakes are generally high from the outset and there is
rarely the opportunityto reverse the decision before at least a major part _
of the funds are committed, The situation is quite different for the B~
and D component of an innovation project. It normally extends over a . -
relatively long period of time, during which the comparative situation . -
may be subject to rapid change which may in part be due to the inter- ...
action of the project iteell with the environment, Technical, economlc,
political and social changes may be involved, Thus the asgsessment of
an R and: D project is not a once~for- all exercise leading to a deflmtlve '
conclusion but must be continually updated, especially in the light of =~
technological achievements within the project itself and of changingtech~ -
nology elsewhere ,,. :

"~ There is no adequate treatment of multiple objectives and .
confllctlng crlterla In essence, a11 the quantltanve methods proposed
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merlt which can serve as a decision cr1ter1a e

_~ The treatment of uneertamty and likehood of Success or.
fa11ure is generally unsatisfactory ...

"~ The methods proposed fail to recognise that project selec—
tion is a continuous process, ... a new project under review will, in‘a
practical case, only be in competition with a very limited number of new
or established projects, This is not to say that all projects in a given
programme must not be subjected to regular assessment to determine
their current value and load to related decisions,” However, the time -
‘for doing this will be determined by the evolution of the prOJect 1tself
or of external events related toit ... (81)

125. Nevertheless the report goes on to say

ATl the methods evolved to date are still heav11y dependent on.
intuitive estimation and the final decision rules must still be interpret-
ed with considerable care so that experience and intuition is still the
major factor involved, To put this matter in perspective, it must how-
ever be borne in mind that there is 2 fairly general feeling of dissatis-.
faction with the existing procedures for project selection, Virtually. all
research managers are highly interested in formal methods for this
purpose although in fact freely admitting that they do not make much use
of them, Furthermore, as projects become more complex, 2s the rate
of technological advance increases, - it is becoming mcreasmgly difficult
to make satisfactory intuitive decisions. More and more, the need is
being felt for rendering explicit the implicit assumptions and hypotheses
upon. which intuitive decisions are based. However unsatisfactory the
existing formal methods may be, the use of no method at all is likely to
be even worse, It is felt, therefore, that it is.very much worthwhlle to
devote effort to improving techniques and, perhaps even more 1mporta.nt—
ly, to acquire experience in the application of such techniques; without
this experience the essential feedback which will assist further develop-
ment will be lost, ™. : .

126, The report therefore goes on to dlSCllSS a number of general con-
siderations which should be borne in mind when demgnmg specific eval-
uation procedures such as the rapid rejection of unsuitable projects, -
the information requirements for evaluation, attitudes to risk, sequential
evaluation, the choice of decision criteria, and the implications for eval-
uation methods of the degree of advancement of the pro;ect

E, 3. - Innovation and Company Ob]eCtIVeS o

127, Both the appropriate organisational forms for innovation and the
criteria used in evaluating research projects and innovative ventures
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research and innovation to them, One U, 8, report has said that these
objectives should be set on the basis of "directional planmng" which .
atterpts to answer such questions as "what business are we in?", "what
should we be in?" (2) A comprehensive and detaled discugsion of the™ .
elements of directional planning go beyond the remit of this report,
Suffice-it to say that it is an exercise as dlfflcult as it is necessary (72,
S73,:74), : S

128, . C_ompany objectives and innovation sirategies will be unique fo.. .
each firm, depending on its strengths, weaknesses, and the opportunities
open to.it.  These, in turn will depend on its history and its environment,
Within the OECD area there are considerable differences amongst the.
Member couniries in historical and environmental factors related to R
and D and to technological innovation - as well as rapid change. in rel-; f
evant environmental factors - which mﬂuence what w111 be the appro—
pr1ate R and D strategy for 1ndustr1al flrms

129, - The most 1mp0rtant env1ronmenta1 factor is the 1ncreasmg;ly

open - indeed worldwide - framework within which strategies for R and |

D and technological innovation must be conceived, This is not only:
bécause no one country can hope to produce all the scientific and techrolo-
gical knowledge relevant to innovation, nor only because markets wider-
than national markets may be increasingly necessary to amortise the
tixed costs of launching innovations, It is also because increasing liberal-
1sat10n and 1nterdependence means that competition through technological
innovation is conducted less and less within a national framework; and-
more and more within an' OECD-wide framework. - The OECD sector
studies have shown that successful innovative firms are precisely those :
which introduced their innovations in a wide number of Member com~ -
tr1es “and which 1ncreas:.ng1y concewe thelr strategles W1th1n an OECD :
W1de framework

180, - This trend has obvious and 1mportant 1mphcat10ns ‘for the R and
D and innovation strategies of industrial firms: what markets to pene-
trate, how to penetrate them, what areas to specialise in, and what R .
and D strategy to follow? ' These are important bhut difficult questions to,
answer, In this Teport, one can dono more than sketch What appears to_
g be some of the relevant factors h

1'31. - With regs;rd to markets, one generalisation is probably valid: -

successful innovating firms have all succeeded in penetrating the U, 8,
market, The importance of this market arises not only out of its size
and homogeneity, but also out of the earlier and more intense demand
for technological innovations regulting from high living standards and

sophisticated government requirements, - Vernon argues that "it-may be
necessary to.establish an operating subsidiary in the United States in .

L
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market affords, A number of European f1rms have already demonstrat—
ed'that this can be done successfully." (82) Operating in the U, 8, A, will
also ensure a strong technologmal and managerla,l feedback from the -
U, S envlronment : < Sl

132, A firm can launch an innovation on ‘world markets through a num-
ber of channels: exports,:licensing, direct foreign investment and joint
ventures. ‘It may use more than oite channel, and the mix will probably
vary over time, The factors influencing the choice of channel include’
the relative weight of tariffs and transport costs:in the value of the pro-
duct, the managerial and financial resources at the firm's disposal, the
size of the local market and the importance of local manufacture to its
penetration, practices with regard to government marketg; and the desir-
ed degree of control over further téchnological developments, - Statisti--
cal evidence suggests that U.8. firms are increasingly launching their -
innovations in foreign markets through direct foreign investment (54).
No equivalent data are available.for firms in other Member countries,

133, Effective competition in international markets requires special-.
isation, and technoldogy cannot be exempted from this requirement,
However, technological specialisation may often be very different from
conventional concepts of specialisation (for example, between wool or
wine, or beiween elecironics and agriculture}. In areas of rapid tech—
nological change, where new market opportunities are continually open-
ing up, there are ample opportunities for specialigation within sectors

- between different sorts of aircraft, different sorts of electronic goods,
different sorts of drugs, or different sorts of transportation equipment.

134. = The fields chosen for specialisation:will, of course, depend on
the relative strengths and weaknesses of the firm, and on the pogsibil--
ities of market penetration, But even in fields where other firms or'
countries appear to have a strong.lead in an important-broad area of
technology, specialisation and concentration of effort can be rewarding;
For example, in spite of the general U, 8, lead in solid state technology,
certain Japanese firms have been very successful through concentrating
their efforts on this technology's use in electronic consumer goods (84).
And at-least one European flrm has beneflted from & concentratlon of
effort : o :

'eo by narroWing down the field by excluding all but silicon
devices and by excluding all techniques other than diffusion and by limit-
ing ourselves to a narrow range of powers requlred for the automative
and aircraft industries, it has been possible, with a few technical men
concerned in the work, to develop gver 2 limited range quite a number
of sophisticated devices and it has been possible to sell back to the larg—-
est corporatlon in the Umted States a llcense on. one of them, " (83)
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-greater carein deciding the elements of,an R.and D strategy, -especial~ .
i1y in areas where fechnological.change is rapid, and important new gen- :
erations. of products are being developed (63, .-85). -Should the firm -

adopt an "offensive" strategy, aiming to be the first to the market with

a new product generation? If so, success will require strong R and D,
~congiderable:insights: and creativity in science,’ technology, manufactur- '
‘ ing engineering and marketing, and close coupling amongst:them, to- .: :
gether. with access o a market environment receptive to technological .
innovation, : It also. entails the acceptance of big risks, but the possibil-
ities of hig pay-offs,. .If. successful, it will probably lead ito the success- = -
ful penetratlon of world markets L : Lo g :
136 OI' Should the flrm adopt a ”defenswe" Strategy, a1m1ng to follow— .
the-leader to the market with a product developed-with its. own technical .
regources? | If; so, success in the.penetration of -world markets will
reguire accurate knowledge of market developments, .short lead-times-

for development and commercialisation,. :and the effective integration of
improvements in design, performance or cost by comparison W1th the
or1g1na1 product conceptlon. C T | ;

137, Fmally, should the f1rm adopt an ”absorptlve” strategy, through
imitating the produect conception of the leading firm,.and concentrating.
technical resources. on cost reduction and design;improvement?r If so,:
success in.penetrating world markets will depend on the possibilities of
obtaining and absorbing: technologles developed eIsewhere and on. factor .
_cost or. managerlal advantages ¥ :

138 Once agam, md1v1dual E1rms may adopt a ”m1x" of all three
strategies, varying befween:product. fields and over time, Clearly, the
appropriate-mix will depend not.only on the firm's:own resources, but
also on its external .environment, - Some people might argue-that, in new-
ly emerging technologies.aver the past.ten to fifteen.years, U..S, firms
haye tended to follow "offensive'! strategies, European firms-"defensive"
strategies, and Japanese firms "sbsorptive' strategies, Yet the examples
of nuclear energy, jet transport aircraff and consumer electronics.do: -
not seem to: support such a generalisation, Others might argue that the
possibilities of following "absorptive' strategies will diminigh as firms' _
horizons and cperations become more international, Yet, as we have:: .
seen, there is a continual proliferation of small, high-technology firms, ’
generally strong in technology and weak in finanecial regources; which

'~-in the initial stages at least = may not be equ1pped to penetrate 1nter-
natlonal roarkets, and from wh1ch technology can therefore be bought

139, Even if it is not possﬂole to generalise at thls stage, the 1mpllca-

tions of the external environment for research and mnovatlon strateg1es
are very 1mportant Eventually, as we'have seen, théy determme the
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ing the appropriate organisational form and the criteria for evaluating

R and D projects., Yet very little appears on the subject in the academic
literature. Further thought on these problems may well be relevant to
memher governments, insofar as they are involved either directly or
indirectly in industrial technological activities, It may also be relevant
in relation to the policy objectives that member governments fix in areas
with a strong scientific and technological component,

@

E.4, Conclugions

140, To sum up, R and D and technological innovation create new and
sometimes difficult problems for management, This is partly due to
the relatively recent growth of R and D and inmovation as important
management functions, and partly to certain unigue characteristics
which ~ as we have seen with regard to organisation and evaluation ~ -
may require adaptation or rethinking of conventional management prac~
tices. The prime requirement for the successful management of inno-
vation would appear to be entrepreneurship — not only in individuals, but
also in organisational forms capable of transmitting knowledge and in-
formation across functional and divisional boundaries and of responding
rapidly to change, and in evaluation methods which take account of tech-
nological and market uncertainties and of the nature of the various stages
of the innovation process,

141, This same entrepreneurial flexibility and openmindedness will
be necegsary for a real improvement in the techniques for managing
research and inmovation, Academic instifutions can play an important
role in advancing understanding of research and innovative processes,
and in training innovative and entrepreneurial management ~ provided
that they are closely coupled with the real problems and experience of
those actually involved in research and innovation: this point will be
returned to in Part IV of the report, concerned with government policy,
Finally, the management literature, the activities of management con-
sultants and of EIRMA and IRI*, together with the pressures of an in-
creasingly open and competitive environment, will ensure that advances
in this particular aspect of management technology - as with advances
in other "software'' and "hardware" technologies, will continue to be
diffuged infernationally and rapidly,

*  European Induswial Research Management Association, and the Industrial Research.
Institute, which is its equivalent in the U, S A.
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A, UNIVERSITY SCIENCE AND INDUSTRIAL TECHNOLOGY:.
. IN INDUSTRIALLY ADVANCED COUNTRIES '

A,1, National Scientific and Technological: Capabilities

142, The relationship between science and technology has evolved,
during the past 200 years, from independence to occasional links, and

- from there to mutual interdependence, - This movement has been brought
about by economic and military competition; as illustrated by the emer-
gence of the German chemical industries in the 1860's and of many

. other science-based industries which followed, as-well as by scientific”
and technological efforts induced by the Second World War, It has heen
accelerated by the increasing availability and applicability of scientific
kmowledge, These two converging forces still being at work, the trend’
towards closer links between science and technology is unlikely to di-
minigh in the foreseeable future. Science and technology have drawn
together in an increasing number of sectors, but by no means in-all-of
them, nor indeed - to a satisfactory extent - in all countries, Hence: -
there is much room.left for further systematlc apphcatmn of science

to practmal tasks : : : ce

143. ’I‘he aim of this part of the report is to attempt to shed some light
on the concrete relations between science and technology in, the indus~
trially advanced countries of the OECD area, It has been suggested in
earlier studies that the national strength in techuology is linked to na-. .
tional strength in science. Countries with strong capab111t1es in funda-
mental science, it is argued, seem to be particularly capable of apply-
ing science to practical tasks as well, This thesis is often based on the
history of science and technology in two countries, Germany and the
United States. Can it be generalised to all countries?

144, Tt is difficult to find a universally acceptable indicator of national .
scierla_t_if;crcapabilit_ies. No single index is perfect. = Two indicators .
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numbers of science Nobel prlzes Both these indicators have, it will

be recalled, already been usedin J, Ben David's report for the OECD .
on fundamental research (127). Data on science Nobel prizes are a _
simple and easily available but controversial indicator, In fact, they
have several shortcomings which might reduce their reliability: the
relatively small number of Nobel prizes which have been distributed,

the fact that some prizes are awarded to scientists who have emigrated
from their country of birth and education and, finally, the long period
which sometimes elapses between a major scientific discovery and the
attribution of a Nobel prize to reward it, Thus, one should not over-
interpret small statistical differences. in the attribution of Nobel prizes
to different countries, . However, since most internationaily leading _
scientists are consulted before the selection of new Nobel prize winners,
one can reasonably assume that numbers of science Nobel prizes indi- :
cate to some degreée national strength in fundamental science, as seen
by the scientific community itself, at least over a certain permd of

time,

145,....Hence, . it is-relevant to note.that between: 1901 and 1939; Germany
received 36 prizes,:while 19 were awarded to.the:United Kingdom, ' 17 :
to France, and-only 13 to.the United: States.- This-figure is the more. . .
revealing as Germany during the same period was.universally recognigsed
as a'leading power: in military and: civil technologies, But the distribu~ =
tion of science;Nobel prizes changed radically after World War Two, :
For the period.from 1943 t0:1967, the United States moved to first place :
with 57 prizes, followed by the United Kingdom with 24 and Germany. - . .
with only 11 prizes, . France had dropped to.fifth place with: 4 prizes.’ .
This, can be interpreted. as a:movement of the centre of fundamental re~
search from. Continental Europe to the United States, . During the same;
period, the United. States emerged as: the leading technological power
as well. Furthermore, Table 7 and Annex A to this report suggesta -
strong relationship, for eleven Member countries, between national
performance in technologmal innovation and national strength in funda-~
mental sc1ence, as nieasured through science Nobel prizés and Scien-
tific Abstracts, In'othér words, the experience’ of eleven countries:
suggests that national strength in smence tends to go together mth na— f
t1onal strength 1n technology. T : o

* The parallehsm of nanonal sc1ent1f1c and’ technok)gmal capab;ht].es in many
industrially advanced countries ~ at Jeast'since the Second World War - is not a universal -
law of history, Although this parallelism may from now on become a major feature of the
industrially advanced countries, one should not forget that, vntil recently, some counlries |
succeeded in creating and mamtammg a first class scientific capability whlch - at least for
some time = was not reflected in any comparable technologicel capabmty. _For example, N
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causal link between national scientific and technolog‘lcal capablhtles

Both could depend on other - perhaps sociological;economic or political -
factors. - In order to examing whether there are direct links: between
science and technology, further data arelnecessary, Therefore, the
following two sections: of this report will examine some of the available -
evidence on the two-way links between science and: technology. - '

A2, Knowledge Transfer from Uﬁiversity to Iodustrl '

147, Before presenting the data which attempt to examine how science
is lmked to technology, some general remarks are necessary, Dis~
cussions on science and technology cannot remain general for verylong,
They have to focus on the institutions which produce and use science and
technology, that is to say, on university and industry, Science-technol-
0gy. links imply unlversny—mdustry links, However, the basic ob]ectlves
of industry and u.mvers1ty are different, sometlmes even contradwtory.
Until recently, all European countries assumed more or less exphc1t1y
that the main and certainly most noble task of a university was fo pursue
research and teaching for their own sake, In the United States, the uni~
versity concept which developed during the 19th century was, at the
"beginning, not very different, Ameriean universities were not elosely
linked to society's requirements, This started to change with the land
grant colleges which were egstablished in 1862 as a help for American
agriculture, As the land grant colleges developed into universities -
which they were not at the beginning ~ the understanding grew that uni-
versities should not just be ivory towers but should also be sensmve '
to somety s needs and problems

148 However, in most countrles the drawing together of un1vers1ty .
and industry has led to tension, illustrating how difficult it is to recon-
cile the growing interpenetration of science and technology with the _
differences between the zims of university and i_ndus_try. Although this
interpenetration is likely to increase, industry and university will pro-
bably never be fully integrated and tensions will hence subsist. One ..
cannot even exclude a further increase of these tensions in extreme
cases, up to the point of provisionally jeopardizing the whole system
 of industry-university links, In the United States as well as in other

in the 19th century, Russia had already given birth to mary brilliant scientists and inventors,,
Chinese citizens had engaged in scientific research since the First World War, and thousands
of Chinese studied science abroad between the two wars, These examples, as well as the
Iwagli experience, seem to indicdte that - at least during the first half of the 20th century,
national strength in science was not in every case linked to national strength in technology.
But, in each of these cases, national scientific capabllmes wer very closely lmked to: :
‘Western, European or 1.8, :science,
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from industry.and government be réstoréd have become stronger inre-:
cent.years, Thus, the economic and political pressures which promote =
closer industry-university links have simultaneously stimulated counter- =~
forces, The speed with which science and technology will draw together
will depend on' the relative: strength of these two forces,-and on the de—
gree to which they .can.be reconciled. L : S

149, This being sajd; we can return to the empirical evidence which
suggests that university sciencé is irdeed linked to industrial techndlogy,
Most of this evidence is recent, perhaps because the widely accepted
ideal of unwersﬂy mdependenee did not fa0111tate studies on industry- -
university links, One of the flrst studles relevantto the problem was
"Hindsight' (120), and more recent ewdence hasbeen prov1ded by ”TRACE S”
(13}, Bothstudies havebeen cr1t1c1sed for lack of statlstlcal re11ab111ty and
for a partisan approach. K may be true that any study on U, S, m111tary
immovations performed by the United Statés Department of Defense might
be expected to underline the importance of Department of Defense and
industrial laboratorles in the innovative process. Algd,’ it is not alto- :
gether surpnsmg that a study on eivil innovations performed by unwer—
sity scientists and flnanced by the National Science Foundatmn ("’I‘RACES”)
came to emphamse the nece551ty of fundamental research for technologmal
imnovation. However, these differences are due to different perspeetlves,
and noth.lng permits one to sugg‘est that, w1th1n thelr self—lmposed 11m1—
tations, they have wﬂfully given way to blases Certamly, ”H1nd51ght”
and ”'I‘RACES” are not the last word on the subject, But they can be .
used as valuable a.nd complementary sources of 1nf0rmat10n on solence—
tech.uology links, ‘It i likely that in most mnovatlons the contrlbutlon

of university science will be found to range, in quantltatlve terms, in
between the upper and lower limits marked by "Hindsight'' and ”'I'RACES"
These upper and lower 11m11:s ‘appear in Table 9 overleaf '

150, I order to understand Table 9 one , must go along with the assump-
tion that every innovation ean be cons1dered an integrated system includ-
ing many different R and D events, ‘Hence, an innovation can be statistic-
ally dissected into 1ts main R and D components in order to compare the
importance of fundamental scnence, applied science ahd development or -
to we1gh the contmbutlons of mdustry, wmiversity and government 'l‘here
are, inevitably, statistical and historical pitfalls in such an approach.

It is difficult to select objectively a reasonable time period preceding
every 1nnovat10n to 1dent1fy all relevant R and D events, or to find thelr
ongm : ’

151, Pro]eot H1nd51ght (1966) 1nvest1gated 20 ma_]or Amerlcan weapons
systeme developed since 1945, Its results influenced - and partly blased -
the discussions on sclence—__technology links up to today. -According to .1
Hindsight, "undirected'" research (very roughly equivalent to”fundament:al
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DISTRIBUTION ACCORDING TO "HINDSIGHT",
IN %, OF ALL R AND D EVENTS,

Dept, of De'fense'Labor_atories. _ 39
Federal Instltutlons (except Dept “of Defense) o 2
Industry ) 49

Universities (mcl. Contract Reseafch- Cenfer) ....... 5 R
Foreign ... | 1

TOTAL 'l""'Otl'llil.olooooo--n.-.nc.-n...o-tl-n. .' 100‘

DISTRIBUTION ACCORDING. TO "TRACES",
IN %, BY TYPE OF R AND D EVENT

NON-Mssion | - MISSION- | DEVELOPMENT
RESEARCH 'ORIENTED AND
IVENTS RESEARCH = | APPLICATION =
, - * EVENTS - "EVENTS
Research Institutes and
GOVernment w..eeesee | - 10 - 15 - 10
IAUSEEY vuvevennenenns | 14 54 | . .83
Universitles ...esaveae 76 - 31 T
TOTAL suviovevesrees ) 100 100 ~ 100,

SOURCES: References 13 and 120,

science') played no noteworthy role in the development of the 20 weapons
systems, It contributed only 0, 3% of all R and D events, while applied
research contributed 7, 7% and technology 92%. In "institutional terms, :
only 9% of all R and D events came from university (most of this, evi~.
dently, was applied research and development), 49% came from indus-
try, and 39% from government laboratories, However, the apparent
modesty: of the university contribution was mainly due to the very short
time period which the Hindsight investigators fook into account: they
started with 1940, and stressed that they had deliberately excluded the '
”pool of basic knowledge'! assembled before 1940, In Splte of this warning,
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innovation were exclusively an indusirial problem, without any note-
worthy contribution from university research,

152. However, at the‘end of 1968, TRACES challenged this conclusion,
TRACES is a reply to, and.a continuation of, Hindsight, Hindsight wasi -
limited in space and time: it covered only relevant military "events™ -
since 1940, whereas TRACES goes beyond these two limitations, It :
investigates five economically and socially imperiant non-military inno-: .
vations which were neither financed nor programmed by government: . .
magnetic ferrites, video tape recorder, oral contraceptive pill, electron
microscope, matrix isolation,  The relevant scientific events that:: .
TRACES covers go back to the middle of the 19th century. In some
cases, the time-period taken into account is ten times as long ds the'’
pericds in Hindsight. 'The results of TRACES differ accordingly from
those of Hindsight: of the 341 key events which led to the five selected
innovations, 70% were "non~mission research" (as compared to 0.3% 1r_1‘
Hindsight), 20% '"mission-oriented research', and 10% were deve10pment
and application, Of the non-mission research events, 76% ‘originated in
universities. Altogether, 60% of the relevant R and D events represent-
ed in five recent major innovations came from universities, Thus,
TRACES sees innovation as a result of two parallel, both indispensable
sources: mission-oriented research which works towards a preconceiv- .
ed goal, and a large pool of general knowledge, originating mainly in :
the university and, in number of events, more 1mporta.nt for innovation
than m1ssmn—or1ented research, ;

153, In all five innovations, the R and D events occurred according to ¢ -
similar and very revealing time patterns, Ninety percent of all non- .
mission research events were completed ten years before the innova;- B
tion, but - and this is just as important = 10% occured later, Thus,

some "undirected" and unplanned events, which were indispensable for

the final mnovatlon appeared in the years immediately before it, In

other words, Wlthout continuous non-mission research, most of which
was being carried out at the universgity, and without the general pool of <"~
knowledge which it credted, the five innovations would not have been’
possible, TRACES distributed the key R and D events according to

major, scientific disciplines, Several disciplines contributed to. each . =
of the five innovations: cross-fertilisation between these different -
disciplines was one of the main preconditions of technological: success,
It appeared, finally, that some areas of scientific specialisation contr1b
uted more B and D.events-to the flve 1nnovat10n~: than others ST i

154, - All or almost all, oE the fundamental sclentl.fm knowledge mte-
grated into those five innovations. was available to anyotie,: irrespective: :
of its place of origin - in this case, mainly the U,8.A, Why, then, Was.éi? S
almost all relevant development work leading to the five innovations being
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countries? Th:ere are - probably many reasons for this, One of the most
important ~ the advantage for technological innovation.of close, personal
contacts between indugtry and university - will be discussed later on. in’

section B, 2, of this part of the report

155, On the bas1s of 'thlS ev1dence 1t would appear that science does :
contribute to industrial innovation, and in.some cases, it-has become..
an integral: part of the innovation process, -However, whether the mi- |
versity always contri:butes‘ﬁo% of all. R.and D events, as in the TRACES
innovations, remains to be tested by other studies, . Probably, a shorier
time period than that of TRACES would. reduce the proportion of relevant
non-mission research events and hence of university science,. But they.
might easily remain the largest single group.of R and D events leading .
-to any industrial innovation, . Of course, much depends upon the sciences
involved, .- It seems that some fundamental sciences - for example, E
chem;stry - _‘_partlclpate_wﬁh a higher rate in mdustrlal_ innovation than.
‘others. A study by the U, 8., National Academy of Sciences on modern
chemistry (121) investigated.statistically the scientific publications which
‘announced r*}:u:.';tc’c_ica_l--Kdiscover_'_iea'_". (inventions and innovations) in indug-
trial chemistry, On the basis of the cited references, the bhasic research
results leading to the "discoveries' were traced back to their origins,
For example; publications related fo.16 different industrial discoveries:
included 240 citations in-all, Sixty-~five percent of them referred to uni- ‘
versity research, 31% to industrial research, and 4% to other sources:

a distribution which would tend to confirm: the findings of TRACES, If
the citations in the announcements of the practical industrial discoveries
.are broken down by the type of publication they refer to, the following
_ digtribution appears: 67% referred to fundamental science journals and
books, 22% to: applied journals, - 10% to patent publications, and.1% to:
other sources, Possibly, university research in physics plays, on aver-
age, aless important role in the development.of industrial technology,
but this.is one. of the many questmus whlch remain to be investigated,

156 It must be added that the relevance of fundamental science to tech-
nological innovation goes beyond the mere transfer of R and D events. .
from uwniversity to industry; as illusirated by TRACES, American ex~.
perts, among others, noticed-that a growing part of applied research .
was being performed by people whose {raining was in basic science (122),
This may:be because bagic scientists are often of a higher intellectual .
calibre than applied scientists and engineers,  Their contribution en=- - ..
riches the quality of applied science: and also of development and helps::
to ensure that due attention is given.to the work and the discoveries of '
the world-wide scientific, community, : Thus,. industrial firms may have
a direct economic interest to attract basic scientists into: their innova- -,
tion research: teams (123).. Possibly-also,: the increasing participation :
of basic scientists in applied research and technology indicates .that it- -
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th1s is the case, leadershlp in sclence-based technologies, far from -
being an industrial problem only, may be less anc: Iess possuble w1thout-
strength in fundamental scierice, - - I

157, ber’teinly, the intensity of the links between science and technol-
ogy vary considerably amongst academic disciplines and industrial
sectors, - A recent report onuniversity/industry relations in'the United
Kingdom found that it is the high technology industries which also have -
the h1ghest proportion of qualified scientists and engineers in senior
management have ‘most contacts with the universities, and make most
use of umversny consultants (154), - The same report found that uni-
versity departments‘ contacts with industry tend to be higher in phar-" -
macology,’ chemistry and physics than in biclogical sciences,’ bio-
chemistry and mathematics, And Marquis and Allen have found, through
an analysis of citations in the technical literature, a greater dependence :
on sciencde in nuclear engineering, electronics, and metallurgical en'— g
gineering, by comparison with nechanical engineering (147}, “Where - _
“the links between un1vers1ty science and industrial technology are strong, o
the mere imitation of already known, but sophisticated, technologies -

has become so difficult that it requires scientists of no less calibre -

than those who were necessary to invent the technologies the first time,”
In such sectors, the possibilities of developing new technologles without '
fundamental smence cannot be very great elther. .

158. Sment1f1c knowledge gets transferred into industry through a num- ‘
ber of channels: essentially, personal contacts, teaching and publica-
tions, "'I‘RACES"-presented'statistical data which shed some light on the
length of the transfer process,- All five investigated innovations reveal:
a time cycle of about 30 years between most non-mission research
events. and their technological application, ' The number of non-mission
research eveénts per decadeée reached a maximum between the twentieth.»
and thirtieth year before-the innovation, after having been quite high in--
the preceding decade - that is, between the thirtieth and fortieth year,
"TRACES" explaing this regularity as an aspect of the "educational ey~
cle™ which lasts 20~30 years, and suggests that "most inventors rely -
heavily on information created in the previous gereration”, In other .
words, industrial ihmovadtion is, or was; 1o a considerable degree based
on university research performed one generation earlier, the results
being transmitted o the second generation through the traditional chan-
nels of university education and scientific publication, ' The length of -
thistime lag lends itself to different.interpretations,. In'some cases,

the time for the immediate utilisation of new non-mission research dis~
coveries-was not ripe, because there was no market need for the prod-.
ucts which could develop from those R and D events, In other cases,

the' new R and D events were useful only in combination:with other
scientific.discoveries which were not yet known, ' According to a.study -
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than half of 84 investigated innovationg in British industry: -33. 0% "some
other technology not suffmlently developed” and 23 0% ”nor market or’
need" (86). - . :
159, Butin addition. to this, .it is probable that the.thirty vear cycle: .
has.often been due to the fact that the technological relevance of new R
and D events has not been understood by, or not known to, the competent
people or university, The diffusion of new knowledge was limited or
deficient, University discoveries were not transmitted quickly enough
to the student body or to indusiry, and it took years - gometimes a -
generation - before they found their way into handbooks, teaching pro-
grammes and finally industrial laboratories, It comes as.no surprise .
that, .in 22, 0% of Langrish's 84 innovations, the factors listed as caus-
ing delay belong to this group: "potential not recognised by management';
10% ''resistance to new ideas'; and 4. 0% "poor co-operation or commi~
nication”, - It should be possible to reduce the thirty year-cycle in those
cases where it is due to lack:of understandlng or communmatmn.

'160. The results of a study by F. Lynn suggests that the gestatmn
period for military innovations has been shorter than for civil innova-
tions (14), This has probably been due in part to the clearer definition:
of .defence "needs" than is often possible for civil innovations, and possi-
bly also.to the greater time pressures related to military innovations,
Equally important, however, may be the difference in the modes of know=-
ledge transfer for the Hindsight and TRACES innovations, The thirty -
year time lag observed in the TRACES innovations suggests that most-.
university created kmowledge was transferred through university educa-
tion and publications, In the Hindgight innovations, however, many
transfers were based on informal person-to-person communication, :
There is no doubt, as we shall see, that such personal transfers are. :
quicker and more efflclent than the other channels of un1ver31ty-1ndustry
.communication, ‘ :

161, Most "person-embodied" knowledge transfers take place through
university graduates who join industry as.full-time collaborators, through
consultancy work of university teachers, and through industrialists::::
participation in university courses.. No comparablé data are available -
on the relative importance of the different modes of knowledge transfers,
neither within a country nor between countries;: but data for the United.
Kingdom shows that all three methods are used by more than 70% of - -

' . large companies (i, e. with more than 5, 000 employees): (154), - Nonethe-

lesg, the fensions which arige from the differing objectives, ‘preoceupa-
tions and 1deals of mdustry and unlversny do crea,te problems

162, Thus sc1ent15ts prefer academlc careersi to mdustrlal JObS in all
.- countries, . Complaints about this and related problems have been heard
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.- management,- smentlsts and. engineers remain ong of the most dlsgrun-
tled group: on industry's payroll," (124) And in the United Kingdom -

only between 10% and 15% of all science Ph, D's go into industry (hig;her
in chemistry and agriculture, lower in biology ard biochemistry),

and ‘only 32% to 35% of all technology Ph, D's (higher in.chemical en~ i
gineering) (125),/ Neither sets of proportions are tending to increase;:
although the p/e{centage of first degree university graduates who join -
mdustry 1e/h1gher than the: percentage of Ph D‘s and is mcreasmg. -

163 ThlSlS a-matter..of concerneto theUn‘ited -hmgdom‘- author1t1es-, s
who congider the reluctant attitude of scientists towards industry as:an: -
chstacle: to the development of technological innovation;: .In the present:
state of our knowledge, :it is not possible to say whether the flow. of - -1 .-
" good scientists and engineers into United Kingdom-indusiry is high or !
low compared to that in other countries, Contrary to what is:sometithes -
believed, nothing proves that the proportion of U, 8, scientists joining . -
industry is much higher;: -Unfortunately, no U, 8, flow:data-on this ...
subject are available, but some stock data are quite suggestive: the

NSF has. estimated that, in.1968; -about 60% of all: Ph, D's :in science and
engineering were employed by universities, 25% by industry and 13% by -
government (155), . Neverthelegs, some experts believe, 'on the basis. :

of personal experience,that -good scientists: find their way to industry..
more easily in some OECD countries ~ for, example, in the United

-Btates or.in Germany = than:in others, - This is a popular explanation =:

of some aspects of the United States' performance in industrial techn'ol:—- -
ogy..But there is no sohd stat1stlca1 basis:to support thig-view,:

164, How 1mportant is: the consultmg of umversvty sc1ent1sts by mdus- =
‘try in different OECD countries? - Here.again, there:is much opinion;:+
but-only few data are available, ' For examplg, ‘well informed people-say
-that it Germany few important university sclentists or technologists are
without some industrial contact, In the United States, outside consulting
by univergity teachers has been accepted as a public service, sometimes
even as a -function ofuniversities, ~In:' 1963, 54 American universities ~
~-including all:leading institutions - answered a questionnaireregarding:
their policy towards faculty consulting (126), - It appeared that faculty.
consulting increased during the years before 1963, All 54 universities -
. permit their faculty members cutside consulting, - Twenty-onhe out:af -
54 upiversities permit their members the use of university space for -
outside eonsulting,. 18 universities permit the use:of university. equip-:
-went, 28 accept leave of absence, and 20 umvers1t1es permlt the ut111sa— ‘
-tion of g‘raduate students for consultmg purposes : L v

165, However, mdustrlal consultmg by umverszty staff is a.lso Wldely

.practised in the United Kingdom. . Eighty-two percent of firms respond-
‘ing to a recent survey.employed university: consultants, over half.of whom :
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' agreements with consultants for occasional, one-day meetings, whilst

- 36% employed specialists for regular congultation in specific fields.
Furthermore, most universities allowed stalf to take an outside consul-
o taney for at least 10% oE the1r tlme, but rarely for more than 20%.

166, In this respect it is very 1nterest1ng to come back to the hlgh
correlation between the mumber of science Nobel prize winners and -
technological performance of OECD countries, In fact, the personal
links between Nobel prize winners and technologically successful indus-
tries might add a second and more direct explanatlon of the close rela-
tion between the two in addition to the general links between nat1ona.1
sclentific and'technological capabilities mentioned above, It is not
secret that some Nobel prizé winhners performed the bulk of their re-
gsearch work in or for industry, or at least in close collaboration with
industry, Unfortunately, no internationally comparative statistics on
this are yet available, . But on the basis of a few checks, one can.tenta-
tively suggest that in countries which excel in industrial innovation,
Nobel prize winners tend to work nearer to industry than in countries
with a smaller performance in industrial innovation,:. Since 1943, -for
example, Switzerland has received the same number of science Nobel
prizes as France, although her population is only a tenth of that of
Fren_ce, Switzerland's performance in technological innovation is rel~-
ativ,ely higher than the French performance, and some of the four Swiss
Nobel prize winners are known to have done their research in-or for in-
dustry -~ which cannot be said of their French colleagues, Thus, the -
collaboration of first class scientisis adds to industry's innovative
capability, The latter in turn helps industry - in financial and substan-
tive terms - fo atfract first class sclent1sts.. :

_ ,167 Fmally, another method of knowledge transfer from university to
industry which has received publieity in recent years-is the ”smentlfm
entrepreneur', the university scientist who commercially exploits h1s
knowledge by creating a science-based firm, -But the discussion in' -

. Part IL of this report suggests that relatively few of these scientific

" entrepreneurs come directly from university; most were already from
. other. industrial or government laboratories, Therefore, the knowledge
transfer from university to industry through this method may be less -
important than was generally believed, Of course, this does not mean
that this method of knowledge transfer should not be: encouraged qulte
the contrary. : N

168_. In conclusioh-_ it should be noted that all the modes of —knowledge—
transfer described above border on a problem that has not been mention--
ed thus far, Knowledge does not flow free of charge, Getting it requires
some effort and, in this context, it is worth citing one of the conclusions
of the recent U, K, survey of university/industry relations:
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+ establish links between university and industry. ... The major difficul-
ty in the way of closer collaboration 1s lack of mutual understanding and
apbreciation, and this was seen not only as a eriticism of the opposite
gide, but as something in which personal failure had to be acknowledged,
coe Essentlally the main bar to improving collaboration is lack of time

on both sides which can be devoted to all the various worthwhile activities
which will improve mutual understandmg, and most of which: have a pay—- -
off in the Iong term L (154) e :

Industry must be more than a passive recelver of university know-
ledge. It must and can create an efficient and complex network of in-'
fluences stretching out into the university, These influences, which
will not be discussed, are in some respect the "counter flows" to the |
knowledge transfer process descr1bed above. : ;

CA, 3.7- Iﬁdﬁstry’s Influence on Universitz Research and Training

169, - Until recently, most OECD work on fundamental research has
concenfrated on the.internal workings of the fundamental research sys~ -
tem. and the consequences of this system on other parts of society,
Little is known about the ways through which external, especially eoo—
nomie,. factors have influenced this fundamental résearch systein,” :
However, the facts which are known suffice for a coherent working -

. hypothesis.- To outline this, one should take up again briefly the argu- .
ment pursued through the preceding sections, First, statistical analyms
suggests that national scientific and national technological capabilities
are.correlated, Second, the investigation of five important industrial
innovations (TRACES) suggests that this correlation has most probably.
resulted from direct links between university seience and industrial . .
technology. -The present chapter suggests that in a fram:ework of inter~:
national -or national economic competition, it-is the demand of industrial
technology which tends to influence strongly the production, structure
and flows of university knowledge, This includes fundamental science,
which does not necessarily contradict the results of TRACES, according
1o which 76% ol all R and.D events in five innovations were due to '"non-
migsion research”, . In fact, there is no "objective” border betwesn fun-
damental and applied science or between mission and non-mission re~ .
search, The differentiation makes sense only with regard to the motlves
and immediate tagks of the individual scientist or the research groups j
involved, and these motives and tasks can be indifferent to the overall’
direction and tendencies of university science in a given country, More- -
over, the motives of those who organise and finence reséarch can be '
very different - for example, much more "practical ~ than the motlves
of the seientists who. perform it,. perhaps without any application in
::m_md _.The authors of TRACES were aware of this difference,” They ™
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technical content and motlvatlon, mdependent of the orgamsatlon in
which they occurred. '’

170,  However; the university as a national "organisation" trains -

" geientists who have to find employment.- Obviously; this mere fact
places industry in aposition of influence, if not power, atleast over a
long time-period., Industry being an important employer of science and
technology graduates in QECD countries, it is today widely accepted
that universities should he responsive to industrial manpower require-
ments,  Since university training is more often than not linked today to.
university research, any change.in the one is likely after some time to
bring about changes in the other as well. Hence, industrial require-
ments doaffect not only the patterns of university training,;. but the pat~
terns of research too,; It -would be interesting to know how much the :- .
numerous changes in science curricula and university research pro-
grammes of the past-have been due to changing industrial requirements.
rather than to any independent dynamics of the development of know-..
ledge.

171, . Naturally, there are national differences in the way industrial-
technology-is linked to.fundamental science, . Joseph Ben-David called
some national types of university organisation - for example, the
United States type - "entrepreneurial’, stressing that they are more
flexible and more responsive to industrial needs than other forms of
scientific organisation (127),. However, it it doubtful whether differences
of national university traditions alone are sufficient to explain the large
national variations which exist in scientific excellence and in the qual- .
ity and strength of industry-university links, Such an explanation should
perhaps be complemented by a differentiation of national industrial .
. systems, for there are entrepreneurial and less entrepreneurial indus-
trial traditions as well, 'To stimulate science and to create successful
" industry-university links requires an entrepreneurial industrial attitude
at Ieast as much as an entrepreneurlal umversny attitude,

172 : But ﬂllS is not necessarﬂy true in all cases,: For example, it.has
been mentioned above that, during the first decades. of this century,
Germany. was a leading scientific and technological power, At the same
time, her university traditions were said to be rigid and not entrepres-:
neurial {127), But between 1901 and 1939, Germany, with about 70
million inhabitants, received 36 science Nobel prizes, compared to 49
prizes accruing to the United Kingdom, France and the United States
taken together, These three countries together had a population of
about 230 million and university systems which, except for France,
were supposedly less r1g1d Did the intrinsic quality of their scientists,
or the general prestige of science in the1r countmes lag behmd those of
Germany? 'This is not likely. '
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173, It is difficult to find a better explanation ior The reiatlve excelence
of German science than the needs of industrial technology, ‘although this: =
is probably not the only explanation, * If technological needs were so0- -
much higher in Germany, it was because Germany felt heavily the. pres-
sure of international economic competition, Similar arguments would =
be valid for Switzerland:and Holland, which are secientifically and tech~ .
nologically relatively-strong countries, and Whlch have competed for a '
long time in mternatmnal markets, e :

174, - What are. the ways in- which industr-ial demands on the university’
system are articulated?  The dearth of relevant statistics is:again quite .
acute, Only the.United Kingdom has so far done a détailed survey .(154).
Perhaps this is not-entirely fortuitous., Industry and university in some
countries treat this problem discreetly, due maybe to the reverence i
which university independence is still held, Hence, the following re- -
marks do not claim to be'a comprehensive picture of industrial:influence .
on universily systems in the OECD area. They are, at best, pieces of
a puzzle the greater: part-of which has still to be assembled, B

175, There are many direct and indirect methods of influencing the
universities for the benefit of industrial technology, - A full integration

of national industry and university systems might at first sight seem

the most effective way of putting fundamental science into industrial _
service, - - Although this:will not happen on a large scale, isolated cases -
of close integration of industry and university do exist, Some big . =
American firms are known to-finance some of the smaller; less famous
universities which probably:formulate their research and teachmg pro—
grammes in. accordance w1th the needs of the1r sponsors S

176, However, th1s is no real answer to mdustry s needs,- since these _
"gponsored" universities do not appear to attract many first-class scient- -
ists. 'This is one conclusion that can be drawn from a.recent study on’i
ten important civil innovations in the electrical, electronics:and chemical
fields, and which have been developed in General Electric's laboratories
in the United States (128). The key personnel who carried out the R and:

D leading to those ten.innovations were 57 .gcientists and engineers of all
ages-and disciplines; «Four of them came from abroad; of the remaining
53, only five graduated from the university which seems to have special
links to General Electiric,. Evidently, technologicallyleading firms.
cannot rely on a-strategy of-full control 'of one university; . they must

* Germany durmg that period proflted from a cons1darable "bramdraln It was.
the “catchment area" of many of the most brilliant Central and East Euxopean scientists, which
might somewhat redue the value of the populatmn cornpanson mth France the Umted e
Kingdom and the U.S.4. : = : S
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1y 0 gel IIrsi-class Sclentists, wherever they are coming from.
Therefore, full control is a relatively irrelevant form of- industrial in--
fluence in the university system. !The permeation of academic policy
by business principles is a matter of more or less not of absolute,
dommance " (129) : S e :

177. It is more promising to look for patterns of partial financing by -
industry and hence, partial influence on universities, One might sup-
pose that the direct relevance of university science to industry would
be visible in the patterns of university financing, at least in highly in-
dustrialised countries. However, thig is not the cage. Direet indus-
trial contributions to university research are insignificant in the OECD-
area. They amount to 1, 5% in the United States, 3, 9% in the United - -
Kingdom and 0. 7% in France, -The relatively highest contributions of
industry to national university budgets are to be found in Spain (6. 8%)
ahd Ireland (5.1%) (130), Of course, this does not méan that in Spain -
and Treland, university science is more relevant to industry than in, - -
say, the United States. It seems rather to indicate that in technological-
1y less developed: countries such-ag those mentioned, industry is less
capable in terms of scientific manpower andlaboratoriesof carrying out
the research that it needs, and that university research is 1nadequate1y
supported so that mdustrlal contracts are eagerly accepted S

178, However, a much more mg‘mf,mant plcture of industry mfluences
appears as soon as financial data become more precige and detailed,

In the United Kingdom,; industry seems to have an important influence -
on‘the direction of post-graduate research and training, since 20% of -
all funds for post~graduate 'research and 12% of the funds for training -
come from industry, contributions being higher in technology than in -~
science; and higher in chemistry than in other sciences (125), This is
certainly a more relevant figure than the 3, 9% of all university funds
in the United Kingdom contributed by industry. A closer look reveals
that in many industrialised QECD countries, industry contribuies con-:
siderably - not to the financing of the national university system, bhut

to the financing of selected university departments, chairs and research
ingtitutions, ' Cases of open financial support for clearly defined univer-
gity purposes have been reported from the big science-based companies
of many couniries, for example, the Netherlands, Germany, “Htaly,”
Switzerland, the United States. In many of these cases; it appears that
industrial wishes are-easier to articulate and to satisfy within relatively
small regional groupings, because a political, economic and even per-
sonal framework for intimate co~-operation between industry, university
and government often already exists or can be easily créated,” For = -
example, contributions of the four big Swiss pharmaceutical companies
(all being located in the canton of Bagle) to the University of Basle have
a touch of lacal patriotism which both partners tend to cultivate,
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1ty, 'l'here.are, in addition, more.subtle and irdirect ways by which.: .
industry influences university research programmes, - Through consult-
ing with industry, university. staff may be influenced in their choice of.:
research topics: in the U.XK, survey already mentioned, industry es~.: .
timated that 17% of university consultants were influenced "significant-:
1y"" in this respect, and 44% "marginally' (154), In addition, when in-
dustrialists join uni\fersities on & full-time or part~time bagis, their -
research interests and preoccupation are bound to reflect.to some ex-. . -
tent at least their previous industrial experience: the game U, K. sur~; 5
vey found that 45%. of university staff had had at least one year of post-
graduate experience, * and such university/industry links are.also said.
to he very close in the Netherlands, The pattern of university research -
is also influenced by the use df- industrial lecturers in the universities -
(especially at post-graduate level), and by students doing their Ph.D's

in collaboration with industry. It would be useful to have data on the in-
tensity of such links for a number of countries in addltlon to the United .
Klngdom. - : . : :

180 Fur_thermore, in some countries, people who are.in indusiry or
who are at least well aware of industrial needs, play an important role
in the conduct of the universities, -For example, the 2,100 universities
and colleges of the United States are governed by boards of trustees.who

are often chosen for their fund-raising or managerial capacities, There-. -

fore, .an estimate that businessmen constitute 70% to 80% of the 30,000
trustees of the United States comes as no surprise (131). This is not to
say that American, trustees i't_m their universitieg for business interests.
But since American trustees are well informed of industrial research -
and manpower needs and of employment possibilities for graduates, it
can reasonably be suggested that Industrial viewpoints do have some. ..
influence on the formulation of wniversity policies, although .this in~ ¢
fluence should not be overestimated, :

181, Apart_ from these direct ways of influencing the university sys-." ‘
tem, there are methods which are leas dirvect, but not necessarily less
efficient,  Since governments are by far the biggest financial source

of all national university systems, government support which takes
industrial interests info account represents the most important "mchrect”
1nf1uence. which industry can hope. to. exert on the university system. , ..
Thus in some countries, Switzerland for example, the competent polit~
ical authorities see.to it that industry is represented on the university
governing hoards or on the consul’cing bodies which deliberate on uni-: -
versity policy, whilst at the same time respectmg the essential t‘reedom :
of unwermty research and teaching, . o :

# * Less than 25% in bio-sciences; between 25 and 35%. in chemistiy, geology,.
mathematics, pharmacology and physics; nearly all in engineering.
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organlsatlon of umversny training and research is so scattered that it~
does not yet lead to a complete picture for any single country, - But it .
is certainly consistent with our main working hypothesis, namely, that
first-clags industrial technology has hecome one of the main stlmull of
f1rst-c1ass university science. : -

B. TWO.GENERAL CHARACTERISTICS OF EFFECTIVE
UNNERSIT Y/ INDUSTRY CO—OPERATION o

183, Thus far, two 1mportant characterlstms of the umversrcy indus~
try relations have not been discussed in great detail, Theé first charac-
teristic is the uncertainty associated with scientific development and
application, and the consequent need for a framework facilitating flex1b1e
pluralistic and _contmumg communication between the universities and
industry. The second characteristic is the "person embodied' nature
of flows of information between university and industry, and the conse-
quently strong, regional link between strengths of scientific and techno-
logical capabilities, Each will now be discussed in turn, '

B. 1. Fundamental Research in Industry

184, A recent art1cle reviewing the numerous case stud1es of innova- -
tion wh1ch have been ma.de in the U, 8. A.. concluded. as foliows

- innovation typlcally depends on mformatlon for whlch the
requirement cannot be anticipated in definitive terms and
therefore cannot be programmed in advance; instead, key
information is often provided through unrelated research,

The process is facilitated by a great deal of freedom and
ﬂex1b111ty in communication across orgamzatlonal geogra—
phlcal and chsc1p11nary lines; '

- the function of basic research in the innovation process can
oftén be described as meaningful dialogue between the scien-.
tific and the technological communities, - The entrepreneurs
for the innovation process usually belong to the latter sector,.
while the persons intimately familiay with the neécessary -
scientific understanding are often part of the former (48),

185, How do the universities and industry in the industrially advanced
countries adapt to uncertainty and the requirements of meaningful dialogue ?
It is reasonable to argue that an effective interface is no doubt created

by the existence, on the one hand, of "humdamental" research in indus-

try, which loocks not only into the firm towards application, but also out-
wards towards the universities and standards of academic excellence,
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attaing standards. of academic. excellence but which, also looks- towards
application, With all their limitations,: available R.and D statistics glve
some 1nterestmg clues as to.the nature of.this interface.

1886, Table 10 shows that, in the 1ndustr1a11y advanced colmtrles fun-
damental research performed by industry accounts for more than a
quarter of all fundamental regearch in all countries with strong innova~
tive performance and, for more than 4% of industrial R and D, most of
this fundamental research ig-concentrated in the chemical and electrical
industries. The apparently small figure of 4% of industrial R and D
should not blind one to the fact that this involves considerable sums of
money . for some countrles. I the U, 8, A, for example, industrial fun—
damental research expenditures approach $ 600 million, which is too
high a sum to be spent for prestige reasons alone, And the quality of
industrial fundarentsl research appears to be high: the results of '
TRACES show that 1ndustry was responsible for 14% of non—mlssmn o
oriented events (i. e. fundamental research events), Indeed, such hlgh’
standards appear to be the prlce oE the entrance tlcket to the academlc
sciénce club, :

187, Table 10 also shows that university applied research i advanced
.Member countries accounts for between 16 and 46% of :all university re-
search, These figures must be interpreted with caution, since theyare
very sensitive 1o the place of performance and the definition given to. - :
medical research, and to certain "fringe" institutions, Nonetheless,

it is tempting to relate the relatively low levels of applied university
research in France and the United ngdom to often-voiced crltlclsms
that the academm commumty does not take suff101ent 1nterest in indus-
trial problems ]

188, But it may be mistaken to put too muich emphasis on the impor-
tance of applied research’in the umversmes Table 11 shows that the
ratio of industrial fundamental research to umversﬂy apphed research
tends to be higher in-countries with higher levels of technological develop~
ment - a tendency confirmed in Table 12 which shows thai the same

ratio has been increasing:over time in the U, 8, A, . /Thig suggests that

the key component in the industry/university. interface ig.the recognition
by industry of the potential contribution-of fundamental science to indus-~
trial innovation, rather than the performance of "applied" research in

the unlversatles

' B.2. P’ér'soﬁ-tb-péfsbn' Contacts

189, The ex1stence of the mterface between university and 1ndust1'y
does not m 1tse1f explam the strong regmnal 11nks between scnentlhc
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APPLIED RESEARCH IN NINE OECD COUNTRIES (1863-1864).

FUNDAMENTAL RESEARCH

@ B ROt

* IN THE BUSINESS

. APPLIED RESEARCH
DEVELCPMENT

3

- FUNDAMENTAL RESEARCH

IH THE BUSINESS

ENTERPRISE SECTOR . I UNIVERSITY .* ;ENTERPRISE SECTOR. -
AS % OF ALLRAND D ‘AS % OF ALLR AND D " AS%OFALL
IN BUSINESS ENTERPRISE IN UNIVERSITY FUNDAMENTAL RESEARCH -

AuStria s.iiinnesans %8 46,3 27.8
Belgium. . ..cerseies L] 37.8° 32,4
Canada. seecvvannsn. 5.8 - -

“France . . 4,0 14,1 10,2

Ttaly. . 4.8 40, 2 3.6
Netherlands 1%.0 AKLD /38,9

NOEWAY 4vrvans, 4,2 31,2 10,5

United Kingdom 4,8 15,5 24,3

United States ...... 4,2 37,1 26,2

SQURCE; Internatfonal Statfstical Year for R and D, Paris, 1968, vel. 2.
Gaps tn Techrologys Analytical Report, OECD, Paris, 1970,

Table 11,

FUNDAMENTAL RESEARCH IN THE BUSINESS ENTERPRISE

SECTOR AS A PERCENTAGE OF APPLIED R AND D IN:THE HIGEER

EDUCATION SECTOR, 1963-1964

Austriat e e eees

. Belgium

France

. Ireland

Ialy

Netherlands

Norway
Spain

TUnited States

teseesiear
.llllllIllv!lll..-llllllllll
artererssereraisnarrasnanan
Gervricetanns
vensaas
raervaaratian
Heeraranvesrttrernatrraa

“ United Kingdom .,

LR TR TR T R P

SOURCE: See Reference 130,

Table 12. FUNDAMENTAL RESEARCH IN THE BUSINESS ENTERPRISE
SECTOR AS A PERCENTAGE OF APPLIED R AND D IN THE HIGHER
EDUCATION SECTOR IN THE USA ’

1954
1955
1956
.. 1957
1958

97.0
106, 4
130,4
139,7
146,0

1959
1960
1961
1962
1963
- 1964

R N R I T L T
N L L

Asasmssaeras s rnaanstansLgun

P T L L

149. 5
161, 0

147.4 -

168.3
161.6
164, 4

SOURCE: Scientific Activities atUniversities and Colleges, NSF, Washington, 1368, together with Ref, 130, .
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mental research results are available to anyone who can use them, ir-
respective of where they were discovered. “Why, then, this close re--
gional relationship? The fundamental reason would appear to be that
knowledge gets transferred,. and needs defined, through person-to-per-
son contacts, which tend to take place within rather than across national
boundaries. : :

190, Hindsight reveals the critical importance of informal person-to-:
person communication (18), Table 13 illustrates that personal contacts,
although important in all R and D activities investigated by Hindsight, .
were higher In technology than in science, However, even of the scient- -
ific "events' in the 20 weapon systems, 45% became known to the re-
sponsible scientists through personal contacts with other scientists. In
applied science and development, informal personal contacts were the
dominant way of knowledge transfer. One could reply to this that it was
mainly the secrecy surrvounding 211 weapon developments which explains
why the R and D structure in this case was based upon oral communica-
tions, Therefore, it is important to.note that other studies confirmed
the results of Hindsight for civil mnovatlons (48) '

Table 13,

METHOD OF KNOWLEDGE TRANSFER
OF R AND b EVENTS LEADING TO THE 20 WEAPONS: SYSTEMS
. Percentages
MODE OF | ' 1
TRANSFER | PpERsOwA], (FUBLICATION| SEMINAR -
CONTACT OR _OR TOTAL
CATEGORY _ REPQRT | SYMPOSIUM . . ‘
Science 45 53 2 -~ 100
Technology
g} New Matemals
Concepts,
Functiong -~ G4 - 33 "3 100
b} Design L
Technigue 79 21 0 100
¢) Manufacturing o
Techniques 77 23 0. 100

SOURCE: See Reference 18,
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from which it appears that personal contact between scientists and en-.
gineers (methods 2 and 3) is the method most often used to transfer
knowledge, being found in about 80% of the observed cases, The two
more clagsical methods of transfer seem to be much less important,
Transfer by reading and studying (method 1) is certainly less efficient,
whereag transfer through a few brilliant individuals (method 4) is perhaps
not less efficient, but less widespread: the inventor who combines wide
scientific and engineering competences seems to be relatively rare,

192, However, economic and military competition, although most
prominent in egtablishing personal interaction hetween scientists and
technologists, is not the only precondition of such interaction, There
are other factors which can promote or hinder person-to-person commu~
nication, The prominence of personal contacts during the development
of Hindsight innovations appears in a new light, if it is related to a sec-
ond leading characteristic of the Hindsight scientists and engineers:
their professional and educational similarity.

193, In fact, the educational level of most Hindsight performers was
exceptionally high, since 890% of them were university graduates (10, 5%
Ph,D's; 22.5% M, S's; 57.0% B.S's). A large proportion of them grad-
uated at the twenty or thirty leading universities of the United States
which had strong links with the Department of Defense and which receive
a large part of all government funds for research. Ninety-gix percent
of all involved scientists and engineers graduated in subjects which
were already closely related to their later professional work in defence
innmovation and many were associated with university professors who
performed defence research, Moreover, their age distribution was
very similar; most of them were at the time of their main contribution
to Hindsight innovations between thirty and forty years old, and many
had left the university eight to ten years before this, . The pattern
emerging from these observations ""seems to describe a very sophisti-
cated guild. The value of the guild relationship in the transfer of technol—
ogy was demonstrated over 200 years ago. " (18)

194. Again, additional studies indicate that, at least in the United
States, the value of the guild relationship based upon graduation in one
of the few leading universities is not limited to military innovations,
The study already mentioned on ten sucecessful innovations of General
Electric (128) reveals that 33 out of the 57 involved scientists and en- .
gineers - 53.of them American trained -~ graduated at the following

. thirteen universities: '
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 SCIENTISTS AND TECHNOLOGISTS ACCORDING TO THREE
_ STUDIES ON CIVIL INNOVATIONS .IN THE USA. .

METHOD OF
KNOWLEDGE TRANSFER

'NUMBER OF EVENTS ACCORDING TO . -,

(1)
SUITS/

_BUECHE

(2)
FREY/

(3}

soLoya, | TANENPAUM

mdiréct “ _
(No direct dialogue between

originators and users of new
scientific knowledge)

25

Passive Availability -

(Scientists take no initiative to
stimulate dialogues, but are
open to approach by technol-
ogists seeking their advice)

28

17

43

Direct. Participation

" (Two-way partnership between
" scientists and fechnologists in
jointworkshop groups or inter-|

digeiplinary project teams)

38

18

;.40

"Gatekeeper" Approach
(Couplmé by dlréét action
through "'Gatekeepers': a few

. gifted, very competent scien-
tists 1nterested in practical

apphc_a.tlon of science) .

14

SOURCE: See Reference 48,
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Cahforma Institute of Technology RN
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Cornell University R T T IPP AN
University of Wisconsin .......o0vvveiaee
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_' Un1ver51ty of Mlchlgan . ) . ere

- Stanford University . it .iveviae s doens

University of CRICAZO . nvuusesesessseness

R S I O - N P NI

Columbia University cenes e erenens

195, Thus, more than 60% of all the American trained performers
came from a féw "centres of excellence' which all belong to the top
universities of the United States in terms of Ph, D, trammg and in terms
of government-financed R and D-programmes. - Furthermore it. appears
that these thirteen top universities are training only approximately 30%
of all American Ph,D's, This suggests that first-class civil technologies
require - just as military technclogies in the Hindsight case = a more.:
than proportionately high number- of the best available brains, It is not:
unlikely that some of these scientists and engineers knew each other, or
were known to the same professors even before entering General Electric,
In this respect, it is revealing to see in Table 15-the high concentration
of research and: Ph, D, training in:a few American universities, . Natural-
ly, “such a condeéntration of first-class research; first-class training and
' government relations in.a few places greatly. famhtated the: creatlon of
”guﬂd" system w1th close personal contacts e

196, Several oonclusmns emerge from th1s. F-irst, : the- importance of:
person~to~person contacts in the transfer of knowledge towards applica-
tion, together with the guild-like nature of these contacts, help explain
*‘the cloge relationiships between -scientific and technological .capabilities.
at the regional level; ' Until now, such person-to-person contacts have -
tended to take place within a national framework for reasons oef geograph~
ical proximity, ‘language and = most important ~:the largely national
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AND TRAINING OF Ph,D's IN UNITED STATES UNIVERSITIES

There are in the United States approximately::.
2,100 universities and colleges, Of these, .

100 perform more, than 93%.of all universityfR.-and D
21 perform more than 54% of 2ll university R and D
10 perform more than 38% of all university R and D

" (Figures for 1964)

100 receive 88, 7% of all federal R and D funds and tram 90 7%
50 receive 69, 9% of all federal R and Dfunds and tram 69, 2%
20 receive 45, 4% of all federal R and D funds and train 42, 8%
10 receive 29, 8% of all federal R and D funds and tram 25 3%

of all Ph D'

{Figures-for R and D funds refer to-1966,
PH, D, figures to 1964-1965)

SOURCE: Fmancelnent et exécutmn de la recherche fondamentale dans les pays Membres de
" I'OCDE; Document DAS/SPR/69,19, 14 awil 1089; Reference 18,

bagis of "guild'-forming inst;itutions, ‘namely the universities, Region-
al links between science and technology are likely to exist as long as. .,
these are the main charactemstms of the information transfer process,

197.- ThlS is not to say that all 301ent1f1c and technologmal mformatlon
flows are nationally based, On the contrary, there are diverse and very
-well developed mechanisms for-international knowledge flows amongst. |

scientists and amongst technologists, However, knowledge flows between
scientists and technologists seem to be funnelled mainly on.a national
basis. The one institution tending to break this national framework is
the multinational firm which. established R and D.laboratories, or scien-
tific links, in:a number-of countries, :

198.* Second,‘ the backbone of U. S.; _university_—-indns_tr-y relations appears
to be excellence:~ or, better, the organisation af excellence in about ..
- twenty leading universities. : The university professors who.carry out.
the relevant research and graduate training in those twenty universities,:
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key figures in this 1"gu'ilcli_” or élite system. They are the most powerful
professional group in the effective coupling of science and technology for
both civil and military innovations. It would be very important to know
to what degree similar patterns exist in other countries. There are
indications that this is indeed the cage in European countries as well,
but the ava11ab1e data do not suffice to affirm this in a definite way.

199, Finally, it is clear that, given the importance of person-to-person
contacts, a variety of sociological barriers can hinder effective univer-
s1ty/ mdustry relations, Educational systems in which the training of
university scientists is rigidly separated, differences in social status
between careers in industry and in the universities; ideological differences
between industry and the universities, and excessive juridical and ad-
ministrative regulation can all make the achievement of effective uni-
versity/industry relations partlcularly dlffwult And although no detail-
ed and comprehensive evidence is available on such factors for a wide
number-of countries, one can think of Sp@lelC countries in which they
are especlally 1mportant : .

C. CONCLUSIONS AND IMPLICATIONS FOR POLICY

C.1., The Functions of a National Capability in Fundamental Research

- 200, The coneclusions of this part of the report can be only tentative
because they are based on insufficient empirical evidence,  Nonetheless,
such ev1dence as does exist is consistent with what follows

o= Fundamen’ral research is an. essentlal mput mto mnovahon be—-
cause it enlargee the general pool of knowledge from which .-
innovations draw (often in an unpredicted or unpredictable man-
ner), and because it helps solve problems raised by more ap-
plied, . innovation-oriented research. » ‘

- The close links observed between national strength in funda-
mental research and national performance in technological inno-~
vation exist because knowledge flows and the definition of needs
between science and technology are largely "person embodied':
that is, they happen through people talking together frequently
or through people moving from one institution to another,’ These
contacts and movements have tended to take place mthm rather
than across nat1ona1 boundanes '

- Although results: of the world's fundamental research may be a
"'free good", their effective identification, assimilation and:
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a cost ‘In partmular the assimilation of the results of Eorelgn
o sclence requ1res an 1nd1genous fundamental research capabll- '
' ity,. and the transfer of knowledge between fundamental sc1ence
N and technologmal apphcatlon requlres actnre efforts by both
o 1ndustry and the unlversmes

201, Thus, national capabilities in technologiczl innovatlon must be
- matched by eqlnvalent capabllltles in unwersny 1‘eeearch -which:

,‘_ - may lead to smentu‘lc dlSCOVeI‘leS which eventu 'lly become
L 1mportant 1nputs 1nto technologlcal 1nno'.rat1on, o

ereate an awareness and a capacity for assnmﬂatmn of Sscien- .
t1f1c: dlscoverles made elsewhere in:the. world TR

-1 transmlt knowledge to mdustry through the teachmg process:‘
_ 'and a Var1ety of others, L N

" —. enrich the guality of applled resea;t'ch and help in the Solut1on
of problems raised by applied research:- Plmlan o

- provide skills and resources for the performa.nce of applied
research and development,
At the same time; national capabilities! in technological innova-
tion influence the pattern and strength of fundamental research through -

the demands 1t mduces for more knowledge and skllls from the unlver—
sities,’ .

c.2. C,anling_andaniental.Reeeareh to Mdustrial mnovation

202, Of course, governments finance fundamental résearch for pur-
poses. other:than the promotion of technological innovation, - Yet, insofar
as thig is one of the reasons for supporting fundamental research, it
must be recognised that national fundamental research capabilities and
national innovative capabilities form part.of the:same national system,
so that policies related to them cannot -be entirely divorced, :the one
from the other, This is a fine sounding concept, but what does it mean-
in practlce‘? Here we can only ralse some questlone rather than give
_icomprehenswe answers

203, leen that flmdamental researoh does have zn 1mpact on technolo—
_glcal 1nnovat1on one unmed1ate reactmn - espec1ally in times of budget-
ary constralnt and of fashlons ni "advanced" manacrement techmqnes -
might be to ‘attempt to calculate the economlc return from past national
fundamental research efforts as a gulde to future levels of funding, How-—
ever,. as a'recent Britigh publication shows, a-formidable amount of '
data ‘collection:. would need to be:done:before one could: calculate returns
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1y based figure, its application in determining future levels of funding
would cause problems; as has been pointed out in Part II, conventional
methods of calculating economic returns are blunt instruments {o apply
to an activity whose economic pay-off is as long term, diffuse and un-
certain as fundamental research, Thus, the use of this technique is ..
probably not:for the present, but advances in the management-of R. and
D may eventually lead to some sort of application in the future,

204, :Another approach suggested on the basis of the f1ndmgs of the -
TRACES study ‘might be:

an ana_lysis of needed inngvations to determine theirlcharaeteristu
ies can help to identify key blocks of knowledge which might contribute
to innovation, Such analysis coupled with forecast techniques could aid
in recognising "breakthrough” barriers early, The history of magnetic
ferrites is interesting ... progress was limited by lack of detailed
understanding of the basic properties of ceramic materials, Studies in
crystal chemistry and in the electrical and magnetic properties of a num-
ber of materials provided the knowledge which unlocked the barmers to
successful appheatlon. " {13)

205, I—Iowever this suggestlon is made on the basis of a study of five
innovations, and its application to the totahty of government 5. fundamen-
tal research efforts would pose many difficulties, It would require con-
siderable resources for planning and forecasting; it could lead to rigid-
ities in funding in an area of great uncertainty; and, very often, the
needs for innovation cannot be defined by government, but only by in-
dustry. Nonetheless governments can take broader and more flexible
measures to orient fundamental research towards 1nnovat1on, for exam-
ple, through influencing the output of higher education - and therefore
the related fundamental research - in relation to industry's .needs, or

by orienting research and training grants towards broad areas of interest
to industry,

206, But it must ultimately be recognised that, given the uncertainties
associated with fundamental research and technological inmovation, and
given the "person embodied" nature of the links established between the
two, the successful coupling between them (i, e, recognition of opportu-
nities, definition of needs, flow of information) ultimately requires con-
tinuing, personal and pluralistic collaboration between.the universities
and industry.” The views of both industry a.nd governmeut in the U.K,
survey confirm this need (154) :

207, But how can government help to meét it? Unfortunatelj, the

most spectacular and successful government action to this end may he
misleading, Governments have successiully brought together industry
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ment itself has been the main agent in the definition of technological
iargets and has distributed considerable funds fo universities and indus-
try to achieve them, Although this same method may be apphcable in:
other areas of direct government responsibility (e, g. education-, health,

public transportation), it is not necessarily relevant in the many sectors =

where technological targets are set by a myriad of industrial firms w1th—
in the framework of international economic competition,

208, In such sectors, the most important policy measures taken by
governments to heighten the requirement for close university/industry.
relations have been those related to increasing the pressures of indus-
trial competition and, thereby, the pressures on industrial firms fo
utilise more effectively knowledge and gkills emerging from the univer-
sities; it is no acmdent that concern about u.nlverSIty/ industry relations
has followed 1nternat10na1 economic liberalisation, In cases where
this requirement is hot being met in a satisfactory manner, government :
can have an important role to play as a catalyst or "impresario™ in
" creating the framework within' which regular contacts take place betWeen
university and industry, As we have seen, person—to—person contacts
are the essence of effective collaboration, This, government can en-
courage through a number of mechanisms, ranging from the financing
of "concerted actions' - in other words, research programmes which
university and industry undertake Jomtly, to the establishment of insti-
tutions or mechamsms through whlch seientists and engineers from the
universities and industry can meet ~ and have an incentive 1o’ meet -
continually and informally, The effectiveness of this latter method
should not perhaps be understimated, Studies undertaken in the U.S, A,
suggest that, within firms, and even within the same building, patterns
of personal communication depend very much on such mundane factors’
as geographical proximity, and that special efforts must be made to
create the requlred communication patterns

C,3. Centres of Excellence and Specialisation

209, Tt should be noted that, if the U, S, - experience is any guide,
university/industry relations would be more accurately described as
relations between industry and a relatively few centres of academic - .
excellence, The same may be true for other Member countries, but
insufficient empirical evidence is available to verify it, If-this has

been true in the past, it does not necessarily have to be true in future;:
But the established fact must certainly be borne in mind when consider-
ing future policies concerning "mass' higher education,

210, Furtherﬁlore,‘ 1t is w_orth speculating on one of‘th.e féctors .Wh.ich. -
will influence the emergence of centres of academic excellence in future,
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in technology will increase - a subjeet which will be taken up again in
Part IV, We bave also seen that the pace and direction of national tech~
nological efforts have an influence on the pace and direction of national
fundamental science, Does this mean that choice and priorities in fun-
damental research should or do reflect patterns of specialisation in -
technology? Of course, fundamental research is, in general, lesgs ex—
pensive than are technological activities, so that it ig possible at the
fundamental end of the spectrum to cover a wider field than in industrial
technology, Given the inherent uncertainties in the direction and poten~
tial applicability of scientific advance, this would probably be a wise
policy, Nonetheless, it is perhaps worth asking whether national "cen~
tres of excellence" in: science will increasingly reflect national "centres
of excellence' in technology; and whether scientific "centres of ex- ‘
cellence' should be concentrated in a few universities, or spread amongst
a great number according to discipline, given the growth of interdisci-
plinary research, :
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Part IV

GOVERNMENT






. A, THE ROLE OF GOVERNMENT

A,1, TIts Nature and Limitations

211, The reasons for government interest in the process of technological
innovation have alreadybeen set outat the beginning of this report, They
relate to the effective use of SCIeIltlflC and technologlca.l resources, in-
dustrial growth, 1nternat10na1 compet1t10n and - in a collective sense —
to laying the basis for long-term growth of the OECD area as a Whole.
Yet these 1eg1t1mate reasons for interest are not to be confused with
government's role in the 1mp1ementat10n of innovation, As we have

seen, the main agents for the creation, transfer and application of
scientific and technologlcal knowledge are industry and the universities,
Nonetheless, governments have a considerable ~ albeit often indirect -
influence on the process of technologmal innovation, From the formula-
tion of national objectives in such areas as education, industrial and
commercial policy and defence, down to relatively mundane matters such
-as régulation, government action has an important influence on the avail-
ability and flexibility of resources for innovation, on the demands for
new technology, and on the pressures, rewards and constraints on insti-
tutions and individuals engaged in various parts of the innovative process,
Thus, although governments often do not have legal or technical respon-
gibilities in many key parts of the innovative process, thelr actions (or
lack of them) have an’ 1mp0rtant 1n.E1uence upon 1t

A2, Its Ob]ectlves

212, Two factors comp11cate any government's attempt to formulate a
policy for technological innovation, First, many government measures
which impinge on the innovative process are not directly and primarily
concerned with its promeotion. Second, very little is known about the
effectiveness of government measures ~ both direct and indirect ~ in
improving the innovative procesg, Fortunately, Partg II and ITI of this.
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together with strength in technological immovation: strength in funda-
mental research coupled with a capability in industrial R and D, ovien-
tation towards competition in world markets, and flexible structures and
methods that ensure that multiple chanmels are kept open for the creation,
transfer and application of technology, These characteristics indicate

at least some of the objectives to aim for, The nub of the policy problem
is how to attain them, given that they are all part of an interrelated _
gystem, This report cannot pretend to solve this problem, Nor can it
suggest a neat, packaged policy for innovation that would be relevant and
applicable to all Member countries; differences in resources, objectives
and environments amongst countries make this impossible. It can only
try to identify and discuss some of the relevant policy areas - often ask-
“ing questions rather than answering them,

A3, The Need for Information S

213, However, in all Member countrles the effeetweness of any gov—.
ernment policy for teohnologlcal 1n.novat10n will depend in large part
on government's knowledge ‘of the strengths and Weaknesses of the na— '
tion's Amnovative efforts This in turn will depend on the degree of per—
sonal ‘and formal contacts between government ‘and the 501ent1f1c and
technologlcal communltles as welI as oh the qua.hty of statlstlcal in-
formation avallable on the natlon 8 sczentlflc, technologmal and innova-
tive efforts Science’ pohcy makers olearly have an 1mportant role to
play in fulfilling both of these reqmrements In many Member coun~.
tries, industrial smentlsts and englneers partlcrpate in advzsory bod1es
conoerned with science pollcy. And adm.lnlstrators responsible for
smence pohcy have played an 1mp0rtant role, not only in the collectlon
of R and D statistics, but also m collectlng data releva.nt to nat1ona,1
mnovatlve performance. oo o

B ' THE LEVEL ,AND DEPLOYM_EN_T
OF R AND D RESOURCES

214, Although - as has been stressed throughout this report - technol~
ogical innovation is:more'than R and D, -and although the role.of R and v .
D:in innovation has sometimes been overemphasised.in the past,: it:ig....

e

"% performaiice i world markets iii"product areas with rapld rates of- technologlcal
change, ‘monetary receipts and payments-for technology, patent.statistics, coupled with more
detailed analysis in specific sectors: see, for example, references 2, 52, 87, 88, 89,
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essential concern of science policy makers,

B,1, Industrial R and D

215, Table 16 shows the money spent on industrial R and D in thlrteen :
countries as 2 percentage of net industrial output at various periods -
during the 1960's: in other words, the proportion of industrial resources
dévoted to industrial R and D, With regard to R and D performed by in-~
dustry, there are wide variations amongst countries, -the proportion
being considerably higher in the U, S, A, than in other- Member countries,
However, this figure includes for some countries important sums of _
government~financed R and D, the primary purpose of which is often not”
the development of technology for sale in world markets, R and D
financed by industry is almost certainly more oriented towards the
objective of penetration of world markets, and here the variations . :
amongst countries are smaller, and the pattern very different, Iudeed
in relative terms, the industrial R and D efforts of Japan, the Nether- '.
lands and S\mtzerland were of the same order of magnltude as those of
the U, S, A :

216, With regard to trends in industry-financed R and D over time, = _
the time periods for which data are available are foo short to enable anyf
definite conclusmns to be drawn, Nonetheless, they do not lend com-
plete support o the hypothesis that countries with relatwely low levels '
of intensity of industrial R and D effort will tend to have rapid rates of -
increase, and vice versa, This may have been the case in Augtria,
France and Norway (countries where industry-financed R-and D is rela~.
tively low, :but increasing rapidly} and in the United Kingdom and the °
U, 5. A, (countries where industry-financed R and D is relatively high,
but stabiliging); but it does not appear to have been the case in Italy
(relatively low level and low rate of increase) or in Germany and the
Netherlands (relatively high levels and high rates of increase), '

B, 2. GOV_erﬁment Fihancéd Rand D

217. Governments can influence the pctentlal contmbutlon of natlonal .
R and D resoutrces to technolog'lcal innovation through the objectives it-

~ agsigns to the R and D that it finances, the strength of this 1nf1uence
depending, of course, on the proportion of government—-fmanced R and
D in the national total - a proportion that varies amongst Member coun—
tries from about one-third:to more than two-thirds, it has not been
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Table 16, EXPENDITURES ON INDUSTRIAL R AND D AT A PERCENTAGE OF NET INDUSTRTAL QUTPUT
' IN 13 MEMBER COUNTRIES

.;_'.'OﬁNT.RY-. R AND DPERFORMED N ‘INDUSTRY A_S A'PERCENTAGE . R AND DKF]NANCED N INDUSTRY AS A PERCENTJ’%G_E'
HOURE OF NET INDUSTRIAL OUTPUT - OF NET INDUSTRIAL OUTPUT
AUSHEIE 4 olvennennns | 0040 | (1963) o8 | e6e L 0.4 | 963 | o8 (1966)

Bel'gitlun‘.' cesieeienses 15 1o )._ o . n,a. i 15 ( 'f )”_- SR n.a.
Camada viveeieeeeee| L3O ("0 | Cne | asen | L1 | () | L3 (1967)
France 2.0 L (") [ 81 (v | | (v | s (")
German:y' 1.9 ‘(1964 | - 2i5 5 B SRLED S B N . (1964) e 2.1 ("
Ttaly ..... 0.9 963 [ 1o | (ny | o9 (1963) 10 (")
JAPAD  vererieineeen| 200 | (Mo | aesr/g | oze () a7 (1967/8)
Netherlands eieeeeee| 24| (1964 | 03,2 U (1sen ._; 23 “| qeeay | 3z (1967)
Norway eveeieesns| L0 (1963) | 1.4 (ny | Tes | (ees | 1.1 (")
Swoden - 2.4 | (969 | 2.4 (my | L8 | (o6 1.9 (")
Switzerland ......... Coma.  2s ol (v ma o | me | (m )
United Kingdam_ 3.2 _(19_'_64/5)". - 3,'3_ (1966/7) |- 2.0 (1964/5) 2.1 | (1966/7)
DS A eveiiieeewne| 7.0 oo 083 | 60 | (966 | 3.3 (1963) |z | asee

SOURCE: Internatjonal Statistical Year, QECD, Paris,




government R and D in the Member countries, Nonetheless, the exam-—
ple of the United Kingdom suggests that it is possible to achieve quiie
rapid changes in the balance of objectives towards which government-
financed R and D is mobilised, During the six-year period from.1961/2
to 1967/8, defence~oriented R and D increased (at current prices) at '
less than one per cent per year, and eivil R and D by nearly 13%, of :
which industry-oriented R and D by more than 19%, with the result that
civil R and D increased from about a third to a half of total government
commitment, and industry-oriented R and D from 11 to 23% (91).

218, Governments can also increase the coupling beiween R and D and
indugtrial needs through the influence that it has on the pattern of per-
formance of R and D, Tables 17 and 18 show that, in countries with a
relatively high level of R and D within government laboratories - Canada,
France, Norway and the United Kingdom - the relative importance of
such laboratories has tended to decrease over time, partly due to the
switching of government-financed R and D into industrial laboratories,
and - in Canada and the United Kingdom - to a relatively slow rate of -
increase in government R and D expenditures, This reflects the policy
judgment that R and D feeds industrial innovation more effectively if -
performed in or closely linked with the industrial sector itgelf., Only
in Germany, Italy and the U, S, A, has the proportion of R and D under-
taken in government laboratories mcreased but in Germany from a
very low initial level. :

919, However, Table 17 also shows that, in spite of these adjustments,
the patterns of performance of R and D in Member countries have chang-
ed relatively little in absolute terms ~ and this in spite of the relatively
rapid-growth rates of national R and D expenditures in many countries
(see Table 18), and in spite of the possibility - shown by the U, K, expe-
rience ~ of quite rapid shifts in the objectives of government financ- .

. edRand D, This suggests that any policy for the radical re-orientation
of patierns of national R and D pe_rformance must be conceived over a
time span of at least five years,

B.3, Policy Measures

220, In trying to improve the effectiveness of R and D in relation to
technological innovation, member governments' policies have often tend-
ed to concentrate on two areas: the reconversion of government labora-
tories and the encouragement of R and D within industrial firms. The
drawbacks of government laboratories need not be spelt out at length .
here. They relate essentially to the drawbacks associated with isolating
R and D tasks from changing requirements and opportunities, and from
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Table 17. 'TRENDS IN THE SECTORS OF PERFORMANCE OF R AND D IV

TWELVE COUNTRIES

SOURCE: International Statigtical Year for R and.D,-

‘1959 " 1960 1961 . 1962 1863 1964 1965 1966
3e jGov| Ep | o |8E|cov|ep | o | B2 |coviEd |0 |8 |cov| En | o | BE |coviEp | o [sE |cov|En ! o |sEGov|mp | © |BElcov| | 0
Austrin ‘ . . 1 iea| 9lzs| ‘2 ' 85|10 {25} -
- Belgium : N N w2116 | 1 T0(10 18 | 2 ]
Canada: ...iveneerrrariassiannnns wenvessrs 135150018 2 34|53 {13 ] ~ C a0 |44 [16] -[43 (30 |28 | - |42]|35 [22 ("1 [40(33 |24
France .ueeeeeensesssenns ’ - - 50./26 |13 | .1{49(37 (18] 1 |53|388 {13} 1 |54[84 f12.| -
~ Germany ... R |66 32011 . N N
Haly ..... : : Y62 8lae) - Sisejets0 ' |-
Japan ..... 64|13 19| 4 1.68| 16 | L7 : 2(67{15|27| 2 |64|15 |19 | 2 ;B4(14 [20 2i64[15 |20 2159|1524 | 2 {8113 |23 | 2
Netkerlands ' s ‘|56 | 32021 :
NOTWRY «ouus . "Is1le12s| 3 .
Sweden, ......l . o 67|15 |18 - -
Tuited Kingdom l - 84127 5} 4 . i 66125 | 7 2 69|22} 7, 2
Ho8 AL cuessusivasarmssnrssssrsaranasn 77| I3 81 2 |%7{13} 9 1|95} 13) 9 -3 {7313 |10 4 73|12 ;11 B3 [70|15 }12 3)70(15 112 |':3 |69 |15 [13-] 3
NOTE: BE = Business Enxea:pr:is; : ’
FD = Instimtes of Higher Education
0 = Other )
SOURCE: [ntexnational Statistical Year for R and D, OECD. Paris,
Table 18, RATES OF CHANGE OF FINANCING AND PERFORMING R AND D IN TWEL{TE COUNTRIES
SECTOR - PEMUENTAGE ANNUAL RATE OF CHANGE {CURRENT PRICES)
$OURCE OF FUNDS SECTOR OF PERFORMANCE TOTAL EXPENDITURE
COUNTRY AND PERIOD GOVERNMENT INDUSTRY GOVERMMENT - INDUSTRY ONNATICNALRANDD
Austria - 1963-66 vuviueriocrnaens a1 21 21
Belgium 1963-66 . A 13 11 13
Canads, 1959-66 . “as . 11-12 15 6-8 . 18 14
France 1963-66 .. . 20 20 16 23 .19
Germany 1964-67 . A 16 15 -26 14 14
Ttaly - -1963-65 . a 14 5 a8t 5 10
Japan 1959~66 ... . 21 17 18 17 19
- Norway - 1963-6T7 ... . 0. ierrs 20 17 10 . 18 17
- United Kingdom  1961/2-1966/7 ., 1 7 Ty e 8 [
U.S.A, 1960-66 4, uies.s . 8 8 -1l - 7 '8



have taken. a number of measures to overcome these Weaknesses includ-
ing - as we have seen - the transfer of capabilities to industry,, and also.
the carrymg out in government laboratories of research of direct interest
to indusiry: in the U.K, Nuclear Research Centre at Harwell, for exam-
ple, about 20% of the research at present being carried out there is in .
assocmtmn w1th mdustry (134). . : :

221, However, one might also ask if there are areas where govern—
‘ment research laboratories could provide iriputs into the process of tech—
nological innovation better” than other types of institutions, There miy,
for ‘example, be areas where many flrms would benefit from technolog-
ical adva.nce, but each to an extent 1neuff1clent to warrant mounting a-
research programme standards, - calibration, quahty control materlals
and process enginéering come to mind as possible examples, as'do areas
where government has a major role in defining technological require-~
ments (e, g. pubhc tranSportatmn ‘education, health, construction). ‘ But
whatever the' apprOprlate role of government lahoratories in the innova-
tion process; the importance of person—to person contdct and of the
" ‘movement of people for technological innovation means that close links -
between government laboratories and 1ndustr1a1 firms are essential, and
that all pose1b1e means should be taken to ensure the mob1l1ty of ‘seient-
ists and engmeers between government and mdustry Thm pomt w111 be
. taken U.p agaln later. '

222, Many member governments have also given loans - re1mbursab1e
in the case of commercial success - to industrial firms for the perfor—
mance of R'and D related to commercial, technological innovation, This
practice began afier the Second World War in'the airéraft and nuclear
industries and has been adopted over the past five years in a wider num~
ber of industries and countries (92), Loans glven by government for
industrial R and D have somet1mes been very successful in promoting
technological innovation (50, 92) When they have not, failure has often
resulted not so much from technical weaknesses as from inadequacies
in industrial structures of management, or from incorrect assessment
of a potentlal market or the lack of ablhty to penetrate it,

e :
s b R

223, ‘Some member governments have also employed a more indirect
method of encouragmg industrial R and D by according fiscal advartages

~ to firms' R and D expenchture. But information on the effects of these

“measures is available only for Canada "Here, fiscal measures 1ntroduced

in 1961 led to a ‘considerable increase in capltal expend.ltures on R and D,
some increage in current expendltures, and the 1n1t1at10n of R and D' by
flrms who had prevmusly had no RandD prograrnrnes. “But Canada

found that the programme was difficult to administer: firms with large
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nor did small or growing firms which were not in a profit-making po—-
sition: in 1963, only 44% of f1rms performmg R and D were able to -
clalm beneflts (93 94)

224, The lesson to be drawn from these government measures to pro-
mote R and D in industry is somewhat obvious: namely, they promote
technological innovation when R and D is the bottleneck in the innovative
process, otherwise they do not, This may be the case in certain coun-.
tries, 1ndustr1es or prOJeots at certaln times. But it is relevant to note
that a recent report to the U, S, Government conszdered and rejected '
measures to give more favourable tax treatment to all 1ndustr1a1 R and
D, (2} Similarly, a, report to the French Goverament recommended
that government loans given to mdustry to promote 1nnovat1on should
not be. restrlcted to the Rand D part of the process (89)

225. And a report to the U K Government ralsed some broader ques— '
tions. concernmg the balance of national resources in R and D by compar-
ison with resources in other parts of the innovarive process (87) A
pointed out that Sclentlsts and engmeers engaged in R and D have. alterna—
tive uses in later stages of the imovative process.(i, e, productmn a.nd
marketmg), and in the process. of diffusion of m;novatmn, a.nd that it 1s
important to ensure a balanoed deployment of scientists and engmeers '
throughout this process, . Table 19 gives a rough indication of the pattern
of use of scientists and engineers in R and D and in other functions in

eight Member countries in the 1960's. It shows that the Unlted ngdom
has a higher proportion of scientisis and enginesrs employed inRand - 5
D than other European countries, and that the U, S, A, has the highest
level of sc1entlsts and engineers 1n R and D, and probably in other. parts
of the process . of mnovatmn and d1ffus1on

| C NATIONAL SPECIALISATION
IN SCIENCE AND 'I'ECHNOLOGY

Cil,  The Impe'rativ'e

226, Discussions over a number of years have shown member govern—'-
ments' continuing concern with priorities and choice in national scien-.
tific and technological activities, Reasons advanced for this concern
have included the 11m11:ed human and financial resources ‘available for
.SClentlflc and technologlcal activities. by comparison with the opportun1t1es
Aor advance that science. and technology offers, and the Increasing scale
requlrements for effectlve scientifie and technologmal activities. But
there is one other very 1mportant reason. . A more open ‘and 11berahsed
world, :togetl;er with growing R and D activities in a wider number.of
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Table 19,

QUALIFIED SCIENTISTS AND ENGINEERS:

TOTAL STOCK AND EMPLOYMENT IN R AND D IN 8 COUNTRIES

CANADA

JITALY

UNITED

" % of the Labour Force -

(1.32) :

QOUNTRY : BELGiUM FRANGCE GEWNY . SWEDEN ](INSEDOM U.8.A

Qualified Scientists and 0.65 | 130 0. 70 . 0.65 0.65 0.70 ' 6.70 1. 80
Engineers as % of the Labour _ ) ] : (1. 48 . 13) >
Force {1960/1) - (1.48) (L

QSE in R and D (1963/4) a8 % |- o 49 28,00 - | "24,00 20,00~ |- 16,00 .| 23,00 34.00 - 37.00
of Graduate Scientists and _ Ll - _ _ .

K (9. 0} {21, 0)

_Engmeers _ '

QSE i R and D as % of the | 0.14 0.36 C0.a6. | 0.15 0.10. 0.16 0,24 0,63
Labour Force . ‘ . g :
Graduate Scientists and - .. 0,51 0,94 0. 54 0. 50 0. 55 0. 54 0. 46 117
- Engineers in non~R and D as . : T - b (0 2) :

NOTE: Flgure.s in brackezs inclnde non-umversu:y engmeers wnh posl:-se.condary education; ; t'1gures not in brackets exclude them,

SOURGE: Gaps in Tec]mology -Analytical Report, OECD, Pans.
International $tatistical Year, Volume 1, OECD, Paris,
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trles' R and D efforts, have meant greater opportunltles for all gountries;
to absorb and benefit from-the results of foreign R and D, and - for

many couniries - the need to concentrate resources in sectors 1f they
are to ach1eve mternatwnal levels of excellence, : -

227 Natlonal chomes and pr10r1t1es in secience and technology there-
fore imply some degree of specialisation within the worldwide firamework
Of scientific and technological development, - It should be borne in mind,
however, that specialisation in seience and technology is of a particular-
1y dynamic and changing nature, . It is possible over time to create scien-:
tific, technological and entrepreneurial capabilities, " And in sectors of
rapid growth and rapid technological change, where new market: oppor—
funities are contmually opening up, there are ample opportun1t1es for
spec1al1smg within such sectors,

228. One argument somet1mes offered against s:pec1aheat10n relates

to the interdependencé of scientific fields, and. the multldlsmphnarlty :
and uncertamty associated with technological advance, Given these - .
charactenstlcs, it is argued, national specialisation may lead to a loss
of inputs necessary for technologlcal advance, But-against thisit can =
be argued that an 1ncreasmgly open and liberalised world means that =
knowledge and skills can be transferred and bought across national boun- -
daries more easily. Furthermore, there is some empirical evidence: -
which shows that successful innovations have already in the past relied””
heavily on inputs of foreign knowledge ‘In a study of the history of :
successful innovations in the United Kingdom, J, Langrish identified -

158 important ideas used in 51 innovations, Of these ideas, approznmately
one—thlrd were generated within the firms making the. mnovatlons one~
third came from outside the firm but within the United Kingdom, and :
one-third originated in foreign countries (86), Thus, evenina Member ’
cou.ntry with a relatively large R and D effort, successful innovations have
111 the past rehed toa consnierable extent on 1mported knowledge ’

& H

229 Of course, the'absorption;and use of foreign knowleclge does not
happen automatically, It requires not only an indigenous scientific and
technologmal capability, but also some sort of system of ”technologmal
1nte111gence” in the main science - and technology -producing areas of
the world, These requirements must ultimately be met by industrial
firmsg themselves, But government can have some Influence in the long~
er term through acting in such areas as the teaching of foreign languages,
the opportunltles afforded for research, study and travel in fore1gn coun-:
tries, and - moré generally.~ through stressmg that. Science and technol~
og’y 15 a WOrldWlde rather than a national phenomenon. 3 :
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280. No comprehensive and reliable data exist on present patterns.of
technological specialisation amongst the Member countries, Indeed, it
is doubtful that there ever could be, since it would be necessary to =
collect a vast variety of date, technology by technology, product group
by product group, which would probably be out of date by the time it had
been compiled, Nonetheless, existing patterns of industrial R and D
give some broad indications of existing patterns.of speecialisation, with
the drawback that the industry classifications are often too broad and
that specialisation takes place within them, and with the reservation
that R and D is not the same thing as technological innovation,

231, Table 20 shows for twelve Member countries the percentage of
total national expenditures on R and I} in industry undertaken by various
industrial sectors., The Table is arranged so that, if all industrial sec-
tors were included, the column for each country would add up to 100%.
Thug, by looking down the columns for each country, one can identify
the first three sectors in which industrial R and D is concentrated:
these sectors are marked with parallel horizontal lines, Similarly,

by reading across the rows for each industry, one can identify countrles
where this industry accounts for a relatively large share of total,
national indusirial R and D; these countries are marked with vertical
lines, Thus, closed boxes show industrial sectors in which countries
undertake a large R and D effort, relative bdth to the total national :
industrial R and D, and to the proportlon in the same mdustry in other
countrles : o

232, The figures confirm the predominance of the electrically and -

" chemically based industries in industrial R and D in all the advanced
Member countries; these two industries are always amongst the first
three in national totals, with the exception of chemically based indus- |
tries in Sweden (although Swedish R and D in the drug sector is relatively
strong), The aircrafi and missiles indusiries rank in the first three in
Canada, France, Sweden, the United Kingdom and the U, 8, A,; the '
machinery and metals 1ndustr1es in Germany and Sweden, ferrous metals
in Austria and Belgium,

233 " Three factors appear to influence patterns of spemahsatmn in
industrial R and D: : :

- First, access to raw materials, which accounts for the Iugher
proportion, relative to other countries, of industrial R and D resources
in paper, petroleum and non-ferrous metals in Canada, and in paper in
Norway and Sweden, But, even in these countries, raw material-based
industries rarely account for a large proportion.of total industrial R and D.
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‘Table 20. PERCENTAGE OF NATIONAL, INDUSTRIAL R AND D UNDERTAKEN IN

SELECTED INDUSTRIAL SECTORS IN TWELVE COUNTRIES

COUNTRY AND YEAR

" Bhipbuilding

. AUSTRIA | BELGIUM | CANAPA | FRANCE | GERMANY | ITALY IAPAN NORWAY | SWEBRN |swiTziRLANp| SWTED | ysa
INDUSTRIAL BRANCE 1963 1963 1983 1964 1964 1963 1863 . 1963 B 1934. 18657 1964 - 1964
PADEE ...ouversliesnasnisnsessinnensinnt 0.1 Lo | |esl 0.1 na, a1, L1 23] | fas] | oo 0.3 0.5

; : :
PEroleum . .ouyurereenloeannan 01 0.9 |5.8] [a.2] %3 0.9 0.5 0.1 n.a,’ 2.0 2.5
Chemicals and Drugs .....i-ssiea.. 18,8 | - 16,1 13.6 23,1 25,3 15.7 9.3 11,2 9.6
Stone, Clay and Glass  ...ivsvenreiiiiones .7 150} Lo L7 0.9 0.8 2.1 19 1.3 Boa; LT Lo
Ferrous Metals 1.7 18 n.a, 3.8 f5.7| 5.4 n.a, 2,2 0.9
; 9.6
Non-Ferrous Metals ..uvrveeceanninnns | 27 is.0] 3.0 n.a, L3 2.5 L1 n.a, 0.9 0.6
o : ' , ‘
Non-Electrical Machinery and Metal Products 5.1 7.3 8.8 7.1 5.7 13.2 7.7 8.8
° ; : _ 3.0 —

Electrical and InStruments . ..evvsu.dis.s 8. 17,0 24,8 25.3 16,2 23,0 21,9 23.3
" ASreraft aid Missiles  .e.eiieisanereqer.n. na, 14 15,7 ., . n.a, 18,8 n.a.
Motor Vehicles and PAXtS  veveerrnnrsoess - 5,4 n.a, n.a, 8.1 na. 6.0 n.a,

0.4 0.4 n.a. n,a. 13.2] n.a, 0.7 n,a, 0.6 n.a,

* - Expendinires include R and I undertaken by- Swus-based fivms In counmies ather than Swirzerland,

| | = Indusies in which the’ country deveies a relatively high proportion of its R and D resources by cumpanson with the same mdumy ‘In other counties,

= Indusxies in which the country devotes a relatively high proportion of its R and D resources by comparison with ather industies tn the same counry.
[-77] = Indusiries in which i country devotes a relarively high praportion of irs R and D resources by cumpanmn with other mdusmea and other countries,

SOURCE: lnre.matmnnl Smnsm:al Year for R and D, ‘QECD, Paris,
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part for the importance of aircraft and missiles in Canada, . France, - .
Sweden, the United Kingdom and the U, 8. A,, and which have a strong
influence on the total level and deployment of industrial R and D,

- 'Third, the creation of technological capabilitiés in relation to
competition in world markets and which accounts for the relatively high
levels of industrial R and D in chemicals in Belgium; chemicals, elec-
trical and mechanical in Germany, transportation in Italy, ferrous
metals, electrical and shipbuilding in Japan; mach_mery in Sweden;
chemicals in Switzerland, If detailed enough data were available for the
Nethellands they would probably show a smnlar concentratlon m elec~
tr1ca1 and chemlcals

C. 3. Imphcatmns for Government Pohcy

234, These data suggest that certam Member countnes have already
achieved a high degree of technological specialisation linked to compe="
tition in world markets. And the importance of this requirement,is-.
being stressed in reports to certain member governments:.

”The s1ze of France and the resources available 1mpose natural
limits to the number and the size of the technological operations that
can be undertaken .., In general, industrial profitability cannot be
achieved in the totality of an industrial sector, An essential element
of industrial strategy will therefore consist in choosing, within each -
sector, the areas where French mdustry has the best chance of belng
'competltlve.” (89) ' '

-""Britain thus faces the same problem how to adjust 1ndustr1a11y
(te international technologmal competition} as do many other countries -
of medium or small economic size ,.. If there were anything like a
law of averages, we should not expect any longer to contribute more
than, at most, about ten per cent of the world's new technical know- -
ledge. !_7 (87) : - L

235. However, in examining what would be ideal patterns of speciali-
sation, Member countries offen tend to eye with envy the patterns of.
specialisation existing in other countries, In Belgium, relatively spe-
cialised in heavy chemicals, a government report has stressed the
relatively low levels of R and D effort in the electrical, mechanical ..
and synthetic chemical industries, where it was felt that there were . .
particularly favourable growth progpects {88). In France and the- :
United Kingdom, both relatively strong in aerospace, the government
reports cited above call for stronger -efforts in the mechanical indus-- -
try, and similar, though non-official thoughts, have been.expressed..
concerning the U, S, A, (97). On the other hand, in certain countries -
without strong tecunological efforts in aerospace, some have argued
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in teehnologlcal mnovatlon : : : !

236. 'I'hus the (technologlcal) grass tends to appear greener on the-
other side of the (national) fence, This may be right, or it may be
wrong, depending on the circumstances in specific countries, To some
extent at least, it is understandable. Individuals, working partles and
officials are, in general, more aware of shortcommgs__m their own
countries than in others, and it is easier to recommend efforts in areas
where technological and market successes have been established than =~
in areas where they have not, ‘But although it may be understandable, )
it may not always be wise, since successful technological spec1a11sat10n
~ often consists in doing what others are not doing., And perhaps broad

recommendations about whole sectors of indusiry or technology are not
a gufficient basis for policy, given the ample opportunities which - as. .
we have seen - exist within various sectors.

237, ' Some would go so far as to argue that implicit or explicit inter—..
national comparisons may have led to a strong concentration of scient=
ific and technological activities in the same and often spectacular fields,
perhaps to the neglect of possibilities of marrying advanced technology
to more "traditional' act1v1t1es Recent experience in coupllng modern,
technology to shlpbulldlng, in using aeronautical experience in the
development of high speed ground tranSportatlon systems, and in apply—
ing modern electronics to health care, show how fruitful such activities
can be, Present advances in materials, informatics and control ByS- -
tems offer important possibilities for technological advance in traditional
fields, No doubt it is often too early to judge the potential scope of such
activities, But they deserve consideration by government, given its role
as an important customer in these areas and as the mam creator of a-
favourable climate for technologlcal immovation, : :

238, - Broadly speaking, twO policy approaches can be-taken by govern-
ment to the problem of specialisation, One is the poliey of reinforcing.
successful patterns, The other is the poliey of creating optiong for new
patterns developed on the basis of scientific, technological and market
trends and opportunities, The former approach has the advantage of -
strengthening technological and entrepreneurial capabilities in the ins-"
titutional framework where they are mogt needed, namely in industry,
but the disadvantage that they do not necessarily take into account either
long term technological or market developments or "externalities".
associated with technological innovation, ‘The latter approach can take:
into-account precisely these factors, but has the disadvantage that it . -
may not be sufficiently close to the realities and uncertainties of tech- -
nological and market development, and that it does not necessarily
create a technological and entrepreneurial capability in industry, -
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former being concerned with the shorter term, and the latter with
support to:education, science and technology as the longer term basis -
for potentially new patterns of specialisation, ' Both approaches are -
reflected in policy recommendations and actions, Thus, in France,
comprehensive criteria have been developed for the support of science -
and technology, taking into account "externalities", as well as technol~
ogical and market opportunities (98). As a general principle,. it has
been recommended that France be "actwe” in some fields in science _'
and technology, whilst only "'vigilant" in others (89),. At the same. tlme
financial support is given to projects of both a short- and a Ionger -
term nature. In Canada, it has been suggested that speclallsatlon be
based on the speclflc requlrements of Canada Wlth regard to climate,
81ze and populatlon patterns, Efforts in fundamental research should
be ”actrve” An areas where Canada has scientists of outstanding quality,
and in areas related to. Canada's needs - and "vigilant" in other areas |
as a hedge against unforeseeable change, and as a means of effectively
absorbing the results of foreign science (99). Furthermore, the
Canadian Government is actively encouraging foreign based multinational
firms to spec1allse by -establishing in Canada full responsﬂ:uhty for the
total corporate requlrements of selected product lines in research,
development, deS1gn and manufacture {93). )

240 ' Itls worth stressmg, in conclusmn, that successful speolallsatlon
ultunately depends on industrial firms' teohnologlcal and entrepreneurlal
capab1ht1es and the opportunities open to them in world markets,. Govern-
ments can stimulate patterns of 8pe01a11sat10n, and in the longer term
open up options for the estabhshment of new patterns But given the =
way in which the market economy Eunctlons together with the uncertain-
ty and need Eor flex1b111ty assoolated with smentﬂ?m advance and tech.nol—
ogical mnovatlon they cannot impose patterns of specnahsatlon Inthe
framework of a multinational, economically 1ntegrated region, a country
has strong economic reagsons for specialising in certain sectors if it

can thereby complement the patterns of spemallsatlon of its other na-
tional partners, A However, without such a framework, some governments
might feel that too great a degree of technologlcal speclahsatlon Would
lead to too great a dependence on foreign technology in other areas.

D, LARGE-SCALE TECHNOLOGIoAL PR'oeRAMMEs |

241, Governments do have an nnportant 1nf1uence on patterns of na— :
tional technologlcal specialisation - as well as on the total deployment
of national scientific and technologlcal resources - through the support ,
that they give {(or do not give) to large-scale smentlflo and technological
programmes 1nv01v1ng the comm1tment of. cons1derable human and fman—-
. cial resources, In the past many such _programmes have been ;
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defence .and the provision of complex equipment for the, performance _
of fundamental research, But they have also been undertaken in rela— i
tion to pmmarﬂy economic ob;ect.wes - : :

D.1, A’E‘uments For ahd:Against ’

242, Proponents of such programmes argue that by mob111smg big - '7 :
resources around specific objectives, they give an 1mportant 1mpetus _ :
to improvements and changes in scientific and technologmal levels in a
wide number of sectors, that they help bring radically new technologles
more rapidly down cost and learning curves to the point where they
become commercially competitive with existing technologies, that they
help break down barriers between institutions and between' disciplines, .
and that they create exciting research opportunities for scientists and’ ‘
engineers, As examples, they point to the development of radar, atom1c
energy, satelhte commumcatlons and sol1d state ele_ctromcs_

243, Whilst these may be the effects of Iarge—scale programmes :
many would disagree with the 1mphcat10n that large scale programmes f
of any kind are necessary for a strong national pe:formance in technol— ’
ogical innovation, It is widely recognised that programmes related to”
non-economic objectives divert resources from potential projects of

similar scope ‘directed to civilian ends (89). And in some countries it
has been suggested that even those large programmes orlented towards
economic ob]ectlves may be a misallocation of resources, and that the '_
support of a number of smaller a.nd less spectacular projects is likely '
to lead to a greater economic return (87), Finally, gomme econom1sts o
have questioned the principle of large-scale government mvolvement
in the financing of civilian technological developments, argumg that
~ although the costs of innovation may have mcreased in absolute terms
and by comparlson with the size of countries -~ they have not 1ncreased
by comparlson with the size of firms, and that government mvolvement
can lead to the development of "pure technclogy” beyond either the

: capablhtles of the 1ndustr1a1 structure or the requlrements of the mar— 3
ket (152). S ‘

D.2. SBome Empirical Evidence

244, The fact remains that data in Ammex A to this report suggest no
significant relation between the degree of government involvement in

R and D, and total, ‘national performance in technologmal innovation, -
nor between the degree of government involvement and the quallty of
fundamental research, More specifically, the Netherlands and Sw1tzer-
land - and to some extent Germany and Sweden - have had strong funda—
mental science and industrial technology without heavy 1nv01vement in
large-scale, government—fmanced programmes, v
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flnanced projects have not had an important influence on technologzcal
innovation in specific sectors, nor that these sectors.are technologic- .
cally or economically unimportant. But it does suggest the validity of
at least one; and possibly both, of the following hypotheses: first, it
has been possible to specialise in economically advantageous. and in-:
tellectually stimulating sectors, other than those heavily influenced by -
large scale government projects, and which have often been those orient-
ed directly towards competition in international markets; second, the:
inmovations .and advances in skills coming out of large scale projects
have -effectively been diffused internationally -~ in other words, their ..
"pulling effects™* have, to some extent at least, become international, .

248, Whether these hypotheses will hold in future depends on the re-
lative importance that one attaches to technological advances coming
out of large-scale programmes by comparison with those resulting
from an alternative use of seientific and technological resourges, It

will also depend on the degree of "internationalisation" of participation
in all the stages of large~scale technological programmes, It is proba-
bly reasonable to predmt that the greater the degree of internationalisa-
tion, the smaller will be the temptatlon to start what mlght often be sub-—
optnnal efforts. N

D, 3,  Some Decision Parameters : .

247, As government reports have stressed, national decisions to
participate in large-scale programmes merit careful preparation and
analysis (88). In many respects, the parameters that must enter into
the decisions are similar to those relevant to industrial firms when - -
deciding their strategies for research and innovation, Given available
resources, objectives and the world technological and markét environ-
ment, should the project aim to cover a broad front, or should if be’
specialised? I it is to be specialised, is specialisation to be based on’
a strong existing capability, and - if not - how is the capability to be
created? Further, should the research and innovation strategy by
offensive (i, e, first in technology and in the market), defénsive (i.e, -

: Second but more effectively in the market with one's own developed
technology), or absorptive (i, e, more effeotwely into the market onthe
basis of technology developed elsewhere) ? Given the inevitable technol-
ogical and market uncertainties, an offensive Strategy 1mphes the defi~
nition of natjonal policy towards high-cost, high-risk but h1gh—return
projects; a defensive strategy implies the definition of a programme
aiming at the exploltatlon of a competztlve advantage once the technologlcal

% In French, "les effets d'enrafnement”,
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the.definition of a programme for:the effective. ass1m11at1on and explo1—
tat1on of:. knowledge developed elsewhere. s : ‘ L

248-. All thesequestmn_s-are complex, and their answers full of un-
certainties. As in industrial firms, data collection,.analysis and-fore- .-
casting are essential-inputs to effective decision making;::But, .as in in-
‘dustrial firms, ‘the right policy will.not result simply by pushingthe: «
data through a computer, . Given the lack of guantifiable information-on- |
many important parameters, and the unforeseeable nature of many future:
developments, flexibility will always be required, as will the judgment’
and intuition of individuals in what are often and inevitably: ”entrepreneur-§
ial® dec1smns :

E. -~ EDUCATION.

249, Theclose links required betwe'en educational policy and policies for
technologlcal innovation - and science policy in general - have been '
described often enough so that they do not need to be set out in ‘detail
here, In the past, one aspect of educational poliey - namely, the train-
ing of ever more scientists and engineers - has received particular
attention by science policy makers. This is understandable given that,

as we have seen in Table 19, the supply of gualified. sc1entlsts and en-.}

gineers ultimately conditions the amount of R and D that a country can
usefully undertake and explmt P g :

E.1. _Some Qualit'ati\ée' Problemé o

250, However, it is possﬂole that the quant1tat1ve supply problem will
be resolved in many Member oountr1es in the 197¢'s, Educational pohcy
problems related to technologmal mnovatlon are l: kely to become qua-.
litative rather than quantitative, One qualitative policy problem - name-
ly, how to link umvers1ty research and training more effectlvely to the
innovative needs of Soe1ety has already been diseussed in ‘the conclu-
siong of Part III of this report, Another pollcy problem may grow out of
the fact that an 1ncreasmg supply of scientists and englneers may even-
tually mean that relat1ve1y fewer of them will go into R and D, or that .
they will go into R and D for a shorter perlod What sort of trammg 1s
appropr1ate for sclen’usts and engineers not going into R and D? What
sort of retralnmg ig appropr1ate for. those moving on from R and D to

. other functmns‘? Flnally, the’ 1ncreas1ng scope of so1ent1f1c a.nd technol- -
ogical advance - growing out of greater R and D efforts in the Member
countries and the economic requirements for growth and competition

- raiges the problem of retrammg scientists and engmeers throughout
their working lwes : O
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251. The increasing scope of technical change suggests another im-
portant requirement for educational policy, namely, to train not only .
the creators of new science and technology, but also the managers of -
technological change, But what are the educational characteristics of:
"innovators'? Unfortunately, the available statistics do not give any-:
guidance, The data in Annexg A to this report show a relatively low __
correlation between national innovative performance and most national
educational characteristics, with the possible exception of graduate
scientists and engineers as a percentage of the labour force, Further-
more, Table 21 shows, for six European countries, no clear relation-
5hip between national innovative performance and various educational .
characteristics of chief executives of industrial firms, * These statistics
should not, of course, be overinterpreted, but they do at least suggest
that there is no established or easy solution to the trammg of mnovatlve
management :

252 One solution is to make innovative managers out of scientists
and engineers with previous experience in R and D, Casual observation,
but no hard statistics, suggests that this is one of the main source of -
managers of innovation., But is a scientific training and experience in

R and D adequate in an area where, as we have seen, economic, social
and behavioural factors are often as important as technical factors, and
where there are often few laws established - and numbers available -
which enable inmmovative decisions to be reduced to the kind of hard cal—-
culus with which scientists and engineers are mostly familiar? Another
potential source of innovative managers is business education, which is
being considerably expanded in certain Member countries, Here again,
however, one must recognise that the long time-spans and uncertainty
associated with technological innovation often render conventional manage-
ment techniques inapplicable, Thus, to be effective, both these solutions
imply teaching and research efforts focussed specifically on the manage-
ment of innovation, and on the encouragement of entrepreneurial abilities.

253, This is the view of industry in the United ngdom (154), and of.
one recent conference on education for innovation held in the U, S, A, (153},
But the conference went further and criticised many aspects of contem-
porary engineering education, arguing that too great an emphasis on the
acquisition of knowledge and the skills of analysis - coupled with too
great a degree of speeialisation ~ can kill the abilities of creative syn-
thesm and design in response to practical needs, which are the essence
of engmeermg.

* This confums more fragmentary evidence collected du.rmg the QECD secto:
stud1es on technological paps,
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Table 21, NATIONAL INNOVATIVE PERFORMANCE AND -THE EDUCATIONAL CHARACT ERISTICS
' OF CHIEF EXECUTIVES OoF INDUSTRIAL I‘IRMS
Lo ‘RANKINGS ACCORDING TO EDUCATIONAL CHARACTERISTICS oF CHIEF EXECUTIVES
© RANKING OF INDUSTRIAL FIRMS
ACCORDING 7O — : :
. NATIONAL - L s OF THOSE WITH UNIVERSITY EDUCATION
COUNTRY PERFORMANCE . PERCENTAGE.. - SRR e _
: omw o) wiH  PERCENTAGE IN PERCENTAGEIN .| . PERGENTAGE IN
TECHNOLOGICAL /| .. UNIVERSITY . o ' - e
INNOVATION * ucar ON -~ SCIENCE AND ~ BUSINESS AND LAW AND
: ~ : _  ENGINEERING ECONOMICS. SOCI.AL SCIENCES
1 i i1 v v
BelgiUm ...euvevesennnens 6 2 1 6 2
FTANCE ueervraruancsrans 4 1 2 '3 6
Germany . 1 '3 3 4 3
Ita]-y I R I N R R . 5 3 -6 2 4
Netherlands - .. ... srrasans 3 B -4 5. -1
' United Kingdom 1 6 5 1 5

SOURCE: ColumnI- :- See Anfiex A,

Columns II-V' D, Hall H de Bemgmes and G Amado—Flscthund 'I'he European Busmess Ehte, in European Busmess, _October 1969




vast and complex, Given the scope' and the resources availabl'e for the -
preparation of this report, they cannot unfortunately be analysed in .
detail here. :

F. A FAVOURABLE CLIMATE FOR TECHNOLOGICAL -
_ INNOVATION

254, The policy areas discussed above are widely recognised as having
2 strong influence on the processes of technological innovation, But it
is important to stress that, through a wide variety of policy measures .
on the faces of it quite unconnected with technological innovation, gov-
ernment has an important indirect influence, since thesepolicies. create
incentives for, or barriers fo, the innovation process, When examining
the influence of such policy measures, certain key characterlstlcs of

the mnovatlve process must be kept in mind,

255, Flrst, the activities undertaken in relation to it in'volvef a high
degree of uncertainty with regard to their outcome. This is true of all -
stages of the innovation process, The outcome of fundamental research
is uncertain in that a hypothesis may be proved or rejected, or that new
fundamental knowledge may or may not be relevant to a practical appli-
cation, Development work and engineering involve uncertainties in that
full-secale products and plant may not perform as expected from calcula-
tions and experiments in the laboratory, And there are similar uncer-
tainties when launching an-innovation, in that one often cannot predict.
the reactions of potential customers and potential competitors,. - Given
this uncertainty, risk taking must be rewarded, and individuals and
institutions must have the flex1b111ty to, adapt to new and unforeseen
situations. . : -

258, Second, innovation implies change, be it changes in scientific.
theory, engineering practice, the skill requirements of management
and labour, forms of organisation, or the habits of users. But change
is uncomfortable both for individuals and institutions, so that pressures
must exist for change, and its social costs reduced as far as possible, ..

257. Third, the transfer of technological knowledge is mainly "person
embodied".. In his study of 567 successful innovations in U, 8, industry,.
Myers found that personal experience and personal contacts were re-.
gponsible for three-quarters of the information inputs to these innova- .
tions (4). This means that the effective transfer of technological know-
ledge requires the encouragement of personal mobility and person~to- .
person contacts, both within and between institutions involved in various
parts of the innovation process.
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order. to create a chmate favourable to technological innovation, - Some
of the areas of government policy that influence this cllmate wﬂl now be ‘
discussed. SoEe

F.1, Competition

258. The importance for technological innovation of competition can be
simply stated, Innovation involves often unquantifiable rigk and often ‘5
uncomfortable change, ‘Without competition and the potential threat that

a competitor will innovate firgt, firms and other mstitutions may well
prefer to avoid the rigk and the discomfort of innovating, The validity
of this hypothesis is demonstrated in one of the conclusions of g s’urvey '
of ten-suceessful innovations in the General Electrie Company

”Competltlon of the market place is a prime factor motwatmg the
sponsor in all American industrial research, Each one of the ten cases
discussed in this report had its basic roots in the fundamental objective
of the sponsoring company to achleve .profitably growth and maintain
profltable busmess leadersh_tp ves

"Therefore, in the cases such ag the tunnel dlode the vacuum o
circuit breaker, and the Lucalux lamp the motivation to innovate ... =
resulted not from an’ actual announcement by a competitor but rather::
from a continual apprehensicn.that the competitor is surely seeking . -
better products, too, The examples of actual research programmes -
triggered by a competitor's announcement are surprigingly rare in the-
company's history (examples of "catch~up' development activities are -
gsomewhat less uncommon), None of the cases herein were initiated by
a competitor's surprise announcement: rather, they all stémmed from*
a general - but extremely powerful - belief that only by innovating as:
fast as possible can long term business leadership and growth be 'main~-
tened, "' (128)

259, - Thus government policy towards competition has: a considerable
influence on the conditions for successful technological: innovation, - In-*
practice, however, there may sometimes be conflict betweeén: govern- -
ment policies to maintain competition, and industrial firms' policies ==
with regard to innovation, A recent report to the U.S, Government
listed the areas where this might occur, and particularly siressed
restrictive agreements amongst firms involving the use or non-use of " .. .
technological property (2), However, the report was unable to offer any |
general guidance to poliey determination in such cases, Instead, it i
recommended the collection and analysis of émpirical data,:as a’ g‘ulde o
to government pollmes towards mnovatlon and competmon
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260, Systems of personal and company taxation are not.the primary
cause of differences between countries in innovative performance, They
cannot be manipulated to create a technological capability in.a country.: -
where none: exists,: - Yet they may have an:important influence on the ..
cffectiveness with which this technological capability contributes to.: ...
technological innovation: through:the rewards and growth possibilities
they offer to those who contribute to successful innovation; Thus, a’ :
recent report to the U: S, Govermment made a number of recommenda-:
tions with.regard to such factors as.ihe carrying forward of losses and. .
stock optiong, designed to encourage the growth and viability.of small,:
science-based firms (2), and-similar; though non-official, suggestions:.:
have been made in the United Kingdom (95). -But it is difficult to make r -
recommendations applicable: to all countries, ‘There is.no. comprehenslve
evidence on the influence of various types and levels of taxation on the
effectiveness of the innovative process.: -And given national differences .:
in taxation systems and in deficiencies.in the innovation.process,. there -
is no single policy which would automatically recommend itself to-all .
Member countries,

F. 3. B Regulafions,' C'o'des' and Sfandards

261 Government-lmposed reg‘ula.tlons codes and standards also have _
an 1mportant influence on the process of technologlcal innovation, al-
though" very little empll‘lcal analysis has been publlshed on their premse
effects, Nonetheless, given the characteristics on the mnovatmn pro—'
cess, itis hlghly likely that rigid and detailed regulation is l1ke1y to
stiﬂe technological innovation: it has been argued by the U, s, rallroad
mdustry, for example, that Federal regulations governmg rallroad car
design have tended to freeze technologyand toprevent mgmflcantdemgn :
change (96). Thus, regulatory practices should probably be continually
revised in the light of technological possibilities,  and should speeify =
performance and design characteristics, leaving open the possibility
for industry to:respond with the most appropriate-technical ‘golution, -

F, 4. Gov’érnmént Procure'meﬁt

262, As s1zeab1e customers for the products of many 1ndustr1es, gov-—
ernments have an 1mportant influence on the pressures, incentives and
barriers to innovation through their procurement practices - in other
words, through their influence not on technology itself, but on the mar-
ket to which technology can respond By acting as. enhghtened and '
forward—-lookmg customers, governments can reduce some of the very

considerable uncertainty which, as we have seen, is assoclated with the

" market for technological innovation, However, as a.recent report to
the French Government bas stressed, it is important to maintain
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an ”equltable” and assured rotation of orders to a number of suppllers,
and of creatmg a monopoly Suppher (89) S R

283, It is alsc Impcrtant that government departments w1th a view to
increasing the productivity or quality of their operations,-be able fo. ./
assesg their future needs and --on the bagis of the technological state '
of the art - to -specify performance requirements which suppliers must .
try to meet. Past experience suggests that this has been dane more = °
.successfully for defence and energy requirements than for areas such as
public works, public transportation and construction, . A number of
posgible reasons can be advanced to explain this state of affairs: -dif-:" . °
ferences .in-the level of resources allocated to various poLicy' objectives; .
in the level of technical competence in: government and amongst users,

in the pressure.of strategic or economic competition,- in the deégree of: -
fragmentation. of responsibilities,: or in the degree of accuracy with <
which future needs can-at present be assessed. A more effective
coupling of technology to a wider range of government requlrements

-may require a closer examination of these factors. : o

264, Furthermore, recent experience in urban and high speed ground
transportation, and in education, suggests that, given the lack of clear .
definition in many areas of public responsibility of the real needs to -
which technology could respond, and given the lack of incentive to take =
the mewtable I‘lSkS asscc1ated with trying new techno]ogles government
may have an 1mportant role to play in supporting ”expemmental” or
"demonstration" pro;ects so. that ~ through a process of trial anderrcr -
publi¢ needs can be more clearly identified, technological solutions
developed and proved, and.individuals and institutions convinced of the
contribution that new technology can, make to the meeting of pubhc needs
(136 137)

F.‘5.‘ Mob111ty and Person—to Person Contacts .

265, The moblhty cf sclent1sts and englneers and personal contacts -
amongst them appears to be the most important mechanism for the '
transfer of technological knowledge. The degree to which scientists and
engineers move amongst institutions and talk to ohe another is, of course,
influenced by deep-seated historical and social factors, .as well as by,
more mundane matters such as the availability of housing and other =~
amenities, the transferability of pension rights, and rules regardmg
secrecy, Yet science policy makers in government can have an im-
portant _inﬂuence on the mobility of scientists and engineers in univer-
sities and, more particularly, in government laboratories, Given the
requirement for mobility, should a research worker be enccuraged o
contractually or otherw1se to see his llfe 8 career as staymg in research-
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ernment laboratories compatible with the effective exploitation of 2 "
nation's seientific and technological capability? Could not juridical
and administrative practicés be dadapted so that research workers could
move more freely in and out of government laboratories?-

266, There is also the question of what knowledge a research worker:
can use when he leaves a government laboratory, In certain Member
countries, he must comply with a "technological embargo", forbidding
him to use:for an important length of time knowledge acquired whilst - -
-working for government (35), This can be a great drawback to the

firm that eventually hires him, It can also be an important brake on -
the emergence of new science~based firms, We have seen earlier in-
this report that successful science~based firms "spun off" from quasgi~
governmental laboratories at MIT are precisely those where thé degree
of knowledge transfer is the highest, A miore liberal attitude by certain
member governments towards knowledge transfer - person-~embodied or
otherwise ~ could lead to a greater commercial return from existing -
technological capabilities, - Furthermore, it is worth noting that science~-
based entrepreneurs in Europe and the U, S, A, "have often been exposed
to-industry or to industrial management education, Could not more be
done to-inform research workers in government labore:tories of the -
opportunities open to them in large firms and small, and-of ¥elevant -
aspects of innovative management ?

F.6. Science-Based Entrepreneurship

267. Indeed, the whole range of policies influencing the emergence of
new, science-based firms could he a profitable field of study. and action
by governments, This has already been done in the U, 8. A, , where new
science~based firms appear to have flourlshed (2. It has not been done
elsewhere, where much less appears to be known about the phenomenon
Part II, Section C.4 of this report has attempted to 1dent1fy some of the
differences between Member countries, These suggest that, in addition
to the taxation question on which the U, S, report concentrated, it would
be necessary to examine the mobility of university and governmental
research workers, the availability of venture capital, and government
procurement practices with regard to new, science-based firms, '

F.7. 'Inter'nati'onal'Economie Iptegration o

268, Internatmnal economle mtegratmn (in the sense of the lowerlng

of barriers to the entry of foreign markets and to the international mobil-
ity of the factors of productlon) heightens competition, allow advantages
of scale and speclahsatlon offers more channels through which science
and technology can be explmted commermally, and increases the speed
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made. towards 1ntegrat10n over the past 25 years has been. one. of the .
main stlmull o technological innovation in the OECD area;. it has. led
to greater R and D and. mnovatwe efforts.in mduatry, to-closer links -
between the umver51t1es and industry, to greater governmental, concern
with national innovative efforts, and to a greater international spread
within the OECD area. of the ben_e.fltsrf_rom}newtechnol,ogy, e 1

269, .Part II, Section D of this.report suggests that integration has,.on
the whole; successfully enabled industrial firms with the requisite:tech~
nological .and managerial capabilities fo respond-to demands for.innova~
tion across national frontiers. ; However, the overcomingof barriers.;:
between nations has had its price,: the. reduction of tariffs, of barriers.
to; international.mobility and right of establishment, .and the greater. ..
harmonisation of patent and company. law, codes. regulations and stan-
dards. are all likely to.increase both the incentives. for, .and.rewards: - .
from,  technological innovation.. . Part II, Section:D-also‘snggests-that,,;
the largest barriers are:those to the entry of foreign government mars
kets,. The effect. of these barriers on innovative performance.depends :
on the size and fechnological sophistication of the national government.
markets: thegreater the size of this.market, the greater.the opportu—g
nities. for .maintaining competition, for benefiting from. scale, and.for
keeping open, multiple optlons in. conchtmns of uncertamty. : -

270, Although Part II, Section D of thls report ouggests that the sme
of government markets does not have a determining influence on total
national innovative performance, its éffects on sectors related, for -°
example, to aircraft; energy and communications can be conmderable._
And it is relevant to speculate as to what will be the effects of certain’
present practwes when scientific and’ technolog:lcal efforts 1n ‘such areas
as marine explmtatlon educat10na1 technology, new transportauon
methods and health management ~ where governments w111 be 1mportant
customers ~ reach the stage of large—scale, worldw1de commermal

' exp101tat10n Tt

F, 8. M1t1gat1ng the Harmf.ul Effects of Technologlcal Change

271 Technologlcal 1nnovat1on and 1ts dlﬂz‘usmn cannct be made ent1re—
ly free from risk and uncomfortable change., But, as the public debate
over the past two years has shown, it is nnportant that the risks and
changes he socially acceptabls, - The-task of government.is essentlally

to ensure that this is done, Member governments already accept that
they have a responsﬂalllty for deahng w1th changes in skill requlrements
and in'regional and industrial patterns of employment, brought about by
technologlcal change. More recently, member governments have become
more actlvely concerned w1th the latter s harm_t‘ul effects on physmal )
amenity, - ' :
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detail, Suffme 1t to say here that glven the OECD growth targets es~
tablished for the 1970's, and the continuing pressures of industrial com-
petition, the pressures for technological change will be as strong in the
future as they have been in the past, Furthermore, the competitive in-
dustrial system has shown considerable strength in harnessing technology
to society's needs, once these needs are clearly articulated into a mar-
ket, The policy challenge of the future will not-be to stifle technological
change, but to make the innovative system more sengitive to social re-~
quirements,

'¥.9, Conclusion

273, The relative brevity of this discussion of the factors affecting

the climate for technological innovation should not be interpreted as an
indicator of their importance in the innovation process, Rather, it
reflects the past coneentration of science policy makers on the scientific
and technological aspects of innovation, This is not altogether surpris-
ing, since science policy has been mainly the province of scientists, and
scientific research is the one part of the innovative process for which
solid and comparable data are available, Factors affecting the climate
of technological innovation are often conditioned by both policy measures
that ostensibly have little to do with technological innovation and by deep-
seated institutional, social and political attitudes to innovation and change,
In future, however, a greater understanding of the influence of these
factors, and of related policy measures on the innovative process will

be required. And this probably implies a greater involvement of social
smentlsts and the somal sciences in the formulatmn of science policy,

"G. SPECULATIONS

274, ' The main conclusions of the report have already been set out in:
the Summary at the beginning, - Here we shall therefore restricet our-
selves to a few speculations on the role.of government policy.

It is above all clear that technologlcal mnovatmn is condltloned
by both technologlcal and non—technologlcal factors, Certainly, the
support of scientific and technologmal activities is essentm_l for techno-
logical innovation, But the support of follow-up activities is also neces~
sary for effective application, as are attitudes to risk-taking and exper-
imentation; the existence of pressures and rewards, and the non-
existence of barriers, It is also clear that the various parts of the -
inmovative process are 1nt1mate1y, if indirectly, linked, For example,
the relationship between capabilities in fundamental research and the.
pressures of industrial competition may be mdlrect tenuous anddlfflcult
to identify, but they nonetheless appear to be real. :
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pohcy measures demg‘ned to stlmulate m.novatlon through action on the: ;
deficient parts of the:innovative process; But we do not live in an ideal .
world,. Our knowledge of the innovative process, and of tlie influence .-
of government policy measures Upon it, -ig still insufficient. Thisis -

. why Annex B lists some problem areas where further empirically based . -
research is required, both for better understanding of technological
innovation and as a sounder basis for policy, ' There is a particularlack

of such knowledge in Member countries other than the U, S, A,

276, However, one generalisation can perhaps be made, Many aspects
of national scientific and technological systems change only slowly. This:
may appear paradoxical, given the general falk of rapld change in the
moadern world, and the rapid rate of increase in national resources devot-
ed to R and D in the 1960's, But it takes a long time to change national .
patterns of performance of R and D, to train research workers, to build :
up effective R and D teams, to translate scientific discoveries into inno- =
vations, to establish effective feedback between industrial technology
and university science, and to change attitudes. These characteristics .
mean that pohcles for technological innovation may often involve pro- .
blems which are not stark and cbvious -~ thereby provoking an immediate
response - but problems which, if not recognised and dealt with in good
time, can lead to irremediable sitiations, They also mean that policy

" measures must often be applied for a long time before their effects are |
felt, and results achieved, Thus, policies for technologlcal 1nn0vat10n
must be both farSIghted and permstent

277. 'The available information also shows that the main agents for the
creation and application of scientific and technological knowledge are

the universities and industry, This reflects the basic political philosophy
of OECD membership, but also the requirements for successful techno- :
logical innoation, Uncertainty, change, the need for competition, flex-
ible structures, rapid decision making, and being close to technological -
and market developments, all imply that technological innovation is more .
likely to flourish in a decentralised and pluralistic environment,. Thus;
government's role in the innovative process, although important, is not - |
determinant, Furthermore, given the increasing openness and scientific,: -
technological and economic interdependence amongst QECD membership, :
the pace and direction of individual nations' science and technology - as :
well as governments® policies for science and innovation - must increas—
mgly reflect and take 1nto aceou.nt developments beyond natlonal bound-
aries,

278, When developing policies for technelogical innovation, some
member governments - either explicitly or implicitly - have taken as
their model the innovative system of the U. 8. A, This has been under-
standable and perhaps even inevitable, g;ven the success, the size and =
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nological innovation in the U, 8, A, But is the U. 8, A. the only siiccessful
model that deserves examination, or even the most appropriate one?

The information presented in this report shows that there are other coun-
tries, with much smaller resources and markets, and much lower-levels
of government involvement, which also have a strong performance-in-
technological innovation, A more detailed analysis of these countrles'
expenence and pohc1es would be partlcularly valuable, :

279. Science and techhology are important in so many aSpects of 1ndus-
trial society that many decisions about -them inevitably involve political:
considerations, as well as the scientific, technological and economic
factors on which this report has rigorously concentrated its atiention.
The interaction of technology, economics and politics has been brought:
out very clearly in C. Layton's recent review of European technological
co-operation (100), In particular, the policy implications of economic’
integration, industrial structures, technological specialisation and
participation in large scale programmes are both important and intimate-
1y linked; J. Defay has argued that policies with regard fo access to
government markets have had an important influence on the development -
of industrial structures — both within and across national houndarles

: (10 1), And A, Cottrell hag szid the followmg

”For any single country with a GNP of no more than, let:u_s say,
5% of the gross world product, it is either economically and industrially
unrealistic to aim at a goal of being second to none in all sciences and
technology, What should it do instead? Aim at excellence in a limited
number of selected [ields? Link up with other countmes to form alarger
technologmal and economic community? But these require deliberate,
major, national declsmns " (102)

280, But, although technology and technological innovation have been,
and will continue to be, subjects of political concern, innovation is an
intimate and endogenous factor with modern economy systems, Policies
related to technology cannot continually be divorced from economic
considerations., Indeed, some have argued, such as 8, Rolfe, that
technology and its economics have wider political implications:

. "One interpretation of economic history would argue that atleast
since the Middle Ages man's technological capabilities have outpaced
his social and political organiging ability, The compass, the gun, the
steam engine, the jet, the computer ... are no more than stations along.
the technological way; more will come, So too have there been political
way stations ~ the city state, the duchy, the confederation, the nation
state, and now haltlngly in several areas, common markets, As technol-
ogy for trade ,,. pressed then prevailing political boundaries, those
boundaries have historically expanded o incorporate and use the new-
dimensions technology made possible, !’ (103)
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y may evenfually lead to changes in pohtlcal concepis,

- 281, ._,Final_ly, it is w,orth_.rai_sing a number of questions related to other

. aspects of science policy with which the OECD Committee for Science -
Policy is concerned. First, the example of industry shows that success-

ful innovation requires not only scientific and technological capabilities,
but also competition, mobility, flexibility in organisation and evaluation, ‘
entrepreneurship, and the existence of a market which reflects needs.

. ‘What implications - if any - does this have for the present concern of -

many member governments to make science and technology contribute

more effectlvely to somety s social needs‘?

282, . Second we ha.ve seen that as: long as economic growth and inter-
national competitiveness continue to be important national policy.objec-
t;ves :the economic pressures for technological innovation and diffusion
will continue:to be strong, We have also seen that the act of innovation

.. often implies considerable rigk, At the same time, governmenis are
increagingly concerned with controlling the harmful side~effects of
technological change,. What types of regulatory or control mechanisms

. can do this without stifling the characteristics essential for technological
innovation and long term economie growth? What technological solutions
will enable the attainment of both the quantltatlve and the quahtatlve
_ob]ectlves of economic growth‘?

283. 'Third, is the process of scientific discovery, technological inno-
vation and diffusion sufficiently well understood, or is it working suffi-
ciently well, for governments to assume that science and technology will .
automatically assure the basis for economic growth in future? - -
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- Annex A

NATIONAL PERFORMANCE IN TECHNOLOGICAL
INNOVATION IN TEN COUNTRIES:
ITS RELATIONSHIP TO OTHER NATIONAL
CHARACTERISTICS OFTEN ADVANCED ‘AS BEING
IMPORTANT IN THE INNOVATION PROCESS

Introductmn :

In Book II of the Secretar1at's Analytwal Report on Technologmal :
Gaps, an attempt was made to measure ten Member countries’ o
performance in technological innovation (139). Six statistical mdlcators ‘
were used to measure such performance namely : '

I. The Locatmn of 110 Slgnlﬁcant Innovations Since World War Two _' '
:II. Moneta.ry Recelpts for Patents, L1cences and Know—how (1963 64) -
III.  The Origin of Technology Imported by Japan (1960-64)

iV. Number of Patents Taken out in Forelgn Countries (1963)
V. Export Performance in Research -Intensive Industrles (1963- 65)
Vi 'Export Performa.nce in Research—Intenswe Product Groups '

. (1963-65).

Each of these indicators has limitations on conceptual or statistical.
grounds, and these were described in detail in Book III of the Analytical .
Report.. This is to. be expected when an attempt is made to define and
measure a social phenomenon such as technological innovation, for -
the first time. Similar problems of direct and accurate measurement
ex1s1: in many other branches of the apphed social sciences.

Desp11_;_e the limitations,’ when these six indicators are corrected
for differences in country size (see Table A.1) there is statistically a
high degree of concordance* in each country's rankings. The actual

i.e, 2 high degree of agr_eement between the rankings of the six indfcators,

143:



BRI

Table A.1. SIX INDICATORS OF TEN INDUSTRIALLY ADVANCED COUNTRIES' PERFORMANCE IN TECHNOLOGICAL INNOVATION

_ (THDICATORS |, LocaTiow oF oo e PR 1L ORIGIN OF 1v, NUMBER OF PEBRHOANEE 1Y PEREORMANCE ™
110 SIGRIFICANT y TECHNOLOGY IMPORTED PATENTS TAKEN CUT IN
PATENTS, LICENCES | RESEARCH INTENSIVE RESEARCH INTENSIVE
INNOVATIONS SINCE | BY [APAN, FOREIGN COUNTRIES
: N K AND KNOW-HOW, B o INDUSTRIES FRODUCT GROUPS
WORLD WAR TWO 1963-64 1960-6%, 1863 1963-85 1983-65
COUNTRY . . )
g
o g % SHARE OF & z
gug P T g |.a 10 counTriEs' | w ol oailo B | g |=8 | 8
EEES % | 2g g e | "% |mawur, ExPoRTS | 2 | St BT E8 M dg g |09 .i=e ]
. 2 Em w a= -2 & 37 g Z 5= zijgxa 5 =z |k 33 g
: BiE 518514 2 a |28 | a8y 1 Fop A8y | F 9o 8L,
2z B o e |- wa | 8 g = B A8l 28 B g8~ za B
Z @ = o B E2Z B’ B-Z -a o & a_.,mEm EZ =1 we E& a
zZp8 < | = -1 g & 2 FUCEL RS | B & |mg {F &
ER=F- < - el g 2
-3 8 8
= . N
w - I
x NE B A 2 ] = Y Al A s | 2 B 4 2 B
Belgium ;. 71,645 1 | 206 5| meisaz| s ; 5.8 L8l 124 10:) 8.5 | 45.4| 10 z.0] 37.6 [ 10
Camada , . vivainnin |2 2,428 0 0 0 | 62]183]| 8 5.5 L9, 9| aa s3] 9 29|33 2
France .oo.... . ivae. ... 7,940 2 8.5] 87]463]41.9] 4 [ 2.8 9.3 38 EEEREXIE 6.5| 42| 8
Germany | 12,385 is | se.3) & 44|a2m7| 7 . 18.1 29.9.[.647 | ~2-J221 | e2i0f 2 [211]|sav| 2
CIaly Lol 7,776, 3 132l 7.1 9.8} 81|79 N 7.5 467246 7 59| 8.1 6 57| 552| 6
FAPAN L1 aie et [0 17,128 -4 9{ 9| 59| 24| 10 8.1 3.5 | 17.4[ 8 7 5.3 | 40.2] 8 59| 520| 7
Netherlands ........... 1,847 1 | 18.3] & |260forz]| 1 5.9 6.4 1 436 | "5 | 53 | 61.3] 4 s9)mr| 5
R 1,535 4 | esal 27| Ti|sas| .6 : 3.5 2.8 | amr| 4] 28 |[so0f 5 | ao|saz| 3
11,798 18 | 5L8 |- 3 | 761|464 3 13,2 152 452 | 3 [142 [s07; 3 [139|7es| 4
25,063 74 |100.0] 1 [386.7 [100.0( 22 22.6 56.3|100;0 n1 [30.1 |a00.0} 1 |sn1fio00| 1

NOTE- - Far: !nrlll:ato:s" and II. Col.umn‘ﬂ was dn'lve,d aﬁe( dividing Celumn A by wu:king pupulxt[pn [n manufa:turixig (Culum.n X} 7o correce for mumry size; the ﬂgura were: then transformed into an index, i

case, and :inkd (Cnlnxxms Bl .
- For Indicarors IV, ¥ and VL Column: B were desived nfm dlvlding Column A by percentage share of vhe en munmu m:nufacmr].ng expcnx (Column Y): Ihe. f:guru were agnin put in the form of an index with USA = 100, apd ranked

(Columes By,

- Daafor indicator I can be foind 1o "Gaps in Tantmciagy- Am]yucal Report - Compar:suns Buwun Memba: Counme-s Book L, Table 11

SOURGES: Caium.n ﬁom Book QI of "Gaps in Tedmo]ngyv Analytical Report”,’
Column X from QECD Observer’ Supplemmt for 1967 Statistics,
Ooiumu Y from Book III of ‘Gaps in Techno]cgy- Apalyrieal Repoz:

with USA as the base 100 In each
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is statistically only a 1% probability that this degree of concordance :
could oceur by chance. This means that it is highly probable that the
six indicators give an accurate picture of the ten countr1es relative .
performance in technological innovation,

Consequently, from Table A. 1, a composite rankmg’ of the six -
indicators of the ten countries' performance in technological innovation’
has been calculated (see Table A.2). This composite ranking was
then correlated with the same ten countries' rankings according o a
number of national characteristics which are often advanced as bemg
1mportant factors a_ffectmg innovative performance.

Table A,2. METHOD OF OBTAINING THE COMPOSITE
INDEX OF TEN COUNTRIES' PERFORMANCE IN
TECHNOLOGICAL INNOVATION FROM TABLE A.1

COLUMN 1 : COLUMN 92
COUNTRY ) SUM OF SIX Cg?.g]\KAIIf]\ICI; gi.
o INDEX RANKED
BelgIUI «avastrenineriennnennns 48 8
Canada ... vureniiia i 51 9
France ....... ceraene cerenaenee 39 6
Germany ,....... .21_ 2.5
Italy ....... e ! 7
TAPAT +oeesrrerenns F L 52 10
Netherlands .,....... e e 22 4
Sweden ..... B P T .23- 5
UK e, TR 21 2,5
117 U 7 1

The results of these correlations are presented in Table A, 3.
They suggest a relatively high degree of correlation between national
performance in technological innovation and strength in fundamental .
research (as measured through numbers of science Nobel Prizes, and
of Physical and Chemical Abstracts), the presence of large firms
(as measured through the number of firms with annual sales of more -
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Table A.3. NATIONAL PERFORMANCE ANT} OTHER NATIONAL PARAMETERS IN TECHNOLOGICAL INNOVATION FOR 10 COUNTRIES: RANKINGS AND RANK CORRELATIONS

COUNTRIES N awing. |cormuaTion SlGNﬁ};:A!i

: ; BELGIUM | CANADA | FRANCE GI:ERMAINY ITALY : JARAN | T e | SWEDEN | ULk [ usa | com:::{mr R
{ IWDICATORS b 5%
“A.. Composite Ranked Index ..........c... e N a. | N N 10 4 5 25 | 1 - - -
©B. Composite Ranked Index B

“ T+ Switzerland ...l e e 9 10 7 3.5 8 110 5 i} 3,5 1 2 - -

C.7 Bize of Market GNP .....eveeeruiniannteneirianinienns 3 7 4 .2 ¢ |. s 8 8 3 1 n 0.18 ng.
:D. .Rand D Financed by Business ............... P I 8 7 5 10 9 4 2 3 1 0. 79 19+
I E. Total per capita Expenditureon Rand B, ...... i 8 7 4 6 10 9 4 - 3 z 1 = 0.77 1%+
"F. ' Expenditure on R and D Performed by Business.,............ 7 8 5 4 .| w0 9 5 3 2 1 - 0,87 1

G, " Governiment Fi.ﬁanced R and D Expenditure..... FR 8 5 k) T 10 8 67 4 2 1 - 0.5% n s,

H.  Number of Firms with Sales of $mb00+ . .- 10 T 6 4 8.5 8.5 5 3 2 1 - .87 - 1G4

I, Number of Firms with Sales of $m260+ ....... AT B 1 4 5.5 5.5 | 10 ‘9 7 3 2 1 - 0.65 5% -
3. Total @SE iR Rand D vvvvnerenaanninennnnens T - 6.5 | 65| 8.5 | 10 3 5 2 4 1 - 0.29 ns

K. Total GSE I R ad D in Industry ... .. ......... T 7 7 5 | 7 10 4 6 2 3 T - 0.45 s,

L. :Total GSE and Technicians in Buginess ,....... e 7 9 8 5 10 [ 3 4 2 1 - 0.75 5%+

M, Incomepercapita ............. . [N 7 3 4,5 4.5 9 10 & 2 ] 1 - 0.45 T. 8.

: W. Nobel Prizes in Chemistry, Physics, Medicine and
" Physiology, 1943-87 .......... Prraranr e, AP — {1 105 6.5 k] 8 9 6.5 4 3 2 1 0,92 215+

O, Scientific AbStTACES. .0 vurveveiiiiiiariarreaman . T e & Y 6 5 7.3 10 ] 1 7.6 3 2 4 0. 67 5%*
P, Graduates as & Percentage of Tatal Labour Foruw ......... 9 4 5.5 a T 2 § 10 EN) 1 - 412 . &

' @ Graduates of Pure Science as a Percentage of Total ; ] . ’ :
Eabour FOTCE ... iiiirnsvareivatenarssasranssenrinans 7 4 6 5 3 10 8.5 8,5 2 1 - 0.49 n. s.

R. ' Graduates (Engineers and Techniciang) as a Percentage of . ’

. Labour Force .........c.... abaieaeen J N ‘e 8 3 5.5 1 9 4 10 T 5.5 2 - 0.28 ns

8. Graduates (Scientists, Engineers and Technicians) as § of ) o

Labour Force..,....... e et Cerbeerrieeas 10 4.5 8 Z 6.5 6.5 3 2 4.5 1 - 0,61 n, 8.

T. " Composite Index minus Germany ............. e 7 5 - [ 9 3 4 1 - - -

U, Average Number of Years' Schooling of Labour .

LFOYCE i iaiaeanan eeasins e eeaanaenand ararraesanans 6 2 - 9 8 7 4.5 3 1 -
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Table A.3. {Cont'd)

.ozzt-x'-‘-::.:n'ﬁmcnw:a-

V. Composite Index minus Germany, Italy and Belgium ,....... - [} 5 - - 7 3 4 2 i - - -
W. Average Number of Years' Schooling of HIM ............... - 2 [ - - 4 5 7 3 1 - 0.29 n.s.
X. Average Number of Years' Schooling of STP'S _............ | - 2 6 - - 3 | s 7 4 1 - 0.11 n.s.
Y. Composite Index minug %aly and Belgium . ... et - 7 8 2.6 - 8 4 5 2.5 1 - - -
Z_. HLM with University Degree as a Percentage of Labour N .

Foree ....... A, it et atr e - 2 4.5 3 o 8 6 | 7 4,5 .1 - Q, 49 n, 8

NOTES AND SOURCES:

A compesite ranked index of six national characteristics advanced as being of impartance in the innovation process (source: Table A, 23,
As ahove, adjusted o include Switzerland.

Size of market represented by GNP (sovrce: OECD),

R 2nd D expenditures per capita financed by business enrerprise (source: OECD).

Total per caplta expenditure on R and I {source; OECD),

: Expenditure per capil2 on R and D perfarmed by business (source: OECD},

Expendliure per capita on R and D financed by government {source: OECD), i
Number of large firms represented by the number of firms with anncal sales of $500m or moere per million pupulauon (1964 -65) (sou:ce- Farrune).

: Asabove, but with firms with sales of $250m or more (source; Fortune),
: Rescarch and development manpower s represented by teial number of Q, 8, and E, in R and D per 10, 000 popu]at:on (source: QECD).

Research and development manpower as represented by total number of QSE in industty per 10, 060 population (source: OECD),

As above, bur QSE and technicians in industry per 10, 000 population {source OECD).

Income per capita, 1966 (source: OECD). s

Nobel prizes in chemistry, physics, medicine and physiology, 1943-67, per head of manufacturing population (source: QUID, Plon, Paris).

Seientific absiracts, 1961-62, exp d per head of fz ing poprlation {source: Promotion and Qrganisation of Fundamental Research, OEGD).

Ranking of Educarional Characteristics (P - Z):

{sowrce: OECD}

P
Q
R
§
T
i
v
w
X
Y
Z:

Average number of years of formal schooling of high level manpower (ISCO major classifications 0+ 1),

HNumber of grad: and ivalent asa p ge of the toral labour force,

Number of graduales and equivalen( in pure sclence only. expressed as 2 percentags of total Isbowr farce.
Rumber of graduares and & in p asa percenmge of totel labowr force,
Combined number of g:aduacm in science and i ing. exp dasap ge of total labour force,

Composite index minus Germany, as data was unavaflable,
Average number of years of formal schooling of the tatal Iabowr force, . . . o R L
Composite index minus Germany, Italy apd Belgitm, as data was vnavailzble, S Ty S L -

Average number of years of formal sehooling of sefenufic and technfeal personnel (ISCO minor gronps 06, 01, 02, 0X).
Composite index minus Italy and Balgium, : LT
Higher level manpower with university degrees and equivalent as a percentage of the labour force, : .




However, the following limitations to these results must always be
kept in mind,

First, the total sample (i. e. ten) is too small, and the level_s of :
correlation highly sensitive to slight changes in the rankings. The
statistical meaning of the results should not, therefore, be over-
interpreted. Nometheless, they do help in interpreting the expenence
of ‘a number of Member countrles :

~ Becond, high correlations do not demonstrate causality.  They
simply show that, on the basis of the information available, certain - -
national characteristics exist at the same time as strong natmnal
1nnovat1ve performance. :

. Third, it is not possible to obtain data on all the national charac—
teristics advanced as being associated with strong innovative perfor-
mance. For example, no data exist which compare the ten countries'
mobility of research workers, the quality of education and of ma.nage~
ment or the propensity to take risks.

Fourth, not all the data are available for precisely the same time
perlod However, the nature of the characteristics measured is such,
that they do not fluctuate widely over time. With the exception of :
Japan, it is unlikely that the rankings have altered significantly over
thé past ten vears. Thus the lack of a commeoen time perlod is unhkely o
to mvahdate the results :
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Annex B -

EMPIRICAL STUDIES ON TECHNOLOGICAL
INNOVATION: THE PRESENT SITUATION AND
~ SOME FUTURE NEEDS

'L THE PRESENT PATTERN OF EFFORT -

Two facts will have become apparent to those who have read the
foregoing report. First, the overwhelming -majority of empirical
studies ontechnological innovation have been urdertaken in the USA.
Second, there is ample room for further fact flndmg and analysm on - -
the processes of technologma.l lnnovatlon ' =

About 50 per cent of the papers, stud1es reports books, etc.
cited in this report have been written by U, S.' citizens about the USA,
and a further 20 per cent wholly ox partly financed with funds from-~ -
U.S. sources.” Recently, Professor A. Rubenstein made a survey of
the level of effort of "research-on-research'; which showed the rapid..
increase of teaching and research in the field during the 1960's (143).
He found that, in 1968, 53 U. S. universities were engaged in research-
projects related to pollcy aspects of science and technology, as against
20 foreign (i. e. non-U. §. ) universities. 'He also found that 34 U. 8,
industrial firms and 12 U, S. government agencies were engaged in
gimilar research, as agamst 9 fore1gn {i. €. non- U S.) flrms and
. associations. : o

. FURTHER STUDIES AND THEIR RELEVANCE TO POLICY

" In spite of its existing high level of academic effort, it is in'the -
USA that the need for further study of the economic; social and pollcy
aspects of science and technology has been most clearly recognised. *
As has already been mentioned in the report, Roberts has stressed the’
need for further empirical research on the management of research -
and innovation, in order to destroy the mythologies surrounding it and -
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Academy of Sc1ences has recommended the encouragement of studies

of the history and sociology of science and technology, in order to
further understanding of the principles behind the great variety of ,
guccessful patterns of applied research and its application (52). Further—
more, in making policy recommendations concerning technological _
innovation to the U. 8, Department of Commerce, a recent report noted
that the U. 8, ... spends tens of billions of dollars every year on :
innovation .., Yet we lmow very. little about the processes: of techno-
logical change and growth ... Until adequate data and better insights

are developed, we will have to continue to rely on inappropriate infor-
mation, educated guesses:and, unwittingly at times, on lore. - It is
inexcusable that decisions, both in-and out of government, as to the .
probable impact of proposed policy changes on technological innovation, . :
have to be made on the basis of such information. " (2). :

Finally, the relevance of further studies to science policy makers
has been made very clear by the Chairman of the Committee on Science !
and Public Policy of the U.S. National Academy of Sciences:

"Many of the current demands for better scientific planning are.. ..
probably as naive as the early demands for economic planning, We
are like an wmtrained pergon suddenly. set down in the cockpit of a jet = .
aircraft, with hundreds of dials and levers in front of us, .and little clue :
as to what lever to pull to steer the machine, though knowing if we push ..
one too strongly the giant aircraft, which tends to fly by itself onan
even keel, may go out of control, or respond in the exact opposite way .
from which we intended. As in the.case of econcmic planning we have .
to develop a much more sophisticated understanding of how the ex1st1ng_
system works before we can control it. Just as sconomics could not......
really be applied. successfully to policy until it learned to distinguish. .,
between 'ought' and "is' s0 must science policy rid itself of a certain.
reformlst and m1ss1onary spirit. before it can become a tool to success—'
fully influence. national and international actions., " (144)

II. THE NEED FOR STUDIES IN A WIDER NUMBER
OF COUNTRIES

Countries other than the USA c¢an and do benefit from the results
of studies on technological innovation undertaken in the USA. But they ' .
would also benefit greatly from indigenous. studies which would .enable
more intimate contacts amongst those undertaking studies, practitionerSi
in industry, the universities and government, and thoge. in feaching .. '
and which would also.take account of environmental conditions whmh
may be very different from those existing in the UUSA., That emp1,r10aL,_ E '
studies on technological innovation should be undertaken in all, countries
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able efforts have been made to collect empirical data related to science
and technology - namely R and D statistics, There can be little doubt
that the existence of thorough and comparable data on R and D has had
an important - through often indirect - influence on science policy
formulation in the Member couniries. Yet this influence would not
have been so great - and would even have been thoroughly misleading -
had it been based solely on the data collected by the U.s. Natlonal
Science Foumdation.

IV. THE ROLE OF GOVERNMENT

Governments can - and do -:influence both directly and indirectly
the level and direction of research and teaching related to problems
of science policy and technological innovation, As we have seen, a
number of U. 8. Government agencies support such activities, and the
National Science Foundation publishes periodically an exhaustive list
of Current Projects on the Economic and Social Implications  of
Science and Technology. And during the course of preparation of
this report, the Seci'etamat has run across a number of research
and teaching programmes in. other Member countries. This informa-
tion tends to confirm what has been said earlier about the relative
balance between the USA and the rest of the OECD area, but shows
in addition that levels of effort vary widely from c'ountry' to country
(many new programmes have been established in the UK over the
past four years), and that some of the programmes enjoy government
support. Given the potential returns from a better. understanding
of the interaction between science, technology and the economy,
science policy makers.in a wide number of Member countriés should
perhaps review the adequacy of their' support for research on :
technological innovation - or even science policy in general,

V. AREAS FOR FURTHER STUDY AND ANALYSIS

' There follows a list of subjects, grouped under a number. of broad
problem areas, which - on the basis of the foregoing report - would
appear to nierit further data collection and analysis. Methods of °
undertaking research on the various subjects might vary from the
development and testing of sophisticated models, through the collection
and analysis of statistical data, to detailed, descriptive case studies,
The value of the research would often be Increased considerably, if
national projects could be co-ordinated with similar projects undertaken
in other countries, thereby 1ncrea.smg the range of data available for
 analysis, as well as increasing the possibilities of variation of the

_ parameters involved.
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historical developments in various industrial sectors (20); hlstorlcal
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The General Characteristics of Technological Innovation
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vide a comprehensive and detailed generzal guide tothe literature.
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and Technology, National Science Foundatmn Washlngton
an annotated compilation of a large number of research projects
in the U, S , issued and revised annually.

R. Nelson: Economics of Invention: A Survey of the iiteratﬁre,
Journal of Business, Vol. 32, University of Chicago, 1959,

Analytical Journal of Works on Scientific Policy (in French and

e July 1969.

English), prepared for the OECD, Paris, by the Belgian
National Council on Smentffm Pohcy a series of annotated
bibliographies.

Science Policy and Research Management: a series ol bibliog-
raphies prepared for the QECD, Paris, by the Nahonal Counoll
on Sclent1flc Pollcy in Brussels.. 2T ; P ;

Technologmal Forecastmg in Perspectwe OECD Pa,I'IS 1966:\-

-an-annotated blbhography of.over: 400 references

General blbhography compﬂed by the Rand Corporation USA

- includes sections.on international trade, industry studies, data
sources and technology and market structu:ne (undated)

'_'G Ray The Rate of Technologmal Dxfqumn, NIESR May 1969,

Review No. 48: an article of on-going work on technological -
diffugion - a selected b1b110graphy is avallable from. NIESR )

.. London,. .

B

Indéx to f:he Literature on Science of Science, Research Survey

-and Planning Organisation, Council of Scientific and Industrial

Research;: New Delhi: one of a series of blbilographles oovermg
many aspects of science of science. i

Science Policy News, a bi-monthly bulletin published: by the

- Science of Science Foundation in collaboration with the:OECD:

includes a supplementary bibliography -of national publicatiens,
articles and science pollcy news - Vol 1, No. 1, U K USA

;Slze of Cou.ntrles and Then:‘ Research Pohcv An Exploratory
- Analysis, Tund, Sweden, 10th; February, 1967: a preliminary

bibliography of 47 items including size of countries, comparisons
of countries, size of R and D.

M. T, Sovel'.”Toohﬁoiog'j.r Transfer.- A Selected Bibliography

- Denver Research Instltute Denver, USA, 1968 :. contams 428
_references to literature in-the:field. : R
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Reference Paper 1, Centre for Industrial Development, Depart-
ment of Econom:ic a.nd Social Affairs, United Nations, New York
1964. s : :

R. Havélock: Bibliography on Knowledge Utilisation and Dissem- :
ination, Centre for Research on Utilisation of Scientitic Knowledge,
Institute for Social Research, The University of Michigan, Ann

_Arbor: about 3, 500 titles.
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