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1.1

CHAPTER 1

Introduction

In considering new developments in science and technology
indicators it is necessary to take into account the social pro-
cess which generates such indicators and leads ultimately, in
some cases, to their incorporation in official national and
international statistical series. Four different levels of
activity are involved and all of them are important for this

review.

The first level is the collection (and sometimes publi-

cation) of a variety of partial indicators for purely local

purposes of internal monitoring, budgeting and planning by many

different organisations. Examples are the membership records

and publications of scientific societies, laboratory records

of university chemistry departments, personnel records of industrial

R and D departments, and (at the national and Tocal level) the archives
of patent offices and various government departments. At

this level most of these indicators are originally a by-product of
administration, although they may become a very important input

into policy-making and analysis at other levels, undreamt of

when the original data were assembled.



The second level is that of the use of indicators from the
first level, and of others specifically collected for research
purposes, to understand and interpret more general processes of
the development of science and technology. This work, typically
undertaken by academic researchers, but also by others in industry,
government or Foundations, involves attempts to resolve problems
of reliability, coverage and interpretation of the various indica-
tors and their use for comparative and analytical purposes.

Initially, it may be experimental and exploratory but it may soon

point to important conclusions for policy-making by firms,

governments or other institutions.

The third Tevel is that of the official incorporation of

a particular set of indicators in some regular statistical survey

activity of central government. At this Tevel there is typically
a rather systematic effort to standardise definitions and concepts,
to improve response rates, to adopt more regular and systematic
procedures and to improve the quality of the data. Typically,

at this level too, there is a more regular link between the
collection of indicators and their use in national policy-making.
However, it is important to recognise that indicators produced at
the third level are not necessarily any better than those produced
and published at the first or second level and may indeed be less

reliable, even though (usually) more comprehensive.

Finally, the fourth level is that of international standardis-

ation and comparison, in which some international organisation

1.

2



1-3

accepts the responsibility for attempting to reconcile and har-
monize the various national definitions and procedures, or when
this proves to be impossible, to establish statistical techniques
enabling more valid international comparisons to be made. Ac-
tivity at this Tlevel may be quite innovative and catalytic, dis-
seminating 'best practice' across national frontiers and stimu-
lating new developments, as has been the case with OECD work on

R and D indicators; or it may be rather passive, simply assembling

and publishing indicators even with non-standard definitions.

A1l four levels should be seen,not as self-contained, sequential
stages, but as parts of an interactive system with a great deal
of feed-back between the various levels. Thus, for example,
the initiative for a new or improved set of indicators could
come from any level in the system, although most commonly it

would emerge at the first or second level, in the first instance.

The way in which science and technology indicators have
emerged and evolved over the past century resembles that of the
research-innovation system itself. Most of the indicators re-
flect the increasing professional specialisation of that system.
The demand for more satisfactory indicators of inputs and outputs
of the system reflects the greatly increased scale and importance

of these activities in most countries throughout the world.



The complexity of the research-innovation system is also
mirrored in the nature and limitations of the science-technology
indicators which we have so far been able to develop. Conceptually
it is useful to distinguish between basic research, applied research,
inventive work, experimental development, innovation and
diffusion of innovations. But, as everyone involved in the
system knows very well, these are far from being watertight
categories and still less are they linked in a regular, linear,
sequential manner. The interactive nature of the system is
illustrated in Table 1.1. This was originally prepared by

Machlup (1962) for his book on The Production and Distribution

of Knowledge, but it has been modified by the author to take

account of new developments and the particular purposes of

this review.

The Table is an important one, not only because of its
demons tration of the importance of feed-back loops at every level
of the system, but also because of the distinction it makes between
"intangible" and "measurable" inputs and outputs of the system.
For example, there is no doubt that unsolved scientific problems
and "bugs" in technical development,and even innovations
which fail commercially,are an extremely important
"intangible" input into many scientific and technical activities;
but no-one has yet devised a way to measure them and perhaps
nobody ever will. From this it is apparent, that even a greatly
extended and improved system of measuring inputs and outputs of

research and development (R and D), or scientific and technological

1
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le 1.1

Inputs and Outputs in Research,

Invention, Development and Innovation
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services (STS), would still not capture some important "intangible"
inputs, outputs and flows. Although it is important to realise
these limitations, it is also salutary to recognise that such
well-established and useful measures as GNP also have similar
limitations, for example, in relation to the "“informal" economy

and the measurement of "output" in many service sectors.

Only a few science and technology indicators are at the
third and fourth levels of official national or international
standardised collection and publication. Many actual or potential
indicators have been at the first or second level for a long time.
However, many of the most interesting recent developments are
at these levels and there is a real prospect of constructive
interaction with levels 3 and 4 over the next decade. Some of
these new developments could be of particular interest to the
developing countries. This review therefore does not confine
itself to levels 3 and 4, but on the contrary devotes further
attention to levels 1 and 2 especially in relation to output in-

dicators.

Structure of the Review

Part One of the review deals with "input" measures (column
iii of Table 1) which are at levels 3 and 4, whilst Part Two deals
with "output" measures (column v of Table 1), most of which are

still at levels 1 and 2.

1
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Part One is divided into two chapters: the first (Chapter 2)
deals with R and D statistics, the second (Chapter 3) with statis-
tics of STS. Both chapters are relatively brief as R and D input
indicators reached the fourth level some time ago and in both cases
there is a great deal of published information easily available from
the major international organisations: OECD and UNESCO. The main
new developments which have taken place in R and D statistics in the
last two decades relate to refinement and improvement of established
definitions and concepts rather than to any fundamental innovations

in the field.

Chapter 3 deals with a much broader group of scientific and
technical activities,which are now usually described in the interna-
tional literature as "STS" - scientific and technological services.
The General Conference of UNESCO at its 20th session in Paris in
November 1978 adopted a "Recommendation Concerning the Interna-
tional Standardisation of Statistics on Science and Technology",
which defined "Scientific and Technological Activities" (STA) as

comprising:

(a) Research and Development (R and D)
(b) Science and Technology Education and Training at the
third (higher) level (STET)

(c) Scientific and Technological Services (STS)

Whilst education and training are of course extremely impor-
tant for the widespread dissemination of science and technology,

they are outside the scope of this review. Education statistics,

1.
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although they are of central interest to UNESCO, are a
specialised branch of statistics, which are relevant here
only as they affect the most important input into R and D and
STS - the supply of qualified scientists, engineers and tech-

nicians.

The most important new development in the STS field relates
to Scientific and Technical Information and Documentation (STID)
and this is the main concern of Chapter 3. It has Tong been
recognised that for developing countries the wider range of STS,
and especially STID, may be of greater interest than R and D it-
self. An important feature of these new developments is that
two developing countries (Mexico and Sudan) are involved in the

experimental survey work undertaken with the support of UNESCO.

The STID work is an encouraging and important new interna-
tional development, but even greater long-run significance is
attached to the development of output indicators, which are dis-
cussed in Part Two. Although output measurement is both con-
ceptually and in practical terms a much more difficult problem
than input measurement and was relatively neglected in the 1950s
and 1960s, the measurement of the flow of scientific papers and
of patents has been well established at levels 1 and 2 for a long
time. The nature and significance of these measures is of
course highly controversial. The problems lie not so much in the
collection of raw data, as in the processing and interpretation of
vast archives of information, which are continuously available in
a great many countries. New technology (cheap computing and data

banks) combined with new developments in levels 1 and 2 have

1.
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opened up some exciting new prospects. These are discussed in
Chapters 4 and 5 dealing with the measurement of research output

and inventive output respectively.

In relation to the output of innovations and their diffusion,
there is still a major problem of the collection of raw data.
Nevertheless, new developments have now reached a point where they
offer considerable promise for the 1980s and 1990s and they are
therefore briefly reviewed in Chapter 6, even though they
have barely begun to be noticed at levels 3 and 4. Intrinsically,
the diffusion of innovations, discussed in Chapter 6,is one of the

most important fields of interest to the developing countries.

The measurement of diffusion of innovations relates also to
statistics of international trade, (which have been well
established at Levels 3 and 4 for a long time), to international
investment flows and to the indicators of the "technological
balance of payments". These also are very briefly considered

in Chapter 6. Recommendations are included in the final chapter
(7), which might accelerate the availability of measures of primary

interest to the Third World.
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CHAPTER 2

R and D Inputs

Origins of R and D measurement

The development of R and D measurement illustrates well the
involvement of the four different levels described in Chapter 1.
The earliest measures were made by universities and learned societies
to monitor their own activities and make rough estimates about
those disciplines or research activities of the greatest interest.
As industrial firms began to establish their own R and D labora-
tories or departments in the latter part of the 19th century, they
too became increasingly interested in measuring the scale of R and D
in particular industries and making comparisons with competitors.
Between the two world wars various industrial organisations in the
leading industrial countries were already collecting and publishing
the results of surveys of industrial R and D expenditures. How-
ever, definitions and standards were still very loose and coverage

was by no means comprehensive (level 2).

It was not until the 1930s in the Soviet Union and the 1940s
in the United States, that central government began to play a more
active role in the establishment of definitions and procedures
and in carrying out regular systematic surveys (level 3). Prior
to this, individual scientists, such as Huxley (1934) and Bernal

(1939) had attempted to make comprehensive estimates of the total
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amount of Research and Development expenditures and manpower in
particular countries (level 2). Their efforts contributed to the
ultimate success of the official activities, but because they were
using incomplete statistics with a variety of non-standardised
definitions, they seriously underestimated the D part of R and D
in industry. Nevertheless their work had a significant influence
on the public debate, leading to a climate of opinion during and
after the second World War which was strongly favourable to a
rapid increase in government sponsorship of R and D activities in
universities, in industry and in government itself. For example,
the Report of Vannevar Bush (1945) to the United States Federal
Government, "Science, the Endless Frontier",played a big part

in the decisions which led to the setting up of the National
Science Foundation and other long-term commitments to the support

of science and technology.

The NSF was indeed the agency which,when it did come into
existence, was empowered to undertake the first regular surveys of
R and D in the United States. Since the early 1950s, their surveys
have been the main official indicators of the scale of R and D
activities throughout the United states economy and of the trends
in each discipline, branch of industry or product field. Not
only have the NSF R and D surveys been an important influence
on Federal Government policy-making, they have also had an important
feed-back effect on the academic work devoted to the analysis of
the economic and social dimensions of science and technology.

This influence was already apparent, for example, in the first major



Conference on Research, Development and Innovative Activities
organised by the National Bureau of Economic Research (1962) and
in the work of economists such as Nelson, Peck and Kalachek (1967)

or Edwin Mansfield (1968).

Finally, the initiative of the United States government,
through the NSF surveys, had a powerful influence on many other
member countries of the OECD (then OEEC). During the 1950s and
early 1960s most of them followed the US lead in setting up R and
D survey activities and incorporating them in the regular machinery
of central government statistics. When the OECD set about the
task of standardisationof R and D statistics on an international
basis, the NSF definitions and procedures were the strongest

"single influence in the preparation of the "Frascati Manual" in

1962-63 (OECD, 1963). This activity had now reached level 4.

Failure to Tackle STS |

In one sense this was a missed opportunity, as it meant that
a major international impetus in the early post-war period flowed
into the relatively narrow channel of R and D inputs measurement,
neglecting or at least postponing, the development of a wider
range of STS input indicators. Moreover, the fact that the major
initiative towards international standardisation came from a
relatively restricted group of the wealthier countries (OECD),
rather than from the UN as a whole, meant that attention was
focussed on a range of activities which were not necessarily
the most important for the larger number of poor countries, most
of whom had very little professional R and D. Many of those who
have researched the problems of science and technology indicators in
developing countries have drawn attention to these problems, for

example Katz (1969) and Arraoz (1981).

2.3
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This is not to criticise the work of the OECD in this field,
which has set extremely high standards and achieved a great deal
with very limited resources. Within its own field the OECD has
been extremely innovative and has done a lot both to im-
prove definitions and methods, and to disseminate best practice
more widely. It has also performed an invaluable service by
publishing the results of a series of "International Statistical Years"
(OECD, 1967, 1969, 1971, 1973, 1975, 1977, 1979, 1981) on R and D 1in
the OECD area. Moreover the OECD has done its best to stimulate
work on R and D output measurement by holding a series of interna-

tional meetings and workshops on this topic (see Part Two).

Whilst it is a matter for regret that most OECD countries
in the 1950s and 1960s confined their efforts to R and D input
measurement and did not tackle STS; in the circumstances which
prevailed at the time thisoutcome was probably inevitable. Vir-
tually no work had been done at Tevel 1 or level 2 to provide a
framework for official STS measurement in the market economies and
the only major country with experience of measuring the whole range
of STS (including R and D) was the USSR. Whilst Soviet definitions
and methods were largely imitated in the other East European
countries, the institutional and ideological barriers to interna-
tional standardisation on Soviet definitions in the UN system more

generally were far too great (Freeman and Young, 1965).

The UN system has not succeeded in reconciling definitions

between Eastern and West European countries for such major economic
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indicators as GNP measurement; thus it is hardly surprising that
the tentative attempts, which were made by UNESCO in 1967 and 1968,
in the field of R and D and STS indicators proved abortive (Borowy,

1967 and Freeman, 1969).

In a market economy there are very greatpractical difficulties,
as well as conceptual problems, in measuring some parts of STS.
These will become apparent in Chapter 3, which considers in some
detail the case of scientific and technical information and docu-
mentation (STID). The range of private publishing activities, of
private computing and information services, and of abstracting
and translating services is now so great and the difficulties of
separating their scientific and technical from their other activities

so formidable, that progress must inevitably be siow.

It could be more rapid if a strong political will was present,
but during the 1960s and 1970s resistance to the collection of
statistics for government use has increased substantially in the
main industrial countries, especially the USA, the German Federal
Republic and the UK. This means that there is very great reluc-
tance to embark on new and difficult surveys which would require
considerable assistance from the private sector. Even with es-
tablished statistical series there is strong opposition to the
inclusion of new additional questions in regular questionnaires.
This generally conservative mood, which has prevailed in relation
to government statistics over the past decade or so,has meant that in
practice the changes in the official input measures have been

confined to:
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(1) Relatively minor improvements in the R and D
input series. These are dealt with in the remainder
of this chapter. OECD has taken the lead in making
and disseminating improvements in this area.

(2) The first official attempts to measure one part of
STS - the STID (Scientific and Technical Informa-
tion and Documentation). Significantly, after
a little preliminary work by OECD,it is UNESCO
which has recently become the main driving force in

this area, which is dealt with in Chapter 3.

The Improvements in R and D Input Measurement

The most recent edition of the Frascati Manual (OECD, 19871)
contains an Annex and extensive bibliography which describe the
main changes made in the successive revisions of the Manual (2nd
edn. 1970, 3rd edn. 1976, 4th edn. 1981). Only a very brief

summary is included here.

Following the adoption of the first Frascati Manual in 1963
the OECD commissioned an experimental international comparison of
R and D expenditures and manpower between USA, Western Europe and
USSR (Freeman and Young, 1965) and an official "International
Statistical Year" (OECD, 1967) in which 17 countries took part,

many of them undertaking surveys for the first time.
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The strong interest of the member countries in the interna-
tional comparative studies,and their approval of the quality of
work undertaken by the Secretariat,led to the establishment of the
ISY as a regular biennial activity. The staff working on these
surveys was consolidated into a “"Science and Technology Indicators
Unit" directed by YvanFabian, and since 1976 has published a
"Science Resources Newsletter" giving summary results and highlights

of recent work.

As a result of the experience accumulated by the STIU and by
the member countries in successive surveys, it became possible to
make many improvements in successive revisions, affecting clari-
fication of definitions, concepts and procedures. In addition,
useful illustrative examples were incorporated which have made the
Manual particularly useful for countries embarking on Surveys for
the first time. The Manual has been translated into many languages
in addition to the two official languages of the OECD, including
Spanish, Portuguese, German, Norwegian, Japanese, Serbo-Croat,

Italian and Dutch.

Special attention was given to reconciliation with UN inter-
nationd standards of classification, and the OECD has consistently
stressed this point. For example,the most recent edition includes
a new first chapter, which sets the measurement of R and D in the
wider context of STS, with particular reference to the UNESCO

recommendations on measurement of scientific and technological
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activities (UNESCO, 1978, see Chapter 1).

The third edition of the Manual (OECD, 1976) incorporated more
substantial changes. National survey techniques had greatly im-
proved and member countries had by now participated in four interna-
tional statistical years. Social sciences and humanities were
now included for the first time, following preparatory work com-
missioned by the OECD. In addition classification of R & D acti-

vities by "objectives" was included for the first time.

The costs of R and D may not increase at the same rate as the
general rate of inflation, so that a problem which has preoccupied
policy-makers is that of appropriate "deflators" for R and D ex-
penditures over time. Originally, the main interest of the OECD
in the related problem of "research exchange rates" concerned the
wide differences in R and D costs (especially salaries) between
the USA, most West European countries and the USSR (Freeman and
Young, 1965). Since that time the gaps between USA and Western
Europe have greatly diminished so that the problem for comparisons
in this region is not so acute. However some old gaps remain
and new "gaps" are opening up; the general instability of ex-
change rates also means that the problem is still often a real
one, especially for developing countries. The OECD Science and
Technology Indicators Unit (STIU) has done very useful work in
this field and convened a workshop on "R and D Deflators" in Octo-
ber 1977 (OECD, 1977), which brought together most of the useful
experience and knowledge in this field. This has now been

consolidated in the fourth edition of the Manual (Chapter 7).
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The Director for Science, Technology and Industry at the
OECD, David Beckler, could fairly claim in his “Preface" to the
most recent edition of the Manual (OECD, 1981) that "with this
fourth edition the Manual can be said to have reached maturity."
However, this does not mean that all the problems have been solved,
or that new developmentsin R and D input statistics have come to
a halt. The OECD Science and Technology Indicators Unit has
recently reviewed national questionnaires for R and D and has identi-
fied a number of interesting new developments in one or more

countries.

Australia collects ratherdetailed information (1976-77 ques-
tionnaire) on R and D performed by "related enterprises} including
overseas organisations, leading to Tabulations on “"Foreign Control
and Influence". This could be of particular interest to develop-

ing countries.

Several countries have attempted to collect information on

the breakdown between product and process R and D, usually also

distinguishing between "new" and “improved" products and processes
(e.g. Denmark, Finland, Sweden, Norway, German Federal Republic,
United States). This follows regular data collection on this basis
at Level 2, for example, in the McGraw Hill surveys in the United
States and in the survey by the Federation of British Industries

in 1961.

Belgium and Canada are two countries which have been particu-

larly innovative and ready to experiment with new types of data



collection. Belgium attempted to collect data in 1977 on numbers
of innovations and on the life of new products. Canada pioneered
the collection of data on costs of innovation (Stead, 1976), which
was very important in counteracting the widespread mythology, which
maintained that R and D costs were relatively insignificant as

a proportion of total costs of innovation. The Canadian data
showed that R and D costs in several important industries amounted
to half or more of total innovation costs and not 10 per cent or

less, as had sometimes been suggestedX

Several countries (particularly USA, Japan, UK and Sweden)
have collected data on "product field" of R and D as well as on
the basis of the industrial classification of reporting companies.
Academic work by Scherer (1982), Pavitt (1982) and by Kodama
in Japan suggests that this type of breakdown could be of parti-
cular interest in analysing changing patterns of industrial struc-
ture and diversification. For example, it appears that firms in
“declining industries" in Japan spend most of their R and D in
product fields outside these industries. This analysis could
also be very important in understanding the relationships between
industries of very low research-intensity and their suppliers of
machinery, materials, components etc, who may have much stronger
R and D. Unfortunately this is often a difficult and sensitive
question for respondents, so that, for example in Canada, the
results could not be published, because they would have disclosed

too much about individual companies.

* This does not mean of course that the "non R and D" costs of
innovation can be disregarded. On the contrary, one of the most
urgently needed improvements is the measurement of these costs,
particularly design-engineering costs (D-E). In the diffusion of
technical innovations DE is frequently more important than RD.



Some countries are making greater efforts to relate their
R and D data, which are frequently collected by a special agency
(such as the NSF), to data collected by other agencies. This
applies both to more general economic data, such as output, em-
ployment, investment etc and to other science and technology in-
dicators. Most countries can now make direct comparisons of R
and D data with comparable information on sales and employment
of industrial firms. Belgium, Germany and Sweden can also
now do this for gross investment as well. Australia, Canada
and Ireland collect information on patents arising from R and D
in the respondent firms. As we shall see in Chapter 5, this
information could be especially important in the interpretation
of patent statistics, as one of the problems in using these
statistics is that many patents are taken out as a result of
activities unconnected with industrial R and D.  To measure
the sources of patents more precisely in all countries and to
be able to relate this output indicator directly, rather than
very approximately, to industrial R and D inputs, would be a very

welcome improvement.

Finally, several other countries, in addition to Australia
and Canada, also collect data on the so-called "Technological
Balance of Payments" with their R and D questionnaires. Again,
this is a welcome development, as although most of the OECD
countries now have regular data on the TBP, they are usually
collected by the Central Bank or the Patent Office, so that again
there is a problem of reconciling data collected by different

agencies with different classification systems (see Chapter 6).
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As output measurement develops and takes off, this is likely
to become a more and more serious problem in the OECD countries,
as many of the new output indicators are assembled at present
by non-governmental agencies or different government agencies.
This problem is one that could in principle be avoided by many
developing countries, as they set up science and technology measure-

ment sys tems.

The Centre for Policy Alternatives at MIT recently prepared
a paper for NSF (Hill, Hansen and Maxwell, 1982) on the feasibility
of new science and technology indicators. They concluded after
discussions and tests with nine American industrial firms that
it would be both possible and useful to collect information on
organisational structure of R and D, on central laboratories of large
R and D organisations, on venture mechanisms forlaunching innova-
tions, on extra-mural expenditure in higher educational institu-
tions (these questions are already included in some countries),
and perhaps on numbers of new products or other questions relating
to new products. Table 2.1 summarises the results of the CPA
Survey. Unfortunately, they did not so far make recommendations
on the use of STS or output indicators other than new products.
Even if all these recommendations were adopted by NSF, they would
add very little to our present knowledge. However, it is apparent
that "respondent" resistance to the introduction of new measure-
ments in American industry is now rather high, so that it may well
be that the main advances at Level 3 will come in smaller countries,
such as Canada,Australia, Belgium and Scandinavia. Some of the
developing countries would now also be in a position to catch up
and overtake the present leaders in R and D measurement, if they
are ready to take a more systematic and long-term view of the de-

velopments which are described in Chapters3 to 6.



Table 2.1

SUMMARY OF FEASIBLE INDICATORS
RECOMMENDED FOR FURTHER TESTING
BY MAIL SURVEY

CONCEPT

INDICATOR

The extent to which R&d activity
is oriented toward market oppor-
tunities and meeting user needs.

Organization of R&D
-Organizational structures
for R&D
-Allocation of R&D spending
to central or corporate
facility

The extent of scientific and
technical interaction between
industries and universities.

Industry/University Interactions
-Grants and contracts by
industry to universities
~Industry expenditures for-
university consultants

Encouraging technical
entrepreneurship in large
organizations.

Technical entrepreneurship
-Number of firms using each
of six mechanisms to encour-
age technical entrepreneur-
ship

The production and signi-
ficance of new products.

g ———a g =

New Product Development
-Number of new products -
introduced
-Fraction of sales due to
new products

The extent of technology
transfer among producer firms.

Royalty Receipts

-Total royalty and license

" receipts

-Foreign and domestic
allocation

-Fraction from affiliates and
subsidiaries

-Number of firms from which
receipts are received

Source: Hill, Hansen and Maxwell

(1982)
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CHAPTER 3

STS Inputs

UNESCO and the Measurement of STS

As has already been noted in Chapter 1, the General Conference

of UNESCO in November 1978 adopted a set of 'Recommendations con-

cerning the international standardisation of statistics on Science

and Technology'. This encouraged member countries to collect

statistics on a broad range of STS as well as R & D. Section

2.1 (c) of this document defines STS in terms of 9 activities:

(1)

(ii1)

(iv)

S & T services provided by libraries, archives,
information and documentation centres, reference
departments, scientific congress centres, data
banks and information processing departments.

S & T services provided by museums of science
and/or technology, botanical and zoological gardens
and other S & T collections (anthropological, ar-
chaeological, geological etc.) .

Systematic work on the transiation andediting of

S & T books and periodicals (with the exception of
textbooks for school and university courses).
Topographical, geological and hydrological sur-
veying; routine astronomical, meteorological and
seismological observations; surveying of soils and
of plants, fish and wildlife resources; routine soil,
atmosphere and water testing; the routine checking

and monitoring of radio-activity levels.



3.2

(v) Prospecting and related activities designed to
locate and identify oil and mineral resources.

(vi) The gathering of information on human, social,
economic and cultural phenomena usually for the
purpose of compiling routine statistics e.g. popula-
tion censuses; production,distribution and con-
sumption statistics; market studies; social
and cultural statistics etc.

(vii) Testing, standardisation, metrology and quality
control; regular routine work on the analysis,
checking and testing, by recognised methods, of
materials, products, devices and processes, to-
gether with the setting up and maintenance of stan-
dards and standards of measurement.

(viii) Regular routine work on the counselling of clients,
other sections of an organisation or independent
users, designed to help them make use of scientific,
technological and management information. This
activity also includes extension and advisory services
organised by the state for farmers and for industry
but does not include the normal activities of project
planning or engineering offices.

(ix) Activities relating to patents and licences; systema-
tic work of a scientific, legal and administrative
nature on patents and licences carried out by public

bodies.
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These recommendations are a major step forward in the international
efforts to measure scientific and technological activities. Neverthe-
less there is one very serious omission from the definitions of STS -
Design/Engineering.  These activities are measured in the Soviet Union
and other socialist countries. Indeed the separation of DE from R and D
is one of the main problems in comparisons between East and West European
countries. Moreover, a great deal of empirical work
(Bell et al.,1980; Katz 1969) has shown that technical change in developing
countries depends heavily on adaptive design and modification of pro-
duction processes imported from abroad. Typically, this work is not
carried out by R and D Departments, (and indeed is aften not R and D
within the strict Frascati definitions;see page 2.10), but by process
design organisations, consulting engineering organisations and "design",
“engineering” or "production engineering” departments of manufacturing
firms. The sum total of their activities is very great in purely
quantitative terms and so too is their qualitative importance in the
process of implementing technical change in developing countries.

Katz (1969) demonstrated that a high rate of technical change in
Argentinian manufacturing firms was related to adaptive R and D carried out
by such organisations and groups within firms, rather than to formal R and
D departments. In the United States Hollander (1968) came to very
similar conclusions for the rayon industry. Hence it is extremely
desirable that at Levels 1 and 2 efforts should be made to fill this

extremely important gap. We return to this point in chapter 7.

With this qualification, the UNESCO 1978 recommendations were

very welcome. Their adoption followed a long period
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of preparatory work and data collection activities going back to
the 1950s. In the early days UNESCO largely confined its role to
the assembly and presentation of national data on R and D and

education in the Statistical Yearbook (UNESCO, Annual from 1969)

and other general publications. Some 80 countries
now contribute information to UNESCO on R and D

and/or related activities. During the 1960s an increasing

effort was made to grapple with the problems of the variety of de-
finitions and methods in use in member countries, and to initiate

work on the measurement of STS as well as on R and D and STET. Many
seminars and conferences were organised which helped to clarify the

main problems and to disseminate international experience. Background

paners were prepared on many different aspects of the measurement of STS

(Sirilli, 1980). Some of these early proposals did include reference
to DE as well as R and D, but practical problems led to their
elimination. UNESCO issued a series of "Guides" and "Manuals"

to aid administrators in member countries to develop and improve their
S & T statistics (UNESCO, 1970, 1977, 1978). The most recent general
summary of the outcome of all this activity is the "Provisional Manual
for Statistics on Scientific and Technological Activities" originally
prepared by Dr. Giorgio Sirilli (UNESCO, 1980).

UNESCO and the Measurement of STID

Apart from its work on STET (which is not considered here), over
the last few years in pursuit of the recommendations of the General
Conference, the Office of Statistics of UNESCO has concentrated in
particular on the measurement of STID. Four member countries: Aus-
tralia, Mexico, Poland and Sudan, have collaborated closely with the
Office of Statistics in pilot projects in order to develop concepts,

definitions and methods and establish feasibility. On the basis of
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this experience a draft "Guide to Statistics on STID" has been pre-
pared (UNESCO, 1982) and assistance is now offered to awider range

of member countries to initiate and undertake regular survey work in
this field. It will probably be a good many years before a large
number of countries embark upon this activity. Nevertheless, this

is the first major attempt to stimulate the collection of data relating
to STS on an international basis, and is an extremely welcome and
encouraging initiative on the part of UNESCO. Moreover it is a
development which is of particular interest to third world countries

and one in which they have been directly involved from the outset.

Whilst the "Draft Guide" which has been prepared by UNESCO
recommends that the main effort in member countries should be con-
centrated on Section (i) of the full range of STS listed above,it
cléarly envisages that this may sometimes involve the simultaneous
collection of data relating to Sectiors (ii), (iii), (vi), (viii)
and (ix). In fact STID is so defined as to go beyond category (i)
(pages 4 to 9 of the "Draft Guide") and countries are encouraged to
embark on this set of measurement activities within the context of

a broad appreciation of the full range of STS.

The "Guide"is realistic in recognising the variety of national
circums tances and the extent to which national authorities may be
willing to broaden the range of coverage. "Figure 3" (page 8 of the
Draft Guide) indicates the broad scope of coverage and comments:

"The shading indicates the order of priority in that

that darker the area is, the more priority it has.
Therefore special libraries and specialised information
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and documentation centres can be seen to form the core

STID institutions which must absolutely be covered in

the data collection. Then come national and university
libraries, as well as referral and infromation analysis
centres, which should be covered if the data collected

are to be useful in the planning and coordination of the national
information infrastructure and network. Finally, if there

is a need for a complete understanding of all institu-

tions involved in information activities in the country,

and at the same time the manpower and financial resources to
carry out the data collection are sufficient, then editing,
publishing, printing, consulting and advisory services and
enterprises can also be included in the coverage, as well

as public and even school libraries. In any case, the
choice for inclusion of any of these kinds of STID insti-
tutions depends on the particular need of data to aid in
decision-making and planning, and the resources available
for carrying out the data collection. The anticipated

ease or difficulties to collect data on each of them will
also have to be taken into consideration."

Whilst the "Guide" is flexible and realistic in its approach
to these and other practical difficulties involved in data collection
on STID, these comments show that it will probably be quite a long
time before any satisfactory degree of international comparability can
be attained for indicators of this kind. This does not mean that
the data cannot be extremely useful at the national level in the
planning, assessment and coordination of national information and
documentation services. Indeed the "Braft Guide" recommends the col-
lection and classification of information activities in a form which
could be very helpful in understanding and promoting national informa-

tion and documentation services.

For example, it is suggested that the activities of STID units
can be classified into 9 broad categories as follows:
(a) Information handling and processing - relating to the
search, acquisition, cataloguing, abstracting, indexing,

storage, and other controlled organization of collections.



(9)

(h)
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Information analysis - comprising activities in
evaluating, analysing, synthesizing, and repackaging
STID; and in selective dissemination of information
(SDI).

Translation - referring to the translation of documents
from and into other languages.

Publication - involving the preparation and publication
of secondary publications such as indexes, abstracts,
bibliographies, accessions lists, catalogues, directories,
etc., as well as primary publications such as books and
periodicals.

Reference services - involving the provision of services
of current awareness, bibliographical references, litera-
ture search and retrieval.

Referral, advisory and consulting services - relating to
activities of advising and making referrals to other
sources of information and documentation.

Loan of publications and documents - relating to the
provision on loan of documents and publications.
Distribution and circulation of publications, documents, or
their reproduced copies, free or against the payment of a
fee.

Other information activities - including meetings, exhi-
bitions, workshops, seminars and training sessions during
which STID are transferredand axchanged; as well as re-

search in information sciences, and information management.
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Such information could provide the basis for a handbook
of STID units, as well as an analysis of their activities.
Recommendations are also made on the classification
of services provided, on the classification of STID personnel,
expenditures, and source of funds, on the availability of various

types of equipment and services and the frequency of their use.

The Draft Guide is particularly useful for decision-makers and
administrators because it contains a set of 11 Appendices,which
include a "Model National Questionnaire" and Definitions: "Standard
Instructions for Interviewers"; a Recording Sheet and a Coding Sheet;

a "Model Questionnaire for Identifying STID Institutions and Units";
examples of Summary Tables and Charts; a model Directory and Catalogue
and a bibliography. It is a good examnle of a valuable stimulus from
Level 4.

A1l of this reflects the experience gained by UNESCO Office of
Statistics over many years in trying to stimulate efforts at data
collection in this field. During the 1970s, UNESCO commissioned a
series of background papers and documents, which are listed in the
bibliography, and which provided a framework within which it has
proved possible to embark on the activities described above. Parti-
cularly important were the experiences in Ireland, as the Irish Re-
public was one of the first countries to initiate measurement work

in this field (Cooper and Wood, 1978 and Murphy, 1979).

In considering probable future developments it is important to
anticipate some of the difficulties which may arise. The main
one is likely to be the fuzzy boundary between the specialised STID

institutions and units on the one hand and the much wider range of
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organisations and enterprises which have some involvement in STID
activities. Whilst experience so far has confirmed that it is quite
feasible to build up directories of the main professional STID

units and to collect data about their activities, it is by no means
clear what proportion of the total "universe" of STID activities is
captured in this way. The only way to find out is to continue on
the course charted by UNESCO in full awareness of these difficulties.
But as "Figure 3"of the UNESCO Draft Guide indicates, it may prove
very difficult to collect data outside the heavily shaded areas,
particularly in the larger market economies. The exploratory work
of the OECD in this area and in particular the pioneering study
comnissioned at the "Studiengruppe flir Systemforschung" at Heidelberg

already foreshadowed these difficulties.

“Information" occupations of one kind or another were already
estimated to account for over a quarter of United States total
employment in 1962 (Machlup, 1962). More recently, Porat (1977)
estimated that they now account for over half. Clearly many of these
people are concerned with entertainment rather than information.
Nevertheless, there is a major problem in such areas as publishing
and consultancy in distinguishing STID from a much wider range of
activities. This suggests that progress is likely to depend (as
in the case of R and D) on adopting a rather restrictive definition of pro-
fessionalised and specialised STID activities, even though the
wider context must be kept in mind. It is 1ikely to be the 1990s
before STID measurement reaches the stage of maturity and comparability

attained by R and D statistics in the 1960s.



PART II: OUTPUT INDICATORS

CHAPTER 4

Basic Science Indicators

General Problems of Output Measurement

In Chapter 1 it was pointed out that new developments in output
measurement have taken place mainly at levels 1 and 2. However,
this does not mean that there has been a lack of interest at govern-
ment level or in the international organisations. On the contrary
in several countries there has been specific encouragement for output
measurement and the OECD, in particular, has done a great deal to
stimulate progress at Levels 1 and 2 (OECD,1980 and 1982), as well as

promoting some steps at Level 4. The successive revisions of the

Frascati Manual (Chapter 2) have all included an appendix on output

measurement, stressing its long-term importance.

The National Science Foundation in the United States, whilst
recognising the limitations of many of the existing output indicators,
has nevertheless published since 1972 a biennial publication: Science
Indicators (NSF, 1972-1982),which regularly includes some output indi-
cators, even though these are not collected by the NSF, or other

Federal Government Agencies, as part of the regular national statistics.

These include statistics relating to patents and innovations as well

as scientific publications.

The need for output indicators has been widely recognised by policy-
makers for a long time. Whether in considering the allocation of govern-
ment funds to various Research Institutes and projects, or in considering

budgets for industrial R and D, decision-makers are constantly searching



for some means of evaluating the past and probable future performance
of individuals, groups and institutions. Appointments Boards for
University posts commonly make use of information relating to the
publications records of applicants. At the national level, Govern-
ments would like to be able to assess the quality of their scientific
and technical institutions in various fields of endeavour, to compare
these with the international competition, to identify areas of weakness,

and to take remedial measures, where appropriate.

Even though research activities may account for a relatively
smaller proportion of total scientific and technical activities in
developing countries, the acute limitations imposed by scarcity of
resources mean that it is imperative for policy-makers in these countries
to make the best use of these resources (Bell et al., 1380). And even
though the criteria by which output is assessed may differ somewhat
from those used in the industrialised countries, the development of
output indicators is certainly an important issue for policy-makers

in all parts of the world.

The NSF publication Science Indicators represents the recognition by

many policy-makers and some parts of the scientific community that something
more is needed than R and D input statistics. The NSF of course is

very well aware of the difficulties associated with the use of the

existing indicators and the Science Indicators Unit at the NSF has

placed 17 small research awards between 1979 and 1982 designed to

advance the state of the art in output measurement. These have gone

partly to individuals in academic institutions, such as University of

Dayton Research Institute, New York University or Georgia Institute of
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Technology, and partly to consultancy groups such as Computer
Horizons Inc., The Futures Group Inc., and the Rand Corporation.
About a third of them have been concerned primarily with research
publications and citations. Dr. Charles Falk, who has inspired
many of these new developments at NSF, has commented rather favourably
on the use of such indicators:
"Since the primary objective of ... [basic] research is the
development of new knowledge, and since the type of know-
ledge involved is generally not subject to proprietary con-
straints, the announcement of such new knowledge is an ex-
cellent output indicator measure. Thus, bibliometrics, in-
volving analyses of publications and citation counts, can
provide a fairly good indication of both the quality and
guantity of basic research output. Furthermore, since
publications and citations can be counted relatively easily,
a comprehensive computerised data base has already been
developed, which has been used extensively to measure basic
research output. Current bibliometric studies incorporate

quite sophisticated analyses to identify and overcome in-
herent methodological difficulties." (Falk, 1982)

The NSF probably has more experience in the use of science and
technology indicators than almast ény other organisation in the world.
Moreover, they have been rather cautious in their approach to output
indicators of all kinds. Hence, the rather positive assessment of
the uses of bibliometric techniques made by Charles Falk must carry
considerable weight. However, it is by no means non-controversial
and there has been considerable opposition to the use of these tech-
niques, both within the scientific community and outside it. Therefore,
it is important to review briefly the main features of this controversy
in order to assess the value of the indicators and the circumstances
in which they may be of value to policy-makers, particularly in develop-
ing countries. But, before embarking on this review, we must first of

all dispose of two arguments which would seek to discredit all attempts
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to develop and use output measures in relation to scientific and

technical activities.

First of all, it should be recognised at the outset that pub-
lished papers do not comprise the total output from research activities
(Table 1, Column v). Unsolved problems, oral communications, letters,
internal memoranda and records, new types of instruments, are examples
of output which may be very important for future scientific activity,
but are, if not immeasurable, at least very hard to identify or measure.
So, at the outset it must be conceded that published papers represent
a partial indicator and not a total output measure of research activity.
Nevertheless, the pressures and incentives to publish results are fairly
strong within the science system throughout the world and the interna-
tional character of scientific publication is very well established.
Consequently, even though scientific papers do not represent the
entire output of research activities, they do represent an extremely
important part of that output, and one moreover which offers at least
the possibility of international comparability. GNP statistics do not
measure the entire output of any national economy; it is well-known
that they are more deficient as a measure of economic activity whenever
the domestic, informal, or non-market sectors are large. Nevertheless,
GNP measures have often proved useful partial indicators for many
different types of economy. Similarly, because publications are
partial indicators of research activity (and as we shall see in Chapter
5, patents are also only partial indicators of inventive activity),this

does not mean that they are of no value.
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Secondly, it is sometimes argued that the relationship between
input and output in an activity such as scientific research is too
variable, uncertain and arbitrary to permit any valid attempt to
assess "efficiency" of such activities, or to make comparisons be-
tween institutions or countries. This argument is often buttressed
by reference to the supposedly accidental factors involved in the
advance of science (see, for example, Taton, 1957). The logical
fallacy involved in this sceptical attitude 1ies in assuming that
because accidental elements are present in individual cases, it is
therefore inpossible to make valid, useful generalisations about a
large number of cases or a class of phenomena. There are unique,
peculiar features about every individual street accident but this
does not prevent us from forecasting with a fairly high degree of
accuracy the probable number of street accidents each month and
framing policies for prevention and emergency services accordingly.
Or again the relationship between inputs and outputs is very variable
in agricultural systems because of "accidental" factors (the weather,
pests, etc). But this does not mean that information about crop
yields, and other output data are useless, only that they require

great care in their use and interpretation.

The nub of the contemporary controversies about the use
of publications and citations as measures of reasearch output is the
interpretation of the data. The most valuable contributions from
Level 2 have been those which have demonstrated both the limitations
and the positive features of the increasingly abundant information
available from level 1, through the use of computerised abstracting

services and citation analysis.
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The Development of "Scientometrics”

Among the earliest applications of "bibliometrics" were those
attempted by historians of science and sociologists of science (for
example, Rainoff, 1929). Probably Derek de Solla Price has done
more than any other living historian to develop and use bibliometrics
as a research tool in the history of science. His earlier work
(Price, 1961 and Price, 1963) was concerned mainly to demonstrate the
steady exponential long-term growth pattern of world science in terms
of numbers of scientists,scientific papers and scientific journals
and to show that this process mustreacha Timit. More recently
(Price, 1978) he has qualified this analysis by measuring and ex-
plaining the deviations from this long-term trend. Within this
overall framework he has attempted international comparisgns in
contributions to scientific Titerature (Price, 1967),analysis of
the variation in publishing patterns of individual scientists (Price,
1963) and comparisons of publishing patterns, respectively in science
and technology (Price, 1965).

Although he has given a strong impulse to scientometrics generally,
the main thrust of Derek Price's work has been to emphasize the statis-
tical regularities in scientific publication. He tends to emphasize
the similarities in patterns of publication across disciplines (except
for technology) over time and across frontiers, and to minimise “the
significance of differences in quality between scientific publications
and of socio-cultural differences between countries.  Thus, for
example, he emphasises that those scientists who have been responsible
for the most important advances in science have also tended to be proli-
fic in terms of quantity of output i.e. numbers of scientific publica-
tions. Consequently, he dismisses the notion that outstanding scientists

might publish only a few very high quality papers, whilst second or
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or third-rate scientists might publish a Targe number of papers. Whilst
there may be some justification for this very broad sweep in relation

to the issues with which he was primarily concerned, it is precisely
the analysis of differences which is of primary interest to policy-
makers. Price sometimes appears to assume a relatively constant
relationship between input and output, and even to use input and out-
put measures interchangeably. Qur interest here, however, is in the
efficiency with which resources are used in a research system and in
the cultural, organisational and social factors which affect that

efficiency.

From this standpoint, probably the most valuable recent work has
been that of Irvine and Martin (1980, 1981 and 1982), whose work has
been received with interest by policy-makers in several countries.
They have used bibliometric techniques for several different purposes:
for the comparative evaluation of the work of Research Institutes in
various countries (but in the same sub-disciplinesof science); for
the evaluation of the performance of a network of scientific institu-
tions in particular countries, especially Norway (Irvine and Martin,

1981); and to throw light on specific policy problems.

Following Moravcsik (1973),they distinguish in their work between
(1) scientific activity, (2) scientific production and (3) scientific
progress. The first category corresponds simply to the consumption of inputs
and is covered by existing statistics (see Chapter 2). The second
category, they believe, is well covered by formal publications. Al-
though they accept that in the early stages, informal communication
channels (letters, invisible colleges, memoranda etc) may be very
important, they assume that most of this informal output is subse-

quently incorporated into scientific publications. Moravcsik (1973



4.8

and 1977) has raised some doubts about the continuing validity of this
assumption, but it is widely accepted. The novelty of the Irvine-

Martin approach 1is that it attempt to combine a number of indicators
relating to the third category - the so-called "convergent indicators"

approach.

“Convergent Partial Indicators"

Irvine and Martin explicitly recognise that a simple count of

numbers of scientific papers may sometimes give misleading indications

if used alone as a measure of output. They accept the validity of

many of the criticisms of this approach (e.g. Moravcsik, 1973), which
point to such factors as the variations in social, institutional and
political pressures affecting publication as well as quality variations
and the uneven distribution of opportunities for publication. They
point out that the apparent "productivity" of some theoretical physicists
quadrupled over a 20-year period whilst that of experimentalists working

in the same specialityapparently stayed constant (Sullivan et al., 1977).

From their review of the earlier literature Irvine and Martin (1983) con-
clude: (1) that numbers of papers must be used in combination with other
partial indicators, which give a better indication of qualitative factors;

(2) that the problems of comparison across different disciplines would
require further modifications of their apprcach or a different approach

altogether.

The other "partial indicators" which they make use of in their compara-
tive international studies of radio astronomy, optical astronomy and

nuclear physics institutions are citation analysis and peer judgement.
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Irvine and Martin do not uncritically accept the view of Porter
(1977) that citations are "the best practical indicator of the worth
of research". They recognise that there are technical problems (such
as multiple authorship), as well as more substantive problems, such
as self-citation; negative citation; differences in the "referencing”

behaviour of authors; "assimilative neglect" (very important con-
tributions may no longer be cited after a while, such as E = mc2);
narrow scope for citation in highly specialised fields; "technique"
citations and the "halo effect". They accept that the whole publi-
cation and citation system is itself to some extent a social artefact
and must be seen in a changing social context. Distinguishing
between (a) "quality", (b) "importance" and (c) "impact', like Garfield
(1963), they regard citations as primarily an indicator of impact

rather than quality or importance"

"The citation rate is a partial indicator of the impact of

a scientific publication: that is, a variable determined
partly by (A) the impact of the paper on the advance of
scientific knowledge, but also influenced by (B) other fac-
tors including various social and political pressures, such

as the communication practices (for example, the reading and ref-
erencing habits of different individuals in different institu-
tions, countries and research areas), the emphasis placed on
numbers of citations for obtaining promotion, tenure or grants,
and the existing visibility of authors, their previous work,
and their employing institution. As with the numbers of
publications it cannot be assumed that the effects of (B) are
relatively insignificant compared to those of (A), nor that

(B) comprises a set of random influences whose effects can-

cel out in analyses of large aggregations of scientists or

for extended time periods. The'other factors' that make up
(B) are largely social and political rather than purely
'scientific', and while some of their effects on citation rates
may be random, others can be expected to vary in a systematic
way between individuals or groups of scientists occupying dif-
ferent cognitive and social locations". (Martin and Irvine, 1980)

Martin and Irvine*approach peer judgement in the same spirit as
citation anlaysis: 1i.e. in full recognition of the sociological aspects

of the problem. Just as the University promotion or appointments board

* As befits authors working in this field, Irvine and Martin rotate first
authorship in their own publications.



will recognise that the simple unaided use of numbers of papers or
citation rates should be complemented by direct knowledge of the
research field under review, so Martin and Irvine recognise that
some type of "peer judgement" is another extremely important partial
indicator. But they insist that to counteract the biases of many
contemporary processes of peer judgement, a number of safeguards

should be introduced (Table 4.1.C.).

Using their technique of "convergent partial indicators"
Irvine and Martin have come up with interesting (though still
controversial) results concerning the performance of research
institutes in various disciplines. On the whole
they have found a high degree of convergence between the various
partial indicators. The leading institutions not only make a
greater contribution to the world scientific 1iterature, their
papers are more frequently cited and they have a high proportion of
the most cited papers. Finally, extensive interviewing of a high
proportion of the research staff of the relevant research institutions
(including young junior scientists as well as older ones) showed a very
similar ranking order in relation to perceived contributions to world

science.

The work of Irvine and Martin is of particular interest to policy-
makers because it offers the possibility of an evaluation procedure,
at least for parts of the science system, which overcome some of the
main defects of other approaches. If all the partial indicators do
converge, the results can be used with much greater confidence. If

they do not converge, then the analysis of the factors underlying the



Table 4.1
Main problems with the various partial indicators of scientific
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progress and details of how their effects may be minimized

Partial
indicator
based on

Problem

How effects may
be minimized

A. Publication
counts

1. Each publication does not
make an equal contribution
to scientific knowledge

2, Variation of publication
rates with specialty and
institutional context

Use citations to indicate
average impact of a group's
publications, and to identify
very highly cited papers

Choose matched groups
producing similar types of
papers within a single
specialty

B, Citation

1. Technical limitations with

analysis Science Citation Index:
(a) first author only listed; Not a problem for research
(b) variations in names; ) groups
(c) authors with identical ) Check manually
names; )
(d) clerical errors; )
(e) incomplete coverage of Not a serious problem for
journals; Big Science
2. Variation of citation rate |)
during lifetime of a paper |)Not a problem if citations
- unrecognised advances on ) regarded as an indicator of
the one hand, and ) impact, rather than quality
integration of bagsic ideas | )or importance
on the other )
3. Critical citatiomns ; ' .
4. 'Halo effect' citations )
5. Variation of citation rate Choose matched groups-
with type of paper and producing similar types of
specialty papers within a single
6 specialty.
Self-citation and ‘in- Check empirically and adjust
house' citation results if the incidence of
(SC and IHC) SC or IHC varies between
groups
C. Peer 1. Perceived implication of 1. Use a complete sample, or
evaluation results for own centre and ) a large representative
competitors may affect ) sample (25% or more)
evaluation ;2. Use verbal rather than
2. Individuals evaluate ) written survey so can
scientific contributions ) press evaluater if a
in relation to their own ) di vergence between
(very different) cognitive ) expressed opinions and
and social locations ) actual views is suspected
3. 'Conformist' assessments ) 3. Assure evaluaters of
(e.g. 'halo effect') ) confidentiality
ac
knceitzated by licgbo:i )4. Check for systematic
owledge on contributions ) variations between-
of different centres )

different groups of
evaluaters

g3Inesx juedroAuod pIefLA 3BY} BI03BOITPUT LA[uo os)
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lack of convergence may shed a great deal of light on the issues
involved, as well as on the nature of the indicators. In any case,
the results of such analysis can only be one of the inputs into
national decision-making.

International Comparisons of Scientific Publications

An important conclusion for policy-makers in developing countries
is that although a simple count of publications and the use of citation
analysis may give a useful first approximation of the contribution of
scientists from country X to a particular descipline, y, and the way
in which this is changing over time, this must be complemented by a
deep understanding of the sociological aspects of the measurement
technigues being used. It may be an important stage in the development
of country X to establish and build up publications in the language of
country X. Initially and for some time,such publications may not be
included in the"Citation Index" or other internationally used sources.
The citation patterns may primarily reflect peculiar national circum-
stances, including the learning, monitoring and adaptive processes
characteristic of countries which are in a "catching up" phase in
relation to the leaders in world science and technology. However,
at some point it will become important to assess how far scientists in

country X have succeeded in gaining some degree of recognition in the

world science community. "National" publication may become an alibi
for low standards in scientific work. At this stage the various
partial indicators which have been described may be very useful. An
example of the use of "domestic" publication indicators combined with
a "world" publication indicator is that of Tsukaharaand Yamada (1982)
who used this technique to demonstrate the level attained by Japanese

technology in synthetic materials already in the 1930s.



Examples of the use of simple counts of publications are
Frame (1980) and Macioti (1980). In a comparison of publication
numbers with other science and education indicators for 13 Middle
Eastern countries, Frame argues that the publication indicator
correlates well with the other indicators, but is probably more
reliable. Macioti uses the crude publication indicators to compare
with the crude indicators of patent numbers (which are discussed in
Chapter 5). His statistics of the numbers of scientific publications
by authors from each country are derived from statistics of the
Philadelphia Institute for Scientific Information, covering over
2200 scientific publications from 40 countries (Table 4.2). He
points on the one hand to the relatively strong performance of Japan
and Switzerland in the measures of inventive activity as compared with
scientific publication. On the other hand he stresses the relatively
strong performance of the UK and USA in scientific publication as

compared with patenting.

This is a point which would not emerge from a comparison of
R and D input statistics. Japan shows a rather high proportion of
GERD (Gross Expenditure on Research and Development) going into
basicresearch whilst both USA and UK show rather a Tow proportion
by international standards. Part of the explanation probably lies
in the way in which the various statistics are collected, for example
in relation to university research. Japanese propensity to patent
is probably higher than American or British. The Swiss need to
patent more abroad because of their position as a small advanced

industrial country in a large European market.
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TABLE 4.2

A comparison of patents and scientific authors (Year 1976)

Patents granted at Publishing Patents
home and abread to scientific
Country residents authors (Quoted) Authors
Swirtzeriand 13,745 4,760 .30
3G.993 15,847 3.21
49 895 21.762 2.29
34,271 24.330 1.84
12.000 5,482 1.57
22,759 18,0387 1.31
e 23413 32.238 0.72
T.EAL 105.6i4 153,929 3.67

There is also probably some language bias in the Journal
coverage of the Institute for Scientific Information. In 1976 the
2200 journals included 900 from USA and 400 from UK, but only 140
fromFrance, 130 from Germany, 80 from Japan and 60 from the Soviet
Union . Whilst there is some genuine.lead of academic publications
based in USA and UK (for historical reasons and because of the role
of the English language in world science and technology), this dis-

tribution almost certainly underestimates the contribution of scien-

tific publications in other languages. For a thorough discussion

of these and other sources of bias, see the overview of the US
Bibliometric Indicators series in Narin and Carpenter (1980). All
of these sources of bias must be taken into account by researchers
and policy makers in assessing the results of such comparisons as
those made by Macioti (1980), as he himself clearly recognises.
Nevertheless he is probably right that the contrast between Japan and
Britain does indicate some real and important differences in the
performance of their science-technology systems. He points out too
that the rather high contribution of India to world science literature
and the relatively lower contribution to world patents reflects some
of the true strengths and weaknesses of the Indian science-technology

system.
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In an early application of the use of foreign publications in
bibliometric analysis for policy purposes Oldham (1967) in a study
for UNESCO, demonstrated that it could provide a useful guide for
decision-making in relation to the comparative quality of research
performance of university chemistry departments in a particular
developing country. However, all such applications of output
measurement techniques, require great caution and awareness of the
complexities affecting both the measurement themselves and the social
system which gives rise to these measurements. This implies that
just as developing countries need to develop an indigenous capacity
to screen, assess and modify the various foreign technologies which
they may wish to import, so too, they need to develop an indigenous
capacity to asses the performance of their new scientific institutions,
both in relation to their own social needs and in comparison with
world standards. We shall return to this point in the conclusions

presented in Chapter 7



CHAPTER 5

Indicators of Inventive Activities

Patent Statistics and R and D Statistics

A simple comparison between R and D "input" and a measure of
inventive output, such as patents, can be dangerously misleading
unless some account is taken of the great differences between the
two types of measurement. In the first place, patents (and other
measures of invention) do not arise uniquely from industrial R &

D activities. In the United States between 1967 and 1978, a quarter
of all patents of US inventors were still granted to individuals,

and 3 per cent to government. Of the 72 per cent which were granted
to corporations, many arose from the efforts of engineers, technicians
and other workers outside the formal R and D structure. In France,
Germany, and Britain, as in the United States, the proportion of
patents granted to individuals has been falling during the 20th
Century from about three quarters of the total to less than a
quarter (Diagram 1). However, in Italy, in 1976 the proportion of
applications from individual inventors as a ratio of total appli-
cations from Italian nationals was still over half of the total
(Sirilli, 1982). In the second place, not all R and D activity

is inventive activity. Between 10 and 25 per cent of GERD in most
countries is devoted to fundamental research, from which the main
output is publications, not inventions. Admittedly, the propor-
tion of industrial R and D devoted to fundamental research is much
lower, but even for applied research activity in industry, an im-

portant part of the output is also in the form of publications.



Private Patents as
% of all Patents

N
A

Diagram 1

Evolution of private patent applications,

from 1910 to 1980

Source: Kronz and Grevink (1982)
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Derek Price (1965) has maintained that technology and science
are largely independent fields of endeavour and that the characteris-

tic modes of registering output are quite different between the two

activities. However, he recognised that in some of the newer
technologies, notably electronics and chemicals, publication of
scientific papers by technologists or industrial scientists was
increasingly important. If it is conceded that these two tech-
nologies are increasingly dominant throughout the industrial sys-
tem, then it must be accepted that publications are now an impor-
tant part of "output" for both basic and anplied research. In-
deed, as we shall see, the patent citation Titerature now increas-
ingly refers to scientific publications as well. The more
science-related nature of modern technology may indeed be one
reason why patent numbers have increased at a slower rate since
the second World War than either scientific publications, or

industrial R and D activities.

In any case, the lack of correspondence between the input
source and the output measures must give rise to great caution in
the interpretation of input-output relationships. Finally, it
must be continually kept in mind that patents are a measure of

intermediate output. Both patented knowledge and unpatented know-

ledge contribute to the ultimate objective of industrial R and D
activities - innovation output (Column (v) in Table 1.1). Both
also contribute a feedback input to basic research (Column (i) in

Table 1.1).

Several studies (for example Fabian, 1963 Pavitt, 1982) have
compared the R and D input data by branch of industry with relevant

patent statistics. It is by no means easy to re-classify patent
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information in this way, since they are collected and classified

in most Patent Offices on an entirely different basis.(See,for example,
the paper by Scherer (1981) on the OTAF classification system and the
reply from Lawson (1982).) Nevertheless, such comparisons can be
extremely instructive, as they offer clues both &s to the nature and the
limitations of the two types of data, and to possible weaknesses in the
conduct of R and D in various firms, industries or countries. For
example the aircraft industry in the USA and UK absorbs a very high
proportion of total industrial R and D expenditures (as much as a
third) but accounts for only a few per cent of the patents. This may
be explained in terms of the government funding of most of the R and D
and its effects on patents, the related issue of the high proportion

of military work, the high costs of prototype testing, the nature of
the technology and so forth. Soete (1978) argues that as the pro-
pensity to patent is lower in large firms than in small firms, the use

of patent data may be more useful in dealing with small firms.

Already in 1961 at the Conference organised by the National
Bureau of Economic Research on "The Rate and Direction of Inven-
tive Activity", Schmookler (1962a and 1962b) came in for some
heavy criticism for his attempts to use patent statistics. He
expressed both surprise and delight that an NSF study showed a
rather high correltation between patents pending and R and D ex-
penditures. He described the conrelation as higher than he would
have expected, especially because a good deal of corporate R and D

activity was not devoted to inventive work:



“"The production of patentable inventions begins towards
the close of what the NSF calls applied research and
terminates some time after the beginning of what it de-
fines as development. The wide variation between in-
dustries and between firms of different sizes in the
relative proportions of what the NSF defines as basic
research, applied research and development and the ex-
isting uncertainty as to the precise location of pure
inventive activity alone provide grounds for anticipating
a less than perfect association between the output of
patentable inventions and aggregate R and D expenditures.
In view of these considerations, a correlation coefficient
of 0.83 between the number of patents pending in 1953 and
the 1953 R and D outlays of eighteen groups of firms
suggests that it is quite reasonable to use the total
number of patent applications as an indicator of fluc-
tuations in inventive activity"(Schmookler, 1962b).

In view of these considerations, too, it is perhaps reassuring
that some studies do not find such a close association between R and
D expenditures and patents by industry. Sirilli (1982) in his study
of Italian industry found far less relationship than Pavitt and found
that patents per researcher were 5 or 10 times as high in some in-
dustries as in others. Such differences must reflect many other
factors in addition to variations in the relative efficiency of R

and D performance in various sectors of Italian industry.
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Some Problems of Patent Statistics

As in the case of scientific publications and citations, it
must be recognised that patents can only be a partial indicator of
inventive activity, or of that part of R and D which Teads to inven-
tions (mainly experimental development and applied research). This

is so for several reasons. In the first place, there are some types

of invention which cannot be patented, for example computer software,
either because of the way in which patent laws are framed, or because

of difficulties in specification of the invention. Secondly, some types
of incremental improvement are too insignificant to warrant all the effort

(and often heavy expenditure) involved in applying for patent protection.

Yet, in total these incremental improvements may amount to an impor-
tant source of technical change. Thirdly, some inventors may
believe that secrecy is a better form of protection than that offered
by the patent law. This will apply especially to process inven-
tions and according to some observers it is an attitude which has
become increasingly widespread since the war. Fourthly, inventors
may believe that the process of technical change in some areas is

so rapid that patents may be overtaken by events, and are not worth
obtaining. Finally, some firms may assign a very low value to pa-
tents or have policies which make it difficult to obtain patents

for reasons peculiar to the management of that firm.

A1l of these could be reasons for believing that patent numbers
may understate the 'true' output of inventive results, either in
general, or for particular firms, industries, technologies, or

countries. However, there are also reasons for believing that in
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some circumstances patent numbers may overstate this output or
provide an inflated measure of its true significance. Sometimes
firms may take out "blocking" patents i.e. try to protect their
position by preventing competitors, at least temporarily, from fol-
Towing alternative technical solutions. Sometimes they may put up
a "smokescreen" of relatively trivial patents to disguise the really
important ones. Sometimes they may  take out patents mainly to
use as bargaining counters in negotiations with other firms in oli-
gopolistic markets. Sometimes trivial patents may result from
reward schemes for inventors within companies. This apparently
occurred at one time in the US telephone industry (Sanders, 1962).
The extent to which such "inflation" may occur will obviously vary
with the national examination system and the fees which have to be
paid. It is most serious where there is no examination and pro-
cedures are cheap and easy. It is less serious (and may even be
of very little importance) in countries with rather rigorous examina-
tion, such as Germany or the Netherlands. The ratio of patent
applications to patents granted varies from 4 in the Netherlands

to 1 in Belgium.

This does not exhaust the reasons for approaching patent statis-
tics with caution. Other difficulties relate to the variations in
quality and significance between different patents and (in the case
of international comparisons) other big variations between patent
laws, enforcement practices, and anti-trust policies in different
countries. For a full discussion of these problems see Harris et

al. (1979).
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Advantages and applications of Patent Statistics

Nevertheless, even those who are most wary of these and other
dangers associated with the use of patents as indicators, seldom
dismiss them entirely. It is almost universally recognised that,
notwithstanding the qualifications made above, a vast amount of
technical inventive activity does lead to patents and that patent
records do constitute one of the most complete archives of technical
information in the world. An American study (US Department of Com-
merce, 1977) suggested that about 80 per cent of US patents contain
information that is not disclosed in the non-patent literature.
If correct, this would imply that one of the main claims traditionally
made for the patent system is still valid: it leads to a very wide-
spread disclosure of new technical information. The world-wide
nature of patenting activities and the fact that many patent re-
cords go back for more than a century (sometimes more than three
centuries) are additional reasons for regarding patents as one of the
most important indicators which are available. Schmookler (1966)
put the matter very well when he said:

"_..we have a choice of using patent statistics continuously

and learning what we can from them, or not using them and
learning nothing about what they alone can teach us."

Progress depends on using these indicators, whilst taking full acceunt
of the genuine difficulties and taking appropriate steps in each

specific case to minimise these difficulties.

For a lTong time, firms and individual inventors have recognised

that they can learn a great deal about the progress of technique
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and about their competitors' activities by monitoring patent
applications. This "level 1" use of patent indicators relies

less on counting numbers of patents than on assessment of tech-
nical significance and direction of effort. Specialised firms,
such as Derwent Publications, have developed to meet this need and
now employ hundreds of engineers and scientists in this work.

Patent records are and will remain an extremely important part of
any scientific and technical information system. The more sys-
tematic use of numbers of patents as indicators has developed mainly
as a result of Level 2 studies by academic researchers. These
efforts have been greatly facilitated as a result of computerisation

of many Patent Offices and related data bank developments.

In view of the long period covered by patent statistics, it is
perhaps not surprising that historians, and others concerned with
the analysis of long-term trends in the economy and in technology,
were the leading figures in early applications. Already at the
beginning of this century, Tisell (1907) used patent statistics to
discuss the relationship between economic fluctuations and the level
of inventive activity in Sweden. Since that time the analysis of
this relationship has been a continuing although rather spasmodic

concern of economists and technologists.

Jonason (1982) showed in her study of patent statistics in
Sweden that although the numbers of patent applications fell during
the Great Depression of the 1930s, they fell much more steeply in the
leading industrial countries: USA, Germany and UK. Sweden re-

covered from the Depression more quickly than any of these three
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countries and the fall in Swedish industrial production was in any
case far less. Jonason concluded that the fall in patenting ac-
tivity in each of the fourcountrieswas broadly related to the
severity of the Depression and speed of recovery, with the patent
indicator lagging a little behind the indicators for production.
Freeman, Clark and Soete (1982) also showed that the index of patent
applications for the United States reflected the influence of the
deep depression of the 1830s and 1930s, but that an index of "key
patents" showed fluctuations which were apparently independent of
these major cycles. We shall return later to this distinction be-

tween ordinary patents and key patents.

Just as Derek Price was largely responsible for stimulating more
widespread public interest in the use of publications and citations
as indicators of scientific output in the 1960s, the same role
was played by Schmookler in relation to patent statistics as indicators
of inventive output. Already in the late 1940s he began his patient
work with the United States patent archives assisted by a number of
post-graduate students. In several early publications (Schmookler
1950, 1953, 1954) he defended the use of patent statistics as indi-
cators of inventive activity although always carefully qualifying
his conclusions and recognising such problems as variations in pro-
pensity to patent between firms and industries, legislative changes,
the scale of government-funded R and D,and Patent Office procedures.
His major contribution to economic history (Schmookler, 1966) was

published just before his untimely death.

Despite his scholarly approach to these problems,as already

noted,Schmookler came in for some heavy criticism (Sanders, 1962)
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at the Conference organised by the National Bureau of Economic
Research in 1961 on "The Rate and Direction of Inventive Activity".
This conference was a land-mark in the use of scientific and
technical indicators. The main controversy surrounded the issue

of the post-war trend in the numbers of patents in the United
States. Several participants pointed to the contrast between the
very high rate of increase in R and D expenditures since the Second
World War and the absolute decline (or stagnation) in numbers of
patents compared with the 1920s.  Schmookler (1962a)himself offered
a number of possible explanations for this contrast. These mainly
concerned the shift away from ingenious individual mechanical inven-
tions associated with the shift of inventive activity to large cor-
porations, who had less incentive or need to patent than private
individuals or small firms, and who in any case were under various
pressures (especially anti-trust activities), Tikely to induce them

to patent less.

Schmookler (1962b)vigorously defended his use of patent statis-
tics, maintaining that if used in full awareness of their limitations,
they were the best available indicators of trends in inventive acti-
vities. In his (1966) analysis of economic fluctuations in the
United States economy between 1850 and 1950 he maintained that in
the capital goods industries inventive activity responded to changes
in demand for the various types of capital goods. He drew this con-
clusion from the observation that the indicator of inventive acti-
vity (numbers of patents) tended to turn down some time after a
down-turn in capital investment in the relevant industry, whilst

it turned upwards, again with a short time lag, following a revival



of investment. From these statistical observations Schmookler

derived a general theory of demand-led invention.

Patent Statistics and the Demand-Pull Controversy

Recently these rather general conclusions have been questioned,
notably by Mowery and Rosenberg (1979). Other studies (particularly
Walsh et al., 1978) have shown that in some industries, such as
drugs and synthetic materials, there is statistical evidence suggesting
that at least for some periods there are "counter-Schmookler" patterns,
when indicators of inventive activity (and of scientific activity as
measured by publication counts) appear to lead the economic indicators
of investment and production. Freeman, Clark and Soete (1982) have
suggested a theoretical framework which could reconcile these diver-
gent findings: 1in the very early phase of introducing a new tech-
nology (which may last only a decade or two and may often be asso-
ciated with a scientific breakthrough)a surge of scientific and in-
ventive activity shows the possibility of a range of new products
and markets. The subsequent exploitation of these possibilities
leads to many new inventions, including a vast number of improvement
inventions and process inventions associated with economies of
scale. By now the characteristic "Schmookler pattern” has set in
and may easily last for a century or more, as he maintained. Inven-
tion is now highly sensitive to the stimulus of market demand (or
lack of it). Product and process improvements reflect the changing
nature of the market and the competitive pressures at work; not

surprisingly, large fluctuations in aggregate demand may depress or



stimulate the total number of inventions, as shown by Jonason

(1982).

Whilst this controversy about the relative significance of
"demand-pull" and "discovery (or technology) - push" is mainly
an academic one, i.e. at Level 2, it clearly has major implications
for Level 3 (government). Insofar as policy-makers may wish to
stimulate scientific and technical activities in any particular
country, with regard to their potential economic benefits, then
the techniques which are appropriate at an early stage of growth
of a new technology (e.g. some of the newer bio-technologies today)
may not be the most appropriate at later stages. At the embryonic
stage support for scientific research and for R and D generally
may be the most important form of public involvement. But at
later stages, such subsidies might actually do more harm than
good; then the most effective public policies may involve pro-
curement contracts (encouraging exploitation of economies of scale,
as well as product and process improvements), investment subsidies

consultancy and information dissemination activities.

Schmookler (1966) himself maintained that (at least for his
purposes) it was not desirable to attempt any qualitative evaluation
of the significance of patents. He pointed to the strong subjective
element involved in any attempt to rank patents in terms of impor-
tance, to the difficulties of establishing any satisfactory criteria
for such ranking, and to the extremely time-consuming nature of the

work. He also maintained that by using large numbers of patents



over fairly long periods, the differences in quality could be

disregarded, because of the law of large numbers.

Freeman, Clark and Soete (1982) criticised Schmookler's failure

to pursue the distinction between "key patents" (or “master patents")
and improvement patents, maintaining that this distinction, although
admi ttedly difficult to measure,was sometimes essential to a proper
understanding of growth cycles of products, industries and tech-
nologies, as well as their relationship with wider economic fluc-
tuations. They themselves (Clark, Freeman and Soete, 1981) made

use of Baker's (1976) work, which systematically listed "key patents"
and "master patents" in the British patent archives. Other criticism
of Schmookler's neglect of this distinction comes from the detailed
study of specific innovations, as for example in Wiseman's (1983)
study of synthetic fibre intermediates.

Other "partial indicators" of inventive output

Like Irvine and Martin, Schmookler had shown himself well aware
of the sociological factors involved in the development of various
measures of the output of scientific and technical activities. But
whereas this awareness led them to the combined use of several partial
indicators, in Schmookler's case it led him to a rather restricted
use of counts of patent numbers in applicationswhere (in his view)

the various limitations were not of great significance.

Most other researchers since Schmookler,whilst accepting part
of his argument, have not felt able to go along with his complete
neglect of the qualitative differences between patents. For some

purposes these differences clearly are very important, as in the



analogous case of scientific publications. The OECD (1980)
Science and Technology Indicators Conference pointed to qualita-
tive differences as one of the major limitations of patent statis-
tics, along with variations in propensity to patent; non-patented
types of inventive activity; and varying rates of disclosure and

commercialisation.

As in the analogous case of scientific publications, it might
be possible to cope with the problem of quality variation at least
in part by the use of citations. Any attempt to do so should take
account of Martin and Irvine's (1980) point that citations are,strictly
speaking,a measure of impact rather than intrinsic quality. The
impact may partly reflect quality factors, but it has other aspects
too (e.g. the "halo effect"). It seems likely that this is even
more true of patent citations. Whereas a great deal of work has
already gone into the use of literature citations, very little work
has been done on patent citations. The Battelle Institute (Campbell and
Nieves, 1979), together with Computer Horizons (Narin 1982 and Carpenter,
1981).

Narin and Carpenter compared US examiners' citations for 100 patents
known to be associated with important technological advances with a random
sample of 102 patents. The "important patents" were identified

through the awards of the journal Industrial Research and Develop-

ment for the "most significant new technical products’in 1969 and
1970.  The results showed that the "key" patents were cited twice
as often by examiners as the control group of “normal" patents

(Carpenter, Narin and Woolf, 1981).
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Whilst this is an important result,much remains to be done
in the study of referencing behaviour patterns in various countries
before patent citations can be used with as much confidence as
literature citations. It is probably the case that legal aspects
of prior inventive activity, as well as competition between firms,
have some influence on citation patterns and chains. However,
patent citations may also prove very useful in the exploration of
linkages between basic science literature and industrial research
and development. Several studies have already shown the impor-
tance of these links by study of literature citations
(for example, Lieberman, 1978). The use of the
patent citation literature will add an extra dimension to this
research and could prove extremely fruitful. The nature and
strength of the interaction between the university science community
and the industrial R and D community must be a matter of concern to
policy-makers in any country and may be especially valuable for

developing countries in the "overtaking" phase.

The Battelle Institute have also demonstrated the commercial po-
tential of patent citation, as well as of patent statistics them-
selves, for providing a "technological profile" of a company. From
1982 Computer Horizons has also been able to offer a commercial service
covering several thousand US companies, which includes a ten-year
“combined profile" (1971-1980) or a year-by-year profile of each
company. Similar computerised information services have been pro-
vided by Derwent Publications (UK) for some time, and are increasingly

available from national patent offices, as well as from INPADOC (the
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International Patent Documentation Centre set up in 1972 by the
World Intellectual Property Organisation and the Austrian Govern-
ment)  From time to time these services may well be of value to
policy-makers in developing countries, for example in considering
investment or licensing proposals from various multi-national com-
panies, or in assessing the principal sources of technical know-how

in rapidly growing new technical fields.

It is still a little early to assess the value of patent cita-
tion in the measurement of "impact" or"quality". However, some
other techniques have been used to provide additional "partial
indicators”. Mention has already been made of Baker's (1976) work
which demonstrated the feasibility of distinguishing "key patents"
and "master patents" over a wide range of technologies. It is
also possible in some cases to combine indicators of inventive and

of innovative output (see Chapter 6).

International Comparative Applications of Patent Statistics

Not all applications of patent statistics depend upon the
introduction of "weighting" systems or other partial indicators.
Schmookler's argument about the law of large numbers may often be
valid. The great importance of patent statistics for under-
standing the role of technological competition in international
trade performance has been demonstrated in several publications by
Pavitt and Soete (1980); Soete (1978, 1981 and 1982) and by Pavitt
(1982).
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They tend to treat patent statistics and R and D statistics
as alternative or complementary measures of inputs into innovation,
rather than using the one as a measure of the output of the other.
Pavitt (1982) in a thorough exploration of some of the issues involved,
claims that with the exception of a few industries, such as aircraft,
there is a broad correspondence between the percentage distributions
by branch of industry of patents and R and D expenditures respectively,

for the leading industrial countries (Table 5.1).

This work has made an extremely important contribution to the
understanding of scientific and technical inputs and outputs for
several reasons. On the methodological level, Pavitt and Soete

have demonstrated the great value of using patenting in the US as

a cormon denominator, which eliminates many of the problems

raised by the incomparability of national patent systems and sta-
tistics.  This procedure can be justified on several

grounds, including the size and importance of the US market and its

world technological leadership. It also acts as a filtering or
screening device since companies will tend to make applicatioms in
the United States only for their more important patents. On a
more fundamental level this work has made a major contribution to
the theory of international trade (Soete, 1978 and 1981).
Ultimately it may be possible to use the new European Patent
Data collected since 1978 as an alternative to US patents, but
as several papers at the OECD workshops (1980 and 1982) showed,
this will only be possible after adjustment to the new European

system.



Table 5.1
The percentage distribution of industrial R&D expenditures and of US patenting amongst selected OECD countrics in 1975

Belgium  Canada France Federal Italy  Japan Netherlands  Sweden Switzerland  United Total
' Republic . Kingdom
of Gerinany

Total manufacturing

US patents 1.2 5.9 10.2 25.8 33 27.5 26 42 6.2 13.2 100.0

Total industrial R&D 1.8 22 14.1 240 34 269 4.6 3.2 26 17.4 100.0

Industry-financed R&D 20 2.1 10.5 220 49 3 36 ' 29 29 12.8 100.0

Industrial R&D manpower 1.9 23 12.8 19.6 43 328 29 2.4 1.9 19.1 100.0
Chemicals

US patents 1.5 30 99 294 39 26.3 2.1 1.4 10.6 119 100.0

Total industrial R&D 33 1.6 1.2 28.7 4.8 24.2 49 1.3 5.9 14.0 100.0

Industrial R&D manpower 3.2 1.7 1.5 244 4.7 0.9 4.7 1.0 K 155 100.0
Noa-clectrical machinery

US patents 1.5 6.2 109 87 3 9.9 n.a. 5.5 n.a. 138 1000

Total industrial R&D 10 3.0 IR 355 1) o nt. 6.1 n.a. 14.3 1H).4

Industrial R&D manpower 2. 26 7.3 RIS AR i " 45 na. 135 100 .0
Electrical and electronic products

US patents 0.9 41 104 234 2.6 i G 50 27 na. (R 100

Total industrial R&D 2.0 29 2().2 253 I 5 11 30 n.a. (R 1000

Industrial R&D manpower 1.6 2. (1.5 N6 32 3} 2 1.8 n.a. (R 0.0
Acrospace .

US patents na. 148 fu.0 435 0. na na. s na 288 L0

Total industrial R&D n.a 1.7 PN 13 . U, it 29 n.a. 424 1000
Other transport

Patents s 5. 128 IR AN | PARY na. 14 n.a 17K 1iK).0

Total industrial R&D 0.1 H.j |2 ‘Q 20 N v 8 0. na. " 17 1600

Industrial R&D manpower 0.3 0.6 f42 204 03 Ak na 3K A 1S 10,0
Metals

US patents |.3 8.6 0.6 26,7 2.8 252 nin 1.5 n.a 1.6 100.0

Total industrial R&D) 53 45 106 13.3 35 1w n.a. 54 na 120 0.0

Industrial R&D manpower 44 52 .4 131 nit A8 na. 4.9 na 13.6 10§0.0

Source: Pavitt (1982)

Method: The categories used for the patent data and the R&DY data are not akvass stictd, companable, Fhey are as follows: Chemicals: For R&D data, 1SHC 351-354. For patent
data, US SIC 28. Non-clectrical machinery: For R&DY data, 1SIC 382 and 385 For patent data, US S1C 35 and 38 (exeept 3825). Electeical and clecronie: Vor R&ED data, 1S1C 383,
For patent data, US SIC 36 and 3825, Aerospace: For RED date, 1810 18148 plox iz side - and tackets, For patent Jata, B8 SIC 372 and 306, Other tramprre: Vor R&DD data, 151C
384 lcss 3845. For patent data, US SIC 371, 373-375, 379 fess 3795, Mereds: For &1 datag 1210 3000 82 and 381 P patent daga, UIS S1C 33034 Jess 14K

B/L"S



The international comparative applications of patent statistics
are likely to be of particular interest and importance for policy-
makers in developing countries. Initially, such countries are
likely to be heavy importers of industrial know-how and patent in-
formation may be of value primarily in the identification and moni-
toring of potential sources of imported technology and of their various
strengths and weaknesses. Where industrialisation policies are
successfully pursued, the measurement of local patenting activi-
ties may become of growing importance. Macioti (1980) showed that
only 37 countries granted more than 1000 patents per annum in 1976
but these included Argentina, India, Mexico, Korea and Venezuela.
Only 16 countries originated more than 1000 patents abroad, per

annum (Table 5.2).

Macioti (1980) fully recognises that such data can give only a
very crude first approximation to world-wide trends of inventive
activity. Differences in patent laws, in trading blocs, in indus-

trial specialisation and in national policies all affect the inter-

pretation of these simple statistics. Whereas the technique used by
Pavitt and Soete "normalises" for some of these variations (Table 5.3),
these comparisons do not. Nevertheless, as we have seen he is able to
point to some interesting contrasts with world scientific publication
patterns as measured by the equally crude first approximation of the

statistics of the Philadelphia Institute for Scientific Information.

.18
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TABLE 5.2
Patents granted in 19764

Grants of patents to: Grants
Country —— e —— obtained

Residents  Non-residents Total abroad®
Argentina 1,264 2,843 4,107 117
Australia 910 10,164 11,074 948
Austria 1,177 5,235 6,412 2,015
Belgium®) 1,034 12,110 13,144 2,115
Bulgaria®) 752 675 1,437 169
Canada 1,301 20,449 21,750 2,950
Czechoslovakia 4,880 2,120 7,000 1,042
Denmark 208 2,068 2,276 1,241
Finland 291 921 1,212 761
France 8,420 21,334 29,754 15,339
German D.R. 3,755 2,375 6,130 2,433
F.R. Germany 10,395 10,570 20,956 39,500
Greece 1,343 1,285 2,628 71
Hungary 594 1,155 1,749 1,260
India 433 2,062 2,495 64
Iran 64 1,969 2,033
Ireland 27 1,046 1,073 119
Israel®) 210 1,932 2,142 293
Italyc) 5,000(7) 18,000(?) 23,000 6,008
Japan 32,465 7,852 40,317 18,528
Luxembourg 95 1,954 2,049 316
Mexico 500(7) 1,990(%) 2,490 197
Netherlands 370 3,219 3,589 5,900
New Zealand 193 1,147 1,340 214
Norway 210 1,883 2,093 664
Poland 5,619 2,380 7,999 382
Portugal 46 1,319 1,365
ROK (Korea) 3,593 1,727 5,320
Romania 1,123 572 1,695 150
South Africa 2,442 5,287 7,729 458
Soviet Union 41,259 1,883 43,142 3,012
Spain®) 1,972 7,286 9,258 841
Sweden 1,888 6,967 8,855 5,067
Switzerland 3,482 8,818 12,300 12,263
United Kingdom 8,855 30,942 39,797 14,558
United States 44,162 26,074 70,236 61,452
Venczuelab) 223 1,215 1,438

) In the Socialist countries (and in particular in Bulgaria, Czechoslovakia and the Soviet
Union) residents usually only obtain an author’s certificate (with no monopoly right),
while non-residents are usually granted patents. The data listed in the above table tor
these countries include both types of grants: It should however be noted that the
technological value of the authors’ certificates is very doubttul and that accordingly
the position of the Socialist countries in the tables of this article should be consid-
ered definitely overstated.

b)Y Sratistics Tor 1975,

O Statisties for 1974,

S WIPO Statistics tor 1976
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From all that has been said, it is clear that there are many
actual and potential applications of patent statistics which could
be of great interest to policy-makers in some developing countries. But
it is also clear that such applications are frought with methodological
difficulties and require great care in analysis and interpretation.
These aspects of the problem are dealt with in the conclusions and

recommendations in Chapter 7.



CHAPTER 6

Indicators of InnovativeActivitigi_

New Developments of Innovation Indicators

Indicators of innovation and diffusion of innovation are
probably the most important area of output measurement from the
policy standpoint, but at the same time they are the most difficult,
conceptually and in practical terms. In the area of scientific
publications and patents, there is an abundance of statistics
and the problems are those of interpfetation, critical analysis,
qualitative assessment and selection of techniques appropriate to
the problem under review. In the area of innovation measurement
there is a real dearth of elementary raw data, as well as all the
other problems. For innovations there is no equivalent of the
Institute for Scientific Information, the Citation Index, the

Patent Offices or INPADOC.

However, even in this area there are some encouraging develop-
ments to report. It will be a long time before anything equivalent
to the data banks on scientific publications or patents is availa-
ble, but in three major European countries (German Federal Re-

pubTic, France and UK) much more deliberate efforts are now being



made to assemble comprehensive information about innovations on
a regular and systematic basis. These efforts mean that ultim-
ately it may be possible to go beyond the "do-it-yourself" inno-
vation statistics of individual scholars working at level 2 on

particular industries or product groups.

The work of Hufbauer (1966) on synthetic materials, of Flueckiger
(1972) on steel, of Townsend (1976) on coal-mining machinery, of
Priest (1977) on railroads, of Mansfield (1977) on chemicals, of
Abernathy (1978) on automobiles, or of Dosi (1981) on microelec-
tronics on all examples of the value of innovation indicators for
economic analysis, historical interpretation and policy advice.

But each of these studies required a great deal of individual
painstaking and time-consuming effort at data collection. Often,
it has been through the dedicated efforts of post-graduate students

that such studies have been completed.

There is now a serious possibility that during the 1980s these
individual efforts will be supplemented by much more comprehensive
data collection. In the German Federal Republic, one of the leading
applied economic research institutes, IFO in Munich, has been col-
lecting innovation statistics on a regular quarterly basis since
1980 (Scholz, 1982). IFO has close contacts with German industry
and its quarterly survey of investment and other trends in the Ger-
man economy is well established as a source of 'Konjunktur' data.

The innovation data can thus be related to other information on

investment, employment, output, and research and development collected
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on a similar basis. The first statistical results are beginning

to emerge, although still on a confidential basis. Other German
research institutions are now also becoming involved in the measurement
of innovation, notably the Institute for Systems Innovation in Karls-
ruhe, affiliated to the Fraunhofer Gesellschaft, a major Government

research network.

In France, André Piatier and his co-workers at CETEM (Ecole
des Hautes études en Sciences Sociales) have completed a major sur-
vey of French innovations, with the support of French Government
Agencies. The interest of the French Government has also been
shown in the establishment of a major new policy research unit
in 1982, with a strong interest in the development of science and

technology indicators.

In the UK the British Technology Group (the Government
organisation concerned with the finance and promotion of innovative
enterprises) has supported an experimental quarterly survey of

innovation in collaboration with the Financial Times This

was initiated by Paul Joachim at the British Technology Group and
represents the most original and promising initiative in the field
of innovation measurement. Whereas most other innovation surveys
depend on circulating questionnaires to industrial respondents,
the BTG Data Bank is based on "bibliometric" techniques. It thus
offers the potentiality of a truly international archive of inno-
vation, which would not be dependent upon the official machinery

of industrial surveys in each country, with their attendant problems
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of inertia and resistance from government statistical offices and
reluctance of hard-pressed respondents to provide the information.
The difficulties of collecting additional information on "outputs"
through the official R and D surveys have already been noted in

Chapter 2.

The assumption of the BTG Data Bank is that at the point of
commercial introduction firms will almost always wish to gain
publicity for their product innovations (although not always for
their process innovations). Consequently systematic abstracting

from the Financial Times itself, together with similar trade and

technical journals in all the leading industrial countries, should
lead to the identification of by far the major part of the flow

of product innovations, including the minor, incremental innova-
tions which are frequently overlooked or neglected in other types

of survey. There are, of course, teething problems involved,

as with the experimental development of any other major innovation

in data collection and analysis. Among the main problems are that
of national bias, which as we have seen, also affects the data for
scientific publications and (to a lesser extent) the patent archives.
At the moment the survey covers only a few countries (US, Japan,

UK, France, German Federal Republic), which however together account
for a high proportion of contemporary industrial innovation. Lesser
problems, such as the screening out of repetitious announce-

ments, are being overcome.
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At present the future of this extraordinarily promising
innovation is still uncertain as it depends on commercial sub-
scriptions to the data bank. But, whether it develops on a
private commercial basis, or with governmental support, or on a
mixed basis, its future is of the greatest importance, as it offers
the ultimate promise of a global archive of innovations, comparable
to patent or publication data. It is especially important that
the interests of developing countries (so far unrepresented) should
find expression at some stage in the development of such services
(see Chapter 7).

Although the development of large-scale international computerised
data banks, on the lines of the BTG/FT Innovation data bank, is the
most hopeful long-term prospect, it would not in itself resolve all
the problems. Process innovations are likely to be seriously
under-represented and, as we have seen, this bias is probably a
feature of patent statistics as well. It is also probable that

organisational, system and social innovations would be under-

represented in this type of enumeration. There may well be other
sorts of bias, as yet unrecognised, in a bibliometric approach to
innovation measurement. Finally, there are problems of classifi-
cation and ranking of innovations which could not be tackled directly

through this type of data collection.

For these and other reasons, innovation measurement based on
bibliometrics must be complemented and checked by other types of
data collection and analysis, such as the industrial survey techni-
ques employed by IFO. In addition, because these types of measure-

ment have only just begun, it is desirable to build up retrospective

innovation data banks. The most ambitious of such efforts is
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being undertaken at the Science Policy Research Unit
at the University of Sussex. For some time efforts

have been made at SPRU to measure British innovations

in a large number of industrial sectors. The first efforts
covered about half of manufacturing industry for the period 1945-
1970 (Freeman, 1971). This was later extended, to cover the
period 1971-1980 and some additional sectors (Townsend, 1982).
Most recently the coverage is now being extended to cover all
industries, including service sectors. In addition a survey is
being undertaken of the most important world innovations over the

past half century.

One of the main problems encountered in the SPRU work has
been the ranking and classification of innovations. This is
clearly a problem for any innovation data bank, as with the
definition of "novelty" in any patent system based on examination.
It is also an even more difficult problem in those data banks and
applications which attempt to identify "basic" innovations,
"radical" innovations, or “important" innovations. These problems
came to the forefront in the controversy surrounding Mensch's work
on “technological stalemate" (Mensch, 1975; Clark,
Freeman and Soete, 198la, 1981b; Kleinknecht, 1981; Mensch, 1981),
where the identification and classification of 'basic' innovations
was one of the main issues. The limitations and subjective bias
of ‘experts' or 'panels of experts' has been one of the difficulties
in some of the United States work on measurement of innovations
(Buzzelli, 1982). MWork at SPRU and at IF0 is attempting to over-
come this problem by developing more objective criteria or guidelines

for the ranking and classification of innovations.
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Innovation Measurement Systems

A1l of these surveys are based on discrete innovations as
units of measurement. Priest and Hill (1980) have argued cogently
that this is potentially the most fruitful approach to innovation
measurement.  In their view it is likely to give more useful results
than the alternatives of the production function residual approach,
sometimes used in econometric analysis, or the attempts to measure
specific attributes of particular products, such as aero-engines
or tractors (Alexander et al, 1973; Coombs et al, 1980). The
"product attribute" approach, although certainly relevant to product
innovation, and having the advantage of measuring gradual improvements,
which are difficult to specify in terms of discrete innovations,
nevertheless is difficult or impossible to generalise and is relevant
primarily to improvement innovations within a small group of eatab-
lished products.  The production function approach does not identify
innovations; it cannot solve the problem of complementarity between
the various inputs into technical change, and is in any case relevant

only to process innovation.

Priest and Hill conclude that the discrete measurement of inno-
vations has "the potential to be accurate and universally applicable
to identifying any type of technological innovation". While this
claim may be a Tittle strong it does seem, from the experience of
the last 20 years, that discrete innovation measurement does offer
the greatest probability of building up a comprehensive source of

information and of usable statistics.
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Priest and Hill (1980) stress the importance of developing
an appropriate taxonomy of innovations, so that the measurement
system is comprehensive and does not overlook particular classes
or sub-sets of innovation. The method of interrogating firms or
of inviting expert panels to list innovations may lead to the
neglect of certain types of innovation, as well as carrying the
risks of subjective bias. For example, they stress the importance
of "level of resolution"; at one level, only major product inno-
vations would be identified, whereas at another level numerous
component and sub-system innovations would be included. In their
view, Flueckiger (1972) provided a therough and logical solution to
this problem in his work on research, invention and innovation in
the steel industry from 1700 to 1899. He identified 93 innovations,
all of which could be considered as modifications of a single entity -
the "iron and steel” industry. But of these 93 innovations nine were
"entirely new", whilethe remaining 84 were "improvements", either
to the original production equipment or to the nine entirely new types

of equipment introduced over the period.

However, this approach does not cover all types of innovation
in the steel industry and nor is it appropriate for other types of
industry, especially those characterised by numerous product inno-
vations and product improvement innovations. Priest and Hill

give other examples, particularly from the drug industry
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(Schwartzmann, 1976 and Hattis et al, 1980) and the railroad indus-
try (Priest and 0'Neil, 1977), where other methods were used to
deal with the problem of "level of resolution". In the drug in-
dustry, as a result of administrative requirements, various regu-
latory agencies have introduced procedures which greatly facilitate
the classification of new drugs, for example into "new chemical
entities", "new salts", "new formulations", "new combinations"

etc. In railway terminal operations Priest and 0'Neil identified
350 innovations and classified them into three groups: physical
(mostly mechanical innovations); operational innovations in
procedures and processes; and institutional innovations in organ-
isational configurations. They found that innovations occurred
with almost equal frequency in all three areas and were frequently
inter-active. They sub-divided the three main categories into

13 sub-categories, thus ending up with 3"leveld' of analysis.

These various examples suggest that the problem of "level of
resolution”cannot be divorcedfrom the issue of assessment of "im-
portance" even if this judgement is made mainly in relation to a
taxonomy for each industry. This means that the use of several
partial indicators will be as important in some applications as
in the field of scientific publications and patent statistics.

The simultaneous use of several partial indicators for invention
and innovation may demonstrate "convergence" but may also throw

up differences which shed 1light on relative performance of firms,
industries or countries. In a limited field Freeman et al. (1963}
demonstrated the potential value of using several partial indicators

of inventive and innovative output in a comparative study of indus-
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trial firms in the plastics industry. They showed that the German
chemical trust (IG Farben) and its various constituent firms con-
tributed 20 per cent of all plastics patents taken out by firms

from 1791 to 1945, but 26 per cent of the major technical advances
identified by a scientific consultant in the patent literature; 32
per cent of the innovations and 45 per cent of the major innovations
(Freeman, 1982). The innovations were identified on the basis

of their impact in world trade.

This particular study therefore, whilst confirming the ex-
tremely strong contribution of the leading German chemical firms,
as measured by all the indicators, also suggested that a simple
count of patent numbers understated their "true" contribution to
inventive and innovative output. The reverse may be true in
other cases, so that the combined use of indicators of inventive
and innovative output may well be particularly important in assessing
strength and weakness in different parts of the innovation system.
Bassberg (1982) gave a further illustration of the value of com-
bining measures of innovation (and diffusion of innovation) with

patent statistics in his study of the Norwegian whaling industry.

As these examples suggest,simple "counts" of innovation numbers
may be supplemented by "weighted" contributions to innovation, as
determined by peer judgement techniques, by attribute measurement
and by some measuresof "impact",where time and resources permit
such detailed assessment. The importance of taking into account

component innovations and sub-system innovations and not just con-



sidering major singe,discrete, product innovations is shown by the
work of Stoneman (1976 and 1983) on the computer. He distinguishes
four generations of computers (the'Sth' generation is now the subject
of intense R and D activity in the leading industrial countries)

The distinguishing feature of each successive generation was the
change in active components: from valves to transitors, then to
integrated circuits and large-scale integration. The performance
characteristics and the price of computers were so drastically
changed with each successive generation that the diffusion process
could only be realistically interpreted and modelled in the light
of these price-quality changes during diffusion. This obviously
means that the "level of resolution" adopted in classifying inno-
vation in the electronic industry could be for some purposes well
below the level of"the computer". The collection of data in a
large number of industries simultaneously will in itself contribute
to the solution of such problems, providing the inter-industry
relationships are adequately considered. Thus, for example, if the
electronic component industry is studied in relation to end-products
(such as the computer) a more satisfactory taxonomy of innovation
can be developed. This example already shows the close connection
between "innovation" studies and the analysis of "diffusion" to

which we now turn.

Diffusion of Innovations

A1l of the evidence which is now available indicates an over-

whelming concentration of R and D inputs and other STS inputs in
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the highly industrialised countries (Bell et al.,1980). Even
though there are reasons for thinking that the available output
indicators may understate the true contribution of some countries
to research, invention and innovation, nevertheless there can be
little doubt that at present the vast majority of technical inno-
vations originate in a very few countries. This means that a
large part of world economic growth depends upon the efficient
diffusion of new technology, and every country has a great deal

to gain from this diffusion. This applies even to the super-
powers. Several studies have recently demonstrated the heavy
contribution of foreign technology to Soviet economic development
(Amann, 1982) and others indicate increasing US concern over the
relative decline of the US Tead in technical innovation. Even
if the ambitious targets suggested by Bell et al. for increasing
the scale of R and D and STS in the developing countries could

be realised in the 1980s, very large disparities will still remain

for a long time to come.

However, an encouraging feature of world economic development
in the 1970s was that a number of developing countries succeeded
in achieving higher rates of economic growth than the established
industrial powers, thus beginning to close the productivity gap,
and the gap in per capita incomes. It remains to be seen how the
world economy will develop in the 1980s and how vulnerable these
countries may be to the heavy burden of international indebtedness
in a recession more serious than anything since the 1930s. However,
in principle it is clearly possible for "overtaking countries" to

achieve much higher growth rates over long periods than those close



to the frontier of world science and technology. This is because
very great progress can be made by the efficient assimilation of

technology which has already been created somewhere in the world.

It would be wrong to suggest that this process is cost-less or
that it can be achieved without any R and D. Even the simple
copying of foreign technology cannot be achieved without some under-
standing of that technology and the science to which it relates.
Efficient assimilation, whether in agriculture, industry or social
services depends not just on copying, but on a process of adaptation
to local circumstances, and increasingly associated with that

adaptation, a process of improvement.

This means that the process of international diffusion of discrete
technical innovations (and the technological systems of which they
are a part) is of fundamental importance for policy-makers in
countries which are striving to industrialise rapidly. It has
often been pointed out that for a long time Japan had a very heavy
deficit in her "technological balance of payments",reflecting her
intense efforts to use this mechanism in the 1950s and 1960s.

Her success in this catching up phase was mirrored in the shift of
the Japanese TBP deficit to surplus on new transactions during the
1970s. This already indicates the uses of one of the few ST
indicators which is a partial measure of international diffusion, and
which is already available for most OECD countries. There are many
difficulties associated with the use of these statistics, including

the role of management payments within multi-national transactions,



definitions and classification problems. These are well reviewed

by Vickery (1981) in a paper for the OECD meeting on the measurement of
technological balance of payments in 1981 and by Bernadette Madeuf in
her 1982 paper on problems of theory, measurement and evaluation of

TBP.  Measures of inter-country technology payments are no substitute
for the analysis of diffusion rates of specific innovations, na-

tionally and internationally. The diffusion of important innovations, such
as oxygen steel-making, was more rapid in Japan than the older industrial
countries (Gold et al.,1970). This indicates one of the potential
advantages of "overtaking" countries. Because they have little or

no commitment to earlier vintages of physical equipment, or to
institutions and ideas associated with older technologies, they may

be able to embody the newest technologies in more up-to-date equip-

ment, more rapidly than some of the older countries (Scete, 1982).

The extent to which they are able to do this will depend
heavily on their scientific and technical infra-structure, and
their success in changing the balance of this structure gradually
towards an increasing input from indigenous R and D and other STS.
The entry-barriers facing new entrants to the high technologies are
formidable and the decisions they take with respect to R and D and
STS are among the most crucial. As we have seen (page 3.2a), the

adaptation and improvement of process technology is very imperfectly
measured by R and D statistics, and on the UNESCO definitions of STS
Tittle change would be made. This is an area where improvements

could probably best be initiated by developing country researchers.



Policy-makers in this area have rather few sign-posts to guide
them, but logic and experience suggest that as a system of world indicators
is built up, among the most useful additional indicators would be diffusion
and DE indicators. As in the case of studies of "first" innovations,
the research on diffusion has been mainly tackled by enthusiasts
at Level 2, especially post-graduate students. When Rogers (1962)
reviewed the staté of diffusion studies, he could find only one
which related to innovation in industry - tunnel ovens by Williams.
Since that time many more have been added, for example
in steel (Gold et al1.,1970), textiles (Metcalfe, 1970), tufted
carpets (Scott, 1976), NC tools (Romeo, 1975), computers (Stone-
man, 1976). The collaboration between research institutes in
several countries (IFO in Germany, Institute for Economic Research
in Sweden, and National Institute for Economic and Social Research
in UK) led to the first major international comparative studies of

diffusion (Ray, 1969, Nabseth and Ray, 1974).

As a result of these and many other studies of diffusion in
the 1970s, the early models of diffusion based on a simplified 'epi-
demic' type of approach have been modified to take account of such
factors as changes in the technical and economic characteristics
of the product (or process) which is being diffused (Stoneman, 1976
and 1983). The early models were criticised by Gold (1981), Rosen-
berg (1976) and others for their tendency to assume not only an
unchanging product, but also an unchanging adopter population.
Finally, these early models often ignored the supply side of the
diffusion process. More recent models have attempted to take
account of some of these weaknesses (Metcalfe, 1981; Davies, 1979;

Stoneman 1976 and 1983). The measurement of DE could be a very

useful adjunct to these efforts, since it would open up the area

of product and process modification.
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In the course of the debates on the diffusion process, analo-
gies have been made between the adoption of consumer innovations
by households and of capital goods innovations by industries. The
former have been more extensively studied in market research and it

has been established for a long time that income elasticities are

extremely important in relation to the diffusion of such products
as consumer durables. A similar approach to industrial diffusion
processes might suggest that size of firm could be an important
variable (Davies,1979) affecting adoption, because of greater
resources and more rapid access to information. Soete (1982) has
sugges ted that Probit analysis could be highly relevant to the
understanding of international diffusion processes, since per
capita income differences and firm size differences are so great
on the international plane. Certainly there is a need to extend
diffusion studies beyond a small circle of industrialised
countries, to take far more account of the special factors affect-

ing countries in process of industrialisation.

There are no prospects of diffusion or DE measurement shifting from
Levels 1 and 2 to Level 3 or 4 in the foreseeable future. Nor is
there any realistic prospect of a large number of studies being
undertaken simultaneously on the lines of the IFQ/NIESR study.

But at the same time the field has such great interest and relevance
to the other ST indicators and to the development problems of the
Third World, that it is desirable that they should be directly in-
volved in advancing the state of the art in this field. An
example of the type of work that could prove extremely useful, if
oriented more directly towards diffusion theory, is the study of

the Brazilian computer industry by Tigre (1982). A possible way

in which developing country researchers might participate more

actively in advancing the state of the art is suggested in Chapter 7.



A more indirect measure of technology diffusion is based on
the 'embodiment' of technology in international trade and investment
flows. International trade statistics are for quite some time now
available at level 4, with an international Standard International
Trade Classification system which is followed by both the OECD and
UNCTAD.  Various organisations, including the OECD and the specialised
UN institutions, have been trying to develop comparable international
investment statistics, yet differences in definition coverage and de-
tail are major obstacles, so that one might expect that these statis-
tics will remain at level 2 and 3 for some time, with specialised
university institutes providing experimental data sets (Harvard's

Multinationals Project and Reading's Multinational Data Bank).

The identification of the technology component in these trade
and investment flows is in the first instance a practical matter.
The OECD has organised various meetings (in 1978 and 1980, probably
in 1983) reviewing the literature (see in particular Aho and Rosen,
1980, Hatzichronoglou, 1980 and Soete, 1980) in order to try to
arrive at some common definition in terms of specific SITC-numbers,
i.e. product groups, of technology-intensive trade. So far most
definitions used differ slightly from each other (e.g. the EEC ones
from the US ones), yet it should be relatively easy to arrive at a
common definition. This would almost immediately make available
trade/technology diffusion data at level 4. (The overall issue
about technical change and international competitiveness is reviewed

in Freeman, 1982).



International investment data raise more questions. The most
detailed ones, containing specific technological information (R and D,
licence and royalty payments of the subsidiaries), were published last
year by the US Department of Commerce, the so-called Benchmark Survey.
One can only hope that other developed countries, in particular Japan,
West Germany, France, Britain, Switzerland, Holland and Sweden will

initiate similar surveys.
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CHAPTER 7

Conclusions and Recommendations

Taken together the new developments reported in Chapters 2 to
6, with respect to input measurement and, even more, with respect
to output measurements, constitute an exciting new prospect for the
development and application of indicators for science and technology.
Whilst there is no likelihood that government authorities at Level 3
will directly promote the introduction of a new series of indica-
tors, as occurred with R and D input indicators in the 1950s and
1960s, it is probable that in several countries they will directly
or indirectly encourage a variety of institutions at Levels 1 and 2
to collect such statistics and to publish them. This attitude of
benevolent encouragement has already been shown during the 1970s,
by the National Science Foundation, notably in its own biennial

publication, Science Indicators (1972, 1974, 1976, 1978 and 1980).

The German, French, Canadian, Swedish and British governments are
among those which have shown a sympathetic attitude to parallel
efforts in these countries. Some of the agencies involved at

Levels 1 and 2 have sufficient resources to make considerable progress
on their own account and in any case a number of services are com-
mercially viable in their own right, because of the great interest

in these new sources of information in industry.

Consequently, it is likely that there will be a major surge
forward of science and technology indicators in the 1980s and 1990s.

Their value will increase as longer time series become available,
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as greater experience permits improvement and revision of the
established series and as greater international participation

permits wider cross-country comparisons.

It is highly desirable that the developing countries should
not just be on the fringe of these exciting prospects, but
should be active participants. Otherwise it is virtually cer-
tain that their interests will be ignored. This would be un-
fortunate for many reasons. It would strengthen the general
bias towards a few leading countries; it would tend to neglect indi-
cators of global diffusion processes,of DE, and of those STS of
greater interest to the Third World. It would also reinforce the
existing bias affecting publication and citation indices, as well

as indicators of invention and innovation.

The most natural way to offset such tendencies and to involve
developing countries in the new developments would be through the
machinery of the United Nations at Level 4. UNESCO has made
valiant efforts over the last 30 years to take account of these
problems and as we have seen in Chapters2 and 3, is now initiating
an important new programme of activity in relation to STID, as well
as continuing to offer consultancy advice and direct assistance to
developing countries which are embarking on R and D measurement or
other types of STS measurement. The positive response of the
Chinese People's Republic to the new UNESCO activities is also
extremely encouraging. It must be hoped that the resources avail-
able to UNESCO for this work will be greater and that their programme

will be increasingly successful.
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However, there are certain aspects of UNESCO's constitution
and mode of operation that make it inherently improbable or even
impossible for UNESCO to tackle some of the new activities which
are ripe for experimental development. First, UNESCO is heavily
committed to work on educational and manpower statistics as its
main priority (UNESCO, 1978; OECD, 1981). This is valuable work
and an essential contribution to the other activities which have
been reviewed here. Secondly, UNESCO's main thrust in the
R and D/STS area over the next few years will be in the area of
STID. This is a huge and difficult area in its own right.
Thirdly, output measurement is far more controversial and involves
more experimental work, which would inevitably raise great diffi-
culties within the framework of any large, bureaucratic organisation.
Fourthly, DE activities have been excluded from the UNESCO definitions of STS.
The OECD has shown consistent interest in output indicators.
The Head of the OECD ST Indicators Unit contributed a paper on out-
put measurement at the very first Frascati Conference in 1963 (Fabian,
1963). Since then the OECD has sponsored a series of international
seminars and workshops, culminating in two recent major conferences
(OECD, 1980 and 1982), which have been an invaluable forum for the
exchange of international experience and the exploration
of solutions for outstanding problems. However, the OECD too is
limited by its constitution and mode of operation. It is not designed
to take account of the interests of the developing countries, nor
are they represented in its structure. It is constrained by contracting
financial resources in real terms and the existing indicators work

constitutes a heavy burden for the limited resources available.
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There is strong pressure from the member countries to sustain
and enhance these activities, but Tittle indication that addi-
tional resources will be forthcoming to support new initia-
tives. Some of the bureaucratic difficulties which afflict
UNESCO and other UN agencies also affect the OECD, though to

a lesser extent.

In these circumstances there is scope for an international
initiative by a Foundation-type of institution, capable of fairly
rapid and flexible response to a complex and changing set of
problems and with a strong interest in the long-term development
problems of the Third World. Is this a possible rdle for the IDRC

in the 1980s?

What is required is the setting up of a small Third World
Science and Technology Indicators Unit with three objectives:
(1) to monitor new world-wide developments in STI and to provide

advice and assistance to policy-makers in the Third World interested

in such developments; (2) to sponsor a series of projects designed to

develop and use such indicators in developing country circumstances.

The STIU would also be involved in their implementation; (3) to
organise occasional workshops and training courses to promote
mutual exchange of experience. A relatively small programme of
this kind would enable Third World countries, both to benefit

from the many new developments now in progress in the industrialised
countries, and to affect these developments in a direction more
consistent with their interests and a balanced overall picture

of world scientific and technological activities.
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