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FOREWORD

In response 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 imovation.
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 heen
prepared under the direction of the OECD's Committee for Science
Policy, on the relationships between science, technology and the econ-
omy, and ig an immediate sequel to the series published under the gen-
eral title, "Gaps in Technology'. Its approach is essentially the same
: as these previcus OECD studies. It throws new light on certain policy
problems, and jdentifies other areas where further information and
' analysis are required.

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

The report was written by Keith Pavitt, with the assistance of
-Balomon-Wald.-who.was.responsible for Part III of the report. Both are

-staff members of the Directorate for Scientific Affairs of thé__ OECD.
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SUMMARY ‘OF - MAIN. CONCLUSIONS OF THE REPORT

~i: ' RELEVANCE TO SCIENCE: AND ECONOMIC POLICIES «.zion

i~ Technologicdl innovation is defined here as the first application of
science and technology in'a new way, with.commercial-success. - Fos-
tering technological innovation is -an-important objective’ of national
- science policy, since considerable scientific and technologmal resources
‘are devoted to’ mnovatlve act1v1t1es

Furthermore technologlcai mnovatlon ma.kes S;gmf;cant cuntm—'
butmn to: compet1t1ve strengt_h in international markets, and the diffusion
of innovation amongst-its potential population of users-to economicgro‘wth
in all Member countries. - The pressures for technological innovation:
and-diffusion will continue to be strong as:long as:economic growth:and:
international competitiveness are important policy objectives in the:::
-:Member ‘countries, . The Teport'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.  CHARACTERISTICS OF. THE: INNOVATIVE SYSTEM

The Essential Components

“"Buccessful technological imngvation:always :requii'es the: existence - .
of three factors: scientific and technological capability, market demand,
and ‘an-agent which: transforms this ¢apability into:goods: and services

‘which satisty the démand.” o the OECD ¢counitiles;-this-agent-is-the-
industrial firm, the pressures and indentives being competition:and--
profit, mamly through product innovations but: also through cost-

* xreducmg process mnovatmns Gt C :
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The roles of large and small firms are interdependent because
small 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 hag happened by default, Small science-based firms. flourished
earher in the U. S, A, than in other Member countries, partly because
of a more favourable market and financial environment and of a greater
degree of personal mob111ty

Finally, the roles of large and small firms are ever ehangmg "As
a technology matures in one sector, scale factors tend to become more
important. But, as one technology matures another enters a perlod of
growth, thereby openmg other and new opportumtles for. smaﬂer flI'mS
Hence the need for mobility and ﬂemblllty of innovative resources - and
partlcularly slulled mManpower and capital --in order to respond to the
ever chang‘mg opportunities and requlrements of technologlcal umovatlon.

""’I"he-Si'ze of National Markets -

.- -Studies in the USA have. suggested that-the size and sophistication
of the U. 8. market has been 2 key factpr in the mnovatlve strength of
U. 8. industry. However, this explanation does not appear to hold for
all Member countrles There are countries with very small national .
markets, but also with the technologlcal and entrepreneurla,l capabilities
enabling them to res“ord to demands for innovation.on world markets...
However, overcoming barriers to natlonal markets has its costs and
can reduce the rewards and returns to successful innovators. In par—
ticular, the penetration of foreign‘government markets a.ppears'to have
been particularly difficult, and to have had’ 1mportant effects on patterns
of mnovatwe performzmee in certam Sectors

““The Ma'nagement of InnoVation :

Technological innovation poses many difficult and sometimes novel

problems to management, given the uncertainties and long time horizous

-.involved, and given the need for communications across disciplinary
and functional boundaries. Hence the need for "entrepreneurial" orga-
nisational forms, with flexible definitions of responsibilities and large
possibilities for 1atera1 Commutiication, capable of evaluatmg and re-
sponding to new - and often unforeseen = technical and market cireum=

.. stances.’ Henee also the need for top management's commltment to o
takmg risks. : : : i e

Study and teachmg Specuflcally related to the process of 1n,novat10n
_may be partlcularly valuable - for both research workers and’ managers
given the difficulties of applying successfully many of the couventional -
management techniques. Furthermore, the increasingly worldwide Gorii~

petitive and martket environment within which technological 1nnovat1on
takes place requires 'a careful definition of the role ‘of R and R machmvmg
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environment and objectives, and not enough is known about the impact

ol various components of government policy, Nonetheless, successful,
national innovative systems appear to be 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. :

The Deployrnent of R and D Resources

- Even where variations in absolute size are taken into account,
there are big differences amongst Meniber countries in the level of
- resources devoted to R and D performed in industry, For R and D
financed by mdustry, ‘the dlfferences are smaller although st111 im-
porta.nt :

Government performed R and D has decreased as a proportmn 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-finariced 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
hut not otherwise, : SR

National Technological Specialisation

The increasingly open and interdependent OECD region requires
national ‘specialisation within areas of advancing technology. The
existing patterns of national specialisation reflec¢t government objectives

. and access to raw materials, as well as the sanctions of commercial
success in world markets. Government can reinforce existing patterns
of spec1ahsation through rewarding successful, innovating firms, and
can help create new patterns in the longer term by building up new
strong poinis in scientific and technological capabilities, '

Large-Scale Technological 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

U560l reBoUTrcesy-: -These programmes-have.had. important.effects.on..
'tec]mologwal innovation in specific sectors.. But some countries have a.
- strong national performance in technological innovation without such
. large-scale programmes, The exient to which governments will finance
large-scale programmes related to technological innovation will depend
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sz Ay THE ECONOMIC -CONTEXT:: - - ws s

1. The importance -of the impact of science-and technology.on the

OECD. economies is now:widely-accepted, - Thug, ineéxamining the .- .o
~growth of output in OECD-countries over: the period 1960-1980, .a:docu~ - . ...
ment of Working Party No, 2 of the Economic Policy Commiitee has

said the following-

"Nor is 1t llkely that the sources of the. hlgh rates of grcwth of
potentlal output expected 1n the 1970‘5 w111 qulckly dlsappear, ) on the

2,
‘ 1mpact on the economy aré often mlsunderstood so that some effort of

* clarification is necessary. The d1st1nct10n between 1nventlon, mnovatlon
and diffusion is particularly’ important when considering the macro- )
economic effects of technological progress, Invention is the idea of how
science and technology could be applied in a new way, innovation consists
of brmgmg 1nvent1on to its first successful oommermal lise, " and dﬁfusmn '
consgists of the spread of the use of the mnovatmn amongst 1tS potentlal

B ulat1on of users, ,.‘_TI'us dlsttncuon is, to some extent at least, an

. art] cial over51mp11f1cat10n ‘for example “the process “of mventlon N
“”permsts throughout the entlre 11fe of e. new technology, smce the stages

* References are given in Annex G to this Repori,
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. B, THE SCOPE OF THE REPORT

7. Itis on the process of 1nvent10n and mnovatlon, partlcularly in
industry, that this report will concentrate, This focus has been dict~

“ated partly by lack of data, Tnsufficient 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.*f And the
Secretariat has not had ‘either the compeétence or the resources to make
‘a thorough anglysis of the factors influencing technological innovation

in such areas as ag‘rmulture and. mechcme. ) :

8. Although industrial policy towards science and fechnology is more .
than a policy for technological innovation, a number of very good rea- .
-song exlgts for obtaining a better imderstanding 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 therefore 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 .,
1nt1mately linked to national capablhtles in fundamental research *E

9. And for the OECD area as a whole, technologlcal 1nnovat10ns now
create the basis for economic growth of the OECD members over the next
twenty to thirty years, If would be theoretically feagible for an individual
Member country o stop producing innevations and to grow solely on the
bagis of those produced by others,. But it would be disastrous for long,

* An attempt to compare levels and rates of d1ffusion of four l:echﬂologl.es in the .
Member countries has been made in a previous OECD pubhcatmn (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), Wark
of a stmilar nature is being continued with'the involvement of the National Bureau of
Economic Research, New York,

. Mansfield has analysed the diffusion of twelve innovations in four U. S, industries (17), He
found that thé diffusion of inmovation amongst the potennal population of usérs had been 4
relarively slow process, often taking twenty years or mare, He also fourd that the speed of
diffusion had depended on three factors: the extent of the ecopomic advantage of the inno-
vation, the extent of uﬁcertamty associated with it, and the level of investment feqiired:”
He also found that the speed of 2 firm's response 10 an innovation was pot related to its rate -
of gmwth profit 1evel liquidity, profn trend, or age of its management person.nel.

%% Fora detaﬂed examination of the links between fundamental resea.rch and mdustual
innovation, see Part iJI of the Report,
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‘as distinct from theoretical speculation, Some would argue that all
generalisations about technological innovations are —and always will be ~
; useless, given the uniqueness of each innovation, and given the inherent
f 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, Each baby is
unique (especially to its parents), its sex and physical characteristics
cannot be predicied, nor can the number of babies to be produced 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 policy making. ' ' ‘

14, The difficulties in the way of similarly useful generalisations about
technological innovation do not have to do, then, with its unique nature,
They have to do with the comparatively recent growth of data collection
and analysis related to it, There are, nonetheless, a number of sources
of relevant information and analysis, First, statistical data collected
at the national level on such factors as research and development,
education, fundamental secience and technological innovation, Second,
studies on technological innovation in specific industries, Third, studies
on technological innovation in relation to institutional and organigational
factors, TFourth, the recorded experience of individuals who have been
involved in the innovative process. Fifth, historical case studies of
individual or groups of innovations, The OECD and the Science Policy
e Committee have contribuied enormously-to the first source of information;

and to some extent to the second, The universities have heen 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 {0 a

' more fundamental understanding of the processes of technologlcal 1nno-

: '-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 proport'ion of all'infor-
mation and analysis of technological innovation hias been undertaken in the
USA. Sincéthe U. S. system is sowell documented, and since information’
“~ahott 1t 15 80 ¥éadily available, "thére 1§ a danger, in any report of this™
“kind, of slipping into an almost exclusive discussion of the U, S, 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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‘Table 1,

CORRESPONDENCE OF RESEARCH INTENSITY -

OF mDUSTRY GROUPS TO THE OUTPUT OF NEW PRODUCTS

'-IN'I'HEUSA

...} RAND'D FUNDS |
| AS A PERCENTAGE |

" ERPECTED
“PERCENTAGE OF °

OF SALES . ;gviénglggcﬁs--

Casesy YT (esm
1 p)
Aircraft and parts .i...uveaivionas 20. 8 40
Electri.cal machinery ....eiievenss 12,0 24
Machinery ..iveviesersvecanvacss 4,2 23
Vehicles P 3.4 22
Chemicals .iivvuvssscasrenccanes 5, 2 18
Fabrication of metals ............ 1.7 17
Stone, clayand glass ....eevenees 1.4 17
Textile8 ,uivvueiersanessnsssnsses 0.5 13
'Foodandbeverages_ rhdetsesaesaan 0.3 11
Petroleum and coal products ,..... 1.0 5
Non-ferrous metals ..eeeveeseenes 1.d 9
Iron and steel  ..,iuvvanevcransone 0,6 7
Rubber i.icicconsrvorannnsnnenns 2,0 4

The rank correlation coefficient berween Columns 1 and 2 is 0, 7, which issignificant at the -

1% level,

SOURCE: Column 1: Natiopal Science Foundatmn

Colurnn 2: See Reference 3,
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oAy INTRODUCTION. -

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
satisfy 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 scientifie and technological
knowledge, The benefits to the firm are reduced costs and bigger mar-
kets, . These benefits-are, in some.cases, sustained through the tempor-
ary monopoly a,fforded to the 1nnovat1ug llrm through the patent system.

‘50, Technologmal mnovatlons is a8 old as man, but it'is only in the
N 20th century that science, .technology and the mdustrlal firm have come
‘ together to play such an mportant role in it (17). Sufﬂce it to say here
e that the two key factors appear to have been: [irst, “the increasing
' explanatory power and applicability of science; second, the preéssures 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 unlver51t1es. The importance of these
& factors is amply illystrated by the hlstormal development of the plastws
_ 1nduetry, Wthh grew out of scientific d1scovery, and where large pro-
‘ grammes of R and D, together with major technologmal mnovatlons :
have been made by industrial firms competmg in World markets - and
often in collaboratlon With u.tuver31ty sc1ent1sts (1) '

' 21 Data collected for the U S A “and the U K, suggest that theé mem
ob]ectlves of mdustrlal R and D and umovatwe act1v1t1ee are new and

S— -betten products rather than new. a;1d better productlon processes' The'l
SR main purpose of 1ndustr1al R. and C im ) '
wWag new produot development 111 45% of flrms 1mprov1ng new
i in 41%, and new production processes in 14% (3). A study of” 56'7 mn V-
| “ations in U, S, industry since 1945 confirms this pattern; 58% led to
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25, Two studies have measured the broad economic characteristics of
research intensive industries in the U, S, A, (23, 24), From these studies,
it would appear that, by comparison with other industries, the résearch
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-
v~tration, On the other hand, the research intensive industries are not -
particularly capital intensive, they do not manufacture a relatively high

“iproportion 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 indusiries have similar characteristics would be very valuable,

26, However, 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, Schmookler, 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 innovations 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 fagter 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
orders of magnitude in computing has produced many fundamentally new
effects, ' (105)

27, And a recent report to the U, 8, Government has concluded that-
the main factor is management: o :

"Are highly innovative indusiries progressive because of the
manner in which they respond to technological opporiunities? 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
excesgive built~in barriers to technological change? Is it that their
managements have not learned the importance of ut111s1ng technological
opportunltles and inmovative skllis? : :

"We fmd that we must answer each of these questlons afflrmatwely,

) The mam barmer ig one of attitude and envu'onment I 1s pr1mar11y a.

problem of education - not of antlt-rust taxation or cap1tal avaﬂablhty i (2)."

28, ' The available empirical evidence on the relative importance of
these three factors — markets, technological opportunity and management -
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direction of technological growth can be inferred from the former but
the rate of growth will be dictated by the latter,' (8).

30, .In this context, radmal 1nnovat10ns (or "precursor type events”) -
often growing out of new teehnologlcal Opporttm1t1es - can perhaps be
seen as innovations wh,lch open up opportunities for a far wider number
of need—o_x_'lented 1nnovat1ons. And the research intensive industries can
perhaps be seen as the_i’nain souroe of radical innovations, opening up
opportunities for a far larger number of often more minor innovations in
a wider number of industries, - The classic contemporary example of
such'a phenomenon would be the development and still prollferatmg range
of utlhsatlons of the computer.

31, Many stud‘ies of specific technological inniovations also stress the
management factor, and in particular the presence of outstanding indi-
viduals able to 1dent1.Ey market needs or technological opportunltles {86).
But no studles ex1st on the ‘effects of the management factor in different
types of 1ndustry. Nonetheless it may well be that the innovative qua.hty
_of management is 1nt1n1ately bound up with technologlcal and market
developments, Firms in sectors of rapldly advancing technology are
more likely to find new market opportunities, to employ qualified scien~
tists and engineers in all functions, to develop innovative attitudes and -
skilis, to have close relations with the universities, to be searching for
new technologies and markets to enter, and to have sufficient: sk111s to
do so, : : : :

32, ' The converse of this proposition is that technologically stable in--
dustries are not likely to have these dynamic characteristics, Indeed, :
A.: Stinchcombe has gone so far as to-argue that the organisational and -
managerial characteristics of different industries reveal fundamental 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 knowledge, and that further evolution is 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-=
research 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 g‘reat -deal of attention,
‘But it is. perhaps
sa.t‘e to assume that the Telative balance of these two mechamSms (+) S
technology transfer will depend in part on the quallty of ma_nagement in':
the non-research intensive industries, :
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37. The same pattern of R and D and invention exists in France, In
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 medlum sized firms take out 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 if this pattern is repeated

" elsewhere,

38. A number of historical studies havé_also been undertaken on the
contribution of large firms and small firms to technological innovation,

- Mansfield found that, in the U, 8, ‘ steel, petroleum and coal industries
between 1939 and 1958, .the largest [irms contributed more technological
‘inmovations than their share in production in petroleum and coal, whilst

the contrary was true in steel (29), Freeman found that, in the plastics
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

- o 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 pharmaceutical indusiry 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 technological 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, ocut of 61 important inventions and inno~
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
-0, 8, steel industry (42), Peck has found a similar pattern in inventive

activity in the U, 8. aluminium indusiry (33), and Enos in mventlve
activity in the refining and crackmg 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 inveuntion 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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reliability in performance are required. This is obviously the case in
relation to weapons and defence systems, in aerospace, in nuclear
energy and - given more stringent regulatory standards - perhaps also
pharmaceutical products, 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, Freeman estimated annual R and I expend-
iture thresholds Whlch varied from -a hundred to tens of mllhons of

- pounds sterling (39).

45, Scale factors can also be important in relation to the nature of the
" market 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 ig important in pharmaceutical products

{80, 40), and probably also in consumer. electronic products, Marketing
expenditures are also likely to be heavy when the level of technological
sophistication of the innovating firm is much Higher than that of potential
customers, or = as one wrifer has stated - when there is a big difference
hetween supplier and customer in the level ‘of "Tnnovation Quotient!' 41y,
In such circumstances, relatively large efforts are required by innov-
‘atmg tirms in order to identify potential cusiomers' needs, to sell the
resulting innovation, . and to give the necessary {raining, aftersales and
support services to users. Innovation in the 1950's and early 1960's n
; _commermal EDP computers is a good illustration of “us type of situation,
Firms selling such computers spent large sums on marketmg and after-
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 firms and government
establishments, both of which are better able to defme their require-
ments (35), * -

46, The converse of the above set of propositions is that small, innov-
ative firms will tend to specialise in product areds which do not require
large scale R and D or marketing efforts, but where they can nonetheless
build up 2 technological advantage, The areas in'which they are able fo
do this will: depend-on-the rate of technological change, In areas where
there is a high rate of change, a relatively large number of product

% It should be mentioned that the degree 1o which R and D in'a"sector leads o high-
" Iy differentiated products will influence the incentive of firms to penemate foreign markeis,
In the phirmaceutical sector, for éxamiple, where products are highly ‘differentiazed, it has™
. proved to be more efficient for firms to concentrate their heavy R and D expenditures and
to conquer a small share of a large number of national markets, rather than to spread R-and
D expenditures and to conguer a large share of one national market (30),
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clearly likely to be the case in small firms whose main competitive arm
ig 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 intensity.

51, But another reason often advanced fo 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 small firm striving to meet "thresholds' in production and marketing

- as well as in R and D.is 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 cannot 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 strengthening of productlon, marketlng and

management capabilities, (2) -

52, But _this analysis does not exhaust the subject, " The phenomenal
growth from very small beginnings of such firms as Xerox, Polaroid,
Texas Ingtruments and Cantrol Data Corporation are not gigns of a tldy
division of labour between small and large firms, The standard expla-
nation for such phenomena is the conservatism, the weight of establish-
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
havean effective mechanism for evaluating and pursuing high risk, inno-
vative proposals from outside sources, Whilstthis may sometimes have
heen the case, it is an explanation that is not entirely convincing, The:
concepts of xerography and the Polaroid camera were, after all, offer-

- ed to large firms not at all noled for the negative qualities cited above:
(i, e, IBM and Kodak), Another possible explanation is the extreme

technological and market uncertainties agsociated with technological
innovations - especially radical ones.

53. On the bagis of a study of some thirty radical innovaﬁons,
Professor Bright has advanced the following proposition:

=W Fhesmost-important-application.of a.new.technology.is not alwdys

that'which was visualised first:,.;. 'Technological innovations frequent-

Iy gain their first foothold for purposes that were originally not thought

of or were deemed to be quite secondary. e (16)
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"Mr, Ed. Gee, Director of Development at DuPont, recalled such
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—
- duetion, since it was not worthwhlle for them." (44)

57, Many such new firms are established on the basis of knowledge
acquired by their owners elsewhere. In his study of new science-based
firms ir the 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 time 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 sirong concentration of organised re-
search act1v1ty, based in un1vers1t1es or government or mdustmal
laboratories. (47) -

.58, But although small firms-do grow out of work done in university:"
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. Butl 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 successiul
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, All this suggests that new firms are more likely o come out-of

| industrial or governmental laboratories than out of the universities,
This is not to say that the universities have no role to play in ereating
new science based firms, On-the contrary, the above evidence suggests
they have made a.significant contribution, But, when interpreting the. .
i U. 8. experience in this field, and comparing it with their own, other

' Member countries might well bear in mind that conventional university
“=departmentz-have-not: necessarﬂy been themain-gource: of BGlenGB-baSBd-'--:e‘..—.-‘.»:i.
: entrepreneurshlp in-the: U, 8, Ay T R R R




entrepreneurs may be higher in the T, S, A, where the stock and grad-
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 10 have
quallflcatlons below this level,

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

o u.sA. | EUROPE
LEVEL OF EDUCATION - -

h : No. "] % No, %

Lower:than University Level 9 | 14 3 | 5 8.8
. :F1rst (Bachelor 8) Degree .. 19 30,2 [ 13 17,8

Second (Master's) Degree ... 24 38,0 40 . 54, 8.
Third (Doctor's) Degree .... 11 17.4 15 20,5
TOTAL L ivvveeversnnvases 63 .| 100 73 100

"SOURCES: - U,S.A, - E.D, Roberts, cited in Reference 106 Data are for entrepreaeurs who
s have established firms,
Europe. - Information supplied by European Enterprises Development Company,
: Paris. Data are for entrepreneurswho have 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 outside the U, 8, 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 fraditional 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 "seience-based", Perhaps
some clues could be found to the relevance of this factor m comparmg

o the social and pEychological charactemstlcs of b

entreprenetirs in diffeérent Gotintries, " In'the’ U.S/ AL, Roberts has fourd
that a high proportion had fathérs who were self-eraployed, and that- -

- guccéessful entrepreneurs are highly motivated towards achievement and
“only moderately towards power, whilst unsuccessful ones felt a low need
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.66, - Management ability is also related to the success of new, science-
based firms. Roberts has found that scientists and engineers who set up
new firms often had followed courses 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 ahout 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_ e A :

"-87. Personal and company taxation is another factor.advanced as having
an important influence 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 OECD: area, it is impossible to make any generalisation as

. fo their effects, And even in specific Member countries, there are dis-
agreements between science-based entrepreneurs-aboul the effects of .

~taxation systems (107, 108). :

68. . Probably more important is the availability of venture -capital for -
science~based enirepreneurship, The same U, 8, report.noted that
regional differences in science-based entrepreneurship in the U, 8, A.
could be explained, to gsome extent at least, by differences in the degree
of communication and linkage between venture capital sources and
science-based entrepreneurs, -Furthermore, it identified the following
potential sources of venture capital available for science-based entre-
preneurship in the T, 8. A, ;. personal wealth; insurance companies,
investment funds and trusts; corporate sources; -investment bankers
and underwriters (2), o _ e :

69. . Thus, the finance available for science~based entrepreneurs
depends not only on the amount of capital available in a country, but -
also on the degree of confidence and comprehension existing between
the scientific 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), In the 21 vears 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

swcfive.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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Table 5. PERCENTAGE OF NEW SCIENCE-BASED COMPANIES
IN THE U, 5, A, WHOSE GOVERNMENT SALES ARE A GIVEN .
PROPORTION OF THE TOTAL :

CHEMICALS,

PROPORTION | ELECTRONICS | INSTRUMENTS | - - TOTAL
OF GOVERN- | - : - MATERIALS :
MENT

SALES | ORIG, | NOW |ORG, | Now | ORG. | wow | omG, | 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 | 25,0 2.1 9.1 | 12,0 | 27,1

" 2/8-3/3 39,0 | 35.4 | 46,9 | 30.6 | 18.2 | 21.2 | 36.7 | 30.4

.SOURCE: See Reference 44,

72, Nonetheless, the impact of government markets on Eurcpean
science~based entrepreneurship appears to be much less strong;

Table 6 shows that, for the sample of applicants to EED, nearly 66%
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 neghgzble. ‘

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

PERCENTAGE DISTRIBUTION -

TYPE OF MARKET OF PROPOSALS

Industry, Commerce, Agriculiure,
Construction ....ivieisersessssiaes . 66,6

Research Institutes, Schools, Hospitals,
’ 18,7

€IC. Jvssesssssssscasanssacrsasssnas

Government Departmeuts and Contracts - | - 10,4

Services, Consultancies, ete, asisnses | .

TOTAL sieeinivveansnns D TP - 100

SQURCE: EED,
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successful product varies between § and 35%* and that R and D expend- -
itures 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 least $ 100
million and $ 400 million from the mnovatlon.

77. There are some other estimates. On the basis of an examination of
R:and D patterns in U. 8. indusiry, Scherer has concluded there may be

2 size threshold below 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, wiih total R and D costs of § 50 million, requires annual sales

- of about $ 200 million (102),

78, It should be noted that all these figures are well below the billion
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 expensive and their commercial success uncertain, such
a sales volume may be necessary in order to support a number of pro-
jects and thereby hedge against failure.

79.  Are technological "thresholds" tending 10 increase over time? For
flarge~scale technological systems this does appear to have been the case.
Advances in such technologies as materials, communication and control,
and reliability, have opened 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-
“craft, 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 significani to note that in
‘the U, 8, aerospace industry - which is largely concerned with large =~ =
" scale systems development - R and D expenditures became increasingly
concentrated in the biggest firms between 1958 and 1967. But the same
tendency was not observed in other U, S, industries; indeed, there is
some indication that the trend was towards lesser concentration (135). .
Tt is also worth nothing that relatively small Member countrles such as
the Netherlands, Switzerland and Sweden still appear to be able to under-
take a large share of the ; mdustmal R and D necessary to sansfy the _

‘reqmrements of a number of large and technologlcally powerful flrms

* These probabilities are derived from data presented in paragraph 123 of this report,
) k% Scherer madeé 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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84, This conclusion tends to confirm one of the conclusions of a recent
report of the' G. S Academy of Sciences on applied sclence and technolo—
gical’ progress:

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

... dJust as Basic Research and National Goals has as its prlmary
mstItutlonal focus the university (at which most basic research is per-
formed) sothis study, possibly less explicit, has as its prlmary institu-
tional focus the multidiseiplinary m1ss1on—or1ented laboratory, at wh1ch
most apphed research and development are performed " (52) )

' 85, However, the evidence: above 1dent1f1es two further and very 1m—
portant functions of large f1rms in natlonal mnovatwe systems namely

..~ tocreate capabﬂmes cmbodled in scientists-and engmeers who
-go out to gtart up their own firms in order to apply and exploit
cormamercially the technological ~ and sometimes the market -
knowledge that they obtained when working in large firms;

- to create demands for technologlcally s0ph1stlcated components
" “materials, services end equ1pment Wthh sophlstwated small
"'flrms can meet ' :

86, The addition of these further functions of large firms in the inno-
‘vative process helps explain, amongst other thmgs the apparently
conflicting observations that countiries with relatively more large firms
tend to have a relatlvely strong performance in technological innovation
(see Ammex A), but that - within these same countries - Small fn:‘ms
have played an important role in the innovative proccss

87, Itis clear that the relationships between small and large firms in
technological innovation are not stable or fixed for ever. While it is
possible to observe someé division of Iabour between firms aceording to
their size, the small firms specialising in certain sectors - highly sophist-
icated, faced with few buyers - there is a continuous change in these
~relationships,—While-large-firms generate-many-of the-bagic-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 fechnological know-how, and exploit it them-
selves., Or, when markets promise to be big, science-based entrepreneurs
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--0gleal-resources within.a.country.that.are capable of.identifying and re-

that national or regional differences in the scale and the sophistication

of markets have a very important - and sometimes determining - in-
fluence on national or regional patterns of industry's performance 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 itself
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. The Empirical 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 industrially advanced Member countries, a very low correlatlon
between national innovative performance and the size of the national s
market as measured by Gross National Product, Three countries with -
small national markets - the Netherlands, Sweden and Switzerland ~
all have a relatively strong performance in technological innovation, .

92. A higher, but still relatively low correlation, exists between
national innovative performance and the level of sophistication of the
national market, as measured by the level of income per head, and the .
level of government expenditure on R and D. But much higher corre~. :
lations with national imnovative performance exist for "supply™ rather, -
than "demand" factors, such as the number of large firms, the level of
industrial R and D, and capabilities in fundamental research. '

93, These statistice should not be overinterpreted. The indicators =
used are open to serious methodological and statistical criticisms, the .
total sample is too small, and the levels of correlation are highly
gensitive to slight changes in the rankings, Nonetheless, in an important
area where so little quantitative evidence is available, they do at least -
have the merit of questioning an aspect of current conventmnal wisdomm,

. What they suggest is that the essential element in national mnovatlve
performance is less the size and intensity of national demand for tech-
neological innovation than the entrepreneurial, organisational and technol-

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—tariff barriers, as well as the barriers
of distance, differing legislations and standards, in order to respond to
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worldwide demands for technological innovation, Their task has no
doubt been greatly 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, This is not to say that existing barriers are unimportant., Over-
.coming them has its costs, TFor example, the OECD study on gaps.in
...technology in plastics concluded that, although several coumntries had
. strong technological and market positions in plastics, European firms'

profit marging had.suffered, partly because of tariff and non-tariff

barriers (55). TFurthermore, there is some evidence for one European

- Member country which suggests that the financial and growth performance

_-of firms in high technology ihdustries has been lower than the average

-for indusiry as a whole (117), And OECD studies have shown that strici-
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, 36).
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 firms of foreign origin.

D, 3, National Inovative Capabilities: The Underlying Factors

95. But what are the factors underlying national differences in inno-
vative performance, as reflected in differences in strength in fundamental
and industrial research and in the number of large firms - differences

“which in turn reflect entrepreneurial, organisational and technological
capabilities? A thorough answer to this question would require a great

. deal of research, Here, we can only speculate, Sociologists might -
argue that these differences reflect differences in the degree of flexi~ -
bility and outward-lookingness of the various societies, Historians of

"-science and technology might point to the fact that different countries

. have traditionally been strong in certain fields of science and technol-
ogy, and that many large firms of today grew out of specific innovations
or innovative entrepreneurs, Economists might afgue that the differences
in' national performance in teclmological 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 specialisation

-and familiarity with world markets, but also forcing firms fo use more

i ~systema1.1(,a11y the-commercial opportunities offered by sc1ent1f1c advane

96 Historians should no doubt examine these various hypotheses, But
.. for policy makers it would be probably right to conclude that flexibility,
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activities, and second because they have certain characteristies which
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 comprehensgive 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 philosophies. Indeed, Ibelieve R and D has more
" of the mystique about it than any other area of management," (56)

- Marquis has suggested that, increasingly: -

: "Research management is not only the eritical 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 ¢an plan and schedule production
or invéntory 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 irom other empioyees in thelr
expectatmns their values, their attitudes and their motivations, ’Ihe
_‘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 1o use knowledge of
results as a bas1s for pla.nnmg in the future," (57)

Marquis goes on'to say that the body of knowledge on research
management is derived from four-sources: iradition, revelation, expe-
rience and systematic investigation of results, the Iast bemg the source
the most in need of development,

929, This ig neither the time nor the place to undertake a detailed and
systematic review of the problems of managing research and innovation,
A comprehensive review of R and D management practice in over 100
large U, 8. firms has, in fact, already been published by Seiler (7).’
~TLittle-of a similar nature has been done in‘other Member countries,
Nonetheless, - some of the points emerging from written experience and
systematlc study are relevant to government poliey makers ingofar as
ey are lnvolved, diveetly of fdirectly, T
pertain to the problems that research dnd innovation pose to estabhsh—
ed orgarusatlons, ‘and to current ‘methods of programme evaluatlon
They also pertain to the fact that the objectwes of mdustrlal research
and innovative activities must increasingly be fixed within a world-wide
framework rather than a national or regional framework,
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margin between price and cost gets narrower, At a relatively early stage
in the development ... it becomes far more imporiant that the principal
managers be good administrators than that they be good 1nnovators

L Qulte understandably,- we begln to get a preponderance of
;. what, for the simplification of the concept, I will call administrative
. 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, predominantly administra-
tive managers, ’

1, .. Often they have succeeded or displaced the original innovators
- and sometimes have suffered justifiable-despair at the inability of the °

" innovators to perform adequately the inereasingly difficult administrative
tasks,  At'the same time many ah innovator fails to recognise how bad-
he really is ag an administrator, His own experience’and value systems
gimply do not qualify him to comprehend what is involved, how difficult
it is to get the administrative management job done, and how justified
the adminisirative manager is in his despair,

- "As a consequence, from their own experience, the administrative
managers have no basis on which to judge and respect’'the contribution
‘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 ig already in, supplementing
the markets in which one already engages, doing effective work in cuti-
ing costs and lowering prices - all essential, but unlikely fo provide the
step function in product and servme necessary for dynamlc grth

cen Because they are efficient admlmstrators, the net result is
often constructive and results in the total organisation's being more
" .effective, more profitable and more useful to Society, But, ‘at the same
time, it makes the organisation still more complex and decreases the' "
‘relative number of those who know how to innovate, and innovation gets
* increasingly harder, At someé’point, the growth rate slows down or”
falls below that of the 1ndustr1es in which the orgamsatmn emsts " {66}

Furthermore

"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 getf his arms around., This is a logical and good manage--
ment practice, but unless. the general managers understand their jobs..

- thoroughly,, the company is in danger, of its. becoming no more than the .
sum total of the decentralised parts loosely governed primarily from a.
finangial point of view at the corporate level,, ..

59



" persons in higher management to advance the cause of the entrepreneur
- and his venture, Even after the project had attained the status of an in-
_ depéndent venture, the younger entrepreneurs reported capital support
" as being a major problem, " (10)

104, Finally, problems can arise because, as we have seen, radical
innovation involves the manufacturing and marketing functions in addi-
tion to the R and D function (2). Effective innovation requires effective
"coupling' amongst these functions (63), which may prove difficult o
‘because of differences in motivation and in vocabulary and edication,
in addition to the inevitable preo¢cupatioh which manufacturing and
marketing have with existing rather than future business,

105, So much for the difficulties posed by radical 1nnovat10n but how
can they be overcome? Burns has argued, on the basis of empirical
enquiry, that inmovation 1§ more likely to flourish in a framework which
is "enterprise centred! rather than "management centred':

_ "In management—centred orgamsatlons the problems and tasks
facing the concern as a whole are broken’ down into specialisms, Each
individual pursues hig task as something distinet from the real tasks of
the orgamsatxon, as if it were the subject of a sub—contract "Somebody
at the top" is résponsible for seeing to its relevance, The technical
methods, duties, and powers attached to each functional role are precuse—
ly defined. Interaction within management tends to be vertical, i
between supérior and subordinates, Operations and working behaviour
‘are governed by instructions and decisions issued by superiors, This '
command hierarchy is maintained by the implicit agsumption 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, operaies a simple
control system, with information flowing up: through a succession of :
filters, and decisions and 'instructions flowing downwards through a..

- succession of amplifiers. . :

"Entrepreneur-centred systems are adapted to unstable condmons

when problems and requirements for action arise which cannot be broken
down and distributed among specialist roles within a closely 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 mteractmn with others partwlpat—
mg in the task Interac‘uon runs later : Commu—-
. ‘mcatmn between people of d].fferent ra
" gultation rather than vertical command Ommsc1ence ¢3n no longer be

'1mputed to the head of the concewi n (62)
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a system is particularly appropriate when entering technologics or
markets radically different from the existing business, Members of
such venture teams must be at home in an environment of uncertainty
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 a
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 results of the study were somewhat incon lusive, and

. not in any case necessarily applicable to commercially oriented innova-
tions, e

110; Other methods of coupling R and D, producfion and marketing .
exigt: . .

A successful 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 suff1o1ent
probability of success has been demonstrated,” New ideas should not be
transferred prematurely just because they lie outside the asmgned :

tasks of the originating orgamsatlon. "{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 comporent. The writing of reports is certainly not sufficient,

nor is the giving of lectures and verbal exchange of information. Almost
invariably the transfer of technology requlres the demonstratlon of tech—
nlcal feasﬂolllty. " (70)

111, Frequent personal contracts between research workers ‘and the

. rest of the firm are also very neoessary

"An extremely important element in the conduct of apphed science
ig 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 adeguately confronted with the real 'practical problems that
exist, ’Ihese practleal problems can be a stlmulatlng source of funda-

.. ment of pure sczenoe 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 & greatly expanded pos~
gibility of matching an industrial need to a technical capability.! (70}
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Even though he may sometimes be more distinguished for enthusiasm -
and ingenuity 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 to ensure an occupational =
environment that will enhance their contributions.

" "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 contmbuted important innovations, are
not especially vocal or persuaswe. 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 appeal or is easily explained and dram-
atized is not always the best idea, or the one most likely to lead to
successful applieation’ in the long run, " (52) :

E.2.  Innovation 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 using 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)

L Some would argue that - as with national governments - 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~
thI’l of attltudes towards risk and uncertalnty (75).

116,-+-Ex-ante evaluation-of long-term- researehprogrammes presents= s
partmularly 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 technigques as Discounted Cash
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' .. Some of the observed problem areas (w1th regard to normatlve
technologlcal forecasting) are: ¥ : :

the cosiliness of the inputs’ ‘
the dubious accuracy of the estlmate _
. the J.n.l:'leX1b111ty of the methods
the limited impact on managerlal demsmn. " (78)

R

118 Furthermore a Tecent meetmg of the European Industrlal Research
Management Assoclatlon at which were present both mlelduals 1nvolved
in developing the methodology of technological forecastmg, as well as.

_ practitioners from the larger European. flrms concluded that

"]n companies whose markets were subject to short time’ scale 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 forecastmg was 2 charact—
erlstlc of more slowly movmg mdustnes n (149) :

119, Tn other words, useful technologlcal forecastmg is most difficulf
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 developmient, and of users' reactions to rad-
ical innovations, forecasting will continue to be ‘empirical rather ‘than =
scientific and deductive; 'As such, few would-deny that forécasting is
still hoth a feasible and necessary exercise in the evaluating of R-and ‘D
programmes. It can improve insight into-complex problems,’ and focus
attention oncriticdl areas where further questions must be answered -
(79).7 “But, given the uncertainties involved, the judgment, expériehice
and intuition of individuals will ¢ontinue to have animportant roleto play,
as will a thorough and critical evaluation of the aSSumptlons u.nderlylng
any forecast and the effects of- ohanglng them,

120, Emplrlcal ev1denoe confirmg that proposals for R and D pr()]ects
A 1ndustr1a1 tirmsg are rarely taken solely on the basis of humerically
based models or evaluation techniques, Two persons concerned with

the management of inmovative veniures 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
properly made by specialists. It must be made mstead on. the baS1s of ‘
entrepreneurlal judgments, " (65)

. ”Several orlterla are use ralslng the value of "the ventiive
to the Company. One is the expected uet return on mvestment over a
pericd 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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Table 8, - RESEARCH MANAGEMENT'S.OPINION
OF THE -ACCURACY WITH WHICH FACTORS;AFFECTING
RESEARCH PROJECTS CAN BE ESTIMATED, 1964

8
. Percentages
: ACCURACY RATING:".

" FACTOR R T L SIS S IR o roTAL-
: : E)EENE; GOOD | FAIR.’| POOR jLY UN- TOTAL

RELIABLE
Cost of the research A R A o o
project suviiiiinuaaans 3.5 | 27.8| 52,2 | 14,8 1.7 | 100"

Cost of development-if the |- o Cwe R L R
research is successful ., | 2.6 | 38,8 | 46,6 |- 9,5 | :2,5 | 100 ::

~ Probability of technical L
SUCCESS .y.iiesee.... | 3.5 | 513 [ 39.91 63| 0.0 | 100

“Time necessary to com— ';‘ - ' A R B N
plete the research..,... | 0,9 | 18,6 50,4 | 24.8| 5,3 | 100"

Manpower requlrements
necessary to complete the ‘ - N T .
research i...veseee.s | 2.6 | 34,2 |'83,5 [ 7,07 2,7 | 100

Probability of market o s
BUCCESE  ,u..vessvesn-e | 3.6 | 33.6 1 38,2 | 14,5, 10.1 | 100

"I‘ime'necess'ary to com~ SR RIS S P R A
plete the development -, 1,8 i°34,5 | 41.8 |: 17,3 |- 4.6 | 100 -
Market life of the prod— T A R o

uct if R and D efforts are':" o R R
successful ....reeve..s | 4.6 28,0 | 29,0 | 23,4 | 15,0 | 100 .

Revenue from: the sale of:
the product if R and D are . A EPRE R LRSS R
“puccessful ... eeeve.v.. | 5.3 | 36:0 (28,9 27.2| 2.6 100

Cost reductions if R and Dl ) e o o
efforts are successful .,' 110.7| 57.1| 14,3 | 14.3 3.6 | 100

SOURGE: See Reference 1,
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seek 1o reduce all the available data to a single composnte figure of
merlt which can serve as a decision criteria ...

- " - The treatment of lmcertamty and llkehood of success or
failure is generally unsatisfactory ...

"~ The methods propoged 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 fo related decisions.” However, the time-
“for doing this will be determined by the evolution of the project itself’
or of external events related toit..." (81)

125, Nevertheless, the report goes on to say: =

"All the methods evolved to date are still heavily dependent on
intuitive estimation and the final decision rules must still be interpret~
ed with congiderable 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 a 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,. as the rate
. of technological advance increases, -it is becoming increasingly diffieult
to make sat1sfactory intuitive decisions, More and more, the need is
being felt for rendering explicit the implieit assumptions and hypotheses
upon which intnitive decisions are based. However unsatisfactory the
exigting formal methods may be, the use of no method at all is likely to
be even worse, It is felf, thercfore, that it is very much worthwhlle to
devote effort to improving technigues and, perhaps even more 1mportant—
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, " : '

128, The report therefore goes on to d.‘lSClISS 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 project, '

~ Ey¢3, - Innovation and Company Objectives’ - -+

127, Both the appropriate organisational forms for innovation and the
criteria used in evaluating reséarch projects and innovative ventures *
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order to recognise the opportunities for industrial innovation that the
market affords, A number of European firms have already demonstrat-
ed that this can be done successfully,'' (82) Operating in the U, §, A, will
also ensure a strong technologlcal and managerial feedback from the

U. 8. environment,

'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 one 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 markets, and the desir-
‘ed degree’of control over further technological developments.  Statisti--
cal evidence suggests that U.S. firms are increasingly launching their
innovations in foreign markets through direct foreign investment (54). -
No eguivalent data are available for firms in other Member countries, :

133, Effective competition in international markets requires special-
isation, and technology 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 between electronics and agriculture). In areas of rapid-tech—
nological change, ‘where new market opportunities are continually open-
ing up, there are ample opportunities for specialisation 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, dependon

‘ the relative strengths and weaknesses of the firm; and on the possibil-

i ities of market penetration, But even in fields where other firms or '’
countries appear to have a strong lead in an importani-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
f their efforts on this technology's use in-electronic congumer goods (84)'
"And at.least one Europea.n firm has benefited from a concentratlon of
effort: : :

I by narrowmg down the field by excluding all but silicon
devices and by excluding all techniques other thar diffusion and by 11m1t—
wing.onrselves to.a narrow. rallg@&i POWErs. reqmred for the, automa.twe
..and aircraft industries, it has been possible, with a few technical men
concerned jn the work, to develop over a limited range quite a number
of sophisticated devices and it has been possible to sell back to the largu
est corporatlon in the Umted States a hcense on. one of them. " (83)
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total ""style'' of the firm with regard fo technological innovation, includ-
ing the appropriate organisational form and the criferia 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 fo
member governments, insofar as they are involved either directly or
indirectly in industrial technological activities. It may also be relevant
in relation to the policy objeciives that member governments fix in areas
with a strong scientific and technological component,

E. 4., Conclusions

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 innovation as important
management functions, and parily to certain unique 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 necessary for a real improvement in the techniques for managing
research and innovation, Academic institutions can play an important
role in advancing understanding of research and innovative processes,
and in training inmovative and enfrepreneurial 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 thig particular aspect of management technology - as with advances
in other "software' and "hardware" technologies, will continue to be
diffused internationally and rapidly.

#  European Industrial Research Management Association, and the Industrial Research
'Institute, which is its equivalent in the U,S,A,

75



 PartIO

THE UNIVERSITIES




A UNIVERSITY SCIENCE AND INDUSTRIAL TECHNOLOGYY,.
IN INDUSTRIALLY ADVANCED COUNTRIES -

7 Umte_

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 indusiries 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, 't has been
accelerated by the increasing availability and applieability of scientific -

:-kmowledge, These two: converging forces still being at work, the trend

towards closer links between sciencé and technology is unlikely to di-
minish 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 sc1ence
to practlcal tasks. : : :

143, The aim. of thlS part of the report is. to attempt to shed some hght

_on the concrete relatlons 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 technology is linked to na-

* tional strength in science, Countries with strong capabilities 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 scnence and technology in two countries, Germany and the

States. Can it be. generallse 10" all countrles‘?

144. Itis difficult to find a universally acceptable indicator of natmnal :
sc1ent1flc capab111t1es No single index is perfect Two indicators .
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146, However, it does not necessarily follow that there is a direct
causal link between national seientific and technological capabilities,
Both could depend on other - perhaps sociological, economic or political -
-factors. In order to examine whether there are direct links between

. science and technology, further data arenecessary., Therefore, the
fellowing two sections of this report will examine some of the available
evidence on the two-way links between seience and technology,

A2 Knowledge Transfer from University to Indusiry

147, Before presenting the data which attempt to examine how science

" is linked to technology, some general remarks are necessary, Dis-

., eussions on science and technology cannol 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-
ogy links imply university-industry lmks ‘However, the basic ob]ectwes
of industry and university are different, ‘sometimes even contradlctory.
Until recently, all European countries assumed more or less explicitly
that the main and certamly most noble task of a umver51ty was to 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, American universities were not closely
lmked to society's requirements, This started {o change with the land
grant colleges which were established in 1862 ag 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 sengitive

to society's needs and problems, s

148, However, in most countries, the drawing together of university
and industry has led to tension, illustrating how difficult it is to recon-
_ cile the growing interpenectration of science and technology with the

differences between the aims of university and industry. Althoughthis '
interpenetration is likely to increase, industry and university will pro-
bably never be tully mtegrated 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 many 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 WO wars, These examples, as well as the
_ Lsraeli experience, seem to indicare that - at least during the first half of the 20th century,

"~ - pational strength in science was not in every case linked o national strength in technology,

But, in each of these cases, national scientific capahllltles wer very cIoser linked to

;- Western European or U. 5. science,
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‘Fable 9, SOURCE OF.-R AND D EVENTS, BY INSTITUTION '

| DISTRIBUTION ACCORDING TO "HINDSIGHT",
| _ "IN %, OF ALL R AND D EVENTS

Dept, of Defense TabOratories .....veesseeeseesens | 39
Federal Institutions (except Dept, of Defense} ....... L2
- Universities (incl, Contract Research Center) ....,.. 9
Foreign 1
TOTAL  tueiicruvsraannssersnniennnsosnasnssansees [ - 1007

DISTRIBUTION ACCORDING TO "TRACES'",
 IN %, BY TYPE OF R _AND D EVENT

NON-MISSION _MISSION- | | DEVELOPMENT .
RESEARCH ORIENTED AND
EVENTS RESEARCH APPLICATION
EVENTS EVENTS
Research Institutes and

Government . .....0ee 10 B I 1 T 10
INAUSEEY waueensonnases 4 54 | .88
Universities .....c..e. 76 i 31 o 7
CUTOTAL ivliveeivane. 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 evenis, while applied -
regearch 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-

v tpys-and-39%-from-government-laboratories;However;-the-apparent

- modesty-of the univérsity contribution was mainly diue to the very short *
time period-which the Hindsight investigators took into account: they

© started with 1940, -and stressed that they had deliberately excluded the
''pool of basic knowledge" assembled before 1940, In spite of this warning,
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carried out within the United States too, and only little of it in other
countries? There are probably many reasons for this, One of the most
important - the advaniage for technological innovation-.of close, personal
contacts between industry and university - will be discussed later on in’
section B. 2. of this part of the report,

155, On the basis of this evidence, ‘it would appear that science does -
contribute to industrial innovation, and in some cases, it has become.

. an integral part of the Imovation process, .-However, whether the uni- |
versity always coniributes 60% of all R and D events, as in the TRACES
imovations; remains to be tested by other studies. - Probably, a shorter
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 -

{0 any industrial innovation. Of course, much depends upon the sciences
involved, .- Tt- seems that some fundamental sciences ~ for example,
chemistry - participate with a higher rate in industrial innovation than

‘others, A study by the U, 8. National Academy of Sciences on modern
_chemistry (121). investigated statistically the scientific publications which
announced ""practical discoveries' (inventions and innovations) in indus-
trial chemistry, On the basis of the cited references, the basic research
results leading to the "diseoveries" were traced hack o their origins, -
For example,: publications related to-16 different industrial discoveries
included 240 citations in-ail. 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

. distribution appears: .67% referred to fundamental science journals and

books, 22% io applied journals, 10% to patent publications, and 1% to

other sources, Possibly, university research in physics plays, on aver-
age, a less important role in the development-of industrial technology, -
but this.is one of the many questions which remain to be investigated,

156. It mustbe added that the relevance of fundamental science to tech~
nologieal innovation goes beyond the mere transfer of R and D events
from university to industry,- as-illustrated by TRACES, American ex-.
perts, among others, noticed that a growing part of applied research .
was being performed by people whose training was in basic science (122),
This may-be because basic 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

o p0y-ensure -that-due-attention is. given:to .the  work.and.the.discoveries.of .

" the-world-wide-gcientific community, = Thus;:industrial firms.may have.
a direct economic interest to attract bagic: scientists into their innova--
tion research feams (123). - Possibly also;: the increasing participation -
of basic scientists in applied research and technology indicates:that it--
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by Langrish, these two factors explain the delay which occured in more
than half of 84 investigated innovations in British industry: 33.0% "some
other technology not sufflclently developed" a.nd 23 0% 'mor market or
need" (86). : ‘

159, Bufin addition to this, it is probable that the thirty year cycle .
has .often been due fo the fact that the technological relevance of hew R
and D events has not been understood by, or not known to, the competent
people or university,. The diffusion of new lmowledge was limited or
deficient. University discoveries were not transmitted quickly enough
to the student body or to indusiry; and it took years - sometimes 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 hy management';
= 10% "resistance to new ideas'; and 4, 0% "poor co-operation or commu-
nication''. - It should be possible to reduce the thirty year-cycle in-those
cases where it is due to lack. of understandmg or commumcatmn.

160, The results of a study by F.. Lynn suggests that the gestatlon
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 c¢ivil innovations, and possi-
bly also to the greater time pressures relaied 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 knowledge was transferred through university educa-
tion and publications, ‘In the Hindsight 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 efficient than the other channels of un1vers1ty—1ndustry
- communication, s

. 181, 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 industrialisis' .-
participation in university courges., No comparablé data are available.

on the relative importance of the different modes of knowledge transfers,
neither within g 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-

Te8E, the {énsions which drige [rom the diffFiig objectives; preoccupa
"“'tions and ideals of md,ustry and umvers.tty do creqte problems.

162, Thus scientists prefer academlc careers to mdustrlal jobs in all
countries, - Complamts about this'and rélated problems have been heard
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wereof professional rank, Of the 82%, 58% of the firms had long term
i - agreements with consultants for occasional, one-day meetings, whilst

i - '36% employed specialists for regular consultation in specific fields.

i ‘Furthermore, most universities allowed staff to take an outside consul-
! ‘7 tancy for at least 10% of their time, but rarely for more than 20%,

166, In this respect it is very interesting to come back to the high
‘correlation between the number 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 explanation of the close rela-
.. iion between the two in addition to the general links between national
scientific and technological capabilities mentioned above, It is not
secret that some Nobel prize winners performed the bulk of their re-
search 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 indugtrial innovation, - Since 1943, ‘for
example, Switzerland has received the same number- of science Nobel
Pprizes as France, although her population is only a tenth of that of
France, Switzerland's performance in technological innovation is rel-
atively 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 Tirst class scientists adds to industry's innovative
capability. The latter in turn helps industry - in financial and substan—
tive terms ~ to attract first class scientists.

167,  Finally, ancther method of knowledge transfer from university to
- industry which has received publicity in recent years is the "scientific
entrepreneur', the university scientist who commercially exploits his
knowledge by creating a science-based firm, But the discussion in
. Part II of this report suggests that relatively few of these scientific
"f_entrepreneurs come directly from university; - most were already from
-other industrial or government laboratories, Therefore, the knowledge
transfer [rom 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 quite.
the contrary, :

o168, Inconelusion™it “shiould be noted: that all*the modes-of-knowledge~--
transfer described above horder 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:




- pointed out that they classified R and D events "on the basis of their
technical content and motivation, -independent of the orgamsatmn in
which they occurred, "

170, -However, the university as a national “organisation" trains -
" scientists 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 OECD countries, it ig today widely accepted
that universitics should be responsive to industrial manpower require-
' ments, Since university training is more often than not linked today to
Juiversity research, any change. in the one is likely after -some time 1o.
_bring about changegs in the other as well, Hence, indusirial require-
ments do-affect 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 theyare more
flexible and more responsive to-indusirial 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
..8ystems, for there are entrepreneurial and less entrepreneurial indus-
~ irial traditions as.well,  To stimulate science and to ereate successful
-1ndustry—un1ver51ty links requires an entrepreneurial industrial attitude
.at least as much as an entrepreneurxal umverswy attitude.

: 172 But this is not necessarily 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 entrepre=:
neurial (127)., Butbetween 1901 and 1939, :Germany, with about 70 -
million inhabitanis, received 36 science Nobel prizes, compared to 49
prizes accruing to the United Kingdom, France and the United States

taken together,  Thege three Colntries together had a population of ™

" about 230 million and university systems which, except for France,
were supposedly less'i'igld Did the intrinsic quality of their scientists,

or the general prestlge of scmnce 111 theu' cou.ntr:es lag behmd those of
Germany‘r‘ This is not Ilkely.
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Il

try to get first-class scientists, 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,”
dominance, " (129) :

177. Tt 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, this is not the case. Direct indus~

-trial contributions to university research are insignificant in the QECD’
© 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

-ihcustry to national university budgets are to be found in Spain (6.-8%)

and Treland (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 as those mentioned, industry is less
capable in terms of scientific manpower and laboratoriesof carrying out
the research that il needs, and that university research is 1nadequate1y

supported so that industrial contracts are eagerly accepted,”

178, ‘However, a much more significant picture of industry influences

appears as soon as financial data become more precise 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 techneclogy than in
science,  and higher in chemistry than in other sciences (125), ‘This is
certainly a more relevant figure than the 3, 9% of ail university funds -
in the United Kingdom contributed by industry, A closer look reveals
that in many industrialised OECD countries, industry coniributes con-
siderably - not fo the financing of the national university system, but

to the financing of selected university departments, chairs and research
institutions., Cases of open financial support for clearly defined univer-

'gity purposes have been reported from the big science-based companies

of many countries, for example, the Netherlands, Germany, "Italy,
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-operatmn between industry, umversﬁ:y

“and government often already exists or can be easily created,  “For

example, contributions of the four big Swiss pharmaceutical companies
(all being located in the canton of Basle} to the University of Basle have
a touch of local patriotism which both partners tend to cultivate,
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182, To sum up, published evidence about industrial influence on the: -
organisation of university training and research is so scattered that it
docs not vet lead to a complete picture for any single country, But it

is certainly consistent with our main working hypothesis, namely, that:
first~class industrial technology has become one of the main stimuli of
flrst—class umver51ty science, e

B. TWO GENERAL CHARACTERISTICS OF :EFFECTIVE
UNIVERSITY/INDUSTRY CO-OPERATION

7" "183,. Thus far, two important characteristics of the Liniversity‘indus-
try relatlons have not been discussed in great detail, The first charac-
teristic is the ‘uncertainty associated with scientific development and '
application, and the consequent need for a framework facilitating flex1ble
plurallstlc and continuing communication between the universities and

. 1ndustry. 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 article reviewing the numerous case studies of innova- .
tion which have been made in the U, S, A, concluded as follows: :

- mnovatlon typlcally depends on mformatmn for which the
requlrement 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

_ flexibility in communication across organlzatlona.l geogra—-
phical, and dlsmplmary lines;

~-_ the function of basic research in the innovation process can
often be described as meaningful dialogue between the secien--
- -tific and'the technological communities, - The éntrepreneurs
= for the innovation process usually belong to the latter sector
 while the persons intimately familiar with the necessary
- -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-?
Tt is reasonable to argue that an effective interface'is no doubt createéd-

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

try, whmh looks not only into the firm towards appllcatlon, but also out-
wards towards the universities and standards of academic excellence;
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. Table 10. - INDUSTRIAL, FUNDAMENTAL -RESEARCH AND UNIVERSITY -
APPLIED RESEARCH IN NINE OECD. COUNTRIES (1963-1964).

e8] Ao @ : : - 3
FUNDAMENTAL RESEARCH .. APPLIED RESEARCH . | FUNDAMENTAL RESEARCH
; " IN THE BUSINESS ~° " DEVELOPMENT - IN THE BUSINESS
: ENTERPRISE SECTOR - ... INUNIVERSITY. ..  |. . ;ENTERPRISE SECTOR
: "AS% OF ALLRAND D """ AS% OF ALLRAND D " AS®OF ALL
IN BUSINESS ENTERPRISE IN UNIVERSITY FUNDAMENTAL RESEARCH
AuSITia ..ievvaeaaes 9.8 46,3 27,6
Belgium. ..... ; 2.0 37.8¢ 32,4~
Canada. ..ivevevenss 5.3 e -
iFrance ‘ 4,0 4,1 T 10.2
4,8 40,2 3.6 °
2190 40,0 . .#38.9
4,2 31,2 10.5
United Kingdom -, 5.5 4,4 - 15.5° 24,8 -
United States  ,.....- 4.2 37,1 25,2

SOURCE: Internatjonal Statistical Year for R and D, Parfs, 1868, Vol..2.
) Gaps in Technology: Analytical Repory; QECD, Paris, 1970,

‘Table 11. FUNDAMENTA.L RESEARCH ¥ 'PHE BUSINESS ENTERPRISE
SECTOR AS A PERCENTAGE OF APPLIED R AND D IN)THE HIGHER
EDUCATION SECTOR, 1963~1964

Austria : i 51,9
- Belgium ; 111.3
" Franece 108.3
. Ireland 1.0
HAlY teeirrnnvrenenens N 63,8
Netherlands . 128,86,
Norway . 4.7
“United Kingdom  .....cvuvvavncnnnens s 290.1
United States ...iuveisssaressiiines 164, 4

", \SQURCE: 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 '

1904 sueitatseraratireantinnnanstan

- T

19586
- 1957
" 1958
1959
1960

1962
1963 1
B L L S S TN s 164.4

SOURCE: Scientific Activities at niversities and Colleges, NSF, Washington, 1868, lpggthar with-Ref. 130, i

97



191, Table 14 summarises the résults of three different investigations,
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 classical methods of transfer seem to be much less important,
Transfer by reading and studying (method 1) is certainly less efficient,
whereas transfer through a few brilliant individuals (method 4} is perhaps
not less efficient, but less widespread: the inventor who combines wide
scientific and engineering competfences seems to be relatively rare,

192, However, ecohomic and military competition, although most
prominent in establishing personal interaction beiween 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 scieutists and engineers:
their professional and educational simiiarity.

193. In fact, the educational level of most Hindsight performers was
exceptionally high, since 90% of them were university graduates (190, 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-six percent
of all involved scientists and engineers graduated in subjects which
were already closely related to their later professional work in defence
immovation 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 vpon graduation in one
- of the few leading universities is not limited to military innovations,
The. study already mentioned on ten successhul 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 followmg

"-‘thlrteen umversmes
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| Hafvardﬁﬁivefé;ity
; MIT 4eiisveueoonnnnasnoncsanasssnannans
University of California =/, .ediveriiiieie
University of I:lyl.:‘indi_s"‘"' " .. T

California Institute of Technology SR TATII B

Oth State Unlversﬁ:y b s ses et s . 1
Cornell University .. o . . . ..
. University of Wisconsin ,,...... .', sseen
) Yale Unlvermty
UnwerSlty of Mlchlgan .. .

~“Stanford University ,

‘University of Chicago ... ....iveeiiiiiiil

R S TN C SR R SR I N S

ColUMbis UNIVETSILY +oouevosssenseesense

195; - Thus, ‘more than 60% of all the American trained performers

came from a few "centres of excellence' which all belong to the top

universities of the TUnited. States in terms of Ph, D, “training and in’

of government-financed -R-and D- programmes.,. Furthermots

that these thirteen top universities are training only approx1mately 30%

of all American Ph,D's, This suggests that first-class civil technologies

require - just as military technologies-in the Hindsight case =8 more !

than proportionately high number of the best available brains. . Itis 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 t0 see in Table'15:the high concentration

‘of research and:Ph, D, - training in a -few: American tniversities;  Natural-

1y, “such a concentration of first-class reseéarch, first-class.iraining and
.government relations in a few places ‘greatly: facﬂitated the: credtlon of

a "g'ulld” system with close personal contacts. SRR R

196, - 'Several conclusmns‘emerge [rom thls. FlI‘St, the 1mportance of
~ person~to-person contacts in the transfer-of knowledge towards:applica-~

“tion, togéther with the guild—lKe natlire of thess contacts, Halp explain™"

at the vegional level; ~ Until now, such person-to-person contacts have
-tendéd to take place within a national framework for reasons:of geograph-
ical proximity, langusge:and = most important < the largely national -
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and who are in contact with industry and government, seem to be the
key figures in this "gulld” or &lite system, They are the most powerful
“professmnal group in the effective coupling of science and technology for
both eivil and m1htary 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 case in European countries as well,
but the available 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 soclologlcal barriers can hinder effective univer-
s1ty/ industry relations, Educatmnal systems in whleh the training of
university scientigts is rigidly separated, differences in social status
between careers in industry and-in the wniversities; ideological differences
between industry and the universities, and excessive juridical and ad-
minigtrative regulation can all make the achievement of effective uni-
Versﬂ:y/ industry relations particularly dlfflcult ‘And although_ no detail-
ed and comprehensive evidence is available on such factors for a wide
number:of countries; one can think of speelfle countrles in which they
are especially 1mportant : : ‘

€, -CONCLUSIONS AND IMPLICATIONS FOR: POLICY

1. The Functions of a National Capability in Fundamental Research

- 200, The conclusions of this part of the report can be only tentative
because they are based on insufficient empirical évidence, Nonetheless
- such ev1denee as does exist is cons1stent with what follows

- Fundamental research is:an essentlal input 1nto mnovation be- .
 cause it enlarges 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-
-phed imnovation-oriented research, - : .

) - “The close links observed between national strength in funda-
mental research and national performance in téchnological 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

_then aCTOSS national boundarles

- -Although results of the world's fundamental research may be a
!'free good"”, their effective identification, asgimilation and -
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on past efforts (133). And, even if one was able to calculate a historieal-
ly 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 to 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 fmdlngs of the
TRACES study might he: '

"an analysis of needed inn?vations to determine theirrcha.ra.g':terist—
ics can help to identify key blocks of knowledge which might contribute
1o immovation, 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 2 num-
* ber of materials provided the knowledge which unlocked the barriers to
successful appllcatlon. " (13)

205, However, this suggestion is made on the basis of a study of tive
innovations, and its apnlication to the total_ity'.of government's fundamen-
. tal research efforts would pose many difficulties. H would require con-
siderable resources for plamning 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 innovation, for exdm-
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 indusiry,

206, But it must ultimately be recognised that, given the uncertainties
agsociated with fundamental research and technological imnovation, 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 mdustry ‘The views of both mdustry and government in the U K

| ..survey ‘confirm this need (154)

207. But how can government help to meét it? Unfortunately, the
most spectacular and successful government action to this end may be -
misleading, Governments have successfully brought together industry
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It has been suggested in Part II of this report that national specialisation
in technology will increase ~ a subject which will be taken up again in
Part IV, We have 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, less ex—
pensive than are technological activities, so that it is 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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GOVERNMENT




‘A, THE ROLE OF GOVERNMENT

A,1, Its Nature and Limitations

~which-impinge-on-the-Innovative-process-are-not-directly-and-primarily-
“concerned with its promotion, Second, very little is known about the

211, The reasons for government interest in the process of technological
innovation have already been set out at the beginning of this report. They

‘ relate to the effective use of sc1ent1f1c and teohnological resources, in-

dustrial growth, intérnational competition and - in & collective sense -_'
to laying the basus for 1ong—term growth of the OECD area as a whole
Yet these legltunate reasons for interest are not to be confused ‘with
government's ‘role in the 1mp1ementat10n of lnnovatlon. As we have )
seen, the main agents for the creatmn transfer and apphcatlon of
scientific and technologmal lmowledge are mdustry and the umversutles
Nonetheless, governments have a cons1derab1e - albeit often mdarect -
1nf1uenee on the process of technologmal mnovatmn. From the formula—

tion of natlona.l objectives in such areds as edueatlon, mdustrlal and .

commercial policy and defence, down’ to relatively mundane matters stich
as regulation, government actlon has an important m.l:‘luence on the avail-
ability and flexibility of résources 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-
sibilities in many key parts of the innovative process, thelr actions (or
lack of them) have an 1mportant 1n.t'1uence upon 1t

A,2, Iis Ob]ectlves

212, Two factors oomphcate any government's attempt to formulate a
policy for technological:innovation, First, many:government measures

effectiveness of government measures ~ both direct and indirect - in

“improving the innovative process, -Fortunately, Parts II and III of this

111




nonetheless an important input into the innovative process, and is an
éssential concern of science policy makers,

B.1. Industrial R and D

215, Table 16 shows the money spent on industrial R and D in thirteen -
countries as a 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-
dusiry, there are wide variations amongst countries, - the proportion
being considerably higher in the U, 8, 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, Indeed,
in relative terms, the industrial R and D efforts of Japan, the Nether-
lands and S\Nltzerland were of the same order of magmtude 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 too short to enable any"
definite conclusions to be drawn, Nonetheless they do not lend com~
plete support to the hypothesis that countries with relatively low 1evels ’
of intensity of industrial R and D effort will tend to have rapid rates of -
inerease, and vice versa, This may have been the case in Austria,
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. 8, A, (countries where industry-financed R and D is relatively high,
but stabilising); 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
Netheriands (relatively high levels and high rates of increase),

~ B,2, Government Financed R and D

217. Governments can influence. the potential contribution of national |

R and D resources to technological innovation through the objectives- it

;.L.aSSJ.gns to.the.R- and Ix-that-it-finances;~the-strength-of-this- mﬂuence

~depending, of course, on the proportion of government—fmanced R and .
D in the national total ~ a proportion that varies amongst Member coun-

' trles from about one-thlrd to more than two-thlrds _It has not been
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possible to compile for this report data on the objectives assigned to
governmeni R and D in the Member countries. Nonetheless, the exam-
ple of the United Kingdom suggests that it is possible to achieve quite
rapid changes in the balance of objectives towards which government—
financed R and D is mobilised, During the gix-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 civil 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 inereased from about a third to a half of fotal government
commitment, and industry-oriented R and D from 11 to 23% (91}.

218, Governmenis can also increase the coupling between R and D and
industrial 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 itself. Only
in Germany, Italy and the U, S, A, has the proportion of R and D under-
taken in government laboratories increased - but in Germany from a
very low initial level,

219, 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—
ed R and D. This suggests that any policy for the radical re-orientation
of patterns of national R and D performance must be conceived over a
time span of at least five years.

B.3, Policy Measures

220, Im 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 B 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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the process of application and commercialisation, . Member governments
have taken a number of measures to overcome these weaknesses; -includ-
ing - as we have seen - the transfer of capabilities to industry, and alse
the carrymg out in government laboratories of research of direct interest
to industry: 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
assocmtlon with 1ndustry (134), . :

221. However, one might also ask if there are areas where govern~
‘ment research laboratories could provide inputs into the process of tech~
nological innovation better than other types of institutions, ‘There may,
for example be areas where many firms would benefit from technolog—
ical adva.nce, but each to an extent 1nsu.ff1o1ent to warrant mounting a
research programme standards, callbratmn quahty control materlals,
and process engineering ‘come to mind as possﬂ)le examples, as’'ddareas
- where government has a major role in defining technological require~
ments (e. g, public transportatlon ‘education, health, constructlon) "Bt
’ Whatever the- approprlate role of govemment laboratories in the mnova—
tion' process, the 1mp0rtance of person—to-—person contict’ and of the o
“movement of people for technological innovation means that ‘close links "
between’ government laboratoriés and’ mdustr1a1 firms are essentlal and
that all possﬂole means should be taken to ensure the mob111ty of sment—-
ists and engmeers between government and mdustry Thls pomt w111 be
= taken up’ agam later, - ;

222, Many member governments Iiave also given loans - reimbursable
in the case of commercial success - to industrial flrms for the' perfor-
mance of R'and D related to commermal technologmal innovation, - Thls
practice began after the Second World War in'the airéraft and nuclear -
industries and has been adopted over the past five years in a wider num-
3 ber of industries and countries (92). Loans given by government for

: industrial R and D have Sometlmes ‘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 strucfures of management, or from incorreect assessment
of a potential market or the lack of ability to penetrate it,

; 283, "Some’ member governments have also’ employed a ‘more indirect
method of encouragmg mdustr1a1 Rand D by accordmg tiscal advantages
to firms! R and.D expel ut 1nformat10n on the effects of these

‘‘measures is available only for da,  Here, fiseal m s introduced
in 1961 led to a considerable increase m capital expenditures on R and D,

: some increase in current expendltures and the 1n1t1at10n of R and D' by

| firms who had prevmusly ‘had no R and D programmes ‘But Canada

found that the programme was difficult to administer: firms with large
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Table 19,

“TOTAL STOCK AND EMPLOY_MENT IN R AND

QUALIFIED SCIENTISTS AND ENGINEERS:

D IN 8 COUN’IRIES

i DR . ISR UNITED

COUNTR'& BELGIUM . CANADA. ) ITRANCE GERMAN¥ ITALY SWEDEN K[NF%DUM U.8.A
Qualified Scientistsand = 0.65 1,30 0.70 0.65 0.65 0.70 0.70 1.80
Engineers'as % of the Labour i _ (1.48) 1.13) Lo
Force (1960/1)‘ : RS S
QSE in R and D (1963/4) a5 % . 21,00 L26.00 © |° 24,00 | 20,00 " 16,00 23,00 34, 00 37.00
of Graduate Scmntlsts and N : : . : .
E ‘ 9.0) : 21.0) :

ngineers’ : -

QSEin R a.nd D as % of the _ 0,14 0.36 0.16 0. 15 0,10 0,16 0. 24 0.83."
Labour Force - o o o . S :
Graduate Scle“tms and 0,51 0, 94 0,54 0.50 |- 0.55 0.54 0,26 L17
Engineers in non-R and D as . ‘ - PR (1.32) - ‘ noL T (0. 89) :
% of the Labour Force - : SRR .

NOTE: Figures'in brackets mc]ude non~un1vaslty engmee:s wzth post-secondary educatlon flgures not" in brackets exclude them,
SOURCE: Gaps in Techralogy: Analyncal Reporz, OECD, Pazis, .

International Statistical Year, Vqlum_e 1, OECD, Paris, .




C. 2. Existing Patterns

230. 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, teclnology by technology, product group

" by product group, which would probably be out of date by the time it had
been compiled, Nonetheless, exisiing patterns of industrial R and D
give some broad indications of existing patierns of specialisation, with
the drawback that the industry classifications are often too broad and
that specialisation takes place within them, and with the reservatmn
that R and-Dis not the same thmg as technological innovation,

231, 'Table 20 shows for twelve Member countries the percentage of
total national expenditures on R and D 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%.
‘Thus, by looking down the columns for each country, one can identify
the first three sectors in which industrial R @nd D is concentrated:
‘these sectors are marked with parallel horizontal lines. Similarly,

by reading across the rows for each industry, one can identify countries
where this industry accounts for a relatively large share of total,
national industrial R and I); these countries are marked with vertical
:31ines. Thus, closed boxes show indusirial sectors in which countries -
undertake a large R and D effort, relative both to the total national .
industrial R and D, and to the proportion in the same industry in other
cou.ntrles : :

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 aircraft and missiles industries rank in the first three in
Canada, France, Sweden, the United Kingdom and the U, 8, A, ; the
machinery and metals industries in Germany and Sweden; ferrous metals
in Austria and Belgium,

233, - Three J:‘actors appear to influence patterns of specialisation in
indugirial R and D:

=.. First, access_fo.raw.materials, .which accounts for the higher . . ...

-“proporiion, relative to other countries, of indusirial 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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: - Second, government policy objectives, which account in large
part for the importance of aircraft and missiles in Canada, France,
Sweden, the United Kingdom and the U, S, A, , and which have a strong
influence on the total level and deployment of industrial R and D,

-~ 'Third, the creation of téchnological capabilities in relation to
competition in world markets and which acecounts for the relatively high
levels of industrial R and D in chemicals in Belglum chemicals, elec—-_
trical and mechanical in Germany, tra.nsportatlon in Ttaly; ferrous
metals, electrical and shipbuilding in Japan; machinery in Sweden;
chemicals in Switzerland. If detailed enough data were available for the
. Netherlands, they would probably show a s1m11ar concentratmn in eleéc~
trlcal and chemicals,

C.3. Implications for Government Policy

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

”The size 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 choosmg, within each
sector, the areas where French indusiry has the best chance of belng

' competltlve.” (89)

: "Rritain thus faces the same problem - how o adjust mdustrially
(to international technological competition) as do many other couniries
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- -
1edge.” {87) e

235, However, in examining what would be ideal patterns of speciali=
sation, Member countries often 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 gynthetic chemical industries, where-it was felt that there were ..
~particularly.favourable.growih prospects.(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. 8, A, (97). On the other hand, :in certain countries
without strong tecnoclogical efforts in aerospace, some have argued
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239, However, the two approaches may in fact be complementary, the
former being concerned with the shorter term, and the latter with
support to education, science and technology as the longer terin 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 prineciple, it has
" been recommended that France be "active" in some fields in science
and technology, whilst only "vigilant" in others (89}, . At the same time,
financial support is given to projects of both a short- and a longer -
term nature In Canada, it has been suggested that specialisation be
based on the specilic requirements of Canada with regard to climate,
size and pOpulatmn patterns Efforts in fundamental research should
be ”actlve" in areas where Canada has scientists of outstanding quality,
.and in areas related to Canada's needs - and ”v1g1lant” in other arcas.
‘ag a hedge against unforeseeable change, and as 4 means of e[[ectlvely
absorbing the results of foreign science {99). Furthermore the
" Canadian Government is actively encouraging forelgn based muliinational
- firms to specialise by establishing in Canada full respons;tbrhty for the
total corporate requirements of selected product lines in research,
.development design and manufacture (93).

240, It is worth stressmg, in conclusion, that successful speolallsatlon
ultimately depends on industrial firms' technologlcal and entrepreneurlal
capabilities, and the opportunities open to them in world markets, Govern-
ments can stimulate patterns of spec1a11sat10n, and in the longer term.,
open up options for the establishment of new patterns, But given the ‘_
way in which the market economy functions, together with the uncertain~

: ty and need for flexibility associated with scientific advance and technol-

g ogical innovation, they cannot impose patterns of specialisation, Inthe

framework of a multmatlonal economically 1ntegrated region, a country

has strong economic reasons for specialising in certain sectors if it.

can thereby complement the patterns of specialisation of its other, na-

tional partners However, without such a framework some governments

might feel that too great a degree of technologmal specialisation would -

lead to too great a dependence on foreign technology in other areas,

D. TLARGE-SCALE TECHNOLOGICAL PROGRAMMES

Governments do have an important influence on patterns ‘of na-'

" tiona) echnologlcal specialisation - as well as on the total deployment _'
of national scientific and technological resources - through the support
that they glve (or do not give) to large-scale scientific and technological

programmes involving the commitment of considerable human, and finan-

cial regsources., In the past, many such programmes have been
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245, . This evidence does not, of course, imply that government-
financed projects have not had an important influence on technological
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 gpecialise 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

-innovations .and advances in skills coming out of large scale projects
have effectively been diffused internationally ~ in other words, their

-+-Mpulling effects’* have, to some extent-at least, become international, -

246, 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 scientific and technological resources, It

_will also depend on the degree of "internationalisation of participation
in all the stages of large-scale téchnological programmes, It is proba-~
bly reasonable to predict that the greater the degree of internationalisa-
tion, the smaller will be the temptatlon to start what mlght often be sub-
‘Optlmal efforts. '

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 indiistrial firms when
deciding their strategies for research and innovation. Given available
resources, objectives and the world technologlcal and market envu'on-
ment, should the project aim to cover a broad front, or should it be’
spemahsed'? If it is to be specialised, is speclahsatmn to be based on
" a strong existing capability, and - if not - how i the capability to be
created? ' Further, should the research and innovation strategy by
_offensive (i, e, first in technology and in the market), defensive (i.e,
“second but more effectlvely in the market with one's own developed
technology), or absorptive (i, e, more effectlvely into the market onthe
basis of technology developed elsewhere) ? Given the inevitable technol-
'oglcal and market uncertainties, an offensive strategy 1mplles the’ defl-
nltlon of natlonal pohcy towards hlgh— cost thh—rlsk but hlgh-return

-a1m1ng at the exploitation ‘of a compet1t1ve advantage once the technologmal

*  InFrench, “les effers d’enwrainement”,
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E.2, The Managers of Innovation

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 eharacteristics of
Yinnovators''? Unfortunately, the available statistics do not give any-
guidance. The data in Annex A to this report show a relatively low
correlation between national innovative performance and most national
educational characteristics, with the posgible exception of graduate
scientists and engineers as & percentage of the labour force, Further-
more, Table 21 shows, for six European countries, no clear relation-
ship between national innovative performance and various educational
characteristies 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 training of innovative
‘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 -
Wthh enable innovative decisions to be reduced to the kind of hard cal-
culus with which scientists and engineers are mostly familiar? Ancther
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 entreprencurial abilities,

253, This is the view of industry in the United Kingdom (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 specialisation - can kill the abilities of creative syn-
theSIS and des1g‘n in response to practlcal needs whlch are the egsence

* This confums more fragmentary evidence eollected during the OECD sector
studies on technological gaps,
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This problem, like the others mentfioned in this section, is both
vast and complex. Given the scope and the resources available for the -
preparation of this report, they cannot unfortunately be analysed in
detail here,

¥, A FAVOURABLE CLIMATE FOR TECHNOLOGICAL -
INNOVATION

254, The policy areas discussed above are widely recognised as having
a 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-
ernmenthas an important indirect influence, since thesepolicies. create
incentives for, or barriers to, the innovation process. When examining
the influence of such policy measures, certain key characterlstlcs of
the innovative process must be kept in mmd

255, First, the activities undertaken in relation to it involve 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-scale 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, - : : :

256, Second, inmovation 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, S, industry,
Myers found that personal experience and personal contacts were re~

ar.three-quarters of the information inputs io these innova- .

o ..This; means that the effective transfer.-of technological know-
1edge reguires 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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F.2, Taxation.

260, Systems of personal and company taxation are not the primary
cause of differences between countries in inmmovative performance, They
cammot be manipulated to create a technological capability in:a country:
where none exists, - Yet they may have an important influence on the . ..
effectiveness with which this technological capability contributes to. .
technological innovation through the rewards and growth possibilities
they offer to those:who contribute to successful inmovation; Thus; a:
recent report to the U; 8,  Government made a number of recommenda=:
tions with regard to such factors as.the carrying forward of losses and

..stock options, designed to encourage the growth and viability.of small,.
science-based firms (2}, andsimilar, though non-official, . suggestions::
have been made in the United Kingdom (95). -But it is difficultto make::
recommendations:applicable to all countries. There is no.comprehensive
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:
.1s no single policy which would automatically recommend itself to all . -
Member countries,

' F.3. Regulations, Codes and Standards

261, Governmenu,-lmposed reg‘ulauons ‘codes and sLandafds also nav'e
. an 1mporta.nt influence on the process ‘of technologmal mnovatlon al- '
though very little emplrlcal analysis has been pubhshed on their premse;
effects, Nonetheless, given the characteristics on the 1nnovatlon pro-
cess, it is h1gh1y likely that rigid and detailed regulation is 11kely to
stlﬂe technologmal innovation: it has been argued by the U, S, railroad
1ndustry, for example, that Federal regmatlons governing ra11road car
design have tended to freeze technologyand toprevent significantdesign
change (96). Thus, regulatory practices should probably be continually
revised in the light of technological possibilities; :and should specify
performance and design characteristics, leaving open the possibility
for industry to.respond with the most appropriate technical solution, -

F. 4. Government Procureméhf ‘

262. " As smeable customers for the products of ma.ny 1ndustr1es g;ov—

ernments have 4n 1mportant1nfluence on the pressures, incentives and .

barrlers 1:0 ;.nnovatmn through thelr procurement practices - in other '
WO ¥ . j log“j“itéélf',’""biit
ket to which technology can respond ) By acting as enhghtened and

forward—lookmg customers, governments can reduce some of the very
__;:,'cons1derab1e uncertamty which, as we have seen, is assomated w1th the'
“‘market for 'techiological innovation, However, as a recent report to
* the French Government has stressed, it is important to maintain
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in one laboratory? Is normal civil service status for sc1entlsts in gov-
ernment laboratories compatible with the effective exploitation of a
nation's scientific and technological capability? Could not juridical
and administrative practices be adapted so that research workers could
! move more freely in and out of government laboratorles? '

266, There is also the question of what k:nowledge a research worker

| can use when he leaves a government laboratory, I certain Member

| ‘countries, he must comply with a "technological émbargo", forbidding-
‘him to use for an important length of time knowledge acquired whilst
‘working for government (35), This ¢an 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 quasi-
governmental laboratories at MIT are precisely those where the degree
of knowledge transfer is the highest, - A more 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, 8, A, have often been exposed
to industry or to industrial management education, Could not more be
done to inform research workers in government laboratories of the -
opportunities open to them in large firms and small, and of relevant
aspects of innovative management?

F. 6; Science-Based Entrepreneurship-

267, Indeed, the whole range of pOllCleS influencing ‘the emergenee of
new, SClenee-based firms could be a profitable field of ~study and actlon
by governments, This has already been done in the U, S.A,, where new
science-based firms appear to have flourished (2), It has not been done
elsewhere, where much less appears to be known about the phenomenon

- PartIl, 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, 8. 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, sc1ence—based flI‘mS

F.T. International Economic Integration

ot‘ barriers to the entry’ of fore1gn ‘markets and to the international mobﬂ—
ity of the factors of production) heightens eompetmon, allow adva.ntages

. of scale and specialisation, offers more channels through Whlch science
and technology can be exploited commermally, and increases the speed
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“imentation “the existence of pressures and rewdrds, aud the on=

272. It goes beyond the scope of this report to examine this problem in
detail, Suffice it to say here that, given the OECD growth targets es-
tablished for the 1970's, and the continuing pressures of industrial com-
petition, the pressures for technolegical 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 sensitive to social re-~

quirements,

'F,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 concentration of science policy makers on the scientific
and technolog"lcal aspects of innovation, This is not altogether surpris-
ing, since science policy has been mainly the province of smentlsts, and

_scientific research is the one part of the inmovative process for which
" solid and comparable data are available, Factors affectlng 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 fo 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

‘scientists and the social sciences in the formulation 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 restrict our-

selves to a few speculatmns on the role of government policy.

It is above all clear that technological innovation is condltloned

'by both technologlcal and. non-technological factors, Certainly, the
._Support of scientific and technologlcal activities is -essential 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-

existence of barriers, It is also clear that the various parts of the .
innovative process are intimately, if indirectly, linked, ¥or example,
the relatlonshlp between capabilities in fundamental research and the
pressures of industrial competition may be 111d_1rect tenuous and difficult

“to identify, but they nonetheless appear to be real,
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the ample information and analysis available on scierice policy and tech—
nological innovation in the U, S, A. But is the U, S, A, the only successful
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 resocurces 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'
experience and policies would be partlcularly Valuable. : -

279, Science and technology are important in-so many aspeécts of indus—
trial soc¢lely 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 attention,
~'The interaction of technology, economics and polities 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, {echnological specialisation and
participation in large scale programmes are both important and intimate-
ly linked; J. Defay has argued that policies with regard to access to
government markets have had an important influence on the development -
of industrial structures - both within and across national boundaries
(101), And A, Cottrell has said the followmg

"For any single country with a GNP of no more than, let us say,
5% of the gross world product, it is either economlcally and mdustrlally
unrealistic {o 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 fields? Link up with other countries to form alarger
"technologlcal and economic community? But these require deliberate, .
major, national decmlons " (102)

280, But, although technology and technological innovation have been,
and will continue to be, subjects of political concern, innovation is an
intimate and endogencus factor with modern economy systems, Policies
related to technology cannot continually be divorced from economic
considerations. Indeed, some have argued, such as 5, 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 capahilities have oufpaced
his social and political organising ability, The compass, the gun, the
steam engine, the jet, the computer ... are no more than stations along
the.technological way;. more will.come,...S0.t00 have there been political
_way stations - the city state, the duchy, the confederation, the nation
state, and now haltingly in several areas, common markets, As technol-
ogy for trade ... pressed then prevailing political boundaries, those
boundaries have historically expanded to incorporate and use the new
dimensions technology made possible, ' (103)
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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

i_ntrcductio_n [

In Book IIT of the Secretariat's Analytical Report on Technologlcal

Gaps an attempt was made to measure ten Member countries’
performarice in technological innovation (139). Six statistical mdmators -
were used. tc measure such performance na.mely

1L
L

VI

The Locatmn of 110 S1gn1f1cant Innovatmns Since World War Two
Monetary Recelpts for Patents Llcences and Know~how (1963 64) :
The Origin of Technology Imported by Japan (1960~64) '
Nl__zmber of Pe_ltents Takel} out 1n_Fore1g_n Countries (1963)

‘E.:‘(port Performance in Research—lnteﬁsive ]‘.ndustries (i963—65) i K.

' Export Performance in Research—Intenswe Product Groups.

. (1963-635).

Each of these 1ndlcat0rs has 11m1tat10ns ‘on conceptual or statlstmal

grounds, and these were described in detail in Book Il of the Analytmal.
Report.  This is to be expected when an attempt is made to define and
measure & social phenomenon, such as technological innovation, for
the flI‘St time. Similar problems of direct and accurate measurement -
ex1st in. many other branches of the applled soc1a1 sclences :

DD
for differences in country size (see Table A.1) there is statistically a -
hlgh degree of concordance* in each country s rankings. The actual

pite the 11m1ta.tions when these six mdlca.tcrs are corrected

*
ie, a hlgh degtee of agreement between the rankings of the six 111(11(::11:0:5.
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rankings approximate to 70% of a perfectly concordant ranking. There
is statistically only a 1% probability that this degree of concordance
could occur by chance. This means that it is highly probable that the, -
gix indicators give an accurate picture of the ten countries’ relative
performance in technological innovation, o

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

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

 COLUMN 1 COLUMN 2
counTRr CSMOESX o e,
INDICATOR RANKS | iﬁngiiiglj
Belgitm . vvuuvenninenns. e . 48 8
Canada .....vviiinienniiea.., 51 9
France .......... Cieaaseieenas .. 39 6
Germany ........ ........ 21 2.5
ALY ©vveerennnnns 44 7
B A 52 | 10
Netherlands .,........... bere s 22 4
Sweden.......... areasearas . 23 5
o ST I o
USA i iiieiainn e .. 7 1

performance “4n technologmal innovation and strength in fundamen’cal

- 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. (Cont'd)

Compusi;‘.e Index minus Germany, Ialy and Belgium ........ -

w

=

Average Number of Years' Schooling of HLM ......... -

&

n. 3,

»”

Average Number of Years' Schooling of STP's ............. -

7]

n. s,

Al e | w]|o
@ | o {®] o
i
i
@ |w |-

Composite: Enjdex minug Italy and Belgium ...,.,,........ -

| -3 |-a)s

I N ]

B

. HLM with Unf"versity Degree as a Percentage of Labour ) A
e - 2 4.5 3 fF .- 8

a

n,

WOTES AND SOURCES

A composite ranked index of six national ch istics ac: as belng of impd in the innovation process (Sourcer Table A.2),

As above, adjusted to include Switzerland, : .

Size of market *gpresetited by GNP (source: GECD),

R 2nd D expenditires per capita {inanced by business enterpsise (source: OECD},

Total per eaplta éxpenditire on R and D (source: OECD),

Expendituze per capirz on R and D performed by business (sonree: OECD).

Expenditure per capits on R and D financed by government (sources OFCD). . N |

Number of Iarge firms represented by the number of firms with annual azles of $500m or more per million popu]aﬂon (1964 85) ( rge: Fcrmne)

1 As above, but wi h fizms with sales of $260m or more (source; Fortune),

B Research and de:w.'lopmcnt manpower as tepresented by toral number of Q, 8, and E. in R and D per 10, 000 popu]auan (sauﬂ:n- OECD).
R h and X as represented by totzl number of QSE n'industry per 10, 004 population (sourcer OECD) :

As sbove, but QSE and technicians In industry per 10, 000 population (source OECD).

Income per capitd, 1966 (source: OECD},

1 Nobel prizes & ch Y physlc:, dicine and physiology, 1943-67, per head of manufacturing pupulatinn (sﬂuzce- Quib, Pl.un Pam),
Scientific abstrach, 1961- -82, expressed per head Df marufacturing population (sotrce: Fromotion and Or 1Resem-ch OECD).

DEZErRY"onoTognE e

Ran}d.ng of Bd {onaliChara {atics (P - Z)r
{source: OECD)

Number of gi-'adua{aa and eculvaient as a percentage of the total Xabowr force,

Number of graduates and equivalent in pure science only, expressed as 2 percentage of total iabow force,

Numbier of gradl and equivaledt in engineering, expressed a3 a percentage of total labow force.,

Combined ber:of graduates in science and engineering, exp d as a p of woral Iabour force.

Composite Indéx minus Germany, asdala was unavailable,

Average number of years of formal sehooling of the total labour force,

: Comp index minos Ttaly and Belgium, asdata was thavailable,

: Average number of years of foymal schooling of high lcvel manpower (ISCO major clasifications ¢ + 1. .
Average number of years of formal schooling of sci and 1p 1 (ISCO minor gronps 00, 01, 02 0X
Camposite index minus ltalv and Belglum, L
Higher leved ma! er with university degrees and equivaient as & percentage of the labour force,

(S - A = I




Annex B

EMPIRICAL STUDIES ON TECHNOLOGICAL ' .
INNOVATION THE PRESENT SITUATION AND
» SOME FUTURE. NEEDS Lo

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 on-technologiéal innovation have been undertaken in the USA. -
Second, there is amplé room for further fact flndmg and analysm on -
the processes of teclmologzcal 1nn0vat1on o ‘ : '

‘About 50 per'cent of the papers, studies, reports, books, ete.
cited in this report have been written by U, 8. citizens about the USA; B
and a further 20 per cent wholly or partly financed with funds from-
U. 8. sources.” Receritly, Proféssor A. Rubenstein made a survey of *
" the level of effort of "research-on-research™, which showed:the 'r'apid '
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 policy aspects of science and technology, as agamst
20 foreign (i. e. non-U. 8. ) universities. " He also found that 34 U. 8.
industrial firms and 12 U. 8. government agencies were engaged in
similar research, as against 9 forelgn {i. e. non- -U. 8.) flrms and
) associations: - :

II. FURTHER STUDIES AND THEIR RELEVANCE TO POLICY

5 In-gpite.of its-existing highlevel-of-academie- -effort;-it-is-in-the-
USA that the need-for firther-study ‘of the economic,  social-and- pohcy

.. 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 reséarch on'the management of research’
and innovation, in order to destroy the mythologies surrounding it and -
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becomes evident when an analogy is made with an area where consider-. -
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 countries. 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. 8. Natmnal
Science Foundation.

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 technologlcal 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 Secretariat 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 country 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 countries should
perhaps review the adeguacy 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 subjécts, grouped under a number of broad
problem areas, which - on the basis of the foregoing report - would
appear to nferit 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 anzalysis of statistical data; to detailed; ‘degeriptive ¢ase studies”
~The value of the research would often be increased conmderably, if
national projects could be co-ordinated with similar projects undertaken
in other countries, thereby increasing the range of data available for
analysis, as well as increasing the pOSSlbllltleS of variation of the
‘parameters involved.
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13.

14,

15.

18.

-

18,

19.

20,

21.

eepgguitetaehty (170); technologmal Specmlisation a:nd scientﬂic
" specialisation (210).

The Objectives of Research and Innovation: produects and proc-
esses; improvements and changes; offensive, defensive and
ahsorptive strategies; government, industrial and consumer

-markets (21, 127-139, 247-248).

The Functions of the R and D Laboratory in the Innbvsitive
Process (97); the Management of R and D Sc1ent1sts and Engineers
(109-113). :

Organisation for Innovation - Definition of the Orga.niéational
Characteristics of Successful Innovative Firms: the administrative

2+ and entrepreneurial funetions (102, 104-109);'the interfices
-amongst R and D, production and marketing (110-111).

The Educational, Sd'éidlbgiéal and Psychological Cha'fgcteristics
of Successful Innovative Management (63, 251-252); the Role
of Entrepreneur in Large Orga.msatlons {103, 114)

The Evaluatlon of Research and Innovatlve Ventures - Ex1st1ng
Methods, their Utility and Desirable Future Developments_ the
overall R and D budget (115); long term, exploratory research -

+(116); R and D projects and innovative ventures (120-126); project

control; evaluation of the output of R and D and innovation (16-18);
success rates of research projects and innovative ventures (123).

Research, Innovation and Company Objectives: existing methods
and their utility (127); the role of technological and market

. forecasting (52-54, 117-119); the world environment - implications
“for specialisation, R and D and ‘market strategies (131-139);

examples of successful strategies.

Fundamental Research, the Universities and Technological
Innovation '

The Contribution of University/ Fundamental Research to Tech-

_nological Innovation (149-156).

Patterns of Knowledge Flow from University to Industry: flows
of qualified scientists and engineers (157-158, 161~163);
consultancy (164 166), person—to—person contacts (160) - the
sociological and educational foundations of these contacts (189-
199).

Industry's Influence on Patterns of University Research: university

training and research financed by industry (174-176}); manpower
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