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The Organisation for Economic Co-operation and Development
was set up under a Convention signed in Paris on 14th December 1960
by the Member countries of the Organisation for European Economic
Ce-operation and by Canada and the United States. This Convention
provides that the O.E.C.D. shall pramote policies designed:

— o gchieve the highest sustainable economic growth and employ-
ment and a rising standard of living in Member countries,
while maintaining financial stability, and thus 1o contribute to
the world econony ;

— fo contribute to saund economic expansion in Member as
well as non-niember countries in the process of econonic
development ;

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

The legal personality possessed by the Organisation for European
Economic Co-operaiion continues in the O.E.C.D. which came into
being on 30th September 1961.

The members of O.E.C.D. are Austria, Belgium, Canada, Den-
mark, France, the Federal Republic of Germany, Greece, Iceland, Ire-
land, Iraly, Japan, Luxembourg, the Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland, Turkey, the United Kingdom and the
United States.
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The problems posed by the growing importance
of science and technology and their impact on
national policy were reviewed by the Ministers re-
sponsible for science and technology in the OECD
Member countries, when they met in Paris, first in
1964 and, next, in 1966. At the time of the second
conference, the Ministers agreed that they should
meet again and decided that a Committee of senior
officials responsible for science policy should be set
up, with instructions to carry out preparatory work
for their future discussions. Their task included a
study on “national differences in scientific and
technical potential ™ — that is, on what has generally
come to be described as * rechnological gaps™,

Subsequently, a Working Group on Gaps in
Technology was mandated by the Committee for
Science Policy to prepare a series of studies on the
basis of which a thorough diagnosis of the problem
of Technological Gaps could be presented to the
Ministers for Science. This included studies in a
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number of industrial branches, conducted by groups
of experts working in close liaison with the Organ-
isation’s Secretariat, as well as an analytical report
by the Secretariat which marshals all the available
statistical evidence on: (a) differences between
Member countries in research and development and
educational efforts; (b) differences in performance
in originating and diffusing technological innovations
in the economy; and (¢) on the effect of these
differences on technological and economic exchanges
between Member countries.

The results oi the above studies have been
summarized and conclusions reached by the Com-
mittee for Science Policy presented in the foliowing
General Report on Technological Gaps between
Member countries, which is submitted to the Ministers
for Science as the basis for their discussions. It is
accompanied by a list of issues and recommandations
which highlight some of the main points which
Ministers may wish to discuss.
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I. THE GROWTH OF CONCERN
ABOUT THE TECHNOLOGICAL GAP

1. At their Second Meeting, Ministers for Science
in QECD countries agreed that “ one of the main
themes of future work should be the social and
economic consequences resulting from scientific and
technical research efforts, with special reference to
the implications for the advanced and less developed
countries of national differences in scientific and
technical potential. This study should be undertaken
bearing in mind the main scientific and technical
trends to be foreseen in the coming decade™. Since
that time, an important public debate has been
taking place about the nature and significance of
the * technological gaps’' belween the Member
countries of the OECD. The gap between the ad-
vanced countries and the underdeveloped countries
of the world, which is certainly wider than that
between OECD countries, has also been causing
much concern.

2. There has been much confusion in this debate
between the nature of the technological gaps as
narrowly defined, and the economic, social and
political effects, and the causes.

3. Ministers became concerned over the “tech-
nological gap™ as a result of the differing speed and
effectiveness with which Member countries appeared
to be developing and exploiting their scientific and
technological capabilities, as judged by a number of
criteria, particularly performance in a number of
industrial sectors. Public and inter-governmental dis-
cussion subsequently emphasized the weakness of
many European countries in bringing new products
and processes into the economy, that is to say, in

the process of technological innovation, with the
possible consequence of reliance on innovation from
outside.

4. In particular, three possible effects of these
deficiencies have been stressed. First, the technological
superiority of certain international companies has led
to a fear of domination of some industrial sectors
by foreign-based firms. A second concern has been
that a failure to maintain strong research-intensive
industries will lead to a *brain drain” of scientists
and engineers to other nations, particularly to the
United States, and thereby weaken the capacity to
innovate. Thirdly, some countries have emphasized
the need to maintain a continued, unimpeded flow
of technology among countries through licensing,
foreign investment and other arrangements. The
discussions in NATO were to some extent focussed
on this last aspect of the problem.

5. Social attitudes reflected in management, edu-
cation and the propensity to innovate have been seen
by some as the fundamental cause of the techno-
logical gap. Others explain the superiority of certain
Member countries in some industrial sectors by the
large amount spent on research and development,
not only by industry itself, but also by governments,
as exemplified by American expenditures for defence,
space and other goals. The increasing “price of
entry " into modern technologies has also high-lighted
the disadvantages arising from the market, tech-
nological, economic and political fragmentation of
Europe.
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II. THE RESULTS
OF THE OECD STUDIES

6. For policy discussions on the above problems
to be more constructive and meaningful, it has been
necessary to gather more precise information on the

nature and extent of technological gaps, and on their
causes.

1. THE NATURE AND EXTENT
OF TECHNOLOGICAL GAPS

7. Given the terms of reference of the QECD
study, information has been gathered on three related
aspects of the problem:

A. Differences in the development of national
scientific and technological capabilities;

B. Differences in Member countries’ perform-
ance in technological innovation;

C. Theeconomic effects of A and B, including
the effects of international economic and
technological exchange.

8.  These three aspects of performance arcintimate-
ly linked in the complex process of technological
innovation, in which there is close interaction between
the development and spread of scientific and tech-
nological knowledge, its application in the form of
new products and processes, and the diffusion between
firms and countries of new technology and the
products and processes embodying it

9. Inview of theparticular conditions and problems
of the developing Member countries, a special section
giving the relevant facts about these countries has
also been prepared:
D. Special problems of the developing Member
countries.

11

A. Differences in the Scientific
and Technological Capabilities
of Member Countries

Scientific and Technical Information

10. The studies of specific industrial sectors have
confirmed the remarkable freedom of access to non-
proprietary scientific and technical information in the
OECD countries. The leading scientists and tech-
nologists in all the sectors studied are continuously
in close contact, and seem to have access to the
same body of technical knowledge. The complex
management and organisational problems of dis-
scminating information (which will be dealt with as
a separate item on the Ministers’ agenda) have not
yet, but may in the future, lead to difficulties in
gaining access to information.

Scientific and Technical Manpower

11. A careful analysis of available data has revealed
a somewhat unexpected situation. Although the overall
educational effort of the United States is greater than
that of other Member countries, this is much less
evident when attention is focussed on scientific and
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technical personne! and on current educational efforts
in the science and technology branches. Thus the
proportion of people with a higher education back-
ground in the United States labour force is much
greater than in the European countries. However, the
United States advance is less marked when the pro-
portion with degrees in science and technology is
examined. As regards current educational efforts,
the United States appears to put relatively much
more emphasis on pure science than on technology.
The European effort in technology surpasses the
United States effort in both relative and absolute
terms.* France and the United Kingdom each
produce, in relation to the number of persons in
the relevant age group, as many Doclorates in pure
science as the United States. The United Kingdom,
in particular, appears to be putting a relatively
strong emphasis on the production of scientists and
technologists. It is to be noted, however, that in the
United States graduates are more likely to enter
management positions than in Europe, which has
resulted in a better trained body of managers in
private industry.

The Migration of Scientists and Engineers

12. These findings pose the question of whether
European countries are devoting sufficient resources
to research and development activitics and to invest-
ment in the research-intensive industries to derive
maximum benefit from their relatively large edu-
cational effort in science and technology. They also
suggest that the United States may not be building
up higher scientific, and particularly technological ,
education sufficiently to meet the increasing demands
from industry and Government. The evidence shows
that Europe has lost in recent years approximately
2,000 scientists and engineers annually. Significant
rates of emigration are, however, limited to a few
countries only and they are, moreover, concerned
with one-way flows only.

Research and Development Effort

13. If the gap between the United States and some
European countries is narrower than anticipated in
terms of the stock of persons in scientific and tech-

* The principal reason for this finding which differs
from many carlier studies is that previous comparisons have
often ignored non-university higher education institutions,
¢.g. * Ingenieurschulen™ in Germany, HTS in the Nether-
lands and Colleges of Advanced Technology and similar
institutions in the United Kingdom.
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nical occupations and the current output of highly
qualified scientific and technical personnel, it is
certainly very wide in overall research and develop-
ment cfforts both in absolute terms and when
expenditure is expressed as a proportion of national
product. In 1964, the United States devoted 3.4 % of
GNP to R and D, the economically-advanced Euro-
pean OECD countries together 1.5 %, the Euraopean
Economic Community 1.3%, Canada 1.1% and
Japan 1.4 %.

14. The existence of a substantial stock of scientific
and technical manpower is not in itself an adequate
reason for large R and D eiforts. It may be more
beneficial that they are employed in producing and
selling results of R and D instead of on R and D
itself. It is the case, however, that the existence of
such a stock in Europe related to the relatively low
R and D expenditures would permit an expansion of
R and D if this were thought to be justified on
economic or political grounds. In fact, the combined
efforts of the four Western European countries for
which data are available (United Kingdom, France,
Germany, Netherlands) do show some closing of
the expenditure gap between 1958 and 1964, the
United States index of Gross National Expenditure
on Research and Development as a percentage of
Gross National Product rising by a quarter and the
* European " index rising well over 40 %.

The Importance of Research-Intensive Industries*®

I5. The largest disparity in R and D is in industry.
In the Business Enterprise sector, industrialized
Western Europe spends on R and D 26% of the
United States figure, whereas in other sectors the
figure is nearly 32 %. In terms of qualified manpower
employed on R and D the Western European figure
is 59 % for the Business Enterprise sector and nearly
83 % for other sectors.

® Just as certain industries are designated as * capital-
intensive™ in that they require relatively large inputs of
capital for a given output, s0 — for similar reasons — can
certain other industries be designated as research-intensive.
The rescarch intensity of an industry can be defined as R
and D expendilures expressed as a percentage of sales or
value added, or as R and D manpower as a perceniage
of total employment. In the industrially-advanced countries,
the following industries arc the most research-intensive:
aerospace, electrical {including electronics and scientific instru-
ments) and chemicals (including pharmaceutical and pe-
troleum refined products). These are the industries considered
in this section — and in Table | — as research-intensive,
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16. A very substantial portion of this industrial
R and D occurs in the so-called research-intensive
industries and a substantial proportion of the R and
D expenditure in these industries is financed by
governments. The situation in a number of OECD
countries is summarized in Table 1. In the United
States as compared to European QECD countries
and Japan:
i} & higher proportion of total R and D and
industrial R and D is concentrated in research-
intensive industries;

ii) a higher proportion of the R and D expen-
diture of the research intensive industries is
financed by government.

17. Table 1 has indicated the relatively greater
concentration in the United States of R and D
efforts in research-intensive industries. Table 2 shows
the relatively greater concentration in terms of aver-
age size of R and D programmes. Sixty-three per
cent of industrial R and D in the United States is
on programmes whose total R and D expenditure
is more than $100 million per anaum. No firm in
any Europcan country has an R and D programme
of this magnitude. Conversely, less than 5% of the
United States R and D efforts goes to programmes
costing less than $1 million, whereas the French
figure is 17 %. The Belgian and Swedish figures are
between 20 and 30% and in ail other countries for
which figures are available, the bulk of R and D
expenditures is on these small programmes.

18. The United States concentration of efforts on
large-scale R and D programmes appears to be even
greater in the research-intensive industries. Eighty-
cight per cent of R and D in the aeronautics indus-
try is in programmes of $100 mitlion or more and
T0% of electronics R and D is in such programmes.

19. If, as the sector studies in the research-intensive
industries suggest, there are certain minimum thresh-
old levels below which innovative efforts are likely
to be largely unproductive, then the dispersion of
Europe’s relatively small efforts deserves attention.

Fundamental Research

20. In addition to its intrinsic importance, funda-
mental research is one of the keys to innovation in
the research-intensive industries and is also necessary
for defence, nuclear and space activities. A short-
sighted view of the significance of fundamental
research may endanger the future development of a
host of other activities of a more applied nature.
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21. In the United States, between 1958 and 1965,
fundamental research increased at an annual growth
rate of 17% which is twice the annual growth rate
of all R and D activity in the same period. For
European countries, despite the scarcity of data, it
is probable that the annual growth rate of funda-
mental research is of only the same magnitude as
for R and D in general.

22. In terms of resources, the United States has a
strong position in most fields of fundamental research,
but above all in fields where heavy capital and
maintenance expenditure, and a large number of
highly qualified scientists (above Ph.D. level) are
necessary. This is the case for atomic, molecular and
solid state physics. Solid state physics, for example,
influences progress in a number of applied research
fields, for instance clectronics and communications.
There seems to be a sharing-out of work between
government, indusiry and universities, but in these
three sectors research is mostly done in very big
units with intense cross-fertilization between sectors.

23. European fundamental research units are gener-
ally much smaller. It is significant that the only
European research institute (CERN) capable of
matching the work of its American counterpart
{Brookhaven) is financed and manned on a pluri-
national basis.

Public Goals and Research and Development

24. The evidence shows quite clearly that although
the largest disparities in R and D performance are in
the Business Enterprise sector, the greatest divergence
as far as provision of finance is concerned is in the
Government sector, Measured at current official ex-
change rates, the United States devoted four and a
haif times as much public money to R and D as
industrialized Western Europe, 8 times as much as
the European Economic Community. For privately
financed R and D these differences are cut by about
50% in the case of Western Euraope and Canada.

25. The United States Government expenditure on
R and D is, however, highly concentrated in defence,
space and nuclear energy programmes in which indus-
try is the principal performer. For example, 56 % of
total R and D expenditure in the United States in
1963—-64 was concentrated in these three areas. The
corresponding figure for the United Kingdom was
40%, France 43% and Sweden 31%. This being
the case, it is clear that civilian economic benefits
of R and D have depended to a large extent on




Table 1. The R and D effort in science-based industries

In percentages

Mether-

lialy Canada Innds ¢

Sweden | Belgium | Norway | Austria

;"l:::‘: Kti’:gi:;:m Germany |Francee,d)  Japan
R and D performed
in science-based
industries as a per-
centage of gross
national expenditure
onRand D ..coiers 46.4 41.3 39.7 3.7 33.7
Individual science-
based industries as a
percentage of total
industrial R and D
expenditures
Aircraft e 383 29.0 . 24.6 .
Electrical @ ............ 24.8 24.5 31.2 28.6 3o.3
Chemicals b ......ooeev 13.0 14.4 34.7 19.4 27.3
Total ..ovevvermnenies 76.1 67.9 65.9 72.6 57.6
Percentage of each
industry's activity
financed by
Government
Aireraft cooooeeiinnins 90.4 84.3 .. 78.3 .
Electrical @ ....ocvvenn 61.8 36.0 4.0 29.9 0.5
Chemicals b .ooonenens 15.9 . - 2.8 0.1

28.7 24.6 35.7 316 40.9 16.8 23.2

- 16.9 . 19.8 i.5 . "
25.7 29.1 . 24,3 203 2.0 18.6
28.1 23.6 " 9.9 43.8 21.3 240

53.8 69.6 64.4 54.0 65.6 43.3 42.6

46.) 69.7 .
- 22.6 36.6 2.8 9.7
0.3 1.9 2.4 34 4.7

e

Including elecironics,
Including petroleum refining and drugs.

1964.

a

b

¢ Includes depreciation, ¢xcludes capital expenditure.

d

e. Five large companies including food and drink industry.

“fall out” and “spin off " effects. The evidence of
the sector studies suggests that whilst it has not been
the aim of United States policy to support industries
or products directly for commercial purposes, the
indirect commercial effects have been considerable.

B. Differences in Member Countries’
Performance in Technological Innovation

26. The performance of a country in technological
innovation has been defined as the rate at which new
and better products and production processes have
been introduced and diffused throughout its econo-
my.* The OECD studies have attempted to compare

* [t should be noted that, thus defined, technological
innovation is different from invention. Invention can be
defined as the establishment or the postulation of the
rechnical feasibility of a new or better product or process.
The translation of an invention into an innovation normally
requires development work, together with manufacturing and
markel activities.

14

two aspects of Member countries’ performance:

— performance in terms of being first to commer-
cialize new products and production processes
successfully (i.e. performance in originating
innovations);

— performance in terms of the level and rate of
increase in the use of new products and pro-
duction processes, wherever they might have
first been commercialized (i.e. performance in
diffusing innovations),

27. There are — as one would expect — differences
between Member countries in their performance in
technological innovation. Furthermore, the pattern
and extent of these differences is very different in
the diffusion of innovations from that in originating
innovations. And the pattern of performance in
originating innovations varies considerably from sector
1o sector.
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Table 2. Concentration of R and D expenditure in the business enterprise sector
by size of R and D Programmes

Size of R and D Programme in United States dollars
(at official exchange rates)

100,000 1,000,000 | 10,000,000 | 100,000,000
to to to and Total
999,999 9,999,999 | 59,999,999 over
1 I 1 v

United Siates (1964)a
Number of fifls  .ocoviernnirimitiienrtraiinie e s 1,500 500 102 28 2,130
o of all industrial R and D done in the group ........ccoeeiene 3.7 11.7 20.3 62.7 98.9*
France (1963} a
NUmMber Of FITMS ouvererroriiaiiiniaisnurrmriesasnmsateansnrssaaiosts 327 97 16 - 440
% of all industrial R and D done in the group ................. 15.7 349 43.4 - 08.5*
Sweden (1964}
NUmber of fIIMS cvuvrerreriesrmrcrerierrrriestisssrsssisrseasssioe 113 26 - §39
= of all industrial R and D done in the group .......ccoceenens 28.9 63.6 - 92.5*
Belgium (1963)
NUmber 0f fILMS wvuvrevrecreeseeronreiscrnminiiorsssssiinrienne 43 12 - - 60
o of all industrial R and D done in the group ................. 21.8 66.4 - - §2.8*
Norway (1963)
Number of FIFmIS .vviviviivirererareieiiarrriirsra s e rarranerrna e 29 2 - - k]|
@ of all industrial R and D done in the group ..........coeenes 44.3 20.9 - - 65.2*
Austria (1963)
Number of fITMs co.orv i v s 18 2 - - 20
% of ail industrial R and D done in the group ...c.ocoeeveceens 471.3 26.1 - -- 73.4*
Spain {1964)
Number of fITINS .vuvvevvecioriecrormaresmrersrrecesieransmisiosnnrenans 23 1 - - 24
o, of all industrial R and D done in the group ........c..c.ees 67.5 13.6 - - 81.1*

*  The balance is made up by firms with R and D prosl;amm:s of less than $ 100,000

a  Figures established on the basis of current expendilures including depreciation.

Source: Additional data received for ISY,

Performance in Originating Innovations

An Qverall View

28. Three sets of indicators have been used in
order to have an overall view of Member countries’
performance in originating innovations: first, dataon
the location of some 140 significant original inno-
vations since 1945;* second, receipts for patents,
manufacturing licences and technological know-how;
third, trade performance inresearch-intensive product
groups.

* The sample of innovations is drawn mainly from the
basic metals, electrical, and chemicals industries.
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29. All these indicators suggest that, in absolute
terms, firms based in the United States have had the
highest rate of original innovation over the past 15
to 20 years. Of the 140 innovations, they have
originated approximately 60%. United States firms
also have the largest share of world exports in
research-intensive product groups (about 30 %), and
the largest monetary receipts for patents, licensing
agreements, and technological know-how (between
50 and 60 % of total QECD receipts).

30. There are also significant differences amongst
other Member countries in performance in originating
innovations. After United States firms, those of
Germany and the United Kingdom appear 1o have
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the strongest positions. The United Kingdom origi-
nated about 15% and Germany about 10% of the
140 innovations considered; but Germany has had
a higher share of world exports in research-intensive
product groups (22 % as against 14 % for the United
Kingdom). French-based firms follow immediately
after thosc of Germany and the United Kingdom, in
terms of shares of world exports in research-intensive
product groups.

31. When account is taken of population differences,
the United States still has the strongest performance
in originating innovations, but the performance of
the Netherlands, Sweden and Switzerland is at about
the same level as that of Germany and the United
Kingdom.

The Varying Pattern amongst Industrial Sectors

32, The conclusions of the Groups of Experts,
which undertook the sector studies on technological
gaps for the OECD, illustrate the considerable
variation amongst sectors in patterns of performance
in originating innovations.

Electronic Computers

In the early stages of the development of the
computer industry a number of European Member
countries, together with the USA, made important
contributions to the development of basic computer
technology. In the 1960s, however, a major gap
has developed between the USA and other Member
countries in originating innovations, and this is
reflected in the very strong position of USA-based
firms on both the USA and world markets.

Semi-conductors

From the outset, USA firms have had a very
strong lead in invention and originating innovations,
which is reflected by the position of USA based
firms on world markets.

Pharmaceutical Products

There are no general and deep-rooted differences
amongst Member countries in inventive capacities.
Furthermore, no country has an overwhelming lead
in originating innovations. Nonctheless, USA firms
have had the strongest performance, followed by
Swiss and by German firms. This position is reflected
in shares of world markets.

16
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Plastics

No important gap exists amongst Member coun-
tries in invention, originating innovations or the
production of bulk plastics. USA based firms have
had a clear lead ovur the past ten years in origi-
nating innovations in specialized plastics used for
defence and space purposes.

Iron and Steel

There are no fundamental disparities between
countries with regard to the availability of tech-
nological know-how in the iron and steel sector.
Differences exist, for economic, technical and other
reasons, in the rate of application of a new tech-
nology. Eventual convergence towards a standard
appcars to be the rule.

Machine Tools

There exists no major technological gap between
Member countries’ machine-tool industrics in general,
despite marked differences between firms or coun-
tries in the technical performance of specific machine-
tools. A gap which has existed for numerically
controtled machine-tools — due to their earlicr
development and industrial use in the USA — is
now shrinking, It may, however, widen again if
numerically controlled machining is only hesitantly
accepted in Europe and fapan.

Non-ferrous Metals

No gap exists in aluminium, copper and nickel
production, where a number of Member countries
have originated significant innovations. Amongst the
newer metals, no gap cxists in invention, nor in
originating innovations related to germanium. How-
ever, USA-based firms have a clear lead in origi-
nating innovations related to tantalum and — to a
lesser extent — titanium.

Scientific Instruments

Within this highly diversified sector, no overall
gaps have been identified. Firms based in countries
such as Germany, Japan, the Netherlands, the UK
and the USA all have a strong performance in
originating innovations in specific instrument groups.
USA firms have a clear lead in electronic test and
measuring instruments, but firms based in Europe
and Japan also have originated significant innovations
in such groups as nuclear, bio-medical, and process
control instruments.
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Man-made Fibres

The scieiitific and technological potentials of

Member countries are being effectively utilized at
the present time and are likely to be effectively
utilized in the foreseeable future. It is not possible
to say whether there are at present any technological
gaps that need to be bridged or closed, but it is
important that in the future no barriers should be
raised to impede the free operation of patents and
licensing systems. Differences between national in-
dustries mainly result from the size of the market
and the greater or lesser degree of integration of
firms.
33. Thus, the OECD sector studies, together with
other information which has been collected, show that
gaps in performance in originating innovations do
exist, but that the pattern varies considerably from
sector to sector. The leadzrship of USA-based firms
appears lo be concentrated in the research-intensive
sectors of industry, but also extends into the ad-
vanced products of more traditional industries. In
product areas that did not exist 15 years ago, such
as electronic computers, transistorized components,
the manufacture and fabrication of titanium and
satellite communications, the USA firms have the
lead. In the pharmaceuticals and “bulk ™ plastics
sectors, however, where important innovations were
made in the 1920's and 1930's, the performance of
certain other Member countries has been strong, as
it has been in conventional methods of generating
and distributing electrical power and in consumer
electronics. In older established industries, such as
iron and steel, copper, aluminium and metal-working
processes, several Member countrics have made
important original innovations.

European Weakness in turning Invention
into Thnovation

34, There is, however, one conclusion that appears
irrefutable. United States firms have turned into
commercially successful products the results of funda-
mental research and inventions originating in Europe.
Few cases have been found of the reverse process.
The basic technique for titanium was developed in
Luxembourg; much of the fundamental work on
digital computers was done in Europe, and Euro-
pean countries even made technically successful
computers which were then commercial failures;
fundamental work on the tunnel diode was done in
Japan but first exploited commercially in the United
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States; and fundamental work on instruments in
Germany and the United Kingdom was turned into
commercially successful products in the United States.
It should be noted that, in consumer electronic
goods, and in electron microscopes, Japan, too, has
made significant original innovation on the basis of
fundamental work done in other countries, including
the United States.

35. In the chemical industry, however, fundamental
research undertaken in Europe has been better
exploited commercially by European firms. The im-
portant discoveries of Zeigler and Natta were exploited
by German and Italian industry. Only one case has
been found where the United States has been the
first to commercialize a new plastic, based on
fundamental work undertaken in Europe.

Performance in Diffusing Technological Innovations

36. Two sets of indicators have been used to meas-
ure Member countries’ performance in the diffusion
of technological innovations: first, the level and the
rate of increase in the use of significant new
products and production processes; second, rates of
increase in total factor productivity.* These indicators
show that the USA has the highest Jevel of diffusion
of new products and processes, but that many other
Member countries have had higher rates of increase
in the diffusion of new prodncts and processes over
the past 10 to 15 years. However, rates of increase
in diffusion have been much higher in Japan than in
European Member countries, whose rates of increase
have been closer to that of the USA than to that
of Japan.

37. It is therefore safe to conclude that, as a
corollary of high rates of economic growth and

* Total factor productivity is generally defined as total
output per unit input, where input is an appropriatcly
weighted average of capital and labour inputs. Growth in
total factor productivity is then the difference between the
growth rate of output and the weighted average of input
growth rates. Thus, input growth + total factor productivity
growth = output growth,

Thus defined, the growth of total factor productivity
results not only from the greater diffusion of new products
and production processes, but also from increases in capacity
utilization, better education of management and the labour
force, and the shift of resources to more productive sectors.
It should be noted that both the OECD and other studies
have shown a positive relationship between increases in the
diffusion of new products and processes, and increases in
productivity.

B e S




. 4

investment in Japan and Europe, new products and
processes (including those originating in the USA)
have been effectively diffused throughout most of
the economies of the industrially advanced Member
countries.

38. On the other hand, differences between Member
countries in performance in originating innovations
do not appear to have had any effects on Member
countries’ overall economic growth performance. The
current slowing down of ecconomic growth rates in
some European countries, as compared with the
United States, is to be noted, but it is of recent
origin and there is no evidence that it is related to
the problem of the technological gap.

39. What is quite clear is that the main cffects of
differences in performance in originating innovations
are felt in competitive positions in specific product
arcas, and in particular those which are research-
intensive.

C. Relationships
to International Exchange of Goods,
Capital and Technology

40. It is pertinent to ask whether the differences in
scientific and technological capabilities of the OECD
Member countries and in their performance in
original innovation have an influence on international
economic relationships, i.e. on trade in goods, move-
ments of capital, flows of technology and movement
of professional manpower.

Technology and Trade in Goods

41. In gencral, international trade and investment
relationships within the OECD area show up the
increasing inter-dependence between the various na-
tional economies. This inter-dependence is demon-
strated by (rading relations — for example within
the European trading blocs — and by significant
international investment activity, predominantly by
companies based in the United States,

42. Within the pattern of intra-OECD trade in
manufacturing goods, it appears that the United
States tends to have a trading advantage over other
Member countries in newer, more sophisticated
products, and that United States companies have to
rely upon their capacity to innovate in competition
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on foreign markets. The same is true to a lesser
extent of the United Kingdom and Germany. This
suggests that European countries enter trade in the
research-intensive industries and products once the
technology is well established and the innovative
element in competition is replaced by moretraditional
elements of advantage (labour costs, etc.). The
pattern of United States-European trade supports
this thesis.

43. At the same time, the European countries,
Japan and Canada, (and in particular Italy and
Japan), have been able io compete successfully from
this position. All of these countries, with the ex-
ception of the United Kingdom, have had increases
in their share of the export market for research-
intensive products and for the more sophisticated
products of all manufacturing trade groups.

44. In short, from the point of view of trading
relationships per se there is no indication that the
USA advantage in those goods where scientific
capability and innovation skills are important has
had deletericus consequences for other countries.

45. As the experience of Japan indicates, and as
the above analysis of the role of the European coun-
trics, Japan and Canada in OECD trade would
logically suggest, the increasing share of these coun-
tries in trade in the resecarch-intensive products is
very likely to be related to the inflow of technology
from abroad. For this reason, the following section
will examine briefly some data on the flow of tech-
nology between OECD Member countries.

The Flow of Technology* between OECD Member
Countries and its Relationships to Trade Performance

46. This part of the analysis is based upon the data
on receipts and payments for lechnology collected
as part of the QECD Statistical Year on Research
and Development. These data nced to be treated
with some caution. Nevertheless, they may be used
to give a general guide to technology flows between
Member countries. The data do not allow a detailed
sectoral analysis. The gencral features characterizing
the flows of technology between Member countries
are:

* The “flow of technology' as conceived of here
incledes transfer of technology between independent firms
(e.g. by licensing) as well as transfer between parent firms
and subsidiaries.




i) United States receipts for patents, licences,
ctc. account for 57% of total receipts in
OECD countries and the United Kingdom some
12%.

ii) The European countries account for about 65 %
of the total payments for technology, Japan
for about 13 %.

iii) The proportion of United States receipts coming
from Europe, Japan and Canada in relation to
total United States receipts has increased rapidly
in the past five years.

iv) Weighting payments for technology inflow by
the contribution of industry to GNP (in absoiute
terms), it appears (hat Japan (0.67 %) and {taly
(0.49 %) have proportionately much heavier
inflows than the larger European countries
(about 0.3 %).

47. The data are general, but they do tend lo
support the cenclusion that the trade performance
of European OECD countries, Japan and Canada
{particularly in rclation to the increase in share of
trade in research-intensive products) is associated
in varying degrees with net payment for licences,
patents and know-how, predominantly to the United
States, as well as with an indigenous scientific capa-
bility. The case is perhaps clearest for Italy and
Japan. Both countries have increased their share
of trade in the research-intensive products appre-
ciably; neither has made a particularly large research
and development effort in the research-intensive
industries and both have had a particularly high
import of technology in relation to the total size of
their industrial activities.

48. These observations or arguments are consistent
with the views that the OQECD European countries,
Japan and Canada have traded successfully in the
research-intensive  products at least to some extent
on the basis of imported technology, and that these
technology imports have been derived largely from
the United States. Again these observations are in
accordance with the conclusions of the trade analysis
that, to varying degrees, countries other than the
United States enter trade in the products of the
research-intensive industries and in more sophisticated
products in general at a stage where original inno-
vation as a factor in compelition is, relatively
speaking, less important. In short, the trade perform-
ance can apparently be explained by the flow of
technologics, a large proportion of which was origi-
nated in the United States.
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49. The following evidence suggests that this flow of
technology has been based less on imitation than on
direct investment by United States companies. The
proportion of United States receipts for technology
which was associated with exchanges between parent
companies and subsidiaries as opposed to that between
independent companies grew from 63 % to 75% over
the period 1956-66; these figures are subject to a
number of caveats, but they seem to indicate a long-
term trend. It is worth noting, however, that while
United States direct investment plays a big role in
the transfer of technology to Europe, it is relatively
less significant in the case of Japan.

Movements of Private Capital:
International Companies

50. The analysis of capital flows between Member
countries is unfortunately bedevilled by the extremely
poor statistical material available. The United States
is the only country with reasonably comprehensive
data on outflows of capital. The following analysis
is therefore based quite extensively on United States
material. At the same time, the United States
accounts for about three-quarters of the total capital
outflow from QECD countries. The broad conclusions
which can be drawn from an analysis of investment
flows are:

i) Since the formation of the European Common
Market the puttern of United States investment
outflow has changed proportionately in favour
of Europe. The rate of growth of United States
capital stock in Europe has been particularly
high; it has multiplied by 4.5 between 1957 and
1966 in the EEC, and by 3.5 in the rest of
Europe. About three-quarters of United States
direct investments abroad are now in the QECD
area, mainly in manufacturing industry.

All United States manufacturing sectors tend to
have a high proportion of their totalinvestments
outside the United States. The ratio of foreign
to total investment for the principal manu-
facturing industries is between 15 and 30% and
has been increasing. The data available do nol
indicate that research-intensive industries are
more prone o invest abroad than others, but it
is hard to reach a firm conclusion on this point.

i
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ifi) These investments do not represent a particularly
large share of total capital investments in Euro-
pe (between 4 and 5% in all European coun-
tries, except Benclux, about 13 % in the United
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Kingdom), but the preportion i§ much larger
in Canada (about 40 %).

iv) There is a strong general tendency for pro-
duction by United States subsidiaries abroad
to exceed United States exports, and to develop
faster in similar product groups, but there is no
indication that this tendency is more marked in
the research-intensive products than in others.
In general, sales of United States subsidiaries
in Europe in paper production, chemicals, rubber
machinery and transport equipment were more
than three times greater than United States
exports in these product groups.

51. The research-intensive industries are in fact
amongst the United States industry groups which
invest most heavily abroad (though certain groups
not normaily considered as research-intensive are also
major sources of international investment). There
are reasonable grounds for maintaining that invest-
ment by United States companies is generally associ-
ated with technological sophistication and that United
States companies in Europe in particular tend to
specialize in the production of more sophisticated
products in all groups (with the possible exception
of some consumer goods sectors, such asmotor cars).
It is increasingly argued that an important reason for
*dynamism ™ of United States companies in Europe
is that they tend to market products which are
“new” in Europe and which have a high income-
elasticity of demand, though often these products
have been marketed and proved for some time in the
United States.

52. Correspondingly, the concentration of United
States investments in the research-intensive industries
in Europe in relation to total sectoral investments
in Europe is relatively high, and the concentration
of United States investments within nearly all sectors
appears to be highest in the more advanced products
of the sector. It appears quite reasonable to attach
a particular qualitative importance to investments
in the research-intensive industries because they are a
major source of innovation for the rest of the
economy.

Concluding Remarks

53. The following general points may be made on
the basis of the foregoing analysis:

i) The QOECD countries in general have had no
particular problems as far as their trading
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positions are concerned which can be ascribed
to disparities in scientific and technological
capabilities. In fact, countries other than the
United States have an increasing share in trade
in research-intensive products.

iiy The main reasons for this would seem to be
that there has been diffusion of technology
across national frontiers as well as the develop-
ment of trading blocs in Europe. As a result
of diffusion, countries with relatively lower
scientific and technological capabilities have been
able to enter successfully the export trade in the
products of research-intensive industry and more
generally trade in advanced products.

iii) Direct Investment flows from the United States
to Europe have played anincreasingly important
role in the flow of technologies between these
countries. While there is no particular evidence
that United States companies in the research-
intensive industries invest abroad more readily
than others, it is reasonable to relate United
States foreign investments to generally higher
technological levels in the United States. It is
very probable that United States production
in Europe is proportionately more concentrated
in more advanced products than European pro-
duction proper. In this sense, the trade analysis
alone does not cover all the effects of tech-
nological disparities within the QECD econo-
mies. The relative and growing importance of
investment flows, rather than exports is aimost
certainly related dircctly 1o the development
of European trading blocs.

D. Special Problems
of the Developing Member Countries*

54. The scientific and technological problems of the
developing Member countries have been studied in
detail in the course of the OECD Pilot Teams
Project.** This Project was not a part of the study

* The developing Member countries, as referred to
here, are Greece, Portugal, Spain, Turkey and Yugoslavia,

** The developing Member countrics listed above have
participated in the Pilot Teams Project, In addition, the
project has been carried out in Ircland and Italy. The
objective of the project is:

* 1o examine how scientific research and technology can
best be related to national problems of production and
social welfare, within the framework of plans and
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of technological gaps, but it throws light on the
conditions under which science and technology can
be effectively related to economic and social develop-
ment in the developing Membercountries. A summary
of the findings of the Project, which are relevant to
the analysis of technological gaps, is therefore in-
cluded in this Report.

Scientific and Technological Capabilities

55. The developing Member countries all possess a
considerable educaticnal infrastructure, including a
number of Universities. At the same time (as the
Mediterranean Regional Project on educational plan-
ning indicated), the stocks aof scientific and technical
personnel are relatively much smaller than in the
more industrialized countries.

56. These limitations in the supply of scientific
and technical personnel to the economy, and to the
society i general, are reflected in the relatively
limited growth of research and development and
related scientific activities in the developing Member
countries. The Pilot Teams studies showed that, in
general, expenditure on R and D was a relatively
small proportion of GNP (usually about 0.2 to 0.3 %),
and that the proportion of the population engaged in
such activities was particularly small (averagingabout
2.07 R and D personnel per 10,000 of the population).
These measures indicate that the industrialized coun-
trics devote proportionately between 4 and 10 times
as much of their national resources to R and D
actlivities as the developing Member countries.

57. The orientation of these scientific and technical
activities is markedly different in the developing
Mcmber countries. The main difference is reflected
in the relatively high concentration of effort in the
agricultural sector, in the Universities and, in some
countries, in a very few large research institutes (the
best cxample being thc nuclear energy research
cstablishments).

58. Governments finance a greater proportion of
R and D expenditures than in the industrialized
countries (the Government share is usually about
80-90 %), and private industry, in general, neither
finances nor exccutes research.

policies for the promotion and maintenance of an
adequate rate of economic growth ™.
The reports on Greece, Spain and Turkey will be published
shortly and the Irish report has been published by the Irish
Ministry for Industry and Commerce, Dublin. The other
reports will become available during 1968.
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59. The Pilot Teams' studies indicate that there are
inadequacies in the organisation of scientific and
technical resources in R and D and related activities.
Typically, R and D activities, both in and ocutside
the Universities, are dispersed amongst a large
number of small research units, and the co-ordination
between these units is limited. At the same time,
these research groups are undersupplied with equip-
ment and ancillary resources. There are, of course,
exceptions. In particular, the few large research
institutes referred to above are generally well equip-
ped. (But generally, in other sectors and particularly
in the Higher Education Sector and in Agricultural
Research, scientific activities suffer from inadequate
resources.)

60. The impact which these scientific activities have
had on the economies in the developing Member
countries has been limited. There have been some
successes (for example, some considerable agricultural
yield improvements have been achieved on the basis
of local adaptive research activities; also some
mineral exploitation possibilities have been opened
up}, but though valuable and interesting from the
point of view of what they may teach, they do not
represent the general case. In particular, local manu-
facturing industry has had little benefit from R and D
and related scientific activities.

61. To some extent this situation reflects the in-
adequacy of resources and the difficulties in getting
research results applied. But a second and important
aspect of the problem is the fact that a good deal
of the R and D activity under way is not particularly
closely related to the conditions of the countries in
question.

62. Finally, while some considerable re-orientation
of scientific effort is possible in these countries, and
while it should be possible to increase the availability
of scientific and technical personnel, success in these
areas will depend upon extensive administrative and
organisational changes.

Access to Production Technologies

63. In principle, the developing Member countries
have available to them a considerable " store™ of
technologies developed in the industrialized countries.
In practice, the availability and use of such tech-
nologies has been limited. The data available on
receipts and payments for patents, licences and know-
how indicate the small extent to which the develop-
ing Member countries have purchased technology



from the industrialized countries. They account for

about 2 to 3% of total purchases in the OECD area.

64. It is true that a good deal of technological
knowledge is transferred to these countries after
patents have expired, i.c. there is probably a rela-
tively high proportion of ** non-propriety " technology
which is imported in the form of capital equipment.
But, even il allowance is made for this, the role of
the developing Member countries as purchasers of
technology has been relatively small. In general,
changes in the technology of production in these
countries have been limited in comparison with the
considerabie changes in production technology in the
industrialized countries, Furthermore, these changes
have often been associated with foreign subsidiaries,
whereas local manufacturing industries have been
slow to change production methods.

The Economic Framework

65. It would be misleading todisregard the economic
and social circumstances which underlic these ob-
servations.

66. These circumstances cannot be identified simply
with “ underdevelopment ™ asitis normally conceived.
For one thing, the rate of growth of GNP in certain
of the developing Member countries (and notably in
Spain and Greece) has been particularly rapid in the
recent past.

67. Where such growth has occurred it has fre-
quently been associated with a large inflow of re-
sources from the industrialized countries. Tourist
receipls and workers’ remittances have played an
important part and so has direct foreign investment.

68. While this access to resources on external account
has sustained a high rate of growth of GNP, the
developing Member countries still have to deal with
some major problems of economic organisation. For
example, land yields and labour productivity in
agriculture have increased (in the wake of the rural
exodus), but the agricultural sectors are not yet

fme m Ly

organised for rapid technological change. An im-
portant consequence has been the rise in food prices
and imports to meet urban demand. Similarly,
the local manufacturing sectors, while they have
experienced some growth of demand, are often
characterized by the traditional small firm, and

. investible resources are still very limited. This limited

22

adaptation of local production is aiso reflected in the
external economic relations of the developing Member
countries. There has been some growth of manu-
facturing exports, but as a general rule this growth
has been limited and the traditional predominance of
agricultural exports is still characteristic.

69. Thus, in spite of GNP growth, the economies
in question stili show a number of traditional fea-
turzs. The persistence of these features accounts, lo
a considerable extent, for the relatively limited
demand for new technologies and Jfor scientific ac-
tivities, from the industrial sectors in particular. In
this respect the developing Member countrics are in
a situation which is distinct from that in the indus-
trialized countries, where increasingly the demand
for science and technology in production has been
strengthened by the necessities for internal and ex-
ternal competitiveness.

70. Thus, in order to apply science and technology
to production on a meaningful scale, it will be
nccessary o implement some major development
measures, and at the same time an explicit and
conscious development of scientific and technalogical
capabilities will be needed.

71. The Pilot Teams' studies indicate that the re-
orientation and development of scientific activities in
the developing Member countries could contribute
significantly 10 growth and development; and the
development of such an infrastructure would help
also in making better use of the technologics afready
available in advanced industrialized countrics of the
OECD. Such a programme will take some time to
implement because a considerable measure of re-
organisation is a pre-requisite.
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72. The above findings make it possible to arrive
at a definition of the problem and this is a signifi-
cant step towards a correct diagnosis and, in con-
sequence, towards relevant policies., The evidence
gathered in Sector Studies of nine industrial sectors
and a General Analysis shows that:

i) there are major differences among the Member
countries in the level of resources devoted to

‘R and D, and in objectives of government-
supported R and D, as well as in the organ-
isational and structural arrangements which
enabie these resources to be brought to produc-
tive use;

if) there are cqually big differences between the
United States and other Member countries in
terms of production and stock of high-level
manpower and curreat efforts in higher edu-
cation, as well as in the general educational
level of the labour force. However, the differ-
ences between the United States and European
countrics are much less marked in scientific
and technical personnel, and in current efforts
in scientific, and particularly technological, higher
education. In this respect, the United Kingdom,
Germany and France appear to have relatively
strong positions;

2. THE RESULTING DEFINITION
OF TECHNOLOGICAL GAPS

fif) the United States leads in the introduction of
new products and processes in industry (** original
innovation "), foilowed by Germany and the
United Kingdom — with high performance by
the Netherlands, Sweden and Switzerland, when
population is taken into account. The leader-
ship of United States-based firms is concentrated
in the science-intensive sectors of industry, but
also extends into the advanced products of more
traditional industries;

iv} up to the present, these differences have had no
demonstrable effect on the rate of economic
growth of Member countries. Although in the
last few years growth rates have been slower in
some countries, most European countries and,
especially, Japan have experienced a higher
rate of growth per capita in the last 15 years
than the United States. This growth has accom-
panied, to an appreciable extent, the importation
of technology through licensing, and foreign
investment, and a wider diffusion of advanced
technology within national boundaries. The
evidence suggests that the results of technology
have, in general, been effectively transferred to
European Member countries through licensing
and subsidiaries, whereas Japan has, in the
main, bought licenses.

3. THE CAUSES OF TECHNOLOGICAL GAPS

73. The results of the Sector Studies make it ¢lear
that the term “ technological gap ™ symbolizes acom-
plex of differences in contemporary sociai, economic
and industrial development, in a world where new
knowledge is increasingly the product of organized
scientific and technological effort. There is no single
or simple cause.

74. Scientific and technological capability is clearly
a prerequisite, but it is not a sufficient basis for
success in original innovation and in scicnce-intensive
industry. Although scientificand technical information
(as the sector studies have shown) is readily available,
commercially successful innovation depends on re-
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fating R and D efforts and organisation to the
market.

75. The market is in fact a very important factor
conditioning the realization of scientific and techno-
logical potential, if success is defined as the com-
mercial explotation of a given innovation. The
market should be big enough to enable producers
to achieve the necessary economices of scale, without
unduly limiting the number of firms and thereby the
scope of competition, which is essential to continuing
expansion.

16. The size and homogeneity of the United States
market, including that portion made possible by




Government procurement, helps American firms to
commercialize discoveries because it facilitates the
prediction of market requirements. The European
market, considered as a total, has a greater potential
size for many products than that of the United
States because of the greater population, and the
greater density and more even distribution of industrial
development. However, ils present per capiia pro-
duction and income, and government budgets, arc
smaller than those of the United States and national
divisions, with diverse political and contrasting social
structures, result in fragmentation in the European
market, thus making the realization of this potential
very difficult.

77. Nevertheless, the successful performance of some
American firms in the existing European market
indicates that @ broader European market would, in
and of itself, not solve the problem. Many American
firms, which have already adapted to the competition
of a wide domestic market, appear to be better able
to compete in world markets than their counterparts
in other Member countries which do not have the
advantage of a big domestic market. Nevertheless,
there are some instances of penetration of the
American market by firms without the advantage of
big domestic sales, and such success is in general
linked with the establishment of subsidiaries and an
adequate sales organisation in close touch with the
United States outlets.

78. One reason advanced for the difficulties expe-
rienced by FEuropean companies in entering or
maintaining a position in the market for some pro-
ducts in science-intensive industries is the inadequate
size of firm. The number of sectors where there are
important economies of scale in R and D in conse-
quent production and marketing activities may be
relatively small, but it is growing and includes im-
portant categories within the * advanced technology ™
group, such as aircraft, large computers, satellite
communications, etc.

79. There is, nevertheless, a wide range of areas
where small firms can be competitive by cxploiting
technological opportunities. This often depends on
the availability of * risk ™ capital, which appears to
be deficient in some Member countries, and particu-
larly in Europe. :

80. Thesedifferences in the performance of Member
countries” firms raise the question of the role of
Government support. Science-intensive industries in
some¢ Member countries have been the recipients of
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large amounts of government finance for R and D,
and of substantial government orders for products
required for defence and space programmes. A trend
is beginning towards similar action in relation to
other national social and economic goals. Theprecise
effect of these government expenditures is still a
matter of debate and conjecture, but there is now a
concensus that there have been substantial indirect
effects, For example, markets have been substantially
influenced, especially in America, by defence and
space goals. Massive programmes of research, develop-
ment and pilot production to achieve clearly-defined
goals constitute a stimulus and an aid to industry
which may be of crucial importance in forcing new
technologies through the initial stages of development
at a faster rate than would otherwise be possible.

81. In this connection, it should be noted that the
conditions under which Government support is given
are fully as important as the scale of such support.
For example, United States’ support is concentrated
in industry, and this facilitates the transfer of the
results of Government-supported R and D into the
economy. In many Member countries, on the other
hand, there is a marked tendency to put the money
into government laboratories, from which the feed-
back into the economy is less direct.

82. The general quality of the economic, educational
and social environment, together with traditional
cultural attitudes to change and competition, also
influence the performance of the firms, and can be
a significant factor in differences among countries. In
this connection, the educational system of a country
is considered to be of vital importance, since the
general level of education of the labour force is an
important factor in adjustment to rapid change and
in the development of consumer attitudes.

83. But while the social and economic environ-
ment, and government policies to make it conducive
to innovation, can facilitate decisions to innovate,
they cannot take the place of the decisions of man-
agement. Risk can be diminished but not removed.
In the last analysis, there is a decision to invest
resources, based on an assessment of a future market
and the likelihood of success, through R and D, of
developing a new product or process to meet the
need. Thus, management is the indispensable link in
the whole chain of events leading to the successful
commercial exploitation of new knowledge, and
increasingly in determining the directions of research
which will lead to successful new products and pro-
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cesses. In this sense, it appears somewhat question-
able to oppose the two concepts of a * technological
gap” and a * managerial gap”. The essence of the
problem is the need to integrate technological capa-
bility with management decision-taking, in relation
to competition in the market.

84. In the techniques of management, including the
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management of research, and of combined techno-
logical and market forecasting, the United States
appears to have a significant lead. This is undoubt-
edly linked with the greater commitment to long-term
planning, to the clear formulation of goals, both in
business and government (as far as national goals are
concerned), and to the more rapid development and
adopting of management technologies in general.
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III. POSSIBLE INTERPRETATIONS
OF THE RESULTS

85. Developments as complex as those outlined
above cannot be easily explained in terms of an
integrated analysis or a gencral philosophy of the
total process. The inter-relationships between science
and technology, cconomic and social change, and
industrial progress are clearly changing in significant

ways, the understanding of which is advanced but
by no means completed by the present study. It is,
however, possible to ask more meaningful questions
than at the beginning of the study, and to bring
forward some tentative interpretations.

1. SCIENCE IN RELATION TO SOCIAL
AND ECONOMIC CHANGE

86. The first question to be asked is whether science
and technology are now so influential in social and
economic change that countries with a capability in
this arca are able to sustain a significantly faster
rate of change than others, and thereby to reap the
economic rewards which seem to go with flexibility
in the use of human and physical resources.

87. Differences in the level of technology between
countries are, of course, a commonplace of history,
but they may have a fresh significance in modern
industrial societies in which economic well-being and
political strength are more dependent on an ability
lo maintain a higher rate of technical, economic and
social change than in the past. The importance of
research and development may reside in the fact
that it is to a growing extent both the source of
innovation and the means of adjusting to it. This is
probably reflected in the growth of resources devoted
to R and D by all Member countries, and the grow-
ing range of national objectives for which R and D
is supported by governments.

88. It must be recalled, however, that this rapid
growth is relatively recent. To a considerable extent it
goes back only to World War II, and to an acceler-
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ated period of growth in the 1950°s and 1960's.
Only in the past 5-10 years has there been a con-
certed attempt to formulate the principles of national
science pohlicies, A backward loek brings out three
key features of these recent events. The first is the
revolutionary change which has taken place in the
concept of tundamental research. It is no longer
feasible to consider fundamental research as com-
pletely isolated from the goals and purposes of a
society or industry. Second is the important role
played in the United States by major technological
adventures related to political goals in scientific
development and in forging closer links between in-
dustry, the universities and government. The third
is the dominant role of defence, space and nuclear
goals in the allocation of resources to science and
technology.

89. These changes imply that the manner of bring-
ing new knowledge into practical use may well be
altering. If defence and space goals have been useful
stimuli to change in the United States, it is pertinent
to ask what would have been the effect if these
United States resources had been directly applied in
promoting civilian technology for the economy. The
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question is not wholly hypothetical because there is
in fact a trend (even if slight) towards expenditure
on R and D for social and economic objectives in
Member countries as a whole.

90. If, as would not seem unreasonable, the eco-
nomic effects of R and D spending in relation to

social and economic purposes will be greater than
the *“fall-out™ from defence and space R and D,
then it clearly becomes important to try to look at
science and technology in the context of cconomic
growth, even if the impact is difficult to * seize™
in terms of economic analysis.

2. THE DIFFUSION OF INNOVATION
AND ECONOMIC GROWTH

91. The OECD study suggests that there exists an
association between economic and productivity growth
and Member countries’ performance in the diffusion
of technological innovations.

92. On the supply side, the rapid and widespread
adoption and diffusion of new techniques and
preducts will continue to be an important clement
in the growth possibilities in the Member countries
operating at full capacity, together with the re-
allocation of resources from less to more productive
sectors and more skilled management and a better
educated labour force. Past performance suggests
that Japan has been most successful in adopting
and diffusing new lechniques and products. Many
Europcan Member countries have done so more
rapidly than the USA, bul — unlike Japan — not
at a pace that has markedly reduced differences in
the level of use of advanced techniques, or in the
level of income.

93. Several factors will influence the rapidity with
which Member countries will adopt and diffuse new
techniques and products in future.

94. First, the degree to which new technology is
diffused internationally. The experience of the past
15 years suggests that the system of international
diffusion of technology has functioned satisfactorily.
It should be noted, however, that technology appears
to be increasingly diffused through direct foreign
investment.

95. Secondly, the social and economic climate
existing within each country. A high rate of invest-
ment will encourage innovation in the form of equip-
ment embodying more productive techniques, thus
reducing the gap between average and best practice
techniques in the economy. A high rate of growth
will increase the expected return from any innovation.
A competitive climate will put pressure on business
men to adopt the most efficient techniques. Manage-
ment and labour with high levels of education will
be better able to absorb, improve and adapt to
innovations. And the expericnce of Japan suggests
that the efficient absorption and improvement of
foreign technology may require quite sizeable R and
D activities.

3. THE ROLE OF ORIGINAL INNOVATION

96. Although there have been no apparent effects
on overall growth or on trade prriormance, it is the
demonstrated difference in performances in originating
innovations which has been the greatest cause of
concern in certain Member countries. There is, how-
ever, no body of theory — whether economic, social
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or political — which readily enables the significance
of these differences to be assessed. It is possible
at this stage only to explore meaningful problems.

97. The first obvious economicreason why acountry
needs some capacity for originating innovation is to
be able to develop new products and processes which
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will answer a national requirement, and which can-
not be obtained eisewhere. This is the case when a
country has a relatively high level of per capita in-
come and therefore is the first to experience the need
for labour saving techniques and new consumer
products. It may also be the case in such areas as
agriculture, where techniques must be adapted to local
resource conditions.

98. Secondly, a country may need firms with capacity
for originating innovation in order to maintain vigor-
ous scientific and technological development. A
healthy and useful scientific community might be
difficult to maintain unless its research and its con-
tribution to world knowledge are applied to meet
practical needs. This is because success in the
application and commcrcialization of new knowledge
will generally create more demand for new skills and
knowledge, and thereby lead to more funds for
fundamental research and education. Failure in appli-
cation may well have the opposite effect.

99. Thirdly, aggressive industrial policies for R and
D and original innovation in a country are likely to
provide the strongest external economics or spread
effects throughout the economy by generating a
continuing demand for new and better input products
produced in large quantity and therefore cheaper;
by providing a continuing stream of new production
methods and skills; by creating an atmosphere of
progress, competition and forward movement needed
lo attract the best minds into industry; and by
ensuring a more rapid and cfficient absorption of
imported technology.

100. Fourthly, when countries are committed to
improving the scientific and engineering branches of
higher education, both in quantity and in quality,
some capacily for originating innovation may be
necessary in order 1o ensure the effective use of the
scientists and engincers thereby provided. Without
dynamic and aggressive programmes for R and D
and innovation, and given the increasingly inter-

national nature of the labour market for scientists
and engineers, many scientists and engineers may
emigrate. From the point of view of the QECD arca
as a whole, such emigration could in fact increase
overall economic benefits, if scientists and enginecrs
are better utilized in the countries to which they
emigrate. It may, therefore, be wiser policy for a
country to let some of its scientists and engineers
emigrate than to attempt to sustain original inno-
vation artificially in uneconomic sectors of the eco-
nomy. On the other hand, it is clearly more
advantageous in the long run for a country io keep
its scientists and engineers, if there exist R and D
and innovative activities which are cconomicaily
viable, and where the scientists and engineers are
needed. :

101. Furthermore, in certain new product groups, a
strong capacity for original innovation is already,
and — to an increasing extent in future — will be a
necessary characteristic of industrial firms capable
of taking an effective place in international compe-
tition. Moreover, an aggressive R and D strategy,
combined with a strong position in original inno-
vation leads to high returns based on rapid growth
of output and monopoly profits. It also leads firms
to keep at the frontier of growth by penetrating
world markets.

102. Finally, there are two wider reasons why some
capacity for originating innovations should exist in
a large number of Member countries. First, the
greater the amount and the geographic spread of
original innovations, compatible with the require-
ments of scale and efficiency in the use of resources,
the greater the amount of new technology from
which all countries can benefit. Second, a strong
capacity for original innovation in a number of
Member countries will help to allay political fears
about the concentration of economic and technological
decisions in any one country.

4. THE ROLE
OF THE RESEARCH INTENSIVE INDUSTRIES

103. The research-intensive industries are very im-
portant in relation to the above discussion of tech-
nological innovation. Industries such as chemicals,
electrical machinery (including electronics), scientific
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instruments, and certain branches of machinery, play
an important role in the diffusion of new products
and processes throughout the economy, and thercfore
an important role in productivity growth.



104. This is because, first, these industries have
relatively high rates of growth and, therefore, invest-
ment, so that there are relatively good possibilities
for incorporating the latest techniques into their
production processes. Second, and perhaps more
important, these industries manufacture mainly pro-
ducers’ goods, and they have relatively high rates of
product innovation. They are, therefore, a continuous
source of new and better production techniques,
equipment, components and materials for the indus-
tries which they supply. In this context, it is relevant
to quote the following conclusion from a report on
patterns and problems of technological innovation in
United States industry:

“ ... we can speculate that the total process of
of technical innovation in American industry in
recent years has consisted in the emergence of
certain technologically advanced industrial areas
— chemistry ..., the broad area of electronics,
and aerospace — which have exerted pressures
for change on traditional industry cither by
serving as lechnological models, by making
new demands on traditional industries as sup-
pliers, or by exploiting market opportunities
represented by traditional areas. Pressurcs for
growth and expansion, as well as the inter-
dependence of industries as sources of supply
and as market, have caused these advanced
waves of technology to spread out over all
industry.”"®

105. It is clear, therefore, that for growth and
productivity reasons, all industrially advanced coun-
tries must have access to the new products of the
research-intensive industrics. The economic benefits
will be all the greater if some of these products are
manufactured locally, not only because of the em-
ployment opportunities thereby created, but also
because of more rapid local access to them and

* A.D. Litle *Patierns and Problems of Technical
Innovation in American Industry”. Report to the NSF,
published by the United States Depariment of Commerce,
Septembur 1963.
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because the user can co-operate more easily with
the manufacturer to ensure their effective utilization.

106. The previous analysis shows that the above
conditions are, in fact, being fulfilled to an in-
creasing extent. Although there have been some
examples of time lags in access to new and better
producers’ goods, the evidence points to a reduction
in these time lags. One obvious reason for this
trend is that the production and marketing strategies
of industrial firms producing these innovative pro-
ducers® goods are being increasingly placed on a
world wide rather than on a national basis.

107. Some countries consider that the research-inten-
sive industries are also important because they offer
more scientific and technological opportunities for
originating innovations; because they employ rela-
tively large numbers of scicntists and engineers, not
only in R and D, but also in other employment
functions; because they interact with, and transform,
the previously traditional technologics of certain in-
dustries; and because they form the basis of know-
ledge, skills, materials and cquipment which new
technologies will develop in future.

108. For all these reasons, the industrially advanced
countries cannot realistically discuss the place of
original innovation in their cconomies, without at the
same lime considering the rule of original innovation
in these research-intensive industrics, as well as in
more traditional sectors of the economy. Theanalysis
in previous chapters has shown that a number of
Member countries have had a strong performance
in original innovation in sectors based on chemistry,
the basic metals, consumer electronics and conven-
tional electrical machinery. However, in the more
recently developed branches of the electronics and
aerospace sectors, the United States has a very
strong lead. Few will contest the tremendous im-
portance of the former sector for future cconomic
and technological development, although many will
contest the value of the latter. However, the above
analysis shows that this United States lead has not
had any adverse effects on other countries’ growth
and trade performance.
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- 5. TENTATIVE CONCLUSIONS

109. On the basis of present evidence, therefore, the
main problem is nor so far the impact of any tech-
nological gap on Member countries’ growth and trade
performance. The real concern appears t{o be about
how the European and Japanese scientific, tech-
nological and related industrial capabilities will be
exploited in future,

110. The analysis in previous chapters of this report
shows that by comparison with the USA, the scien-
tific and technological resources of Europe and Japan
are substantial, and that they will increase rapidly
in the future. At the same time, by comparison with
the United States, these European and Japanese
resources have not produced many significant original
innovations in certain new technological areas. This
difference can be explained partly by the better
utilization of scientific and technological capabilities
in the United States than in certain other Member
countries.,
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H1. Basically, there are two mechanisms through
which these other countries’ scientific and techfio-
logical resources will be better utilized: first, industry
and government within these countries can take the
necessary aclion to improve utilization; second, the
resources can be better used by United States firms
either in the countries concerned, or in the United
States. Both these mechanisms are in fact in oper-
ation. Evidence on past performance, and economic
theory, both suggest that, from the point of view of
economic growth and trade performance, it is imma-
terial which of the two mechanisms predominate.
Nevertheless, it is the apparent predominance of the
latter mechanism in certain sectors which is a cause
for concern in certain Member countries, who feel
that they may thereby have little influence in future
on the pace and direction of technological advance,
and will not be able to relate such technological
advance to the fulfilment of certain economic, social
and other national objectives.
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IV. POLICY IMPLICATIONS

1. DEFINITION OF THE POLICY PROBLEM
AND AREAS OF POSSIBLE ACTION

112. The differences in levels of scientific and techno-
logical capability and in innovation in industry that
have been brought to light are not entirely new, but
represent trends of long standing. What, then, are
the factors that account for the present concerns?
The evidence of the OECD studies suggests the
following:

i} Products of industrial sectors which require much
R and D and innovation are growing in num-
ber and in impoi ance. Although their weight
in the total output of the Member countries is
still relatively small, as compared, for example,
with agriculture and construction, their role in
the total industrial economy of advanced coun-
tries is generally conceded to be of growing
importance. This is partly because it is believed
their impact on more traditional industrial sec-
tors may be important, and partly because of
their growing importance in world trade.

ii) Together with the above trend, there is some
feeling that in certain science-intensive industries
the point may be reached after which it will
become increasingly difficult for new firms to
enter the market successfully.

iif) Although technology is being effectively trans-
ferred among Member countries, the relative
importance of foreign investment as a vehicle
for transfer appears to be increasing. This fact
has raised the issuc of the effect of location of
industrial decision-making on national economic,
employment and research policy. This matter
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is linked with the important role now played by
international companies which operate on a
world-wide basis, and in some cases have a
strong leadership position in the total market.

113. Thus, the growing importance of science-
intensive industries, the increasing  price of entry ™
to the market, and the growing role of direct invest-
ment and international companies in the process of
technological transfer appear to be the new factors
which explain the political importance of the issues
with which this report is concerned.

114. The findings of the OECD study would suggest
that three main lines of action are required. First of
all, individual countries will need to take measures
to enable their industries to strengthen their perform-
ance in original innovation, and their abilities to
exploit these innovations in the market. This can
only be achieved by deliberate efforts on the part
of the countries themselves. Secondly, groups of
Member countries, including the European members,
will need to develop more effective forms of co-
operation in order to overcome the existing frag-
mentation of markets, industries and technological
efforts. Success in this direction is necessary if co-
operation and exchange between the United States
and other Member countries isto be effective. Thirdly,
co-operation between all the Member countries will
be needed to avoid the development of obstacles to
technological exchanges, thereby increasing the bene-
fits to all. Each of these three aspects of policy will
now be discussed.
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2. POLICIES AT THE NATIONAL LEVEL
TO STRENGTHEN PERFORMANCE
IN INNOVATION

115. There is a wide range of measures at national
level which would contribute to building up national
and scientific and technological capabilities and
success in original innovation. These measures would
imply a new stage in science and technological policy
in coming ypears, including close integration with
economic, industrial and commercial policies. The
principal objectives of this new stage would be:

i) to relate government science policy more ex-
plicitly to clearly-defined economic, social, de-
fence and other objectives, in order to provide
clearer orientation of effort, leading to better
utilization of and more economic output from
scientific and technological resources;

if) o define the possible contribution of science
and technology to a wider range of government
objectives;

iif) to strengthen communication and co-operation
among industry, the universities and government
agencies, in order to overcome the “ isolation ™
of science and technology from those who may
apply their results;

iv) to consult industry much more comprehensively
in the formulation and execution of policy, in
particular in Europe, in order to overcome the
weaknesses in the innovation process in some
Member countries as revealed by the present
study.

116. There is no unigue prescription for policies in
these directions, Economic, industrial and social
policies are clearly just as much involved as, and
inter-related with, those in science and technology.
Some of the following would, however, provide the
basis for a new partnership between industry and
government and thereby help to strengthen Member
countries’ performance in original technological inno-
vation.
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A. Widening the Market

117. The sector studies have shown that a large and
stable market is often a necessary condition for
success in ogriginal innovation in sectors with high
development, tooling and marketing costs, since it
enables firms to write off the fixed costs of inno-
vation over a large number of units produced.
Several measures can be taken within national boun-
daries to increase the size of the market for techno-
logically sophisticated goods. High and steady rates
of growth and investment are likely to increase the
expected return and reduce the risk of any original
innovation. However, the sector studies have shown
the existence in some countries of a certain conser-
vatism in wusing equipment embodying the latest
techniques. Such conservatism exists not only in
industrial firms, but also in government departments,
and mainly in those outside the field of defence.

118. In partnership with industry, governments can
help overcome such conservatism in twoways: firstly,
by giving financial or other encouragement to firms,
installing technologically advanced equipment which,
although economically viable, may entail heavy costs
and risks; secondly, by making government depart-
ments look methodically and imaginatively at the
way in which science and technology can contribute
to their objectives, and formulating thereafter per-
formance specifications for technologically advan-
ced products, which they will purchase, and to
which industry can respond. Inter-governmental co-
operation in such procurement may be desirable,
when the volume of national procurement is inade-
quate, in relatioin to the developing and launching
costs of the new product. The problems this poses
will be discussed later in this chapter.
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119. Although such action within national boundaries
is useful, most national markets for new products
are not big enough to amortize the costs of original
innovation. The sector studies have shown that
fragmentation of the European market has been an
important hindrance to success in original innovation.
Further action in a number of areas, by both industry
and governments, is necessary to overcome this
fragmentation.

120. However, the sector studies have shown that
the market in product areas with a high rate of tech-
nological innovation is essentially a world market,
exploited by international firms. They have also
shown that by far the largest market for such pro-
ducts is in the United States, and that — where
countries other than the United States have been
successful’in original innovation — they have general-
ly penetrated the United States market.* Although
efforts will be necessary to widen both national and
regional markets, it is unlikely that countries can
be successful in original innovation unless they
succeed in penetrating the United States market.
And in fact moving areas of technology, where close
and frequent contact is required between producer
and customer, penetration of the United States market
will often require production activities ~ and even
R and D activities—in the United States, in addition
to sales activities. The implantation of production
activities in the United States will also facilitate
penetration of the large government market for
technologically sophisticated products. -

B. Creating a European Capability
for Technological Innovation

121. One striking feature of the factual analysis in
this report is that scientific — and more particularly —
technolegical manpower resources in Europe are not
markedly smaller in quantitative terms than those
in the United States, but that they have been far less
productive of successful originalinnovations, especial-
ly in the science-intensive industries. One con-
tributing factor has been the size of markets for
technologically sophisticated products discussed in
A above. But there is also reason to believe that
scientists and engineers have not been deployed and
utilized as efficiently as in the United States.

* For example, Europe in pharmaceutical products
and chemicals; Japan in consumer electronics.
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The Size Structure of Industrial R and D

122. The above analysis shows that, by comparison
with the United States, industrial R and D in
Europe is fragmented. The advantages of more con-
centration of the industrial R and D efforts into
larger firms have been too often repeated to require
extensive treatment here. They include the avoidance
of duplication, the spreading of risks, the support of
more long-term or expensive projects, the existence of
a variety of technological skills, the compression of
“lead times ", and existence of strong capabilities in
production engineering and marketing.

123. There has been a movement towards greater
concentration of scientific and technological resources
in European industry, both through mergers and
through government finance of specific development
projects in specific firms. However, this movement is
taking place on a national rather than on a Eurapean
basis. Concentration on a European basis would be
more efficient; firstly, because the range of possibilities
would be very much wider; and secondly, because it
would facilitate the marketing of new products on a
European rather than cn a national basis.

124. Furthermore, the award of governmental de-
velopment contracts poses problems because there
may be considcrable duplication amongst the projects
being financed in the various Member countries in
Europe.

The Deployment of Scientific and Technological
Resources

125. In the United States there is a greater concen-
tration of scientists and engineers, and of R and D
activities, in manufacturing industry than in Europe.
The United States pattern may well be more efficient
for original innovation: first, because industrial firms
can be more flexible in their use of scientists and en-
gineers than can government laboratories; secondly,
because the presence of scientists and engineers, and
of R and D activities within industrial firms is more
likely to ensure the necessary links and feed-back
between R and D, production and marketing. The
redeployment of scientists and engineers is, however,
a difficult task, above all because, as we have seen,
the labour market for them is becoming increasingly

international.

The Quality of the Environment

126. Although many of the sector studies show that
large firms are necessary for successful innovation,
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that on electronic components shows that new — and
sometimes small — firms can make a significant con-
tribution to original innovation. This is particularly so
when large firms, because of the slowness or com-
plexity of their decision-making processes, or because
of their commitment (o other product lines, are slow
to perceive an opportunity to exploit a technological
advance, or do not devote sufficient managerial
energy or resources (o it. In such cases, small firms
may enter the field —~ or break off from large firms,
and succeed where large firms fail.

127. Very few cases have been found of this phe-
nomenon in Europe, some have been found in
Japan, and a great many in certain regions of the
United States. One of the reasons for this may be
the larger market for sophisticated products in the
United States. Another may be the greater propensity
for scientists and engineers to start up their own
businesses in the United States. But there is little
doubt that the supporting environment plays an
important role. This means not only the availability
of risk capital, but also readily available managerial,
marketing, and forecasting services; a readily avail-
able supply of high quality components, materials
and machinery; and a supply of well-trained and
flexible production workers.

128. Thus, part of this problem will be overcome
only with a general increase in the technological
sophistication of industry in Europe and Japan. But
special efforts may be required to encourage the
necessary financial and managerial services, and to
increase the flexibility and general education of the
work force, particularly in Europe, where it is
markedly lower than in the United States.

The Management of Technological Innovation

129. Although the sector studies have shown con-
diserable differences in performance in managing
technological innovation within each Member country,
most of them conclude that United States firms are,
on the whole, better at managing original innovation
than their European and Japanese counterparts.
Considerable importance was attached to the greater
attention paid in the United States to a continuous
feed-back between customer needs and technological
opportunities. The greater attention paid to marketing
is probably true of all United States industry, not
only in science-based industries, but in older industries
too. Thus, it is not altogether surprising that United
States firms were first to see the necessity of coupling
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technological forecasting with market forecasting in
products areas with repiad rates of technological
change.

130. The development of long-term plans and stra-
tegies, together with financial control techniques and
decentralized management, should become more
widespread in European and Japanese firms, thereby
¢nabling a more effective deployment of scientific
and technological resources. Management techniques
can also be diffused by training programmes of
overseas subsidiaries of United States firms.

131. However, it has been noted that the pro-
portion of managers with a university degree
is higher in the United States and that specific
education in business management is also more
general. In the long run, the ability of European
management to adopt and use modern techniques
may depend on the development of university edu-
cation more compatible with, and attuned to, the
needs of industry.

The Problem of Choice

132. The sector studies have show that, at the firm
level, success in original innovation requires a con-
tinuous assessment of the product areas in which it
should have an aggressive strategy of vigorously
developing and exploiting new technology, and the
product areas where it should not. Such assessments
must be based on the firms' technological capability
in various fields; its financial production and marketing
capability; the position of its competitors, and the
future significance of various markets and technologies.
The sector studies also suggest that firms which
make such assessments and concentrate their resources
are more successful than those which do not make
assessments and spread their resources.

133. At national level, an analogous problem of
assessment and choice is now facing 2 number of
Member countries, whose technological resources and
markets do not allow them to be in the forefront of
original innovation over a wide number of sectors.
An acute problem is faced by a number of Member
countries who were able te remain at the forefront
over a wide number of fields in the past, but who
now find it increasingly difficult to choose.

134. This is not the place for a detailed discussion
of the elements that should enter into decisions
about choice at the national level. Suffice to say that
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there are two requirements: firstly, a strategy for
industrial development which — like the strategy of
a firm —is based on future technofogical and market
trends, secondly, a science policy which is in part
oriented in relation to such an industrial strategy.

Such an approach can succeed only through a close
partnership between industry, government and the
universities in the creative task of developing and
exploiting new technologies in relation to national
economic and social objectives.

3. INTERNATIONAL CO-OPERATION
IN SCIENCE AND TECHNOLOGY
BETWEEN MEMBER COUNTRIES

AND GROUPS OF MEMBER COUNTRIES

135. Although the actions reviewed above are impor-
tant, more needs to be done if the pace of techno-
logical innovation is to be accelerated. For this to be
achieved, other Member countries and groups of
Member <ountries, for example, in Europe, are
considering programmes for science and technology
which, even if not of the same size as the space pro-
gramme of the United States, nevertheless have the
same power to catch the imagination of the indus-
trial, scientific and educational communities, and the
means to overcome institutional barriers and tradi-
tional attitudes. If the United States’ experience is a
pointer it seems beyond doubt that the political will
to undertake such programmes will depend on their
being the instruments for attaining important and
stimulating objectives. Moreover, since programmes
in advanced areas of technology, such as space, avia-
tion and nuclear energy, and an increasing number
of areas of civil technology, are in many cases be-
yond the resources of individual countries, they will
depend on the identification of objectives which can
be agreed between groups of countries.

The Emergence of Major Social and Economic Goals
related to Technology

136. There is, in consequence, likely to be an in-
creasing pressure or neced for many Member
countries to participate in international technological
projects, many of which will entail not only co-
operation in R and D, but also in production and
government procurement.

137. In the first place, there is growing discussion of
long-term goals which could be the basis for major
technological adventures. Examples are space explo-
ration, future communications requirements, world
food requirements, the explosion of educaticn, the
exploitation of the marine resources, urban and
regional development, and future health goals.

138. In addition, there are many medium-term public
needs calling for co-operation in technology and
production of a kind that has so far only been wide-
spread in relation to defence technology. Examples
are: computer grids for commercial, government and
educational needs; wired telephone systems; inter-
national satellite communications; postal systems for
classifying, sorting and automatic delivery; domestic
house-building by systems; surface transportation
between and within cities; power grids for electricity
and gas; teaching machines, ete.

139. Finally, there is a growing need for the evalua-
tion of existing large-scale programmes of scientific
and technological effort with the purpose of more
effectively relating them to the needs of the economy
(space research, nuclear research, etc.).

The Requirements
for Effective International Co-operation

140. Whilst the need for major programmes of co-
operation in science and technology related to social
and economic objectives is clear, there are a number
of fundamental difficulties which call for examination:
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— the need for more clarity or agreement concern-
ing the objectives for which the projects are
undertaken and the policies for achieving them;

— lack of means for the systematic examination of
the alternatives for achieving a desired policy
objective, or the alternative methods of managing
a given project or programme;

— the seemingly inevitable competition between
national and international projects;

— the difficulties of reconciling the need for effi-
ciency and managing such projects, with the
desire for each participating country to achieve
a fair return in every specific area of co-
operation;

— intergovernmental co-operation in applied R
and D projects must often go hand in hand
with inter-country co-operation in industry and
in government procurement.

141. Quite apart from the above difficulties, there
remains the problem of choosing objectively the most
appropriate framework for international co-operation,
and of working out effective and realistic arrange-
ments for political and managerial control. Whilst
there have been some past successes, there has also
been a sufficient number of difficulties to make it
clear that, although it is urgently necessary to give a
new impulse to international scientific and techno-
logical co-operation, it is equally important to establish
an effective mechanism or forum for evaluating pos-
sible projects, so that governments may have a clear
picture of the objectives to be served, and alternative
methods for achieving these objectives.

142. In addition to this need for evaluation, decisions
should be related to future needs and emerging tech-
nological opportunities. Otherwise, the priorities for
effort will run the risk of not reflecting the real op-
tions, which must of necessity be formulated having
regard to possible technological and market trends.

143, These considerations suggest that the efforts of
individual countries to ecvaluate possibilities and
develop an effective rdle in international co-operation
in science and technology could be significantly as-
sisted by arrangements to carry out the following
functions: .

i) assessment of social and economic objectives in
Member countries, in relation to which there
are potential contributions from technology
which call for international co-operation;
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i) evaluation of proposed international projects in
relation to these objectives, including the for-
mulation of criteria which would assist Member
countries in such evaluations;

fii) examination and evalvation of management
requirements for large-scale co-operative pro-
grammes.

New Developments in Technological Co-operation

144. Co-operation between countries is now called
for in the technological and industrial aspects of
development as well as the strictly scientific. Such
co-operation is necessary especially if, as the OECD
study shows, the root of disparities is more in the
field of industrial capability in developing and using
advanced technologies, than in scientific knowledge
as such.

145. Technological co-operation between countries
inevitably brings into the picture industrial and
political interests which were not so important in
the scientific co-operation which has been wide-
spread in the past. There are in particular two as-
pects of co-operation which will become important:

f) a trend toward co-operation in the procure-
ment by governments of technologically-sophis-
ticated products (in fields such as transportation,
health, communications, defence, and public
utilities in general);

ii) using co-operation in government procurement
as a means of stimulating industry to develop
advanced technologies, and to achieve (by inter-
company and inter-country integration of efforts)
R and D production and marketing units on a
scale and of a degree of efficiency required to
compete internationally.

146. Such a trend is already visible for example in
the European Member countries and Japan, where
government procurement and co-operation with indus-
try in meeting public requirements for advanced
technological products have not been so widely or
effectively developed as in the United States. In
Europe, the trend appears to be most marked be-
cause of a growing realization that, as the OECD
study of the technological gap indicates, the European
Members show the greatest contrast between the
existence of a scientific and technological potential
and its realization in industrial and economic pro-
gress. The strengthening of Europe’s technological
capability and rescarch-intensive industries would, in
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fact, appear to call for action on four levels: widen-
ing of the market; co-operation in government pro-
curement for technologically-sophisticated products;
the creation of industrial units of sufficient dimension
to compete effectively in the advanced technological
areas; and co-ordinated choice of areas in which to
make an cffort. The recent decisions of the CEE
Ministers of Science constitute a step in this direction
and the proposal of the Prime Minister of the
United Kingdom concerning the establishment of a
European Technological Community, supported by
a Europecan Technological Institute, concerns one
possible overall framework in which such policies could
be pursued at the European level.

147. The vital first question which arises from these
developments is the institutional arrangements through
which European co-operation can be best achieved.

148. Secondly, whatever institutional solutions are
developed for co-operation in Europe, and in parti-
cular within the EEC, it will be important to con-
sider how scientific and technological co-operation
on this basis can be effectively linked with co-opera-
tion between the OECD Member countries as a
whole, and how this broader co-operation can itself
be promoted.

149. A third important consideration is the need
for vigilance so as to maintain the widest possible
framework of co-operation for projects of essentially
scientific and long-term interest to all Member
countries.

The Role of the OECD
in Scientific and Technological Co-operation

150. The trends outlined above suggest that the OECD
will continue to have an important role in scientific
and technological co-operation

f) as a forum for assisting Member countries io
arrive at decisions related to international co-
operation;

ify in continuing to assist, on request by Member
countries, in the evaluation of potential pro-
jects and relating them to technological trends;

ifi) in establishing necessary contacts, and facilitating
co-ordination related to programmes on similar
topics organised by Member countries or groups
of Member countries.

151. The latter function would be of special impor-
tance in major areas of governmental interest in tech-
nology, related to social and economic goals which
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the OECD Members share. Examples of fields in
which the Organisation is already active, or might in
the future be so are:

Iy Computer Utilization

All Member countries have a vital interest in
accelerating the use of computers in all segments of
society and the economy. Whilst the development of
a production capacity is likely to remain within the
realm of bi-lateral co-operation, the interest in utili-
zation is shared by all. The OECD Group of Experts
on Electronic Computers has recommended a number
of specific fields as calling for international co-
operation; intergovernmental co-operation in plan-
ning network systems; exchange of information on
advanced applications, for example, in the areas of
health, education, transportation, urban planningand
government services; promotion of educational facil-
ities and development of curricula; international
library for systems descriptions through which govern-
ment and industry could exchange and use informa-
tion about systems; and co-operation in software
development.

2) Educational Technology

The only long-term answer to the explosive
growth of education is likely to be in the direction
of a more capital intensive system. The possibility
that educational technology could improve the quality
of instruction and contribute to cost-effectiveness
needs to be carefully evaluated. In the coming dec-
ade enormous public resources will be poured into
education, and into equipping the educational sector,
and it therefore seems timely and urgent to assess
the contribution of new technologies, and to promote
co-operation in their development. Given the estab-
lished OECD interest in this field, and the recent
creation of the Centre for Educational Innovation
and Research, this task would scem appropriate for
action by the QECD.

3) Environmental Technology

The deteriorating quality of the natural envi-
ronment is an inevitable by-product of industrial
society. With continued growth in population and
economic activity, the problems of water scarcity,
air pollution, waste disposal and pollution of lakes,
rivers and streams may soon become critical unless
strong preventive measures are taken by the govern-
ments. Modern technology combined with a fuller
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understanding of the forces at work that are mod-
ifying the biosphere can hold the key to arresting
the downward trend and restoring the quality of the
natural environment. Various technigues of desa-
lination (e.g. electrodialysis, reverse osmosis) and
artificial atmospheric precipitation hold promise of
providing plentiful water supply in even the most
arid regions; modern techniques of waste treatment
can assure progressive purification of lakes and
rivers; control of stack emissions and development
of pollution-free automobile engines can do much to
restore purity to our atmosphere.

4) Urban Development Technology

Short of drastic measures, the trend toward
continued, and perhaps accelerated, growth of the
urban centres appears irreversible. Technology can
provide many of the answers required to cope with
the problems of the contemporary city. The computer
can be used as a powerful tool for prediction of the
functioning of the urban system, and thus provide
valuable assistance in the planning, design and man-
agement of cities. Modern building technology can
give us the means to construct housing more eco-
nomically and might also protect the urban dweller
from the undesirable aspects of the urban environ-
ment, such as pollution, noise and vibration. Ad-

vanced tunneling techniques could reduce the cost of
underground thoroughfares so that they would be-
come competitive with surface highways and thus
lead to the elimination of much of the undesirable
traffic and its adverse side effects from city streets.
One of the first and most urgent tasks is to provide
a continuous assessment of the contribution which
technology could bring to improving the urban
environment.

5) Marine Resources

Using the oceans to advance national goals is a
relatively new but highly promising concept. Within
the last decade there has developed a new awareness
of the potential of the marine environment for the
development and exploitation of new food and
fishery resources, for mineral and energy resources
and for improved accuracy of prediction of environ-
mental conditions. To achieve these goals ambitious
programmes must be directed at research in biology
and physical sciences, at studies of the air-sea inter-
actions, at the exploration of the continental shelf
and deep ocean and, particularly, at the develop-
ment of ocean engineering systems and deep sub-
mergence techniques and instrumentation. Much of
the success in exploiting the marine eavironment
depends upon the development of sound capability
in ocean technology and marine sciences.

4. POLICIES TO INCREASE THE BENEFITS
OF INTERNATIONAL
TECHNOLOGICAL EXCHANGES

152. While scientific and technological projects under-
taken in common provide one example of the way
in which the benefits of technological advance can
be shared, a great deal of technological flows between
countries takes place through the processes of trade
in goods, capital movements, purchases of techno-
logical know-how and the migration of professional
manpower, It is important that, where necessary,
action should be taken to facilitate these flows.

153. The structure of trade in manufactured goods
. does in itsell seem to reflect a certain pattern of

relationships in terms of technology. The United
States seem to lead in the production and ex-
portation of new products. Western European coun-
tries, once in the position occupied today by the
United States, retain a capacity for innovating new
products in some sectors, but in many cases they
are brilliant followers based on the early adoption of
innovations made in the United States and elsewhere,
Japan, formerly competing in products based on
* traditional ** technology, has moved up to a posi-
tion similar to that of some European countries, and
in some key sectors is an original innovator.
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154. Thus, trade in goods has enabled countries to
acquire technologies as a result of liberal trading
policies. However, the above pattern of relation-
ships in technology will continue to evolve if Member
countries succeed in developing their innovative
capabilities.

155. In this connection the reduction of non-rariff
barriers to trade would undoubtedly be beneficial to
flows of technology. Industry is sometimes hampered
by the need to diversify its products for export in
order to fit in with varying standards, certification
procedures, safety requirements, etc.; by varied patent
procedures in different countries, and by regulations
and restrictions in the field of government procure-
ment. There is in consequence a definite need to
harmonize standards, to consider patent legislation
on an iniernational basis, and to liberalize and
harmonize government procurement.

156. In addition, countries are bound to ask them-
selves how they can to some extent produce their
own advanced technological products and thereby
benefit from the rapidly growing markets for such
products. There are a number of ways in which they
may develop their production facilities, either through
licences, foreign investment, or by generating the
technelogy domesticaily.

157. As far as licensing is concerned, the system of
patent monopoly has contributed much toward avoid-
ing wasteful duplication of research and development,
ensuring the effective building-up of scientific and
technical knowledge, and acting as an incentive to
invention and especially to innovation. However,
some patents are now so basic to the development
of important sectors of industry, and the pace of
technological change has become so fast, that fears
have been expressed about the possibility that access
to some important inventions and the related licences
may be restricted. It may be desirable to give some
attention to aspects of tuis question.

158. Foreign investment may be considered an al-
ternative to licensing, depending on the particular
circumstances of competition between firms in diffe-
rent countries, and on national policies. In Europe,
for example, foreign investment, principally from the
United States, has undoubtedly contributed to the
effective transfer of technologies. However, foreign
investment on a large scale raises the question of
conirol of decision-making over important sectors of
national economies, and calls for developments in
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national and company policy whereby the contribu-
tion to the national economy can be most effective,
while allowing for a fair return for the investor,
Foreign subsidiaries and joint ventures also con-
tribute to the level of technological development in
the host country, especially if the strategy of the
firms concerned is to conduct R and D in their
subsidiaries and joint ventures and diffuse the tech-
nology in question in the recipient economy.

159. An important additional process in the transfer
of technology is the mobility of scientific and tech-
nical manpower. Whereas the provision of education
is mainly a national concern, the labour market for
qualified persons emerging from any educational
system is becoming increasingly international. If a
country produces more persons with certain quali-
fications than its economy can absorb, these persons
may be expected to seek lucrative employment in
countries with a higher standard of living, and the
country losing manpower will experience a * brain
drain". A country producing fewer qualified people
than required by the private and public sectors of
the economy will tend to attract them.

160. Licensing, foreign investment and the * brain-
drain”, should be seen in the broad context of
technological development and exchange under
medern conditions. The efficient exploitation of ad-
vanced technologies calls for both technological re-
sources beyond national boundaries and access to
markets that are international in scope. This, added
to the mobility of the factors of production (essential-
ly knowledge, qualified manpower and capital), leads
to a new emphasis in international exchange. Flows
of manpower, investment and knewledge are undoub-
tedly beneficial to ail countries but in this new
situation some countries are experiencing problems
which affect the development of their own tech-
nological capabilities.

161. It is also important to bear in mind the special
plight of the under-developed countries. For, whereas
the evidence suggests that technology has been
effectively transferred between the Member countries,
the same is not true for the under-developed coun-
tries. The absence of scientific and technological
capability in these countries may be an important
factor in limiting the transfer of technology to them,
and the aid to them in developing indigenous R and
D capability may be an increasingly imporiant task
for the Member countries.
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