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MANUAL ON STANDARD PRACTICE FOR SURVEYS OF RESEARCH AND DEVELOPMENRT

PREFACE

0.1 Rescurces devgted to ®. and D.

Resources devoted to research and development activity have been growing
rapidly cver the last decsade. This is true of all Member countries of the 0.E.C.D, for
which data are available, and also of such important non-Member countries as the Soviet
Unicn and Japan. Whilst the measures of this activity are still unsatisfactory in some
rgspects, there is no doubt about the fact of this rapid growth. Furthermore, all the
indications are that this expansion will continue throughout the 1960s.

As a result, substantial resocurces are now being devoted to researchk and
development activity in most industrialised countries. Expressed as a ratio R. and D.
amount in many cases to more than 1 per cent of the Gross National Product, in the case
of the United States of America to about 3 per cent of the Gross National Product. The
proportion of national budget expenditures devoted to research and development is con-
siderably higher, as the state is the principal source of finance for research activity
in most countries. In the United States of America, in the 1961-1962 financial year,
11 per cent of the Federal Budget Expenditure was for the finance of research and
development.

(0.2 The Lag in R. and D. Statisties

Following this rapid increase in the scale of R. and D. activity, but lagging
somewhat behind it, has come a significant shift in the emphasis of economic thought.
Along with increased attention to the problems of economic growth, there has been &
rising interest in ‘the economics of research, development and innovation. This change
of emphasis is perhaps long cverdue. Indeed, Professor Jewkes has pointed out in his
study of the Sources of Invention, that it is a mystery that so little attention was
given to invention and inncovation by economists in the first half of this century(l).
Perhaps one of the reasons for this apparent neglect was the almost complete lack of any
reliable statistics. As long as no statistics were available, applied eccnomic research
was hamstrung, snd theoretical economics was confined to rather limited and abstract
generalisations. The statistics are still very inadequate. Most countries still
devote far more attention to the measurement of the mumber of chickens they possess,
their rate of lsy and the price of eggs, than they do to the measurement of the number
of research scientists and technicians, their output and their cost. But the picture
is beginning to change.

One of the best surveys of research and development which has yet been made

was that done in Jeeland in 1960. Another excellent survey was carried out in the
Netherlands in 1960-1961. These two examples could serve as medels for other countries
which have been slower in getting to grips with this problem, It is to be hoped that



this manuat will serve as an additiondl spur, for there is an urgent need for these
statistics in all countries. The greater the pumber of countries whieh conduct survers,
and the longer the time series which are available, the more useful they will become.

0.3 The Need for Standardisalion

However, some national surveys differ significantly in scope and methods, and
to a lesser extent, in definitions. They differ, for example, in their treatment of the
social sciences and humanities, of capital expenditure and depreciation, of patents and
licensing, ¢f geological and geographical exploration and survey work, and many obher
points. These differences make international comparison difficult and have led to an
inereasing need for some attempt at standardisation, as in the case of other economic

statistics, such as foreign trade, industrial production and natiocnal income.

The O0.E.C.D. has itsken an interest in this question for several years. Already
in 1957, the Committee for Applied Research of the former Furopean Productivity Agency
began to convene meetings for discussion of methodolegical problems between Member
countries. Arising from these meetings an "Ad Hoe" Group of experts was set up under
the Committee for Applied Research, specifically to =tudy surveys of Hesearch and Develop-
ment expenditure. The Technical Secretary of this Group, Drs. J.C. Gerritsern, preparad
two detailed case studies on definitions and metheds employed in the measurement of
R. and D. in the Government Sectors of the United Kingdom and France and later, of the
United States and Canada. Uther members of the Group assisfed in these comparisons snd
circulated papers describing the methods and vesults of surveys in their own countries.

In 1961, the Directorate for Beientific Affairs took over this part of the work of the
European FProductivity Agency, and as a resull of the experience which had been accumu-
lated, felt that the time was ripe to make specific propesals for standardisation.

It was decided at the meeting of the "Ad Hee" Group in February 1952 to convene
a Study Conference on the Technical problems of R. and D. measurement. In preparation
for this Comference the Directorate for Scientific Affairs appointed a copsultant, Mr.
C. Freeman, to prepare a draft document which was then circulated to Member countries in
the Autumn of 1962 and revised in the light of their comments. This Manual was discus-
sed, revised and unanimously accepted by experts from the 0.E.C.D. Member countries at a
meeting held at Frascati, Italy, from 17th-21st June, 1963,

.4 Qujects of this Manual

It is heoped that this manual-will serve two purboses:

(1) As a framework to facilitate intermational comparisons. National practice
will of course continue %to wvary, but these variations may be graduaslly
reduced, and at least become measureable in terms of an international stan-
dard. '

The manual takes into account the results of all the national surveys so far
available, but the standardised scheme, which it proposes, differs in some respechts from
all of them. It ettempts to incorporate the best features of existing praciice but to
avoid over-elaboration. There must always be gome compromise bebween what is theorcti-
cally most desirable, and what is actually possible in practical terms. This scheme
takes into account that many countries are only Jjust embarking on their first surveys,
and in some respects it is a deliberate simplification. There will certainly be surveys
which go beyond the standard framework in particular detailed fields of investigation.

It may be that as international experience accumulates, more elaborate standards can be
established. The scheme proposed here preovides only for the first stages of serieus



international comparison. On the other hand there will alse te countries which are
wosble Lo make surveys on such an ambitious scale as that enviesamed here, or only du

infrequently. It is Ho be hoped that this manual will uneveertheless provide a

B0 VELY
framevock of reference for such countries, so that their succescive surveys may gradusally

approximate te the scheme proposed here, and will in any case be broadly congisteat with
it, even 10 less debailed in many respects.
{i1) As o stimwlus bo thoss countries, which bave nob ye® begun work in thisz

field, to start it, and to those wio have begun, to conbinue it wmore

systematically, and on sn inereased scale.

A ohart hag been made. & majority of the Member counbtries of the O0.E.C.D.
havy now cenducted or are conducting surveys of research and development, Others, which
bave not hitherto undertaken such surveys, are seriounsly conftemplatiog this step, aad in
some cases have requested assistance from the O.E.C.D. Cne of the reusons for the
relatively slow progress 1s thal there are sowme difficult technical problems Lo solve.
But it is pozsible Lo over-estimate these difficulties. They are in fact greatest in
targe industrialised countries. In the underdeveloped countries and in swall countries,

the measurement of resources devoted to research and development 1s simpler and probtably
more accurate, becouse this activity is concentrated in o very small number of orgacisa-

)

fions, all of which can be interviewed.

This manval dees nob attempt to lay down detallied standards for procedures in
HoL b JEENY

carveying oud national surveys of I, end D, Whereas principles, definitions, couveoniions
asd cleassilication can to some extent be standardised, procedure cannot. The variety

of national circumstances is too great to peramil the preparatlion of stapdard rules of

approach Lo respondents, or of standard guestiocnnaires, or sampling techninues. However

a)

in seprvabe publicaticn, the gquestionnuires and instructions used in Member couabries
are beliy assembled, together with some notes and these will be available as o supple-

menbary sid. Thus the manual sbould be regarded primarily as an intellestual ficol %o

atd in the prepsration of surveys and comparative analysis of their vesulis.
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fir. Freeman avallabla ab shord notice and with him the accumunlated experienca of Ghe

netituke ln shis Cield, Following the circulation of the first draft of This documsnt

amuntoiae

wary valusbie comuentis and criticisms were received Irom specialists in Memb:

A particalar debt of gratibtude is due to the Délépation Générale d la Reche

que et Techuivve and egpecially to M. Guleyess and M. Oger, who devoted s great deal of

stbieabion Go The improvement of the draft. They are responsibvle for innumersblie small
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SECTION I: 7THE PRINCIPAL ATMS OF SURVEYS OF RESEARCH AND DEVELOFMENT

1.1 Introduction

Clearly defined objectives for the use of statistical data are a necessary

preliminary to drawing up survey methods and programmes.

In fact the choice of obJectives will determine the scope of the survey and
what data are necessary. Only on this basis is it possible to decide exactly what
questions need to be asked apd exactly who will have to answer them,

Theoretically, it is possible to design an idesl questionnaire but this must
be modified to stand up to practical criticism, bearing in mind the need for these
questions to be answered by the respondents truthfully and without serious ambiguity.

The precision of the data and the refinement of analysis required will vary
with the objectives, depending on how ambitious these are. These objectives are at
various "levels", Any cne of them is often important encugh to justify these surveys,
even if the ultimate objectives cannot be reached. 0f course the rescurces available
for surveys will to some extent determine the level which can be attained and this will

change over time.
It is possible to choose five “"levels" of objective:

1. Compilation of descriptive information;
Fvolution of R. and D. expenditures;

2.
3. Comparison with data on other expenditures;
4. Analysis of R. and D. management;

>

. Attempt to measure the effectiveness of R. and D.

1.2 Information and Description

This first objective may seem rather modest. However, adding gquartitative
financial data to a "year book" of research centres considerably enriches the information
it contains. Thus it is easier to evaluate the means and capacity of these centres if
there is an analysis of their capital and current expenditure. Furthermore, the addi-
tion of financial data mskes it possible to find out the total effort for different
sectors or branches of research,

1.3 Evolution

it is obviously essential to be able to follow the evolution of R. and D.
expenditure. This task urgently demands a systematic statistical programme. The fact
that historical data are inadeguate is no reason to delay the estatlishment of reliable
figures for future time series.

The setting uwp of consistent series makes it necessary to fellow fixed rules
in the esftablishment of the statistics and, if these have to be altered, s link must be
devised to ensure comparability.

1.4 Comparisons

This is naturally one of the main aims of surveys on R. and D, activities.



Comparisons may be internal, within a4 pariticular country, or in a given sector
of R. and D, For instance, it is possible to compare expenditures according to cate-
gories of research; between basic research and development, according to scientiflic
fields, such as physics and biolegy; according te econcmic branches, such as applied
research in agriculture and manufacturing industry; according to the means of finsncing
research, such as government research and private research. The criteria lor the classi-
fication of research activities should Ve chosen according Lo the objectives of the
survey and te pelicey formulation. Tnevitably there is a miibiplicity of possible ori-

teria, and some of these will be discussed in the next section.

On a larger canvas, international comparisons of R. and D. expenditures are
needed. These comparisons again demand precise rules which are adhered to by all the
different countries. Bub it is easy to see the difficulties involved in establishing a
common pattern of statistics, because of the variety of national financial and admini-

straftive strucfures.

However, the more detalled the classification and the more labitude permilted
in regrouping the basic data for purpose of analysis, the greater will be Lhe pogsibility
% P 1 >

of meaningiul comparisons.

It is worth noting here the possibility of comparing figures relating teo R. and
D. with other data, as for instance comparing research expenditures with the turnover of
firms or of whole branches of industry; or comparing R. and D. data with G.N.P., or
investment etc But, while the examples gquoted earlier indicate Lhe possibility of =
choice between different types of research, these comparisons Legin to involve cconomic
considerations and open new perspectives which are now discussed,

1.5 The Management of Research

The use of the pbrase "management control" presupposes, that the problems dealt

with here are mainly concerned with the optimur use of resources by research manapenent.

The simplest tasks may be The evaluation and comnarison of Lhe couh of a research
worker, or of research work, in different research centres or different conniries. T
some exbent a concept of "produetivity" of research cenbtres is lnvolved in these sbudies.

From another angle it is possible te study the balance belween various types of

expenditure, e.g. capital and current expenditure and bhe asseciated seientific personnel

and eguipment.

Iinally, on a broader basis still, it is desirable to debermine the relationship
between the resources applied to various types of research in ovder to attain the oplimum
development. For instance, a balance is needed between expenditure on basic research,
applied research and development. It is also desirable Lo co-ordinate eypenditures on
research in different disciplines with commen long-term objecltives,

There is also a need to balance the allcoecation of resources between B. and 1.
and related scientific activities necessary to the advance of R. aud D., such as sclen-

tific and technical information, data collection, geological messurement, ostandards etec.

1.6 The Returns to R. and D.

Dealing with the problem of the effectiveness of research involves the intro-
duction of other economic and political considerations.

Up o this point R, and D. efforts have been considered only on the basis of the
measurement of input. Much useful information can be pained on the best usc of funds
from the study of inputs alone.



Comparisons of R. and D. expenditures and cther data, such as turnover and
4.40.P., investments in scientific equipment or investments in education and training,
nake it pogsible to establish ratios, which at this stage are nothing more than the
results of studies on the means used by firms or countries in implementing their research
policies. These studies of empirical behaviounr are nonetheless very lmportant.

But in fact, in order really %o assess R. and D. efficiency, some messure of
putput should be found. There is mo hiding the difficulties of measuring research
"production™ in financial terms. The problems of measuring this output are increased
by random factors inherent in R. and D. The uncertainty attached to all kinds of
research usually prevents any precise evaluation of ocutput except on a broad plane,
involving the aggregation of large numbers of research operations. This vnderlines the
importance of the general consistency and comparability of financial statistics.

In any event, the first stage in the measurement of cutput is a precise evalua-
tion of the input with which it will have to be compared. Lt may even be a question of
evalusting research efficiency not ir accountancy terms with either plus or minus siges,
but in terms ol relationships with a more general economic model,

The ultimate aim of such informaticn is to help decision-makers in industry and
even more so in governmental circles. However, cne should not thirk that such informa-
tion is sufficient in itself; it can only provide part of the basis for a decision.

The cheices in research policy arise on an altogether different level. The criteria
for these choices include not only accountancy or economic factors, but alsc often pra-
dominanily political and sccial conmsidsrations,

- 11 -



SECTION II: BASIC DEFINITIONS ANE CONVENTIONS

2.1 The 3cope of Research and Devel opment

The basic definition of R. and D. used in surveys in most Member countries, are
essentially similar. Those given below are based on them, but are not identical with
those used in any one country. The UNESCO definitions differ prineipally in the elabo-
ration of sub-division, motives, methods and results(4}. It is of course possible to
make much more elaborate definitions and there has been a long controversy on this sub-
Ject, but the view taken here is that the brief and simple definitions below are the most
generally practical.

Fundamental Research

Work undertaken primarily feor the advancement of scientific knowledge, without

a specific practical application in view.

Applied Research

The same, but with a specific practical aim in view.

Development

The use of the results of fundamental and applied research directed to the
introduction of useful materials, devices, products, systems, and processes, or the
improvement of existing ones.

Inevitably, a great deal depends on the Judgment of investigators and respon-
dents in making this classification, and the frontiers between basic and applied research
and development on the other, may often be difficult to establish.

2,2 Froantiers to be Deiimited

Of course, these definitions are nct sufficient in themselves, It is necessary
to amplify them by standard “conventions", which demarcate precisely the borders between
research and non-research activities. Twe main frontiers which require such definitions
are:

{a) The boundaries between R. and D. as a whole and several related scilentific
activities discussed in 2 below;

{b) The boundaries between R. and D, and a number of non-scientific activities
of which industrial production is perhaps the most important.

It is in these that the main differences exist between Member countries of the
0.E.C.D., that is %o say in the detailed interpretation of the definitions, rather than
their main content. Methods for delineating the frontiers under (a) and (b} are there-
fore dealt with at some length in %this Section.

The measurement of all economic activities involves an element of arbitrariness
in settling borderlines. For example, in foreign trade statistics a decision must be
taken about the inclusion or exclusion of military supplies, of gift parcels, of gold and
so forth. There will always be room for argument about the particular definition which
is chosen, and there will always be a zone of activities for which it could be plausibly

_ 12 -



argued that they should be either included or excluded. However, as long as the froo-
tier is clearly demarcated, and the magnitudes are relatively small compared with the
main economic variable which is being measured, it does not really matter where the
borderline is drawn. This will be a matter of conventlon, and the most important re-
quirement will be to attain a generally accepted convention so that international com-
parisons are facilitated. Usually an international convention will have to teke account
of existing practice and the real pessibilities of including or excluding statistics of
a particular adjacent activity. These considerations will in fact usually determine

the actual delineation of the frontier, and scientific activities are no exception,

2.% The Three Stages of Measurement

R. and D, activities are only cne part of a broed spectrum of scientific
activities which inelude scientific Information activities, treining and educetion,
general purpose data collection, and (general purpose) testing and standardisatien.
Indeed, in some countries one or more of these related activities may claim a larger
share of material and human resources than R. and D. It may well be desirsble for such
countries to begin their statistical inquiries by surveying one or more of these areas
rother than R. and D.

Whether this approach is followed or whether R. and D. is to be the main focus
af a national inquiry, it will be necessary to employ some system for making a clear
demarcation between what is and is not included. Since the measurement of R, and D. is
the major problem under consideration here, the demarcation of R. and I. might proceed

with the fellowing consideration in mind.

Research Institutes and the R. and D. Departments of large firms often have
their own geparate accounts and statistical records. If the measurement of E. and D.
activity involved simply the aggregation of these statistics, it would be a comparatively
simple mabtter. But unfortunately, R. and D. sctivity cannot be defined simply as the
activity of ressarch organisaticns. There are two main reasons for this. First,
important R. and D. work may be carried out by persennel and institutioms which could
not be classified as "research personnel” or "research orgenisations”. Secondly, as
noted above, specilalised research institutes or departments are frequently invelved not
only in R. and D. activity, but alaso in cther activities.

Thus, R. and DI. activity is not just what research organisations do; it is
both iless than this and more than this. Surveys of research ectivity in varicus coun-
tries have shown, thet a high proportion of specialised industrial R. and D. estahblish-
ments undertake a wide variety of activities. For example, in his analysis of indust-
trial R, and D. in Great Britain(5), Dr. Rudd presented a table showing the numbers of
industrial K. and D. Departments, performing such functions as technical sales service,
production contrel, routine testing of raw materiasls and other "non-research" functions.
{This table is shown in Appendix X)}.

Althougn their activities are usually more restricted norn-industrial Research
Institutes andi Organisations mey also often undertake a range of activities which is
wider than any generally accepted notions of R. and D. Sometimes as much as one third
of the total activity of such Research Departments and Institutes may consist of "noa-~
regsearch” activities. The proportion will vary in different organisations and it will,
of course, alsc depend on the precise definitioms, which are used to delineate the ze-
lated activities. But whatever definition may be used, it is evident that there i3 =2
substaatial area which cannot be designated as "R. and D." and that the totael activity
of regearch organisations cannot be equated with R, and D.



Consequently, measurement involves three stages:

(i) The identification and measurement of the total activity of all speciali-
sed research organisations, including +those in industry.

(ii) The subtraction from this total of tha%t proportion of their activity which
is defined as "npon-research" activity. The exact proportion will depend
on the precise definitions and conventions adopted to deal with the
various related scientific activities and the non-scientific activitiea.

(i1i) Adding to this total that R. and D. activity which is not performed in
research organisations, but in such other orgsnisations as production
units, educational establishments, and so forth.

Even though our main interest may be in the measurement of R. and D. activity,
it will also be useful to know:

(a) How far specimlised research establishments are also involved in other
activities.

(b) How much R. and D. activity is performed outside specialised units,

Unfortunately, although respondents to R. and D. Surveys have had t¢ make their
own estimates on these points, hitherto they have not been recorded in most naticnal
surveys.

This manual, therefore, makes a general recommendstion on a method of dealing
with this problem:

All calculation of deductions for "non-research" activities of research orgsni-

sations, and of additicons for R. and D. activities of "non-research” crganisa—

tions should be made explicitly, that is to say, recorded both by individual

respendents and by those compiling national totals from the dats furnished by

individual respondents. Furthermore, whenever possible, related scientific

activities such as documentation and routine testing, should be measured simnl-

taneously with R, and D, and reported separately.

The main advantage of using explicitly a "%-stage" calculation is that it
facllitates the identification and measurement of other scientific activities. Practi-
cal experience suggests that, among the sources of error in most of the nuaticnal surveys
so far undertaken, are the respondents' own caleculations (or lack of calculaticns) of
what “"non-research" activities should be deducted from the accounts of a Research Insti-
tute or Department, and what should be added for research performed outside specialised
egtablishments. Since accounts exist, if at all, only for & "Departwent” or an "Inati-
tute" and net for an "activity" more narrowly defined, the temptation is strong to make
a return using these accounts end not to bother with rather tiresome adjustments which
inveolve imputing a proportion of overheads to "non-research" activity and so forth.
Obviously the guestionnsires to respondents should be sc designed as to facilitate the
most accurate response and this will involve an explicit estimate for "related scientific
activities".

However, even though it is desirahle to collect data on "related activities"
performed by research organisations, simultaneously with the collection of R. and D.
data, it is not possible here to mske detailed standard recommendations for the measure-
ment of these related activities. Buch measurement would inveolve not only the "residusl"
activities of research organisations, tut alsc the main amctivities of bodies specialising
in survey work, scientific decumentation, materials testing and so forth. The objective
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of this mamual is to attain internmational comparability in the narrower fielid of R. and
I'., and it therefore concentrates exclusively on this primary purpose. But it is very
much hoped that national surveys will attempt the measurement of All scientific activi-
ties, and that arising from this experience, further internatiomal standards can be
elaborated by the 0.E.C.L., for "related activities" as well as R. and D. Thess pro-
posals may thus be considered as only the first stage in a programme for pessuring all
scientilic and Yechnical activities on a comparable international basis.

2.4 Ceonveatlons of "Related Activities" excluded from R, and D.

With the foregoing aims in mind, the following general definiticns of the re-
lated soientific activities are proposed. The definitions should tacilitate the
ideptification and measurement of these activities, particularly in cases where a country
proposes Lo begin its survey programme by measuring one of the related activities. It
must be recognised that the scientific activities concept is formalised rather Lban
realistic in the sense that it postulales a separateness for these components which often
does not actually exist. Put such a distincetion must be made for survey purposes.

(a) Becientific information sctivity comprises all aspects of cowmunication

awong scientista, including such activities as the publication, dissenina-
Llon, and trapslaticn of information resulting from research and develop-

ment. teneral Llibrary services are included.

(b) Training and education inciudes formal university education in science
and engineering as well as formal sclentific training, in or supported by
places of employment, where scientific and epgineering personnel and being
trained. The latter is to be distinguished from on-the-job or izi-service
Lraining. Excluded are specific grants for research fellowships or
research projects.

(¢} General or broad purpese data coilection refers to that continuing
gathering of data on natural and social pheromena which is part of the
broad general welfare function of most central governments and which may
also be carried on elsewhere. Included are such activities as: geolo-
zical and geophysical survey work, mapping and exploration activities, in-
cluding those of oil and mineral companies; hydrographic and oceanographic
survey work of a rouline nature not specifically related to the develop-
ment of new knowiedge or theoriesz; daily meteorological records, monthly
preoduction shatistics, the collection and arrangement of specimens for

maigeums, zoological gardens, and so forth.

{d} Testing and standardisation ipclndes such public and guasi-public fanc-
tions af the establishment of standards, calibratlon of secondary stan-
daprds, and non-rcutine quality ftesting which are separately identifiable
Prom research and development.

It is evident that there 1s a case for including some or all of the activities
prouped under items (a) and (<) above within the scope of R. and D, Thic has not bhegn
done, partly for practical and partly for thecgretical reasons. Howevar, bthese activi-
ties may be measured simultaneously with 1. and D., (but separately accounted for), snd
as soon 245 international sxperience iz adeguate, standard derinilions and methods shoald

be formulated by the O.E.C.0. lor bthis purpese.



1t is fairly generally agreed that training and education sheuld be excluded
from the scope of R. and D., although This has not always been clear in the actual inst-
ructicns issued for particular naticnal surveys. Again, some of these activities, such
as testing and training, may be measured simultaneously with R. and D. The exclusion
of a particulsr sphere of activity from the total R. and D. of any research organisation,
would involve careful consideration by respondents, and possibly slso discussions with
those responsible for the guestionnaires. There will be many cases where such functions
as library and documentation services and various technical services are performed
directly and solely for the research orgemnisation's own R. apd I, activity. These should
not be excluded and neither should general administrative functions which directly serve
the research organisation itself.

2.% Non-Research Activities

In addition to the scientific activities related to R. and D. there are a
nurber of cther activities which draw on the services of scienbific personnel but which
must te excluded from R. and D. These include:

A1l legal administrative work in comnnection with patent applications, records
and litigation, Work invelved in the sale of patents and licensing arrargements. Ex-
perimental work performed solely for the purposes of patent litigation.

Routine testing and analysis of all kinds, whether for control of materials,
components or products, and whether for contrecl of guantity or guality.

Other technical services for production units, customers' or other non-research
bodies. For example, technical sales services including installation, servicing and
minor adaptations to meet individual requirements, or technical aid to advertising
campalgns, "trouble-shooting" for producticn units not icvolving any original research or
development work; 1.e. assistance of a type simply enabling them to operate in accor-
dance with previously determined formulae, standard prectice instructions or established
specifications(6).

2.6 Distinnction between Research and Non-research dctivities

It is evident that there will be cases, when the same functlon may serve both
research and non-ressarch purposes. For example, & testing laboratory may be used
principally for the rcoutine testing of raw materials, but occasionally for the testing
of completely new or improved materials developed by R. and D. personnel. In principle,
an estimate of the latter should be included within R. and D. activity, whilst the former
should be excluded. In all such cases, the guiding line to distinpuish R. and D. acti-~
vity from non-research activity is the presence or absence of an element of novelty or

innovaticn, Insofar as the activity follows ap established rcoutine pattern it is not

R, and D. Ingofar as it departs from routine and bresks new ground, it gualifies as

R. and D. Thus, for example, the collection of daily routine statistics on temperature
or atmospheric pressure, is not R, and D. but the investigation of new methods of mea-
suring temperature or the investigation of temperatures under circumstances, in which
they have never been previously recorded (for example, outer space or the interior of the
earth), is research. Likewise, the publication of a book which simply records daily
information on the temperabture or pressure is not R. and D. but general purpose data
collection. The systematic analysis of these recordings with a view to explaining long-
term changee in climate, or the possibvle effects of changes in ocean currents, is
research activity.
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To take another example: in the field of medicine, routine general autopsy
on the causes of death is npt research, but special investigation of a particular mor-
tality in order to establish the side effects ¢f certain forms of cancer treatment is
research. Routine tests on patients, carried out for doctors, as for example, blood
tests and bacteriological tests, are not research. But a special programme of bleoed
tests in connection with the introduction of a mnew drug is research. The collection
and publication of regular general statistics on the incidence of particular illnesses
is not research. The statistical analysis of such records in order to establish, for
example, connections between the incidence of a particular illness and occcupation or

smoking habits is research.

Or again, the routine collection and arrangement of specimens for a museum is
not research, but a study of comparative anatomy using these specimens is research.

It can be maintaired, that the collecticn and publication of routine general
purpose statistics is necessary for the performance of more original research work, and
it could be argued that this and other forms of "inventory research" are a special part
of fundamental research i.e. the advancement of knewledge with ne specific practical aim.
Those who held this view would probably agree that it is in any case useful to separate
this type of work from the more original contributions to human knowledge, which are
here defined as R. and D. activity. Therefore this activity should in any case be
separately measured.

It is evident that the application of these conventions requires careful
examination and judgement, and that inevitably, they are to some extent arbitrary.

They do, however, provide a rational and practical basis for making the difficult dis-
tinction between K. and D. and "related activities" and measuring them in such a way
that international comparability may be attained.

2.7 Development and Production

Probably the greatest source of error in measurements of R, and D. is the
difficulty in precise demarcation of the frontier between development and production ip
the industrial sector. This is partly because the costs of development are many times
greater than the costs of research, and the costs of trial production may be greater
still. It is also because government military R. and D. contracts, with their emphasis
on speed, tend to telescope the development and preduction phases so that they are some-
times hard to distinguish. Por this reason, one of the recommendations later in this
mamual is, that separate estimates should be made of military, atocmic energy and space
R. and D., and (within the industrial sector) of R, and D. in the Aircraft and Missile
industry. Estimates for civil R. and D. and for iIndustry excluding aircraft, space-
craft and missiles are likely to be more reliable, Measurement in the latter indus-
tries is difficult for technological reasons in addition to the complications caused by
government contracts. However, despite the practical difficulties, it is obviously
desirable to attempt & demarcation which is applicable even in the govermment-military
sphere of development.

It is generally accepted that the design, development, construction and testing
of prototypes and pilot plant is an essential part of R. and D. The main difficulty
arises ip determining the point at which this development work ceases and production
begins. Preparation for normal production of a new product may invelve cne or sevaral
trial production runs, which, in turn, may indicate a need for further development work.
Cr in the development of a new process, pilet plant, which has initislly beesn constructed
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for experimental purposes, may subsequently be used for normel commercial production.

In determining the "cut-off" point between development and production, indivi-
dusl judgement is bound to play some part, as ne definition could possibly embrace the
infinite variety of circumstances which arise in practice. So far, only in the United
States, have detailed indications been given to industrial respondents to mssist them in
the solution of this problem. Consequently, the remainder ¢f this section draws to a
large extent on the instructions elaborated by the National Belence Foundation, although
the emphasis on individual points is somewhat differvent, taking some account of European
experience. This applies particularly to the treatment of proteotypes and "engineering
follow-through".

The fundamental eriterion laid down by the N.S.F¥. provides a rational and
practical basis for the exercise of judgement in difficult cases. It statves(7):

"If the primary objective is to make further improvements on the product or
process, then the work comes within the definition of R. and D. If, on the other hand,
the product or process is substantially "set" and the primary objective is to develop
narkets or to do pre-production planning, or to get the production process going smoothly
then the work is no longer R. and D."

Prototypes and Trial Production

Applying this basic criterion: the design, construction apd testing of pro-
totypes normally falls within the scope of R. and D, This applies, whether only cne
prototype is made or several and whether consecubively or simultaneously. But after
the prototype(s) with any necessary medificetions, have been satisfactorily tested, the
costs of the first trisl production runs cannot be atiributed to R. and D. as the primary
objective is no longer further improvement of the product, but getting the production
process going. The first unite of a trial producticn run for a mass production series
should not be regarded as R. and D. prototypes, even if they are loosely described as

"prototypes”.

Tevelopment includes "the engineering activity required to advance the design
of a product or process to the point where it meets specific functional or esconomic
requirements and can be turned over to manufacturing units". But it is evident, that
after a new product or process has been "turned over to manufacturing units", there will
still be btechnical problems to be selved, before normsl production is flowing smoothly.
This process of "gettipg the bugs out" may invelve some further R. apné D. work, as a
"feed-back"” from specific problems encountered in trial production. To this extent
only the "engineering follow-through" in the early production phase will be included in
R. and D. But normally, the costs of trial production muns or "“experimental production"
ineluding tooling up for full-scale production, (tool-making end tool try-oub) are not
to be included in R. and D.

In some cases an R, and D. prototype may subsequently be sold. In principle,
such a sale does not affect the issue, as long as the original primary purpose in con-
structing the prototype was R. amd D. But in a completely different category is the
construction of several "prototypes” to meet a temporary milibary, commercial, or medical
requirement, after an original protobtype has been successfully tested and further
development work is no longer in band. Thie is scmetimes done by R. and DI, staff to
fill the gap before norwmal production commences, or even as a profitable "sideline™.

It may be objected %hat "stop-gap" products of this kind are not strictly spesking "pro-
totypes", tut since they are sometimes so designated, it is necessary to make this
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whion, Whoever may perform this work, such activity and ftransactions should be
excluded from measurements of R. and D, activity.

Lesign and Drawings

A special problem is the assessment of the costs of design which are attri-
bubable Lo R. and D. The design of protetypes and pilot plant is included, and so is
the design of special equipment, structures or tocls required for a new process or
product. After the successful completion of the testing of prototypes or pilot nlant,
the design and other information necessary for normal production must be transmitted o
spervating units. This will necessitate the preparation of drawings, reports, standard
practice instruchions, operating menuals, formulae, specifications and so forth. This
activivy is a part of R. and D. But before production trials can tegin, it will often
pe necessary Lo prepare and reproduce a mass of detailed construction drawings and uanu-
facturirng blue-prints. Whether these are produced by the Crganisation's own drawing
office, or sub-contracted they should be excluded from R. and D. In practice, they are
rarely Jouve by K. and L. staff, so thal exclusion does net present great difficultvies.
Also eweciuded from R. and D. activity are design costs, necessary to meest changes of
Fashion sad sbyle unaccompanied by technelogical immovation; for example, in the Turni-

tura and textile industrics,

e censtruction and operation of pilot plant is a part of R. and I. as long
ag the "principal purposes are bto obtain experience and to compile engineering and other
data to be used in evaluating hypotheses, in writing product formulae or in esvablishing
finished product specifications, in desigping special equipment and structures reguired
by a process, and in preparing operating instructions or manuals”.(8) But as soon ae
this experimental phase is over, if a pillot plant continues to operate temporarily as a
norpmal comnecclal production unit, the activity can no longer bhe considered L. and .,
evern though it may still be described as a "pilet plant”, and even though R. and D.
staft may ba called upon for "trouble-sheoeting” in connection with its normal operation.
As lomg as the primary purpose in operating a pilot plant is non-commercial, it makes
no difference in principle 1f part or all of the output happens to be sold. Keceipts
I'rom this source should not be deducted from the cosis of R. and D. aclivity. The sams
applies to receipts, iT the pllot plant itself is ultimately sold. But if development
work iz no longer the main purpose in operating a pilet plant, the coests of operation
apd all commercial transactions should be excluded from R. and D.

2.8 Bociel Belences and Humaniiies

Nesearch work in the social sciences and humanities should be included within
the scope of R. and DU. activity. Most Eurcpean c¢ountries do in fact use the ternm
"science" Lo embrace the whole range of human knowledge, and not in the more restrictive
"Anglo-daxon” sense of natural sciences and technology. Surveys 1ln some Buropean coun-
iries have aclually weasured R. and D. activity on the basis of a definition including
research in the social sciences. They have done so, however, only in the pgovernment
sector, the higher education sector and other non-profit research institutes. The
N.5.F. hag also measured research in the social scisunces separabely in lthe government
and non-prolit sectors in the United States. But no country has so far successfulliy
defined snd measured research in the soclal sciences and humanities in industry. Thers
iz lherelore still insufficient practical experience to provide a basis For standard

definitlions end conventions in this f{ield.
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All those countries which have succeeded in measuring the Lotal national
resources devoted to R. and D. in &all major sectors of the economy, have done so on the
tasis of a definition which excluded research in the social sciences and humanities.

Conseguently, although these disciplines should certainly be included in
principle within the total ¢f R. and I, they should be separately measured and recorded.
Otherwise it would not be possible to make any consistent time series or comparisons
with surveys which heve already been carried out. The 0.E.C.D. should regard it as &
metter of urgency to bring together the available internationsl experience in the mes-
surement of research in the social sciences and humanities, and to conduct its own
research on the outstanding problems. There are in particular, procedures for defini-
tion and measurement in such areas ag work study, merket research and operstionsl
research in the business enterprise sector. Ctherwise there is some danger thet the
gocial sciences and humanities will become a kind of Cinderella and their importance
overlooked.
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SECTION TIT: CLASSIFICATION OF RESEARCH AND DEVELOPMENT ACTIVITY

5.1 Introducticn

Having defined the scope of R. and D, activity and delineated the outer boun-
daries by means of conventions on related activities and production, it is now possible
to proceed to the ¢lassification of the central activity - R. and D. itself. R, and D.

sctivities can be tlassified in many ways, which may be envisaged as various "dimensions”

for measurement and comparison.

But for the purposes cutlined in Secticn I of this manuzl, one "diuwension” is
of paramount importance: classification in Yerms of the principal sectors of the eccnomy.
This ¢lassification largely corresponds to the practicel requirements of data collection,
which may often necessitate a different type of approach and questicnnaire to each of the
wain sectors. It also appears to be the only reliable way of building up a reasonably
sgcurate national aggregate of the total resources committed to R. and D. activity iu any
particular country, and the sources of finance for this activity. Finally, it corres-
ponds in wosl respectis to the definitions and classification employed in obther statistics
of national income and expenditure, thus facilitating comparison with existing statisticzal
series, such as gross national product, met output, investment in fixed assets and so
forth. In this way it facilitates understanding and interpretation of the role of R.
ard D. in economic development and the formulation of a science policy related to eccnomic
possibilities and objectives. Consequently, the greater part of this section is devoted
to the classification of R. and D. activity in terms of economic sectors. Howegver other

"dimensions" or systems of classification are alsc considered:

(i) The three categories of basic research, applied research and development
work.
{(ii) Bcientific Ffields or disciplines.

Measurement of these additional dimensions is extremely useful for purposes of
international compariscn. Finally, some subsidiary forms of classification are very
briefly discussed. These are not essential to international comparisons but may provide
useful data for the formulation of national science and economic policies. In this
section the discussion is mainly in terms of performers of R. and D. but it is alsc
necessary to measure expenditure i1n terms ¢f sources of funds. The relationship between

performers and sources is discussed in Section IV.

3.2 The Secteors of the KFconomy

The standard division proposed here has four main sectors:
{i} DBusiness erterprise sector.
(ii) General goverament sector.

{iii) Private Non-profit sector.

{iv) Higher education ssctor.



The definitions of the first three sectors are basically the same as in national
accounts(*), Tut higher educaticn is included as a separate main sector here because of
the concentration of a large part of fundamental research activity in the Urniversgities,
and the crucial importance of these Institutions in the formulation of an adequatie
national policy for R. and D. There are also specific technical problems of measurement
which make it desirable %o treat these institutions as a separate sectorT.

A.%3 "The Business Enterprise Sector

Business enterprises include "all firms, corganisations and ingtitutions which
produce goods and services for sale to the general public at a price intended approxi-
mately to cover the cost of production, and the non-profit institutions serving them”.

In considering R. and D. activity, the last clause is particularly important and the
standardised system of National Accounts particularly mentions smong non-profit institu-
tions serving enterprises; "different kinds of associations and research units which,
while not principally engaged in commercial activity, are established by particular
branches of business in order to increase their efficiency or their earning capacity".
Industrial research associations, the research functions of trade associations and
comeercial research institutes or consultants all come within the scope of this definjition.
But excluded are government research institutes, such as, for example, natioral physical
laboratories or defence research organisations, which do not normally sell their services,
or serve a particular industry. The latter meet a general social need and come within
the scope of "General Government".

However, the research orgabisations of public enterprises ere a part of the
business enterprise sector. The legal form of ownership is immaterial in this connec-
tiom: it does not make any difference whebher such enterprises are fully state owned,
or whether the state has conly a part interest. Nor dees the particular form of menage-
ment or contrel affect the isgue. Nationalised industries, public utilities, transport
undertakings, post offices, communications and broadcasting, central banks and all other
government enterprises are included within this secteor.

2.4 BSub-Division of the Business Enterprise Sector

It will frequently be useful for purposes of comparisen and analysis to sub-
divide the business enterprise sector in various ways. In principle this sub-division
should feollow the International Standard Industrial Classification. For countries em-
barking on Surveys for the first time or for those in which the manufacturing industry
is less developed, it may only be possible to sub-divide business enterprises into a few
main divisions such as:

NOTE (*) The standard national income statistics now in use in most countries are classi-
fied inte three main sectors (it should be noted that these sectors do not cor-
respond strictly either toc a legal or to a functional classification but were
set up by economists and stabtisticians specifically for purposes of economic
analysis as described in Chapter IIT of the Q.E.E.0. "Standardised System of
National Account®).

The three standard sectors are:
(i) Business enterprise sector.
(ii) General government sector.
(iii) ©Private Non-profit sector.
In the standard national accounts definiftions, institutes of higher education
are divided between the general government sector (if they are part of the public

educat%on system), the private non-profit sector and the business enterprise
sector).
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1. Agriculture, forestry, hunting and fishing.

2. Mining and quarrying.

4. Manufecturing induslbry.

4, (Qeonstruction, utilities, commerce, transport and services.

Fut most countries will be able teo sub-divide group 3 and 4 into the 3tandard
2 - digit headings of the I1.5.7.C. and this is essential for useful comparisons batwesn
industrialised countries. In a lew cases it is desirable to go beyond the I.5.1.7. & -
digit clagsification. For example in ®. and D, statistics it is essential to separate
the aircraft industry from other forms of transportation equipment in Group 32 of the
1.5.1.C. There are some other industries which are particularly research-intensive and
of special interest from the standpoint of R. and D.; these also necessitale sub-
division of the I.5.I.C. 2 digit headings. On the cother hand there are a few of the
1.5.1.C. & digit headings which are relatively insignificant at present for R, and 0.,
and seome of these may be combined. A suggested form of industrial elassification which
takes into account these variations from the standard 2 - digit headings is shown in
Appendix I.

3.% The General Government Sector

The functicn of "General Government" is to organisze for, but not normally to

4

gell to, bthe community those common services which cannot ctherwise bve conveniently and
economically provided, and to act as the administrative agency for the esconomic and social
pelicy of the community. This sector includes central and local government agencies
which undertake such activities as administration, defence and health services. They

are included irvespecbive of their trestment in the government budgeil. They include
government pesearch establishments of various kinds, such as defence research ocrganisa-
tions, atomic research institutes, space research agencies, agricultural and medical
research establishments, institutes for basic research and applied research in physics,

chenistry, bilology, engineering and so forth.

3.6 Hub-division of Tthe General Government Sector

"General Government” accounts in the national income definitions are net the
same as the Budget of the Central Goverhment. The latter may include some items, such
as the financing of state owned enterprises, which are classified in the business enter-
vrise sechtor in national accounts. On the other hand the national income concept of
"General Govermnment" includes local and regional Govermment zuthorities as well as the
Central Goveranent. Wevertheless, bearing in mind these important conceptional dif-
ferences, 1% is still necessary to analyse Government expenditure for K. and D. by [inan-
cial source, according to the programme calegories which appear in the bhudget. Such an
analysis is useful both from the point of view of government policy (especially when
discussing the budgets and research policies of the various ministerial departmealbs and
povermment institutions), and of international comparison. It is particularly useinl
o distinguish separately such activities as space research, military research and atomic
energy research. They consume a very large volume of funds, whenever they are under-
taken, and have their own peculiarities which make separate measurement work desirable.
This anslysis may be made by cowbining budget information with inforwmation obtained from
departments and institutions on the amount of each budget item devoted to R. and b, Is
is recommended, in order (o facilitate internatienal comparisen, that results be preaen-
ted according to the cubline shown in Appendix XI.
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3,7 The Private Non-Profit Sector

The private non-profit sector includes all private organisations, which are
not established primarily with the aim of earning a profit, and are not nainly rendering
services to enterprises. They are maintained by fees, duess and donations from meubers
and sponsors, by grants f{rom government and enterprises, and often they will alsc obbtain
revenue Irom the direct sale of some of thelr services, or for example, sale of publi-
cations. Typical examples of research corganisations belenging te this sector are all
voluntary scientific societies, philanthropic resesrch foundatioens and non-profit re-
search lnstitutes which are not specifically serving industry. Although they may some-
times he operaled on a profit basis or as a part of gemeral government service, zoos,
botanical gardens and museums also belong typically to this sector, and in the scheme
adopted here all such organisations are included in it irrespective of their sources of
finance and mode of operation. Finally, veluntary health agencies belong to this sec-
tor, suck as for example cancer research institutes operated by charitable funds and
private donations.

rescarch performed by individual inventors in private households or elsewhere
is herdly included at all. This is a serious omission, but perhaps no more seriows than
the owission of "do-it-yourself™ activities from the statistics of national income. In
beoth cases practical problems of measurement prevent the achievement of +the solution
which is theoretically most desirable. In principle, private households and non-profit
activities of individuals are included in the private non-profit sector, but measurement
is possible only of private donations to finance research in other sectors and in non-
profit institutes, and of some payments to individual inventors from other sectors.

5.8 The Higher Education Sector

The higher education sector includes all universities, colleges of technelogy
and other institutes of higher education, whatever their sources of finance or legal
status. It includes also institutes exclusively engaged in research, which sre attached
%o or under the general supervision of institutes of higher education amd their subsi-
diary or affiliated bodies such as experimental stations and clinjes.

For reascns noted in paragraph 3.2 it is useful to sub-divide the higher
education sector into the three standard national accounts sub-divisions, in accordance
with their sources of finance and mode of operation.

5.9 Fundamental Research, Applied Research and Development in addition to the classi-

fication by econpomic sectors

A second important form of classificefion of research activity is the divisien

between:

(i) PFundamental research;
(1i) Applied research;
(iii) Tevelopment.

It is well known, for example, that a high proporiion of total R. and D. ex~
penditure in the chemical industry, is for fundamental and spplied research, whereas in
the aircraft industry a very high proportion is for development. Such differences be-
tween industries or enterprises, between sectors, and between coumntries, are of the
greatest interest for analysis and policy.
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The basic definitions of these categories have already been given at the ve-
ginning of Bection II. Inevitably, a great deal depends on the Jjudgement of regpondents
in making this classification, and the frontiers between basic and applied resesrch on
the one hand, and between applled research and development on the other, may often be
difficult to establish. Ae a practical aid in classification the following supplementary
criteria have been elaborated by the Délégation Générale 4 la Recherche Scientifique et
Technigque, and is shown in Appendix IX.

3.10 CGlassification by Fields of Science

Thirdly, it is useful to classify R. and D. by scientific field. As the
0.E.C.D. has already done some work on the classification of scientific and technical
personnel, the same basic system has been used to aveid the complication of more than one
system of classification being used by the same international organisation (see Appendix
II). In its surveys of scientific manpower, the C.E.C.D. has based itself on the UNESCO
system, which offers an additional advantage from the standpolnt of international stan-~
dardisation. The scheme shown here is therefore slso based on that used by UNE3CQ in
their surveys of higher education with very minor modifications. It has six principal
divisions (Column 1) and about 30 sub-divisions (Column 2). For most purposes this
degree of refinement is probably sufficient, and experience in the C.E.C.D. surveys has
shown that most C.E.C.D. countries are able %to adjust their own classification. It may
be useful, however, occasionally to use a more elaborate system, and an example of this
type, wcerked out by the N.S.F. is shown in Appendix IIa. Moreover, there appear to be
st1ll some ambiguities in the UNESCO/0.E.C.D. classification, and it is %o be hoped that
the work now in progress in this field will soon result in an improved standard rubric
for this purpose, and more detailed guidance for respondents, Cwing to new developments
in science itself, this type of c¢lassification will reguire regular reconsideration and
revision, and this type of work should be a normal part of 0.E.C.D. activity im this
field. It may be desirable at a later stage to work oubt a new classificaticon specially
suited to the requirements of R. and D. statistics and taking account of the growing
importance ¢f inter-disciplinary fields of research. The UNESCQO c¢lassification is
mainly suited to the needs of manpower measurement.

%.,11 OQOther Methods of Classification

It is possible to conceive of many other ways of classifying R. and D, activity
and some of these have been attempted in Member countries with varying degrees of success.
For example, within the business enterprise sector, the N.3.F, has measured R. and D.
activity not only in terms of the industrial classification of the enterprise conducting
research, but also in terms of the "product field" of the objects of research and develop-
ment. This is particularly useful because one difficulty in making international com-
parisons between industries lies in the company structure of the business enterprise
sector. A company mey operate in several different industries, btut it is a common prec-
tice when statistics are collected on a company basis to classify companles in one in-~
dustry only according to their principal preduct fields, This may lead %o considerable
"blurring" of the industrial classification borders. For this reason, where possible
it is desirable, as 1In Census of Production Statistics, Yo classify by establishmesnts
rather than companies or at least {as in the United Kingdom 1962 Survey) by broad divi-
sions of very large firms. But national circumstances vary and when this is not prac-
tical, a classification of the objects of Company E. and D. expenditures by principal
product fields is a valuable (and in some respects better) alternative.
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To take ancther example, it may be useful to measure the distribution of R. and
D. activities in terms of the principal geographical regions of a country. Such studies
may have an important beasring on policies relating te the location of industry, and re-
gionel economic development. They do not, however, lend themselves readily to any stan-
dard system of international comparison. The methed of dealing with the operstions of
international companies and organisations is described in paragraph #.8 and further dis-
cussed in Section VI, For some purposes it may be useful to classify the busginess enter-
prise sector according to the form of ownership or size of enterprises. For example it
may be pub-divided between privately-owned enterprises, state-owped enterprises, and
various forms of mixed ownership. Or it may be divided by size categories according to
nunbers employed, capital employed or turnover. Another method of classification is to
distinguish R. and D. on preoducts from that on processes, snd to separate improvements
of existing products and processes from new developments. None of these are included
here in order to avoid cver-elaboration btut at & later stage it may be useful to include
other categories and dimensions within the framework of the scheme.
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SECTION IV: METHODS OF MEASURING R. AND D. ACTIVITY

4,1 Introduction

Ideally, it would be desirable to measure R. and D, activity both in terms of
the input of resocurces and 1n terms of the output. But the difficulties in the way of
output measurement are still toc great to establish sny satisfactory standards.

The two principal methods of input measurement are measures of expenditure on
R. and D., and measures of manpower employed in R. and D. Each of these methods has its
own specific advantages and dlsadvantages. It has generally been found in practice that
surveys of manpowWer are easier to carry out than expenditure surveys. The reasons for
this are inherent in the organisation of R. and D. activity itself. Resgearch organism-
tions frequently carry out "non-research" activities. It is relatively simple to make
deductions for this, on the basis of a man/hours calculation even 1f it involves estimates
of part-time activity. It is much more difficult to make calculations in terms of
expenditure, as the accounting system, (even if separate accounts exist!) may not lend
itself to this purpose - overheads may be shared with other departments snd organisations;
certain items such as cepital expenditure, may be carried on a different budget and so
forth. In fact, frequently the only satisfactory expenditure calculation may be via a
man/hours caleulation, For these and similar reasons, surveys of R. and D. activity
have sometimes been gonfined exclusively to qualified scientific manpower engaged in
research and develorpment.

4.2 Measurement of R. and D. Manpower

Perhaps the most difficult problem in measuring manpower is that of part-time
peraonnel, who divide their time between R. and D. and other activities. The solution
proposed is that used in several national surveys: the comncept of "full-time equivalent”,
For example, a research department may employ 80 scientists and engineers who are virtual-
ly full-time on R. snd D. work; in addition it may employ 15, who spend part of their
time on technical services to customers, and on an average, onrly two-thirds of their time
on R. and D. The "full-time equivalent" employment of scientists and englneers in this
Department would be 90,

Estimates of "full-time equivalent" are necessary to obtain a picture of the
total input of man-years into R. and D. activity. But they are usually not necessary
or practicable for more detailed classification by disciplines, gualification and so
forth. For this purpose different concepts are needed: that of manpower engaged fulli-

time and part-time, in research and development activity. In the example above, the
number of full-time in R. and D. is 80 and part-time, 15, whilst the "full-time equiva-
lent™ is 90. But obviously the scilentific disciplines and gquelifications are best ana-

lysed for all 95. Very frequently, surveys of scientific manpower engaged in R. and D.
will be a part of wider surveys of total employment of scientific manpower. The quali-
fications and discipline of those spendlng less than 50 per cent of their time om R. and
D, will be recorded under other headings. This applies, for exsmple, to University
staffs. But where wider surveys are not being made, it will be pecessary to measure all
of those doing part-time research work.
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4.3 (Categories of R. and D. Manpower

Manpower employed on R. and D. may be divided into three principal categories:
(1) @Qualified scientists and engineers, or their equivalent.
{ii) fTechnicians.

(iii) Other supporting personnel.

All three groups should be measured, but the first group requires greater detail
of classification. Personnel who are engaged in the management and administration of
RE. and D. should be included throughout, but as a separate category.

The definitions of the three principal groups are identical with those used in
the 0.E.C.D. Survey of Scientific and Technical Persomnel(20). A gualified scientist or
engineer is a perscn who has obtained:

{a) A university degree in science or equivalent, or
(b) An equivalent diploma, or

(c¢) Any other diploma which, in some counbtries, though of less than university
degree standard, is nationally recognised as qualifying a person as a
professional scientist or engineer.

{d) Any other training whiech, though of less than university level or diploma
a5 specified above, is nationally recognised as qualifying a perscn as a
professional scientist or engineer, (e.g. admission to professional
societies or institutions, or having the qualifications necessary for such
admission).

Fach of these categories should be distinguished. In group (d) there will be
socme persons who, whilst they do not possess any formal qualifications, are nevertheless
performing the functions normally carried out by qualified engineers ard scientists,
Such pecople may include some, who have failed to complete their university or other edu-

cAation, arnd some who never embarked onm it.

Beient” .5 and engineers engaged in R. and D. should also be classified accor-
ding to the sc :ntific disclpline of their gualifications or trairing. For this purpose
the classification is that shown in Appendix: Table II.

Ideally it is desirable to measure R. and D. manpower in two ways; first,
classified by gqualificationms or training ("trained as") and secondly classified by pre-
sent occupation ("employed as"). It is essential to realise that these asre not identi-
cal and that persons who qualify in a particular description may not be employed in the
same branch of science, or indeed in any branch. Because of the amount of work invelved
in gollecting manpower statistics on this "two-way" basis, it may often be necessary to
make use of Surveys which are undertaken for purposes other than measurement of R. and
D'1
for a Census of Fopulation. The inclusion of a few additienal questions in such wide

for example, manpower Surveys undertaken for employment or education statisties, or

Surveys will often obviate the need for additional separate ingquiries snd guestionnaires.

Technicians are those who have received not less then one year of formal
technical education, or equivalent part-time study, after leaving secondary school st the
non-advanced level. They may alsc include some persons, who have attained the same
level of technical training in some other way, without formal education, e.g. within
enterprises or the armed forces. Examples of the occupations normally filled by this
category of persons are draughtsmen, laboratory assistants, electronic technicians,
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"Other supporting personnel” include skilled craftsmen such as electricians
or fitters, and unskilled aasistants, directly engaged in R. and D. activity, including
the management and administration of this activity, when this is a specialised function,
e.g. secretaries. All three groups exclude indirect labour engaged in providing or
maintaining a subsidiary service such as heat, water, canteen facilities, office cleaning,
cloakrooms and sc¢ forth, even though expenditure on these services is included in intra-
mural expenditure estimates. Also excluded is all labour employed in the production of
materials and equipment, purchased from outside the R. and D, organisation, apnd all
labour employed on extra-mural contrscts or sub-contracts,

4.4 Manpower Statistics related to Expenditure Statistics

On the basis of surveys on the one hand of menpower, and on the other hamd of
expenditure, it is possible to coastruct estimates of the costs per R. and D. scientist
or engineer classified by sectors, by industries and various other categories of re-
search organisadtion. It is also possible to assess the ratic of technicians and sup-
porting perscnnel for each gqualified scientist or engineer by sectors and by industries,

International cost comperisons will still be a difficult matter because of the
problem of relative prices of inputs, such as scientists’ salaries, in different coun-
tries. This problem can be resclved by the collection of price series and expenditure
breskdowns in each country. But there remains the additional problem of comparability
of qualifications between various countries,. The guality of degrees and other quali-
fications cannot be assessed by these statistical comparisons and this limitetion must
be constantly kept in mind,

Although scientific manpower is undoubtedly the most important input, it is
essential that manpower surveys be supplemented by expenditure surveys. These are the
only satisfactory figures for some objectives of micro-economic analysis and for many
public and private policy decisions. For example the budgets of governments and other
organisations mpst use expenditure and cost data, and snalysis of the flow of fumds be-
tween sectors is one of the most interesting results of R, and D. surveys. Expenditure
data are needed to compare investment in R. and I. with such other econcmic variables
as investment irn fixed assets or in education. Satisfactory data on expenditure will
make it possible to measure all the prineipal inputs into R. and D. including materials
and capital equipment, as well as manpower. It is true that a satisfactory time series
¢n R. and D. expenditure would have to take account of changes in the value of money,
arising from changes in the input prices for R. and D. activity. Also, satisfactory
eross-country comparisons would have to take account of national differences in the
prices of wvarious inputs and the proportions in which they are combined. These tech-
nical problems are essentially similar to those involved in time series of national
income, or cross-country comparisons of national product, snd can be dealt with by the
same sort of techniques{l0). One of the most valuable results of measuring both man-
power and expenditure, is the accumulation of data on the comparative costs of K. aand D.
activity. It is possible, for example, toc compare the costs per research scientist in
different industries or firms, or in the same industries in different countries. Thus,
despite the practical difficulties involved in expenditure estimates, they are essential
tools for economic analysis and policy decisions. Satisfactory national surveys must
cover both expenditure and manpower.
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4.5 Measurement of Expenditure: Capital Expenditure and Depreciation

The central principle adopted is that expenditure statistics should cover the
full costs of R. and D. activity, that is all current operating costs including overheads
and capital expenditure. One of the more difficult problems encountered in national
surveys has been the treatment of depreciation in relation to capital expenditure. In
principle it would be desirable to measure separately that part of capital expenditure,
which is for replacement of the existing stock, and that part which constitutes a net
addition to the stock. In practice, no country has succeeded in deing this. Some
countries have, however, measured gross caplital expenditure in all sectors on an annual
basis, for example, Iceland and the Netherlands. The methcd which is proposed here is
that which has been adopted in these two countries. It has two main features:

(i) The complete exclusion of all depreciation provisions for building, plant
and equipment, whether real or imputed.

{ii) The separate measurement of the annual gross capital expenditure actually
incurred by performers, irrespective c¢f the methed of finance the perlod
over which this may be written off, or whether the expenditure is for re-
placement or an addition to assebts.

This solution is proposed for three reasons. First, the actual sums set aside
for depreciation are useless for purposes of international comparison, because of dif-
ferences in tax laws. Thus, for example, in the United EKingdom, four-fifths of any
capital expenditure shown to be for research purposes could be set against taxable income
in the first year of its life, whereas in the German Federal Republic the normal rates for
depreciation of capital eguipment apply(il). Recently even more generous provisions
have been made in the United Kingdom.

Secondly, in the general government sector no provision is normally wmade for
depreciation of fixed assets. It is true that this is sometimes imputed, for example,
for estimates of the net national product, but no satisfactory method for this calcula-
tion has y=i beon evolved{1l2). In the case of fixed assets for research and development
the probtlem is mere difficult as the variation in length of life of assets is greater.

It is almost impessible to estimate the life of some research assets until after the
event. Consequently even within a country, satisfactory comparisons between sectors
cannot be made unless depreciation provisions are excluded, and aggregates for a national
series csnnot be compiled unless the sector totals are put on & comparable basis,

Thirdly, it is useful %o know whether the cycle of capital expenditure for R.
and D. purposes follows that for business investment in general, and the degree to which
it is independent of other elements in its business cycle.

Thus, although for particular surveys it may be useful bto collect figures on
actual or imputed provisions for depreciation, it is desirable that these should be
separately recorded and not included in a global figure of "current costs". In this
way, valid inter-sector and international comparisons will be facilitated, and data on
the rerl trend of capital expenditures assembled.

In measuring actual capital expenditure, small tools and instruments and minor
improvements to existing buildings will normally be excluded, as in most accounting
systems these items are carried on current expenditure accounts. A1l major items of
gequipment, apparatus, plant and pilot plant should be included, and all new buildings
and major rencvations or alterations to existing buildings. The boundary between "minor"
and "major" items may vary slightly in different countries, according to taxation
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practice, and between different firms snd orgenisations in the same country, according
to accounting practice. But these differences are rarely significant and it is probably
neither necessary nor practical to insist on any rigid standard for this purpose. A
breakdown between buildings on the one hand and apparatus and equipment on the other, is
useful. In the case of buildings or other fixed assets which are shared between re-
search organisations and other bodies or between research and "related activities”, a
proportion of the total cost must be allocated. In the case of buildings, this can
probably be most easily made on the basis of the estimated use in hours cr days. Legal
payments or stamp duties in connection with the purchase of buildings should be included
as part of the capital expenditure. Only the expenditure actually incurred during the
given year should be recorded, even if this means dividing the total expenditure on a

particular asset between two or more years.

4.6 Current Expenditure

In the scheme of measurement proposed here, current expenditure on R. and D.
excludes actual or imputed provisions for depreciation, It includes:

(i} Wages and salaries and all related elements of labour costs (or "fringe
benefits"™) such as bonuses, holiday pay, contributions to pension funds,
payroll taxes and welfare expenditure.

(ii) Materimls and equipment, other than major items of capital equipment,
inecluding books, Jjournals, reference material, subscriptions to libraries,
scientific societies, and so forth, whether incurred for individual re-
search workers or for the research organisaticn as a whole. Including
also the imputed or actual cost of prototypes or medels made outside the
research organisation.

(iii) Water amd fuel, including ges and electricity.

(iv) Maintenance and repair of buildings and equipment. Rent and rates.
Cleaning. Replacement of office furniture and fittings.

(v) Administrative expenses and a share of overhead costs 1n the case of re-
search departments or institutes sharing premises or facllities with other
parts of a large organisation. Including office expenses, telephone and
telegraph, transport, travel, entertaimnment, printing and duplicating
services, canteen facilities, storage expenses, accounting costs, insu-

rance.

It will not normally be necessary, to require respondents in each sector to
show annually a breakdown of their current expenditure into the above five or more sub-
divisions. A global figure will usually be sufficient, but cccasionally it will ba
necessary, whether by regular survey or by special sample enguiries, tc obtain a detailed
breakdown of current expenditure. This is needed first of all to provide data for
comparison of R. and D. cests between different sectors, industries and organisations;
secondly tc provide the mesns for comstructing indices of R. and D. costs. Such indices
are essential for comparisons of expenditure over time and between countries.

As a general rule it is desirable always to measure R. and D. expenditure,
both by the sources of finance and by the sectors of performance, or sub-divisions of
these sectors. In itself, this is a check on the accuracy of the figures which ars
¢btained, and it also gives an insight into the relationships between the various sectors
of the economy. In order toc measure the flow of funds between sectors, respondents to
surveys are regquired to distinguish between "intra-mural"” and "extra-mural"” expenditure.
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4.% Intra-mural and Extra-mural Expenditure

"Intra-mural" expenditure includes all funds used for the performance of R. and

D. within a particular organisation or sector of the economy, whatever the scurces of

finance.

"Extra-mural"expendi ture includes all funds spent on the performance of R, and

D. gutside a particunlar organisatiocn or sector of the economy. This inecludes the spe-
cial case of expenditure on Tesearch performed abroad, here defined as "exterpal" expen-
diture, which should however be separately recorded by respondents. Another category
requiring separate measurement is expenditure omn patents, licensing, and technical "know-
how" .

The sources of finance for intra-mural expenditure should be recorded and
classified by sectors. For example, the research department of an industrial firm may
receive money from the general government sector, and also for contract research performed
on behalf of other business enterprises in addition te its own allocations for R. and D.
These sources must be dAistinguished, so that it is possible to calculate, for exsmple,
for each branch of industry the proportiorn of expenditure financed by government. In-
come arising from the sale of prototypes or pilot plant or new meterials developed in a
research organisation, should be recorded, but it should on no account be deducted from
the total of intra-mural expenditure. The same applies to income from the sale of
patents, or income arising Irom licensing arrangements, or the sale of technical know-how
(See Section V). If a research orpanisation sub-contracts part of its work to some
other research organisation, this must be recorded as extra-mural expenditure to avoid
double-counting. If work is performed by & "non-research" organisstion, which will not
be recorded in another respondent's return as "R. and D. activity", this should be treated
as a purchase of equipment or services, and not as extra-mural expenditure. An example
is the construction of a model, or the fabrication of specific components for a pilot
plant.

Measurement of Extre-mural Expenditure on Research and Development

A busincss enterprise, or government department, or & non-profit institution
which requires “he performance of R. and D. work need not necessarily undertake this
activity itself. There are various ways in which the work can be done on an "extra-
mural" basis. Goveroment departments may place research and development contracts with
industrial firms, and in some countries this "extra-mural” expenditure is greater than
the "intra-mural" expenditure of General Government. Enterprises themselves way place
research contracts with each other, with unjversities, or with non-profit research ins-
titutes. In & somewhat different category are general donations for the promotion of
research, without any specific contractual obligation on the part of the recipient.

But these too should be measured in order to provide comprehensive data on the flows of
funds for R. and D. Finally, the results of R. and D. performed elsewhere may be pur-
chased by payment of royalties under licensing agreements, the outright purchase of
patents, or the conclusion of arrangements for the sale or exchange of technical "know-
how".

All of these transactions are important, but it is essential that they should
be separately distinguished. Therefore, respondents to surveys in each sector are
reguired to enter their extra-mural expenditure under two main headings: contract re-
search and general donations: and to record payments for royalties, pateants ete.,
separately. Each of these hesdings is sub-divided by sectors, and classified intoc "home"
and "external". An example of the type of entry envisaged is part of the questionnaire
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used in the Netherlands Survey of Research and Development (1959), which is shown in
Appendix III snd Appendix IV.

It will be noted that the classification of recipients of general subscriptions,
grants and donations does not include business enterprises, This is for the obviocus
reason that nobody makes general donations te business enterprises in the Netherlands.
Similar mincr differences will apply ‘o the guestionnaires in varicus sectors in different
countries, but the basic aim, whatever the local wvariations in design of the survey, will
be to obtain a complete picture of the flow of funds from sll organisations making extra-
mural payments for R. and D.

Hon-Performing Intermediary Organisations

This will include those in Category I.C.4, of the Netherlands form, ever though
they are not performers themselves, Well-known examples of such organisations outside
the Netherlands are the Stifterverband fir die Deutsche Wissenschaft, and the Deutsche
Forschungsgemeinschaft in the Germen Federasl Republic. Although such toedies introduce
an extra complication for purpeses of analysis of the flow of funds, the actual collec-
tion of datea from them is relatively simple. As they are themselves concerned to pro-
mote R. and D. they are normally keen to assist in the collection of statistics, and in
fact may take the initiative, as in Germany. Furthermore, as they are concerned almost
exclusively with the adquisition and digtribution of funds for R. and D., their accounts
are comprehensive and relatively easlly analysed.

But there is one important difficulty arising from the fact that they receive
grants from several different sectors which are not "ear-marked" for any particular use.
These may be distributed in differing proportions in other sectors, and some of thenm may
be used by performers for purposes cother than R. and D.

In the case of organisations which are purely intermediaries and not themselves
performers, it is necessary to make an arbitrary cconvention on the sources and disposi-
tion of funds which are not "ear-marked" for a particular purpose. The scurces of each
grant are assumed to be in the same proportion as the total general income of the inter-
mediary donors' organisation. For example, if a voluntary health fund derives /% per
cent of its general income from private individuals and 25 per cent from government, the
recipients of its research grants whatever the amount may be will be deemed to receive
their funds from these sources in the same proportion.

Government R, and D. Centracts

Government R. and D, contracts with industry present some special problems.
Even though nominally designated as "R. and D." contracts, they may cften include a pro-
curement element or a "cost-plus” element. Alternatively, procurement contracts may
include an R. and D. element of unknown dimensions. Consequently, although the budget
figures of government departments provide a rough guide to the extent of R. and D. work
financed by the government, they cannot be regarded as satisfactory substitutes for R.
and D. estimates of the performers themselves. These estimates shonid he based op the
same basic principles as those outlined above, and not on aay separate principle, such
as the inclusion of all expenditure incurred under a government R. and D. contract.

4.8 Adjustments for Non-research Activities

There is probably some tendency for specialised research establishments te
over-estimate their R. and D. expendifure, as typically, a research organisation will be
performing some non-research functions. It is necessary for the expenditure on these
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activities to be deducted from the total expenditure of the organisation, and in the
scheme proposed here, this calculation should be explicitly recorded. Respondents must
in any case make this caleculation so there seems to be no reason why 1t should not be
used to furnish information on the extent of related activities carried out by research
organisations, Normally, the calculation will probably be made, by estimating the
percentage of man-hours devoted to various activities other than R. and D. and applying
this to the expenditure figures. But sometimes, accounting procedures may have been
designed to facilitate this type of analysis and introduce a greater degree of refinement.
Ubviously it is desirable to make some adjustment for major differences in costa other
than manpower costs, such as equipment, materials and overheads, but it is impractical

te insist on any elaborate system of accounts which would allow for all such variations.
In the case of major items of capital equipment a precise allecation may often be possible
if they serve either research or some other function.

In the case of organisatlons which are not primarily research establishments,
there is probably some tendency to under-estimate their expenditure on R. and D. This
will normally be due to the omissiocn of indirect costs for personnel, who spend only a
small part of their time on R. and D. work. It should be emphasgised in the instructions
te such respondents, that although the caleculation of research expenditure may initially
bte based on a man-hour estimate, this should be applied not only to salaries and wages,
but to all other items of cogt including s share of overheads. This applies, particu-
larly for exauple, to institutes of higher educstion.

In the case of respondents in the business enterprises sector, they should be
requested to state whether they have a speclelised E. and D. departmernt. If they heve
such a department, they should show:

(1) The totel intra-mural capitsl and currernt expenditure for this department,
in the given year, including any expenditure for non-research activities.

(ii) The appropriate deductions for estimated capital and current expenditure
on non-research activities. These may be classified to distinguish
other scientific activities separately.

(111} The estimated additional R. and D. expenditure irncurred withinm the enter-
prise but outside the R. and D. department, for example, in production
units.

4.9 Gross Expenditure on Regearch and Development (G.E.R.D.) within a eountry

Figures, collected from respondents in each sector of the economy, on their
intra-mural and extra-mural expenditure and sources c¢f finance, will make it poasible
to construct aggregates for each sector and for the country as a whole. Total expendi-
ture on R. and D. within a particular country is here defined as "(ross Expenditure on
Research and Development"” {(G.E.R.D.)}. This concept excludes all payments for patents,
licences and know-how, It includes R. and D. financed from abroad, but performed inside
the country; it excludes external payments or donations for R. and D, performed over-
Sens. In the case ofiinternational enterprises, only that part of their R. and D.
which jis actuslly performed within the frontiers of the country concerned, is included.
If the international enterprise imports the results of R. and D. performed by other
aasociated or subsidiary concerns abroad, thenm the actual or imputed payments for this
will be recorded, either under external extrz-mural expenditure for contract research,
or under external payments for patents, licences and know-how. Contribtuticns by govern-
ment to inter-governmental international research organisations, such as C.E.R.N., are
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included in external payments. But the expenditure of such bodies in the countries in
which their research facilities mey be located should be excluded from the G.E.R.D. of
the countries concerned. It will be also useful %o supplement the figures for gross
expenditure within a given country, with figures of gross expenditure by that country.
This concept excludes R. and D. financed from abrcad but performed within the country,
but includes external payments for research performed abread (although not external pay-
ments for licences and know-how, which are separately treated in Section V). In accor-
dance with national income concepts, the territory of a given country includes, in addi-
tion to the territory within its political frontiers, ships, vehicles and aircraft copera-
ted by domestic carriers even while in the territorial waters or over the territory of
another country, provided they are not exclusively employed on another couniry's terri-
tory.

Classification of G.E.R.D.

The G.E.R.D. within a given country may be sub-divided and classified ip various
useful ways. The principal forms of classification have already been discussed: by
sectors of the economy, by the three main categories of R. and D., ard by scientific
fields. These forms of classification applied to the G.E.R.D., of any particular country
will readily show, for example, the proportion of the total which 1s performed by insti-
tutes of higher education, or by business enterprises or by individual industries within
this sector. They will show the approximate percentage of a country's G.E.R.D. which
is spent on fundamental research or on applied research, and the amcunt spent annually in
such fields as medical research, agricultural research, and (ultimately) social sciences
research. Obvicusly, it is = simple matter to combine two or more forms of classifica-
tion, as in the example shown in Appendix V, which indicates the expenditure on funda-
mental research in each sector of the economy.

Similarly it would be possible to show research in each scientific field by
seotors of the economy. By comblining the three forms of classification one can show,
for example, the amount cof basic research in chemistry in each sector of the economy.
For some purposes, and particularly for analysis of economic sectors, the G.E.R.D. must
be classified both in terms of performance and in terms of sources of finance. This is

most easily donme in the form of a simple standard matrix as illustrated in Appendix VI:
(the figures are purely hypothetical).

It will often be possible to construct a more sophisticated and complex matrix
than that shown abeve(l5), but this model is sufficient for purposes of analysis of the
main flows of funds between sectors. It is evident at a glance, for example, that the
"intra-mural"” expenditure of "general govermment" is $50 millicn, compared to $#125 million
of "extra-mural" expenditure in other sectors, consisting in all probability, mainly of
R. and D. contracts with industry, generel grants and funds for higher education, and
supporting funds or grants for private non-profit imstitutes. Cr, to take ancther
example, 1t is evident that the higher education sector 1s not a scurce of funds for R.
and I, in any other sector, but 50 per cent of the research expenditure in institutes of
higher education is financed by the government, and 25 per cent from the private non-
profit sector (charitable foundations, etc.). The matrix is based principally on data
furnished by performers on their intra-mural expenditure and sources of finance. Data
on extra-mural expenditure is used principally as a check, and to fill in gaps in the
data furnished by performers. This method is preferred because source organisations may
not know the actual dispositiom of their funds as between E. and D, and related activities
or the actual year ol the expenditure, or the extent to which sub-contracting takes place

by performers.
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4 similar type of matrix may readily bve comstructed for the gross expenditure
on R. and D. by a given country {(as opposed to expenditure within the country). This
matrix excliudes the now showing "income from abroad" but includes an extra column showing
external payments for R. and D. performed outside the territory of the country {See
Appendix VII),

A more complex model which attempts to cope with the problem of intermediary
crganisations is shown in Appendix VIII, but to avoid cver-elaboration, no proposals for
standardisation of this type of presentation of results are made.
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SECTION V: POSSIBILITIES OF MEASURING QUTPUT

5.1 Introduction

The output of research cannot be opposed to input in the semnse in which the
latter is normally used in economic terms. The output of research has implications which
are not only economic, but alse related to health, social and nilitary questiona, as well
as to the disinterested search of knowledge. ¥or this reason, the term "results" might
be more apt than "output".

Precise measurement of cutput of research is impossible even in the economy.
Correspondence cannct be established between the cost of a particular piece of research
(in monetary or manpower term) and its economic results. However, correlations between
the two cen be found mnd other indicators, economic or otherwise, of the output of re-
search can be sought. Generally speaking the crude quantitative presentation of these
other indicators (number of patents, number of papersg) should be avoided due to the over-
riding importance of gquality factors, and more subtle indicators should be sought,

Measures of output have not yet reached the stage of development at which it is
possible to advance any proposals for standerdisation. In this field it is Tather a
question of encouraging further research, and already in terms of micro-economic aralysis
some useful work has been done on the output of R. and D. personnel. Among the measures
which have been used with some success are patent statistics, lists of important inven-
tions or innovations, the output of scientific papers, and the private or social returns

sccruing from & particular invention or development.

But all of these methods of messurement are open to objections if applied out-
side a rather limited field, For example, although it may be useful to ligt the major
inventions in a particular industry and to investigate, the economic and social eircum-
stances under which they were made, when it comes to measuring their relative signifi-
cance or compiling & national aggregate, the problem of appropriate "weights" is almost
insuperable. Furthermore, a measure of major "inventions" would necesserily omit alto-
gether the myriad of minor improvements necessary for the satisfactory development of
new products and processes, Similar objections apply to counts of the number of patents
issued in a particular country over a certain period, see section 5.2.

Another hopeful possibility for output measurement is in studies of the output
of seientifie papers, and the National Science Foundation is conducting a research pro-
gremme in this field, But this work will be of greatest value in the field of develo~-
pment activity. There are alsc some pioneering studies on the measurement of social and
private returns on particular inventions, or the amctivities of particular research orga-
nisations, DBut each one of these studies invelves exhaustive independent research and
it is inconceivable that aggregate nationsl measures could be derived from this type of
detailed case study.

It seems inevitable that for some time %o come it will not be possible to
undertake macro-economic analysis and to make international comparisons on the basis of
the measurement of ocutput. It is important to be quite clear on the implications of
this. It means that any variationa which may exist between individuals, firma, indust-
ries or nations in the productivity or the guality of R, and D. sctivity will not be
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measured. This is an important limitation, but it is one which applies also to measures
of resources devoted to education, most activities in the government sector, and some
other economic setivities designated as "services".

5.2 Obgervations on the Use of Patents Statistics with a View to Measuring the Output
of R. and 1.

Patent statistics can be compiled at different periods from the time of in—

vention.

Firstly, they can be compiled when the patent is applied for: a certain
number of these applications will be rejected.

Secondly, they can be compiled at the time of issue of the patent. The period
between application and issue varies from country to country, but it is generally lenger
in those countries which have s preliminary examination of patent applications, after
which some applications are rejected.

Finelly, patent statistics ¢an be complled several years (say five) after
issue, when in certain countries, only those patents on which the annual fees have been
paid remain in force. TFor the other countries a similar compilation can be made for
those patents which have been declared void of novelty in legal patent suits, One can
assume that this finsl compilation includes only those patents which are in fact being

used.

However, the above statistics cennot give an indication of the total cutput of
acientific research. The results of Fundamentsl Research hardly ever are patented.
Furthermore, certain inventions are not patented,

There may be legal restrictions to patenting; for example, in France pharma-
ceutical products cannot be pabented. Also, certain inventors may prefer to keep their
inventions secret, or to publish them; - above all when novelty of s patented invention
is difficult to uphold. Finally, there exist specizl rules for inventioms related to

Haticnal Dzfense.

There are a few difficulties involved in the use of petent statistics, the
problem of appropriate weights is difficult and there are additional problems such as
differences between f%rms or other agencies in patent policy. Nevertheless patent
statistiis are a fruitful source of information on particular industries of countries,
although not yet satisfactory or purposes of internaticnal comparison of overall R, and
D, activity.

5.3 Measurement of Expenditure on Patents, Licensing and Technical Xnow-How

Payments for patents, licensing and technical know-how are a distinct category
which should be clearly distinguished from all other extra-mural and intra-mural expend-
iture, But elthough a distinet category and often neglected, they =rre extremely impori-
ant., It is evident that no single country can lead gimultaneously in all spheres of R.
and D. Nor can any business enterprise be permanently ahead of all jits competitors.
Each country (or enterprise) will wish to “import" some of %he results of R, and D,
performed in the past elsewhere. This applies with particular force to small countries
(or enterprises) where size is itself a limiting factor; and alse to underdeveloped
countries, and btechnologicmlly backward industries, But it is alsc true of the largest
countries such as the United States and U.S5.5.R, ©Science and technology have slweys
been and will remain essentislly intermational in their character.
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Consequently it is desirable to obtain some measure, however imperfect, of the
transfer of research results and technical kpnow-how from one country teo another, A large
part of this transfer, especially in the field of basic research, takes place without any
payments, as the results are freely published and accessible to all. Bu%t some rough
indication of the magnitude of the remaining flow, and of the "techneoleogical balance of
payments” for any individual country, can be obtained by collecting information on patent,
licensing and "know-how" expenditure. Such data must cover both receipts and payments.
These statistiecs have two advantages compared with those based sizmply on pumbers of pat-
ents registered. First, they are "weighted" by the valuation placed by the world market
on a particular patent or licence. The market is of course very imperfect and so is the
"weighting" but it is better than none, Only inventions of some economic significance
will be the subject of licensing arrangements, Secondly, they include expenditure on
inventions and developments which are not patented for a variety of reasons. This expen-
diture takes the form of payments for "technical know-how", and there is very little
doubt that it is increasing rapidly.

what is true of countries is true alsc of individual enterprises. No firm is
self-sufficient, and studies which have been made of the largest firms, with highly de-
veloped research faecilities, suggest that frequently they depend to a lerge extent on the
acquigition of the results of R, and D. performed elsewhere, often by means of licensing

arrangements or technical know-how agreements,

For all these reasons, a measure of this flow of funds iz desirable, both with-
in a particular country and between countries, There are, however, serious defects of
these statistics relating to the transfer of know-how between parent and subsidiary com-
panies or associated companies. In some cases this is paid for in the normal way as &
market transaction, buf¥ in other cases, there are probably also delayed or fictitious
payments, or inflated payments, made with an eye on the tax pcocsition as between various
countries., BSome of these defects could be covercome by requesting enterprises (and other
organisations benefiting from similar arrangements) to assign an Iimputed value %to the
know-how which they acguire from parent or associated companies. This valueticn would be
based on the price which would have to be paid on the open market for the transfer of the
patents, licences or know-how which is received.

In some cases, statistics on external payments and recelpts for patents, 1i-
cences and know-how are obtained guite independently of R. asnd D. Surveys, for example,
as a group of invisgible transactions for balance of payments atatisties, or by patent
offices, If these statistics are sufficiently comprehensive it may not be necessary to
include these questions within the framework of an R. and D. Survey, But in most cases
it will be necessary, as it is desirable to obtain the figures with the same sector snd
industrial breskdown as other R, and D, statistics, and to cover the flow of payments
within a country as well as outside it,

Some of these payments, such as the outright purchase of patents, may be re=~
garded as a form of capital expenditure; others, such ag royalties, as current expendi-
ture., DBut i1t does not sppear essential to attempt a classification of this expenditure
along these lines.
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SECTION VI: CONCLUSIONS

The standa=d scheme proposed here would permit international comparison of the
Gross Expenditure om R. and D., of the principal sectors and industries, of the sources
of finance, of the main fields of expenditure, of external expenditure, of the degree of
specialigation of research organisations .and of the expenditure and receipts for patents,
licensing and know-how, Further, it would permit comparisons of the ratio of G.E.R.D.
to G.N.P., of the ratic of R. and D. expenditure to net output in particulsr sectors or
industries, the ratio of government R. and D. expenditures to other Budget cutlays and
so forth. Similar types of comparison are possible in the case of statistics of scien-
tific manpower employed in R, and D, A few O,E.C,D, Member countries have already nes~
sured their R. and D. activity largely along these lines. But most have not, and a
general move in this direction would represent a substantial advance. For one reason or
another, not all countries will Dbe able or willing to adopt all the standard conventions
suggested here, but so long as the divergences are clearly defined and measurable, sati-
sfactory internatiocnal comparison will be possible.

The measurement of R, and D. is still in its early stages. Its level has been
compared to that of national income ststistics before the second World War., It is quite
evident that there are still important conceptual and practical problems to be reseclved,
and that margins of error for some estimates are still toco large for satisfaction.
Nevertheless, even with their present imperfections, these statistics have already proved
their worth as useful tools for analysis and poliey formulation. All forms of measure-
ment involve successive approximations and constant improvement and refinement of con-
cepts and methods. This process will continue in the case of R. and D, statistics too.

It may be useful here to indicate some of the mein lines of work, which are
necessary for the improvement of these series. It would of course be completely Utopisn
to imagine, that all minor errors of computation and judgement could be eliminated from
respondents' returns. It is well-known to statisticians that long-established economic
geries, with e justified reputation for reliability and low margins of error nevertheless
contain innumerable minor errors in the individual returns of respondents. This is true,
for example, of foreign trade stetigtics and employment statistiecs, not to mention most
of the components of naticonal income series. However, owlng to the coperation of the law
of large numbers, in most cases these miner errors are mutually compensating and cancel
each other cut. Consequently small errors by respondents can be disregarded provided
there is no systematic bias in any one direction.

In the case of R, and D. statistics it would be useful tr find out, by detailed
case studies and investigations in several countries, whether there is evidence of syste-
matic bilas in the returns of respondents on some 2oubtful guestions, One cbviocus example
is the treatment of developments costs, and trial production 1n such industries as the
aircraft and moter wvehicle industries, Detailed comparison of the R. and D. estimates
of enterprises in the same industries, but in different countriesg, would be very useful
for this purpose. Interviewing would be essential for satisfactory results, Anocther
field for further study is the deteiled analysis of government extra-mural R. and D.
contracts, A third example is the whole treatment of non-research "related activities",
carried out by research organisetions.
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A special problem requiring investigation is the R. and DI. work of "interns-~
tional companies" operating in many different countries, such as the o0il companies. The
convention suggested here of measuring the R. sand D. performed within each country, and
attributing this only to the G.E.R.D. of the country concerned, is not wholly satis-
factory and it might be possible, in co-operation with economists 1n such enterprises,
to evolve a more satisfactory solution., Its importance mey be gauged by examining the
industrial R. and D, expenditure of the Netherlands, Four lerge international companies
account for over half of the totel expenditure(l6). It was not possible to classify
these companies by industry, so that although the Netherlands Survey is an extremely
competent piece of work, this detracts considerably from its value for purposes of in-
dustrial analysis. Partly, of course, this is a problem of the possible identificaticn
of corfidential data relating to individual firms. It must be hoped in this connection,
that the great majority of firms will follow the example of those, who have slresasdy
btegun to publish data on their R. and D. expenditure and manpower, with their annual
report and accounts. Provided that standard definitions are used, this would very much
facilitate international studies and comparisens.

Another field where there is considereble need for further research work is on
gurvey techniques in the higher education sector., At the Frascati Conference Member
countries agreed to submit papers describing their experience in this field, whare the
problems of separating teaching from research expenditures and weasuring part-tive em-
ployment are particularliy difficult,

In addition to research on ways of improving the existing measures, 1t is also
aggential to evolve new messures, 8and explore new fields. It is to be hoped, that the
0.E.C.D. will initiate work on the measurement of all releted scientific activities, and
of research in the social seciences, so that this manual will be only the first stage of
a prolonged effort in this vital, but hitherto neglected field of statistics. Continuous
attention will also be needed to improve the concepts and conventions established in thise
manual and to keep them abreast of new developments in Member countries.
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APPENDIX T

Supgested Standard Classification of Business Enterprises Sector

and Reconciliation with Internaticnal Standard Industrisl

CQlassification (I.5.I.C.)

Sub-Divisions

Agriculture, forestry, hunting and
fishing

Mining and quarrying

Manufacturing
Food and drink

Tobacco

Textiles

Clothing and footwear, leather
Wood, cork and furniture
Paper

Printing and publishing
Petroleum refining and extraction
Drugs

Chemicals

Rubber preducts

Stone, ¢lay and gless

Ferrous metals

Non-ferrous metals

Pabricated metals products

1.8.1.C. Group Numbers

01 - o4

11, 12, 14, 19
20 - 39
20.21

Y]
AV

24,29
25.26

Part of 31
Part of 31 (excluding drugs)
20
33
Part of 34 (34,1)
Part of 34 (34.2)
35

Machinery, excluding electrical

Instruments

Part of
Part of

Part of

36
36
37

Other electrical machinery and apparatus
Aircreft and missiles

Motor vehicles and parts

Shipbuilding

Other transport equipment

Other manufacturing
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Part of 38 (38.8)
Part of 38 (38.3]
Part of 38 (38.1)
Part of 38
39



IvV.

Sub-Divisions

Utilities: construction, transport, commerce
and gervices

Water-works, sanitary services
Electricity, Gas

Constructieon

Transportation, storage
Communications

Wholesale and retall trade, banking, insurance
real estate, ownership of dwellings, and
niscellanecus services

Engineering and Technical Services

Other activities
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1.8,I1.C, Group Numbers

40 - 90
e
51
40
71 - 72
73
61 ~ &4, 83, 85
Part of 84
Part of 84
90



AFPPENDIX TI

Clessgification by Scientific Fields

Column 1 Column 2

Principal fields Sub-division of principal fields

A. Natural Sciences 1, Mathematics

2. Physies, mechaniecs, electronics, astronomy
3. Chemistry, physical chemistry
n

. Biology, botany, zoology, bio-chemistry,

bio-physics
5. Geology and earth sciences, meteorology,
geophysics
6, Other
B. Engineering 1l. HMetellurgy, mining

2, Mechanical

3, Construction, eivil

4., Electrical

5. Asronauticael

6, Chemical, fuel and petroleum technology

7. Textile
8. Geodesy
9. General technology and applied science
10, Other
€, Medical Sciences 1. Medicine

2. Dentistry
3. FPharmacy

4. Other

D. Agriculture 1., Agronomy, rural science
2. Forestry, horticulture
3., Dairying, animal husbandry
4, TVelerinary science
5. Other

E. Social Sciences 1. Political science, diplomacy
2. Economics, commerce, banking
%, Bociology, ethnolegy
4, Other

F, Humanities and Fine 1. Humanities

Arts 2., Tine Arts

3. Education
4. Other
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APPENDIX Ila

Clegsification of Scientific Disciplipes

Mathematicsa

Algebra

Thecory of numbers

Logic

Functional analysis

Topology

Geometry

General mechaniecs end sngineering
Probability and statistics
Numericel analysis

Applied mathematics

Other mathematical disciplines

Physics
Theoretical physics
Mecheniecsl physics
Accoustics
Thermodynamics
Electricity
Electronics
Electronphysics
Electromagnetic rays
Opties
Nuclear physics
Atomic and molecular physics
Physics of fluids
S0lid state physles
Other disciplines in physics

Chemigbry and Metallurgy

Physical chemistry

Analytigsl chemistry

Chemical engineering

Mineral chemigtry

Cements, cersmics

Metallurgy

Organic chemistry

Agricultural ard food chemistry
Biochemistry

Other Chemical disciplines



Astronomy and Meteorology

Astronomy

Space physice and sestronsutics
Synoptic meteorology
Specialised meteoroclogy
Meteorological equipment

Other meteorology

Interdisciplinary subjects

General geophysics
Geaophysical prospecting
Geochemistry

Soil sciences
Hydrology, hydrography
Oceanography

Others

Technologzy

Aeronautics

Construction and c¢ivil engineering
Sanitaticon engineering

Equipment machinery

Mineral exploitation and petrology
Scientific work study

Other technologien

For the Record

Earth sciences

Life sciences

Pgychology

Human and social sciences

Source: N,S.F,
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APPENDIX I1I

Netherlands Research and Development Survey:

Extract from Questionnaire relating to extra-mural expenditure (13)

I.B. Expenditure in 1959 on research and development performed

by order of your enterprises by:

1. Universities and collegas

2. Netherlands Organisation for
Applied Research {(T.N.0.)

3, Other resesarch inatitutes
4. Manufacturing industries
S. Other industries

&. Others

A similar breakdown should be made for

of which,
Total payment
abroad
{(Guilden)

“arww LR ]

L) s r e

each of the other main

categories of extrs-mural payments, The next section of the Netherlands

questionnaire does this for genersel grapts end donations.
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APPENDIX IV

Netherlands Research and Development Survey:
Extract from Questiomnaire (14)

I.C. BSvbacriptions, grants, donations, etec., for research and
development purposes, in 1959, paid to:

of which,
Total payment
abroad
(Guilden)
1. Urniversities and coclleges e R
2. Netherlarnds QOrgenisation for
Applied Regearch (T.N.0.) PR e
3. Other Institutes which perform
R, and D. themaelves reua s
4. Organisations which do not
perform R. and D. themselives
but which restrict their
activities to financing and
co~ordinating R. and D. csne sraa
5. Others [ ceaa
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APPENDIX ¥

Expenditure on Fundamentsl Research, Applied Research and
Development in Country A by Economic Sectors (§ millions)

Sector of Performance Fggggﬁigﬁal gggéi;gh Development Total

Businese enterprises 10 4o 145 200

Genesral Governnment 5 15 30 50

Higher education 30 10 0 40

Non-profit institutes 5 5 10 20

Total 5Q 75 i85 310
G.N.E.R.D.
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APPENDIY VI

Standard Matrix of the G.N.E,R,D. of Country A

{(expepditure within the

terTitory) (§ millions)

Sector of

perfor-

Source mance
of

funds

Business
Enter-
prises
Sector

General
Govern-—
ment
Sectbor

Private
non-

profit

Sector

Higher
Educatlon
Sector

Total
Sources

Finence

Business
Enter-
prises
Sector

100

110

General
Govern—
ment
Sector

10¢

50

20

175

Private
Non-
profit
Gector

1a

10

20

Higher
Edu-

cation
Sector

From
Abroad

10

20

Total
cost of
Research
and
Develop-
ment in
each
sector

210

50

25

45

%30
(G.N.E.R.D.)
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APPENDIX VIT

Standard Matrix of the Gross Domestic Expenditures on
Research and Development by Country A including exbternal payments

T
Sector of Business| General| Private| Higher External
perfor- Enter- Govern-| Non- Education| payments

mance prise ment profit {abroad) Total

Sector Sector Sector

Source
of
funds

Business

Enterprise
Sector 100 - 5 5 5 115

Genersal
Government
Sector 100 50 5 20 5 180

Private
Non-profit
Sector - - 10 10 - 20

Higher
Education
Sector - - - 5 - 5

Total
Hesearch and
Development
in each 210 50 25 45 10 220
Sector
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APPENDIX VIII

Sources, Performers and Intermediaries: Matrix by Herbert E.

Striner -~ John Hopkins University

Source Performers - Intermediaries performing R. & D.
of : .
Gensral Higher Private Private
funds Government Education Firms Int. Total
Gen, Govt, 1 50 50
2 (13) (20) (15) (100)
Gen. Govhk. 3 20 20
4 (20) (20)
Gen, Govt. 5 100 100
6 (10) (80) (10) {100)
Gen., Govt. 7 5 5
8 (%) (5)
Higher Ed, 9 5 5
10 (5 (%
Private 11 100 100
Firms 12 (5) (90) (+)
Private 13 10 10
Int. 14 (L (9)
Fupds
received
directly 50 25 200 153
TFunds )
spent % 290
for
R. & D. 15 62 185 28)

Source: N.3.F.




APPENDIX TX

"Criteria and Categories of Research”

For the purpose of ascertaining whether & kneown single or aggregate expenditure
constitutes a ressarch expenditure or expenditure ocutside the field of research, the def-
initions given in section I1 may be complemented by & method of exemination using more
detailed criterim. These same criteriam also enable a finer distinction to be made bet-
ween fundamental and applied research as well as between applied research and development.

In accordance with the method proposed, 5 basic criteria remain which concern re-

spectively:

- the aims of research
- the findings cof research
- the type of research work

Each of these three criteria may be expressed 1n one or more impersonal apd otjec-
tive, or else persopnal and subjective forms, thereby enabling many differences of inter-
pretation to be avoided. The attached teble conteins the terms in which we propose to
designate these criteria; many otber definitions are possible. Those submitted here
have Teen the subject and are the direct result of a survey carried out in France by the
Dé18gation Générmle & la Recherche Scientifique et Technigue.

Criterion No. 1. or criterion of the aims of research

The impersonal form of this criterion concerns the course of intellectual action
pianned for the research operation; this calls for a scale of abstract key-words de-
noting a sequence of attitudes in man's mastery of phenomena:

Tdentification of a phenomenon or at leest of some of its parameters: this a rou-

tipe activity research as in the earth sciences, astronomy or archaesology;

Classification - the classification of phenomena is one of the most% effective
methods of imparting knowledge. The descriptive sciences fregquently afford examples of
thisg;

Comprehension - in a restricted sense; 1i.e, the formal explanation of phencmena,
Analogies, asa in bthe physical sciences are ¢often used to this end, but certein aspects of
mathematical sciences may alsc be put forward, in which models prdvide elements of com-
prehension,

Anticipation - anticipation logically is a sequel to comprehension, but in an
empirical approach msy precede it;

Modification of natural phenomena, and often of their development in time; ae in
en attempt to influence the course of an illness or the trend of an atmospheric distur-
bance,
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To achieve modification local conditions are generally created so that the modi-
fied phencmenon can be predicted; chemistry provides numerous examples; (1)

Application of the phenomena, or of the products and processes which induce them.
These products and processes ultimately make up the elements of man's well-being and the
instruments of humen scition.

However, these stages of intellectusl creation are not abeolutely distinct one
from another, as can be seen from the overlapping of key-words between columns I, II and
11T,

In the perscnal and subjective form of this aim criterion, resesrch or rather
organisation of research generally appears to aspire towards the satisfaction of needs:
first, the need for knowledge; second, the need to know how to operate, act or produce;
and third, the need to know how to proceed under a set of conditioms imposed by concrete
facts and by the existence of an econcmic orgenisation of scciety.

These few reflections may help to classify the aims of research, It must however,
be acknowledged that these aims often elude serious investigation: they are not fixed in
time and vary according to the peints of view adopted by different persons at different
levels of a hierarchy. This c¢riterion, while useful as it stands must be supplemented
and cross-checked sfter the research by the exsmination a posteriori of other criteria:

Criterion No, 2 or criterion of research findings

The criterion of results, in both its ilmpersgonsl snd perscnal forms, seeks to
apprehend the object together with the value of such creation to the social economy (or
at any rate the value it might have had, whether in case of success or failure).

The findings of so-called fundamental research, that is, the knowledge gained,
the doctrine established or the general law defined, usually add to a stock of knowledge
that can only be used later through new research, such as applied researck. From ancther
angle, this means that the knowledge is non-negotiable, and it is therefore freely
divaiged.

In the category of applied research, the findings as a rule provide a primary
element which can be used for a product, operation or methed, and which can, although
perhaps not universally, be applied to certain types at any rate of particular in unspe-
cified cases, The outcome is that the more clearly the possibilities of application and
the field of application emerge, the more research findings will take on a subjective
value and become negotiable, the corcilary being its control through secrecy and by
patents.

The next obvious step is development research, which consists in defining each and
every condition - in keeping with the technical progress achieved - of the specific use
to which the originally discovered primary element will be put. Those whose task it will
be to negotiate such a result pust obviously be cognisant of the completeness of the
development work and determine whether the invention is in every way prepared for an
industrial innovation. Incidentally, the completeness of work alreedy gives it a certain

{1) It is important to ncte that, in this instance, the "modifying" aim of ressureh ig
quite distinct from the experimental method used; very ofbten the art of the experi-
menter consists in so medifying a2 phencomenen as to force it inmte a simple form; this
particular modification is therefore a method or device serving to achieve the aim

of research.
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publicity value, 8t least from the prestige angle, which should not be confused with the
publicising of hasic findings; this paves the way for the association of promoticnal
publicity with extra-research activitles, which is a function other than that of publi-
¢ising research,

Criterion Mo, 3 or criterion of the type of research work

This ¢riterion may be considered from many different angles, some of which come
under what has been desipgnated as the impersonal form, and others under the personal

form.

Under the impersonal form, we propose special consideration of the following ad-
mittedly arbitrary headings;

- Structure of the work:

theoretical and speculstive - speculative and constructive - constructive and
possibly semi-repetitive (or partially repetitive) would then be the key-words respect-
ively denoting the type of work in the three categories of fundamental research, applied
research and development research.

- Organisation of the work;

unrestricted - guided - supervised would similarly denote the degree of freedom
enjoyed by the person with research responsibilities in our three categories.

- Time aliowed:

unspecified - suggested- specified and imperative would represent the same sequ-

ence.
-~ Cost:

in statistical terms, the overall costs of research in the three categories would
respectively be proportionate to such co-efficients as 1, 10, 100 in order of magnitude,
Unfortunately these costs represent capital investment and a simple comparison cannot be
nade with the current operating costs resulting from a research project.

In the personal form, the criterion of the type of work might be designated "gqua-
lity and experience of the research worker". But the difficulty then is to fix and
standardise the personal qualities of the ideal research worker. Tenbtatively, we propose
the consideration that these ildeal gqualities become increasingly diversified as the work
draws nearer to practical industriel application; or again, the more or less openly
expressed leanings and desires of research workers and engineers: the natural tendency
of the former is to take up basic research, and of the latter to toke up development ra-
search, or even manufacturiog or some aspect of production proper.

In the various aspects of this criterion, care must be taken to aveid eny confus-
ion with the earlier criteria or findings and aims; in this instance, the examiner must
judge neither the intenticns that have directed the research, nor the quality cf the
findings achieved, but the conditions, teken as a whole, in which the research actusally
took place, Criterion No. 3 is thus an "a posteriori" criterion, like criterion No. Z.

Without offering any absolute value, these criterie may be extensively applied:
they may be used in examining research operations and very often they meke it possible
to distinguish ancillary esctivities without recourse %o standard definitions. Finally,
this present method of definition by separate criteria, if used in conjunction with a
questionnaire for a survey of research activities, will guide the replies snd shape the
findings into a homogeneous whole.
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CRITERIA CATEGORIES 1. FUNDAMERTAL RESEARCH II. APPLIED HESEARTH 1I1. DEVELOPMENT RESEARCH IV, WON-RESEARCA
FUHH OF
CRITERIA ICRITERION No. 1
AlmS
{m} UBJECTIVES DF - Identification [of:
[HFERSUNAL | INTELLECTUAL - Clasgification (a problem - Comprahension Eor: - hnticipation { (Reproduction of & method in order
AFPROACH - Comprehangion (& phenomencn|- Anticipation & phenomenoy |- Modificmtion to make use and &nsurs the diatri-
- Anticipation (a method - Modification {a pathod - Applicamtlon { butlon of B product or aervice
(b} GOAL OF ~ Satisfection of the need - Setisfaction of the need to |- Satisfection of the nesd to |- Satisfection of the peed to
FEHSONAL HESEARCH for kncwledge know now to operate or know how to operate updasr maintein an undertaking by
produce optimus practical (mnd providing services 1o
Guide towards achievement econazic) conditiona ;“B:g:ﬂﬂ {also valid for public
Guidance towards sffactiva B;i" utione or)non—prafib-
achievement making concerna).
CRITERION No. 2
RESULTS
(2} OBJECT CHEATED (- Acceplabla item of knowledge {- Frinciple applicable to & - Detailed definition of - Application, weually repatitiva,
IMPERSONAL or theory number of speciflc capen performance snd conditions of 8 principle, process or
- Body of dectrine or of - Conerete proceas or device :t :E:z}fi: ep&lé::gig: of device
cobarent o tnod Savice (this definition tn- [5-B- I the caes of performance of
- Abstract general law cludes the factors govercing 2:;"_‘“)1“ :°:;'1°§: i:.g.tengmo-
sollectlve distribution: ngl, ng Ject ean
cost, safety, mtandards, stc) be constructed without
M u * therety comlog under the
heading of rAsearch
(b} VAlUE OF ~ Can ooly ba usad for - Can saldom be practically -~ Cap be usad immedistely. - Product or mervice is negetiable
PERSONAL FINDINGS rasedrch objectivea applied without any defi- Frapared for industrial and had s wideapread sogial and
r i '
- Non-pagotiable (no :igiin of apecific condi- Innovstlon economic ilmpact
‘ commercial valua) - - Nagotioble - aubjact to - Publiciging of the uee gnd
Published - Hego*'abls - subjact to gecrecy and complaxity of sdvantagea of the product or
aacracy mnd patenta ¥now-how {publieity value of Bervice
the overall findingse).
CHITERION No. 3
TYFE QOF WORK
(&) STRUCTIURE - Theoratical and speculmtive |- Speculative and sonstTuctive|- Constructive and posslble - Productlve, repetitive and
IMPERSONAT, pepi-rapetitive (the latger atanderdised
d’”'{’:‘?e on the ouality of 4y B Tne supserviston and opti- |
rasults misation of preduction ,
involve no uncertalaty and i
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DRGANISATION - UDarestricted - Preedom of - Guided - Presdom or rasesrch|- Suparvised, tendency towards |- Progrembed and supervissd i
reaearch organiser organissr vestristed graded progrimming
TIME ALLOWED - Unapecified {often very ~ Tims suggested -~ Specifisd and imperative -~ Chacked continuousiy
long)}
SoutT - Co-efficleat 1 - Co-sfficlent 10 {order of - Co-afficient 120 (ordar of - Qurrent opera%\ng comts
magnitude) megni tuds )
(b} . ) . ’ . L
FERSONAL | QUALITY AND = Intellectual ability - Iatellectual ability and - Diversified ubililies: ~ Highly diversified abilities
EXPERIENCE essential powers of observation aeed for fusion
QF PERSONNEL important




10.
11.
12,
13.
14,
15.

16,
17.
15,
19.

AFPPENDIX X

Types of Work done by the Research and
Development Staffs of 239 Firms

Type of work

Percentage of
firms reporting

Basic and fundamental scientific research

Laboratory or small-scale investigation of possible
new materiesls epd purchased components

Trying out new raw materials and purchased
components in the factory or works

Establishing specifications for raw materials
and purchased components

Routine testing of raw materials and purchased

components

Research on methods of testing raw materials
and purchased components

Designing modifications to existing machinery for

oWl use
Design and development of new machinery for own use

Construction of prototypes of new machinery for
oWn use

Trying out new machinery in the factory or works
Small-scale investigations of new methods of production
Testing new methods of production in operation
Produetion control

Testing for control purposes

Laboratery or small-scale investigation of new
processes

Testing new processes in operation
Routine testing of products
Research on methods of testing products

Design of new products
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49

73

65

57

43

49

49
41
74
o4
17
57

60
36
Vais
74



20.
21.
22,
23,
24,

26.
27.
28,
29,
30.
31,
z2.
33,
34,
35,
6.

Type of work

Development of prototypes of new products
Testing prototypes

Development of components

Production of prototypes

Running pilot plant

. Work study

Methods engineering

QOperational research

Research on industrial health and safety
Technical services to customers

Technical sales

Market or sales research

Investigation of customers' complaints
Training of personnel

Statistical serviges to production department
Library services

Other technical services to manufacturers' departments

Source: Dr. E. Rudd op. c¢it.
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Percentage of

firme reporting

75
71
48
45
us
10

8
13
10
51
17
10
54
A6
16
49
28



AEPENDIX X1

Outline for the analysis of State expenditure by financial source

1. General Research

A,

Research connected with higher education {research in Universities,
assoclated institutes end specialised institutes of higher learning)

B. ©Special research sctivity at national level {1} in France: Jeint Tesearch
activities of the D.G,R.5.T.; in the United States of America; research
activities and subsidies by the N.5.F.

2. FPriority Sectors
G. MNuclear research ) distinguishing g non-military
D. Bpace research J between { research
{ military research

E. Military apnd defence research (excluding nueclear and space research -
see C. and D.)

3. Special Activity Sectors

F. Agriculture, fishing and forestry

G. Construction, building and town-planning

H, Transport: roads and bridges, merchant maripe, civil aviation, meteorology

I. Telecommunications

J. Health, hygiene (excluding medical research in Faculties of Medicine,
included under A,)

K. Industry: (various subsidies and financing of government reseesrch bodies
where they exist, including mining and guarrying)

L. Research on behalf of arid or underdeveloped aress

M. Miscellaneous (to be specified)

{1) This refers to research activities for which programmes and finsncial machinery

have been established in seversl countries at national and often at intermipisterial

level,
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