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PREFACE 

The first version of t h i s  Manual was prepared in 1979 by D r .  Giorgio 
S i r i l l i  of the Ins t i tu te  f o r  Studies on Research and Scientific Documentation 
of the National Research Council of Italy in co-operation with the Division 
of S ta t i s t i c s  on Science and Technology of Unesco's Office of S ta t i s t i c s .  
Af'ter discussion and consultations with experts i n  the f i e l d  of science 
s t a t i s t i c s  during that same year it w a s  published on a provisional basis in 
September 1980 (sT-80/WS/8) and circulated worldwide t o  specia l i s t s  fo r  com- 
ments and observations. It was a lso  used a s  background document at the 
several training s e m s  o r g r i z e d  in the different  regions of the world 
(Asia, Latin America and the Caribbean, Africa and the Arab States)  t o  assist 
Member States i n  the implementation of the international standards and methods 
of date collection on sc ient i f ic  and technological ac t iv i t i e s .  

In the preparation of this revised version part icular  consideration has 
been given t o  the various proposals and suggestions received f r o m  interested 
organizations and individuals and t o  the corranents and observations mde during 
the aboveinentioned seminars. It is hoped that with tkrese modifications, the 
Manual w i l l  f a c i l i t a t e  the reader in interpreting the concepts and definitions 
as specified in the Recormendation concerning the International Standardiz&tion 
of S ta t i s t i c s  on Science and Technology and will prove useful t o  those having 
t o  respond t o  the Unesco questionnaires as well as t o  those i n  countries which 
are still in the early phases of developing the i r  science and technology 
resources s t a t i s t i c s .  

The concepts, definitions and classif icat ions obviously have remained 
unchanged and the original layout has been retained. The modifications re f l ec t  
r a t k r  concern f o r  c lar i f ica t ion  and further  explanation. In this connection, 
a significant addition is that part of the Appendix intended more particularly 
fo r  the midance of those Member States of Unesco who a lso  report t o  OECD and 
t o  CMEA (see Appendices D and E) and the presentation of an index. 

It is hoped that  the guidelines provided therein w i l l  lead t o  an improve- 
ment in the quality and comparability of international s t a t i s t i c s  related t o  
sc ient i f ic  and technological ac t iv i t ies .  

This present Manual, l ike  the previous one, is issued on a provisional 
basis and w i l l  be subject in the future t o  further modifications and d e t a i l  
i n  view of the rapid development in this relat ively new f i e l d  of s t a t i s t i c s .  
It should be noted i n  this connection that  Unesco is currently engaged i n  the 
preparation of other methodological documents related d i rec t ly  t o  the subject, 
notably in  regard t o  sc ient i f ic  and technological education and training (STET) 
a t  broadly the third level  and t o  sc ient i f ic  and technological i n f o m t i o n  and 
documentation (STD) ac t iv i t i e s .  

Comments and suggestions from the users of this h u a l  w i l l  be welccined 
by Unesco. Correspondence concerning the M u a l  should be addressed to: 
Division of S ta t i s t i c s  on Science and Technology, Office of S ta t i s t i c s ,  Unesco, 
Place de Fontenoy, 75700 P a r i s  (France). ' 
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1. The stat is t ical  methcxiology adopted in the. surveys carried out 
by Unesco since 1969 Pas  been progressively developed w i t h  the aiu of 
national specialists f r m  different continents and has been discussed 
a t  length during missions to  ;* countries and a t  m t i n g s  convened 
for this purpose by UNESCO. Its a h - i s  the collection of information 
on scientific and technological activities (STA) in a form that w i l l  
proviae the maximum international c ~ n ~ a r a b i l i t y  of data. 

The mst recent initiative of UNESCO i n  the field of science 
stat is t ics  was the organization of a rreeting of a Specid Carmittee of 
Governmental EXperts, which m e t  i n  Paris f r o m  5 to 1 4  June 1978, charged 
to  prepare a draft  recomnendaticn m the international starrdardization 
of s ta t is t ics  on science and techmlqy. 

The ~ c ~ a t i o n ,  which was adopted by the General Conference 
a t  its twentieth session, on 27th November 1978, (see Appendix A) , 
deals with the scope and definitions of the UNESO exercise as w e l l  as 
the various phases &mkr countries are expected to go throqh in the 
collection of statist ical  data. 

The scope of the data collection covers the mst important 
scientific and technological activities (-search and experinu2ntal 
developrent (W), Scientific a d  Techmlogical Education and 
Training a t  broadly the +Slird level (SITET) , Scientific and %chnolqicai 
Services (STS)) but in  the Recomendation it is suggested that the 
extension of international S&T s tat is t ics  should be develaped gradually 
on the basis of the state of progress of natimal and international 
experience. 

In view of the fact that the stat is t ical  systems of Winkcc camtries 
are not all at the same stage of development, and having in mind the basic 
needs of the science policyioaker, the data should be presented a t  
b m  levels of detail or camplexity : a f i r s t  level of detail, consisting 
of a l i m i t e d  quantity of basic information that is indispensable for 
establishing international ccxnparisons, which should, if possiJSe, be 
ampiled by all ,Nmber states ; a second level of detail,  characterized 
by fuller s tat is t ical  data which not all -r countries are able to 
provide h t  which, taken as a whole, could constitute a guide for those 
who wish to  improve and enlarge t hek  national s ta t is t ical  systens. 

In the RecamvlJldation tm successive stages are proposed in the 
process of data collection on scientific and technological activities 
(STA) a t  international level: the f i r s t ,  covering a period of a t  least  
five years starting fran the tire the UNESCO General Conference adopted 
the Reccrrmerdation, should cover only research and experimental develop- 
mnt  (R&D) activit ies in all sectors of performance, together with S&T 
mupier resources ; in tk second stage, which muld be regarded as 
k i n g  of an experirrvtntal nature, the stat is t ical  observatiw tJDuld be 
extended to  STS and STET. 

2 .  Various other international organizations are also carrying out 
programnes for the pramtion, organization, collection, anzlysis and 
interpretation, publication and dissemination of quantitative information 



on scientif ic  and technological ac t iv i t ies ,  more particularly on R&D. 

OECD 

The first efforts t o  standardize at international level  definitions 
for a survey on M D  were made by the Organization for  Economic Co-operation 
and Development which, in 1963, convened a conference in Frascati, I t a ly ,  
where a ttProposed Standard Practice for  Surveys on Research and Development 
was discussed and accepted by experts of Member countries. F rom then on, 
every two years an f'International S ta t i s t i ca l  Yeartt (IS) is carried out i n  
which -power and expenditure devoted t o  research and experimental developnent 
i n  the most developed western countries are measured. 

On account of the varied and dynamic nature of R&D act iv i t ies ,  the F'rascati 
Pknual (1) underwent revisions i n  1969, 1973 and 1980. 

In the course of the last revision, i n  order t o  m e t  the growing demand 
from science policy makers, the scope of the Manual was widened t o  cover 
research, not only in the natural sciences, but also in the social sciences 
ard hurranities. Moreover, the need t o  have more detailed information on the 
role of government i n  the promotion of R&D has led t o  the adoption of a 
classification by "objectives1' t o  be used i n  the breakdown of governrent 
expenditure for  B D .  (Comparison of the standard practice for  R&D surveys 
proposed by OECD with that  recomnended by Unesco is presented i n  Appendix D) .  

A t  present, given the generally satisfactory quality of the indicators 
of input (mnpower and expenditure), the Science Indicators Unit of OECD, 
which is in charge of the I S Y ,  is studying the possibility of standardizing 
at international level som indicators of the output of R&D act ivi ty.  

In view of the fact  that the time series of financial data cover a 
rather long time span and that, especially a f t e r  the o i l  c r i s i s ,  the inflat ion 
ra te  rose i n  practically a l l  Member countries, the data on R&D expenditure 
in the private sector are expressed not only i n  current prices, but also 
in constant prices using, fo r  the mjority of countries, an ad hoc index 
calculated by the Secretariat. 

The European Cormnunities 

Within the framework of the act ivi ty of comparison of national and 
Cammunity science policies, in 1969 a working group of national statis- 
t i c a l  experts was appointed by the working @oup on Scientific an3 Technical 
Research Policy (the PREST group), l a t e r  transformed in to  the Committee 
for Scientific and Technical Research (CREST) with the aim of analyzing the 
f'unds colIPnitted t o  R&D by the central public administrations. 

The data collected by t h i s  group - now called S u b - C h t t e e  "%D 
Sta t is t icsw of the CREST - which are drawn from the budgets and therefore 
have the character of appropriations, are classified by "objectivet1 of 
the funder according t o  NABS (Nmnclature for  the Analysis and Comparison 
of Science Progrms and Budgets) . 

This nomemlature, of which the first version was issued i n  1970 and 
the second, presently in use, i n  1975 ( 2 ) ,  has been se t  up following 
insofar as possible the standards and definition se t  forth i n t h e  
Frascati &mual. Some differences exist  between the two, however, on 
account of the fac t  that NABS deals with budget appropriations whereas 
the F'rascati Ivhnual deals with actual expenditures. 



Also, the EEC recently introduced the practice of publishing financial 
data in constant prices. Previously, the consumer price index was used; 
at present however, an ad hoc deflator is employed. 

The Scandinavian Council fo r  Applied Research (NORDFYRSK) represents 
research organizations in D e m k ,  Finland, Iceland, Norway Sweden 
and was set up principally with the a im of in i t ia t ing ,  promoting and ' 

organizing Nordic co-operation i n  sc ient i f ic  and industrial research. 
A special comit tee  on %D s t a t i s t i c s  was  appointed i n  1968 and its several 
working groups have dealt  with the various problems concerned with the 
production and ut i l iza t ion  of %D s ta t i s t i c s ,  rrainly with reference t o  
inter-Nordic comparability of data. The resul t  of this methodological 
work was a "Nordic I%nuall1 ( 3 )  (available i n  the Nordic languages) issued 
i n  1974 which is a detailed supplement t o  the l?rascati Manual. Sow of 
the preliminary chapters are  also available in English. 

Within the Council for  Iktual  Economic Assistance ( C m )  system, 
certain "indicators1' in the f i e ld  of science and technology have been 
defined (4) which di f fer  somewhat from those adopted by Unesco and those 
in the Frascati Pknual. The improvement of comparability between standards 
for  data used in the two economic areas has been fostered through the 
UNESCO/ECE ( United Nations Economic Conmission for  ~u rope  ) Joint  Working 
Group on Science Sta t i s t ics .  An attempt t o  compire the R&D s t a t i s t i c a l  
concepts followed by the CMEA with those adopted by Unesco can be found 
in Appendix E. 

The Organization of American States (OAS) has also embarked on a 
p rog ram i n  the f i e ld  of science s t a t i s t i c s .  A Committee on Improvement 
of National S ta t i s t i c s  (COINS) was se t  up within the framework of the OAS 
and the Inter-American S ta t i s t i ca l  Ins t i tu te  (IASI) having as its main 
objective the improvement of a l l  types of o f f i c ia l  s t a t i s t i c s  and the 
coordination of these into a s t a t i s t i c a l  p rog ram as a whole. flt my  
be noted that  since 1981 COINS changed i ts  name t o  Conference of- 
Governmental Stat is t icians of the Americas (CEGA) , CEGA being a new 
specialized agency, orgm of IASI .7 Sta t i s t i c s  on science and technology 
are one of the f ie lds  being givenspecial  consideration i n  the 
Inter-American Prograrrme of Basic S ta t i s t i c s  ( P m )  and Inter-American 
standards for  t h i s  f i e l d  were adopted by COINS at its XI1 session in 
1975 (5) .  These standards are particularly relevant t o  inst i tut ions 
undertaking research and experimntal developmnt ac t iv i t i e s  and/or the 
dissemination of scient if ic  and technical knowledge and are proposed for  
the collection of scient if ic  and technological data particularly appropriate 
t o  the characteristics of the La t i n -h r i c an  countries. ( 6 )  



(3uFTEEI 

SClENCE STATISTICS AND THE ROLE OF THE MANUAL 

Science policy-making and science statistics 

The formulation of science policy and development of S&T plans and 
programs call for sound information on the country's scientific and . 
technical potential. This implies the need of a set of indicators able to 
detect the relevant aspects of that complex mechanism constituted by the 
national scientific and technical system. In other words, it is necessary 
to have available comprehensive data on the overall resources at the disposal 
of a country for its scientific and technological activities. These data 
m y  be administrative, functional, operational or structural in nature; 
tney may or m y  not be nwnerical or statistical and they relate to all 
scientific units of the country(7). 

It goes without saying that, as for any social phenomenon, only a part 
of the necessary inputs for a decision process is quantifiable (personnel 
involved, budgets, expenditures) whereas other aspects (priorities, 
coherence of scientific goals with other social plans, evaluation of the 
national scientific apparatus) re& in the d o k n  of the qualitative 
sphere. 

Regarding the quantitative aspects, in practice one has under control 
only a limited number of variables, both because a few of them are sufficient 
to give an adequate picture of the operativity of the scientific structure 
and of its evolution, and because of the cost in humn and financial 
resources for collecting the relevant information. 

Science statistics, which m y  be defined as a field of statistics 
dealing with the quantitative measurement of the volume and structure 
of scientific and technological activities of a given country, provides 
a conceptual framework wherein information is organized with the aim of 
measuring, analyzing and evaluating a set of variables relevant to science 
policy-making . 

It tries to reconcile, on the one hand, the need for completeness of 
infomtion and, on the other hand, the practical possibility of acquiring 
complete and reliable data. Tne role of the science statistician is 
therefore to provide a reliable quantified basis for the study of the 
national system of science and technology, including not only research 
and experimental development, but also other scientific and technological 
activities. 

To achieve its aim , science statistics should be consistent with, and 
fit into the general body of statistics on the various aspects of the national 
socio-economic context. This need for integration is evident in the statis- 
tical systems presently in use which adopt, to the maximum possible extent, 
the current existing classifications, such as those relating'to the national 
accounting systems - the System of National Accounts (SNA) (8) and the 
System of Balances of the National Econonly (MPS) ( 9 )  - and those in respect 
of industriai activity (10), manpower (11) and education (12). 

Another fundamental characteristic of science.statistics is international 
comparability. Given the very nature of science and technology, which 
implies a strict interdependence amongst countries, no sound science policy 
may be conceived without an appropriate basis of comparable statistical data. 



The a i m  of this Manual, which is intended f o r  use by s ~ e c i a l i s t s  i n  - - 
various countries entrustedewith the task of collecting, processing and 
analyzing science s t a t i s t i c s  data, is the harmonization of categories 
and definitions used by science s ta t i s t ic ians  in the UnescO &&er s ta tes .  
In this perspective, one has t o  bear in mind that the existence of various 
types of socio-economic systems and the great variation i n  the level of 
developnent of countries, make this task both d i f f i cu l t  and necessary. 

For this reason in this Pknual the international standards fo r  s t a t i s t i c s  
on science and technology (an3 more specifically on %D) recomnded by 
LFnesco (see Appendix A) are set forth and explained, with a view t o  the i r  
application by &&er s ta tes  and in particular t o  the i r  u t i l iza t ion  for  
reporting informition t o  Unesco. 

There is no reason why countries which adopt the i r  own standards should 
not continue t o  follow the i r  own practice; however, they should rrake every 
effort  in the case of inconsistency, t o  translate t he i r  data into this 
framework. The planner and policy--er, at the national as well as at 
the international level, need complete, accurate and comparable information 
in the form of basic and significant data which can only be achieved by 
conforming t o  a s e t  of accepted standards and definitions. In this context, 
with regwd t o  Latin America, the Office of S ta t i s t i c s  has published three 
studies of national s t a t i s t i c a l  practices in re la t ion  t o  sc ien t i f i c  and 
technological ac t iv i t i e s  in 9 countries (13). These comparative analyses 
describe the classifications, categories and concepts used in national 
s t a t i s t i c a l  methodologies for  science and technology and set out adaptations 
of these s t a t i s t i c a l  categories with a v i e w  t o  the i r  harmonization with 
the standards contained in the Unesco Reconmendation. A pract ical  guide (14) .  
based on these three studies has also been ~ubl ished (in Swanish only) t o  
show concisely, and as clearly as possible, the equivalent terms fo r  
concepts an3 classifications used in 8 countries of Latin America and 
those established by Unesco. This should also prove very valuable t o  
these countries i n  particular when reporting information on science and 
technology and more specifically on R&D t o  Unesco. 

It should be borne in mind that  the reporting of s t a t i s t i c a l  information 
t o  Unesco does not constitute an end i n  itself nor does it serve a 
purely academic purpose (so far this information re la tes  t o  research and 
e x p e r b n t a l  development @D) only). The i n f o m t i o n  reported in a 
standardized & internationally comparable form, is elaborated by 
Unescots Office of S ta t i s t i c s  and published in, among others, the Unesco 
S ta t i s t i ca l  Yearbook so that each Member s ta te  has access t o  it. K 
result, each country can see and evaluate its position, i n  respect of 
the magnitude of human and financial resources devoted t o  R&D, in relat ion 
t o  all  other reporting countries. From such a comparison, every country 
can judge the v o l e  and structure of its own outlays for  R&D; i n  the 
l ight  of the f u l l  international context, such a judgement constitutes an 
input i n  science policy and planning decisions. Another use made by Unesco 
of the reported information re la tes  t o  the regional and world level.  
If the i n f o m t i o n  is sufficiently comparable, regional and world aggregates 
can be made and analyzed in studies prepared fo r  various inter-governmental 
or  international conferences. 

The following flow-chart describes the ro le  of kmber states and of 
Unesco in collecting and distributing information on R&D as w e l l  as the 
u t i l iza t ion  of such information fo r  national and international purposes. 



MEMBER STATES UNESCO 

Of f i ce  of  S t a t i s t i c s  

Nat ional  s t a t i s t i c a l  s e r v i c e s  
i n  charge of s t a t i s t i c s  on 
sc ience  and technology: 

- Implement t he  i n t e r n a t i o n a l  
s t anda rds  s p e c i f i e d  i n  t h e  
Recommendation and t h e  
Manual 

- I n  r e p l y  t o  r e q u e s t s  from 
Unesco, supply s t anda rd i zed  
s t a t i s t i c a l  in format ion  
on R&D a c t i v i t i e s  

Nat ional  bodies  r e s p o n s i b l e  
f o r  t h e  development and t h e  
a p p l i c a t i o n  of s c i ence  and 
technology: 

- Analysis  and r e s e a r c h  I - Evaluat ion of t h e  n a t i o n a l  
e f f o r t  i n  t h e  l i g h t  of 
i n t e r n a t i o n a l  compari sons  

- Forecas t ing  and p lanning  1 
- Science po l icy  decis ion-  

making 

- E s t a b l i s h i n g  i n t e r n a t i o n a l  
s t anda rds  i n  s t a t i s t i c s  on 
sc i ence  and technology 

- Prepa ra t ion  of t h e  Recommenda- 
t i o n  and t h e  Manual; and sup- 
p l y i n g  them t o  Member S t a t e s  
f o r  implementation 

- Requesting s t a t i s t i c a l  i n f o r -  
mation from Member S t a t e s  on 
QC i en t i f  i c  and t ethnical. manpower 
and on human and f inancial  
resources devoted to  R&D 

- Col l ec t ion ,  p rocess ing ,  and 
s to rage  of  d a t a  i n  t h e  d a t a  
bank 

- Computerized d a t a  r e t r i e v a l  

P u b l i c a t i o n  o f  t h e  Unesco 
S t a t i s t i c a l  Yearbook 

P repa ra t ion  of  Conference 
papers  (e.g. f o r  r e g i o n a l  and 
world conference6 on sc i ence  
and technology)  

E f f e c t i n g  a n a l y t i c a l  s t u d i e s  
(e.g. i n  t h e  "Current s t u d i e s  
and r e s e a r c h  i n  s t a t i s t i c s "  
s e r i e s  ) 

Provid ing  s e l e c t e d  d a t a  f o r  
i nco rpo ra t ion  i n  t h e  United 
Nat ions S t a t i s t i c a l  Yearbook 

Supplying d a t a  t o  r e s e a r c h e r s  
on r eques t  

F> n w  n f  S+ n f  i c + <  r o l  ; - C  ---- L =  - -  n n -  . .  . 



A s  for  the periodicity of data collection, the Recomndation advocates 
that the basic international s t a t i s t i c s  be updated biennially. However, 
it would be desirable for  * h e r  countries which can do so, t o  update 
annually certain fundamental data on R&D effort ,  so that short-term 
variations can be seen. 

It should be noted that a similarity exis ts  between this M u a l  and 
the OECD "Frascati Manual". In fact,  both of them deal with the measure- 
ment of sc ient i f ic  and technological ac t iv i t i e s  an3 share the nain con- 
cepts and categories, se t t ing  for th  appropriate flexible standards. 
However, whereas the Frascati l'4mm.l has been principally designed fo r  the 
OECD member countries, t h i s  I%.nua.l has a world-wide scope, being intended 
t o  serve as a reference point both fo r  developed and developing countries 
as well as fo r  the mrket  economy and centrally-planned countries. In 
practice, the differences ar is ing from this wider scope have very l i t t l e  
effect  on the key fumiamntal concepts such as, fo r  example, scient if ic  
and technological ac t iv i tes  and rranpower, but they do play an important 
ro le  i n  the classifications proposed. 

It i s  worth mentioning that this is the first Tbnual on science 
s t a t i s t i c s  that the Unesco Office of S ta t i s t i c s  has published since it 
began collecting data on S&T ac t iv i t i e s .  In 1977 a "Guide t o  the Collection 
of S ta t i s t i c s  on Science and Technologyw (15) was issued with the aim of 
helping countries t o  develop arad improve the i r  national science s t a t i s t i c s  
collection systems. 

The Office of S ta t i s t i c s  is currently preparing a new version of the 
Guide which should be published during 1984 taking in to  consideration the 
modifications necessitated by the adoption of the Recormrendation. In 
the meantime, science s t a t i s t i c i ans  should consider part1 of the Guide as 
superseded by the present Nmual (in which the international standards 
recomnded by Unesco are reported, elaborated and operationalized) but 
for  the moment can consider still valid Parts I1 and 111, which deal 
respectively with the collection of science s t a t i s t i c s  and the preparation 
of the data for  s t a t i s t i c a l  analysis. 

In order t o  minimize the arbitrariness involved i n  se t t ing  up and 
carrying out a survey on science s t a t i s t i c s ,  every e f fo r t  has been 
made t o  render the definitions a s  clear as possible. However, it should 
be remembered that the concepts and the definitions contained in th i s  
Pbnual embody a certain degree of incompleteness and that the compara- 
b i l i t y  with other socio-economic s t a t i s t i c s  i s  not always assured, even 
when the same terms are used. Tkis is the price that has t o  be paid 
fo r  the multiple u t i l iza t ion  of the sarne standards i n  different f ields,  
and it is up t o  the user of science s t a t i s t i c s  t o  exercise his judgement. 

Finally, one has t o  bear in mind that the in t r ins ic  remarkable 
dynamism of the rea l i ty  under review makes it d i f f i cu l t  t o  establish 
definitions valid for  a long time-span and tha t  defini t ive standards can 
never be achieved. 

3.  Scope of the Mual 

Particularly during the last f i f teen  years o r  so, valuable experience 
in surveying sc ient i f ic  and technological ac t iv i t i e s  has been acquired in 
m n y  Member states, the core of the surveys being the measurement of the 
resources devoted t o  research and experimental development. 

With a view t o  progressively broadening the scope of science s t a t i s t i c s ,  
the Recommendation covers all the min sc ient i f ic  and technological 
ac t iv i t i e s  (STA): 



- research and experimental d e v e l o ~ t  @&D) , 
- scientif ic  and technological education ard training a t  broadly the 
third level (S=) , 
- scientif ic  and technological services (SS) per•’o& o r  financed by 
all  national institutions in the f ields of natural sciwces, engineer* 
and technology, medical and agricultural sciences as well as in the 
f ields of social scimes and hmanities. 

Ihe Manual, therefore, relates to statistics designed to provi.de 
standardized information in each Mmber Sta te  on the afor&tioned 
scientif ic  and technological act ivi t ies,  ht this f i r s t  edition concentrates 
pazticdarly on research and experimental developnent. 

The m a s u r e n t  of S&T act ivi t ies  hmges on the mst relevant 
inputs - margower and expenditure - considering that, at  this point 
in h, for t k  majority of scientific and technological activities m 
really satisfactory and generally applicable =ures of output have 
yet been found. However, this is the general practice adopted in  many 
other service act iv i t ies  where the results are so broadly diffused in 
tim ard in space as to make a carrplete and-exhaustive maammmmt 
impossible. 

Wasuring inputs devoted to S&T activities in terms of manpawer and 
expenditure only is a limited approach anl links S&T statistics w i t h  
econcmics. There are, of course, still other important inpts of a 
non-econanic ard qualitative nature such as intellectual and cultural 
tradition as  =U- as unpredictable factors .(e.g. appearance of geniuses 
and exceptionally-talented scientists ,  changes in the intellectual 
climte mre or less conducive t o  creative thinking, etc) . 

Despite the eco~xmnic ties, S&T statistics canstitute an indispensable 
basis for the evaluation of national efforts deployed in developing the 
potential for scientif ic  and technological output. 



1. Definition and scope 

For s ta t is t ica l  purposes, scientif ic  and t e c h l o g i c a l  accAvitxes 
ETA) can be defined as a l l  systematic act iv i t ies  which are closelv 1 
concerned w i t h  the advancement, dissemination, & aPPkcation 
of scientiLic and technical kmwledge in all f ields of science 
technology, that is the natural sciences, engineerirg and technology, the 
rrvtdical and tk agricultural sciences (NS) , as w e l l  as the mial sciences 
an3 humanities (SSH) . 

T m  major aspects ciharacterise th is  definitian. The first aspect 
relates t~ the nature of S&T act ivi t ies  : they cancentrate upon, or are 
closely connected w i t h ,  the production, the distribution and the utilization 
of scientific and technical kmwledge. It is within t b  swpe of S&T 
activi t ies t h a t  scientific and technical knowledge is created, distributed, 
collected, ITlodified, transformed, adapted to  use and utilized. The second 
is connected with the f ields covered. 

In  accordance w i t h  the mtim of ti?e unity of science, the a b v e  
definition applies equally to  t"le NS as -11 the SSH. An i l lustrat ion 
of the content of these brcad groups of scierces is given in Chapter 
V (Item 3.2). 

The activi t ies which should be covered in the statistical practice 
my  be Givided into three broad groups : 
- Research and! experimntal d e v e l o ~ t ;  - S&T education and training a t  broadly the third level; 
- Scientific and technological services. 

There are several other act ivi t ies,  which either are not intimately 
nor predaninantly concerned w i t ?  the generation, dissemination and appli- 
cation of scientific and technical knowledge or which present particular 
s ta t i s t i ca l  diff icult ies,  which should be excluded •’ran the scope of 
the masuremnt of S&T activi t ies.  In particular, this means the exclusion 
of : general school education a t  the prifiary and secondary levels (comes- 
ponding to ISED levels 1, 2 & 3) , ( see Appendix B) and non-formal 
industrial training (apprenticeship, on-the- job training, etc. ) ; the routine 
activi t ies of publishing houses, radio anci television broadcasting 
corporations ; ga~eral a d  specialized d i c a l  am3 health services ; 
i rdustr ial  prcduction and distribution of goods and services (including 
t r i a l  production following successful testing c•’ prototypes). 

Research and experim=ntal developnent (%D) 

Research and e x _ ~ e r ~ ~ e n t a l  devel-t (W) can be defined as any systematic 
and creative mrk usxiertaken in order to increase the stock of kncrwledge, 
including kmwledge of man, culture and society, and t k  use of this 

Lknowledge to devise new applications. 



F'rm this definitim it is evident that the crucial elerrrent in 
identifying R&D is the presence of an el-t of .creat iv i ty  and innovation. 
This  c a m n  character is shared both by scientif ic  research and by 
experimntal developllent . 

In  order t o  identify properly these t w  act ivi t ies ,  the essential 
elements which characterize thein are s e t  forth: 
i) the e l m t  of creat iv i t  
ii) the ekmznt of d i n n o ~ t i o n ;  
iii) the use of scientif lc m e t h i s ;  
iv) the genera& of new kmwledge. 

A scientir ic  act ivi ty may be defined as scientif ic  research 
only i f  these four elerru3nt.s are present. 

For example, painting, even though it implies a great deal 
of creativity and leads to a picture wh ich  is sawthing new in nature, 
is not scientif ic  research, as it does not lead t o  the increase of 
scientific kmwledge ard does mt  use a scgentific m e W .  

In surveying S&T activi t ies,  and hence R&D, other conditions 
sho-dd be m e t  : the activity under review has t o  be continuous, structured, 
i.e., systematic, and institutionalized. Especially relevant is the 
inst i tut imalization of S&T activi t ies.  

The concept of ins t ih t iona l iza t im i m p l i e s  t h a t  only act iv i t ies  
perfo& w i t h i n  the f r m m r k  of an institution by persons working in 
the institution, in its service or aff i l iated to it should be M e n  into 
consideration; the concept of structured research (or STA) ixlplies that 
.within an institution only those act iv i t ies  performed on a systmatic 
basis, which usually appear in the i n s t i k t i on r  S programne of  WE^, 
should 'be taken into cansideration. 

These conditions thus eliminate f r m  the stabstics such 
S m  as individuals may exercise outside their professional ant&&, 
those which are not offset  by any financial recanpense (voluntary mrk,  
for example) and those carried out on a scattered or  sporadic basis 
within an institution. I l o ~ v e r ,  this does mt  imply that, for. natiMal 
purposes, such activi t ies may not, •’ran a conceptual point of view, 
f a l l  into tk category of S&T act ivi t ies  mr t h a t  they may not be 
valuable- as such; it only m s  tbat international ccmparability muld 
not gain with their inclusion a t  the present stage of data collection. 

For -let the mrk  carrisd out by an independent inventor, 
even though it contributes to  the increase of scientif ic  knwledge 
ard meets the other three conditions, s M d  be excluded f r m  the scope 
of science s ta t i s t i cs  as  it is not necessarily a continuous activity 
and it is not carried out w i t h i n  an organizatian. 

Of course, there may be cases of systematic and continuous 
scientific act ivi t ies performed by outstanding individual scientists  
outside the institutional framemrk wbse mrk  may contribute erxmnously 
to  science, or  wen revolutionize its basic ideas and c o m p t s ;  however, 



these phenomena rray be considered exceptions which are by definition 
outside the scope of science s t a t i s t i c s .  

The requirement of inst i tut ional izat ion is understandable if one 
tm that, fo r  the purposes of the science policy-mker and of the user 
i n  general, only those ac t iv i t i e s  which m y  be t o  some extent affected 
by policy decisions are of in teres t ,  whereas an intermittent o r  spontaneous 
contribution produces its ef fec t  outside this framework. breover ,  it 
goes without saying that the problem involved i n  surveying these 
ac t iv i t i e s  would be insurmountable. 

In v i e w  of the importance attached t o  the difference between genera- 
tion on the m e  hand and adaptation and pract ical  u t i l i za t ion  of 
sc ient i f ic  lawwledge on the other, it seems advisable t o  deal with 
scient if ic  research separately f m m  experimental development. 

1.1.1 Scient if ic  research ac t iv i t i e s  

Scient i f ic research  ac t iv i t i e s  can be defined as any sys temt ic  and 
creative work aimed a t  increasing the stock of sc ient i f ic  knowledge 
and at applying it in practice. 

This is a very general definition which, i n  order t o  adhere more 
s t r i c t l y  t o  the nature of the NS and the SSH merits two conplementary 
definitions: 

Scientific research ac t iv i t i e s  in the natural sciences, engineering 
and technology, medical and agricultural sciences can be defined as 
any sys temt ic  and creative ac t iv i t i e s  designed t o  ascertain the 
l inks between, and the nature of ,  natural phenomena, t o  generate 
knowledge of the laws of nature and t o  contribute t o  the pract ical  

.application of this knowledge of laws, forces and substances. 

Scient if ic  research ac t iv i t i e s  i n  the social sciences and humanities 
can be defined as any sys temt ic  and creative ac t iv i ty  aimed at 
increasing o r  improving knowledge of m, culture and society, inclu- 
ding use of such knowledge for  the solution of social  and hwan 
problems. 

It should be noted that  the above two definitions have exactly the 
sam conceptual content: sc ient i f ic  investigation aiming at the under- 
standing of phenomena and a t  solving problems. The only difference 
l i e s  i n  the dorrain concerned: i n  the first case, the f i e l d  is the whole 
spectrum of the natural phenomena whereas i n  the second, the definition 
has been designed t o  adhere t o  the problems concerning nan arfi his  social 
environment. A t  the same time these additional definitions provide some 
c lar i f ica t ion  t o  the general all-e.nbracing defini t ion i n  which the term 
"applying it in practice1' appears. This term, which is acceptable as a 
generality, should not be adhered t o  s t r i c t l y  as it is too l imi t ing .  
If it were s t r i c t l y  applied, investigative a c t i v i t i e s  could only be called 
research i f  they were a k d  at applications; i n  f ac t ,  fundamental research 
projects a re  not oriented specifically towards any part icular  application 
and these should not be excluded (see 1.1.1.1, p. 20 ) . 

In  s t a t i s t i c a l  practice, experience has shown tha t  concepts originally 
developed f o r  the NS do not always apply t o  research ac t iv i t i e s  in the SSH; 
some countries find that surveys can cover a l l  sciences i n  a l l  sectors 
equally, others f ind that c o m n  procedures a re  not always appropriate. 



Scientific research, both in the NS and in the SSH, may be 
classified ac- categories or types : 

- fundarrrental or basic research; 
- applied research. 

This subdivision, even mugh  criticized by experts, has 
been retained in the Recanrendation. One is aware of the subjectivity 
involved in distinguishing between the tsm categories and the consequent 
difficult ies respondents often have in  evaluatirg what kind of research 
their organizatians are engaged in,  but experience has shown that an 
analysis of this sort is of great significance far the users of science 
statistics. 

It sfiould be rgnertlbered that, in stat is t ical  practice, w h m  a 
subjective j u d g m t  is involved in classifying a certain S&T activity 
and the resources devoted to it, if the funder's and perfomxxls 
standpoints do not conform, the preference should be given to  the 
perfonrt2.r. 

1.1.1.1. Fundanwtal research 
- 

F'undamntal(or basic) research can be defined as any e>qlertalinWtal or 
theoretical w r k  undertaken primarily to acquire new knowledge of the 
underlying foundations of phenanena and obsenrable facts, without any 
particular or specific application or use in v iew.  

According to the abave definition, research has to  be cansidezed 
fundammta.1 w h n  its aim is the fuller urderstaniirg of phenmena i n  t h  
widest sense - tirms in the NS as =l1 as in the SSH - and/or its 
objective is the ciiscovery of new fields of investigation w i t h  no inmediate 
practical purpose in mird. 

Rurdamental research is characterized by a great degree of freedom 
in t k  sense that the scientist in charge of it quite often may decide 
h u t  the subject investigated and organize his own mrk. 

The results of tkis activity of- affect a broad area of science 
and usually claim general or universal validity; they often take the 
fonn of general principles, theories and laws and may ke omnunicated 
(through publication in scientific journals, circulation to colleagues, 
papers presented a t  scientific congresses, etc. ) . 

Applies research can be defined as any original investigation u n d e s m  
in order to acquire new krmwledge. It is, however, directed primarily 
towards a specific practical aim or objective. 

* 

The decisive character which allows one to identify applied 
research is then the specific application in view. So, if the process 
of acquisition of new knowledge has a particular practical aim 



it is applieu research, where-S i f  the research has  no specific a-pplication 
in view it can be considered as funhnental research. 

Applied research is unciertaken either to develop t k  results of 
fundamental research with a view to their practical application or to 
determine new m e t k d s  or  ways of achieving saw specific and predeterininei 
practical aim. 

Thus, in general, one could ssy t h a t  by applied research, themies 
are developed into operational form. The results of applied research 
generally affect liriu*d areas of science a& technologlr and have a 
specialized character as they are interdied to be relevant t o  specific 
fields, pzoblems or cases. 

1.1.2. Experhtal d e v e l o p n t  

r imnta l  d e v e l o p n t  can be defined as  any systemtic mrk, 
/ d r a w M ~  existing kmwlecige gained frcm research &/or ~ r a c t i c a l  1 - - 
experience that is dkected to prducing new materials, p&ucts and 
devices, t o  installing new processes, systems and services, and to 
improving substantially tbse already produced or installed. 

T;?e concept of expeYimental develaprrent is theoretically and 
practically applicable btn to the n-itural sciences, engineering and 
technology, naedical and agricultural sciences and t o  the social sciences; 
m v e r ,  it makes very l i t t l e  o r  no sense in the case of humanities. 

The min criterion for distinguishing experbntal develapnent from 
researcn (fundamental or  applied) i s  the following : whereas futdamental 
and ap?lied research are primarily d ixec td  towards the increase of 
scientif ic  and technical knowledge, s p e r h n t a l  deve~opnent is directed 
towards the intrduction of new applications (e.g. new materials or new 
technologies) . 

The activiLdes involved in adapting import& t e c h l o g y  and the 
activi t ies directed towaras a substantial improvmt of existing techno- 
logy in general should be &?licitly mentioned here as being experimental 
developent mrk. Activities of t h i s  kind are relatively important in 
iieveloping countries. Ln tk sourse of this adaptation mrk,  sune 
applied research m y  even kcchne n e c e s s q .  W representative examples 
may i l lus t ra te  this specific kind of experhental dwel-t mrk ; f3-e 
d e v e l o p n t  of eff icient  processes for the W f i c i a t i o n  or a u c t i o n  
of low-grade ores in order to  ke able to  exploit available iron-re 
resources, which w i l l  require sane research; and the adaptation or' existing 
text i le  processes and quiprwt imported frm developed countries to 
su i t  locally cultivated fibres. 

The activi t ies in the f ie ld  of the social sciences most 'requently 
referred to as correspnding in s m  way t o  the c o m p t  of epe r imn ta l  
developnznt in the NS are activi t ies in the f ield of socio-ecancmic 
planning (such as the d e v e l o p n t  of programes directed to the solution 



of socio-econanic problems), as w e l l  as in the field of education (such 
as the uevelopnent of teaching machines or audiovisual aids) . These 
activities may be either regarded as consequent, m r e  practical phases 
of appl id  research, verifying the retiults of furdarnental research and/or 
the preceding phase of applied research, or, in the case where no e l m t  
of innovation can be identified, as mere applicaticm of t k  results of 
(fundamental and applied) research. In this la t te r  case these activities 
should be excluded fran R&D statist ics.  

Finally, as  regards the problem of defence W ,  the practice has 
been to b l u d e  R&D activities undertaken for a military purpose or 
for national defence in R&D statistics (see alsc Clapter V, item 4 ) .  

Examples illustrating the ooncep* of fundamental research, 
applied research and experktal developnznt in the NS : 

FWdamntal 
research 

1. Study of the 
nmerical solutions 
of differential 
equations 

2. Study of pres- 
sure conditions 
and hoyancy of 
solids in gas 
streams 

3 .  Study of the 
geological setting 
of geothermal 
fields and of t k  
gee- pro- 
cesses going on 
i n o r d e r t o  
obtain basic 
knowledge on 
their origin 

Fgpl id research 

Study of the 
m i c a 1  solutions of 
differential. 
equations to  be 
u s d  for describrng 
undulation (e .g. 
for describing 
intensity and 
velocity of 
transmission of 
radio-waves) 

Study of pressme 
conditions and 
buoyancy of solids in 
streaming a i r  with a 
view to 0- 
aerodynamic data 
required for the 
canstruction of missiles 
and aircraft  

Study of geothamal 
sources with a view 
to possibilities of 
utilizing these natural 
reservoirs of steam and 
hot water  

Develapnent of 
CCBOPu- P r y -  
for the nurtlerical 
solution of differen- 
tial equations used 
for  describing 
undulation 

Develupent of the 
body (fuselage) of 
an aircraft-prototype 

Developrwt of processes 
for using the geothermal 
steam or hot w a t e r  
for the production of 
electric per ,  for 
heam purposes or 
as a source of 
extractable minerals 



Furdarnental Experhmtal 
research Applied research developllent 

4 .  Study of bio- Microbiological Developnent of a process 
chemical an3 studies on the for preservation of 
biophysical nechanisms influence of fruit juice by means 
related to the radio- canbined processes of g m  radiation 
resistance of micro- of heat and 
organism irradiation on the 

survival of yeast 
w i t h  a view to obtaining 
information required 
for the develapnent 
of methods for 
preservation of f ru i t  
juice 

5. Study of the 
process of diges- 
tion of lactose 
blilk sugar) by 
lactase, the 
enzyme that 
breaks it down 

6. Study of the 
mchanisn that 
enables a living 
organisn to 
distinguish foreign 
cells f m  its own 
(genes, anti-enes, 
markers of biological 
individuality) 

7. Study of the 
influence of 
psychological factors 
on diseases 

8. Study of the 
iso-electric patterns 
of iso-=nzymes from 
potato tissue cultures 

Study of t k  wide- 
spread phenanenon 
of adult intolerance 
to lactose with a 
view to 0btaim.q 
infomtion required 
for the developllent 
of a testing mthd 
for determining this 
intolerance in adults 

Study of the inmum- 
logical n-echanisn 
tha t  causes the 
rejection of foreign 
tissue w i t h  a view to 
fudmg a m y t o  
suppress that 
mcbnim in the case 
of a transplantation 
of organs 

Study of the psych- 
logical factors 
(stress, etc.) 
causing stcmach 
ulcers, w i t h  a view to 
obtauung i n f 0 ~ t i O n  
required for the 
developrent of 
adequate treatment 
methods 

Studies on the growth 
of potato tissue 
cultures in various 
nutrient media 

Develo-t of a 
testing mthod 
for determining 
lactose intolerance 
(by -M 
blood glucose after 
ingestion of lactose) 

3evelopTent of a 
technique to suppress 
that rejection 
mechanism by drugs 
in order to enable 
grafts to survive or 
to make a successful 
transplantation of 
organs possible 

Developllent of a 
new treatmnt for 
stLPMch ulcers 
caused by psychologi- 
cal factors 

Developrent of a 
technique for the 
production of virus- 
free potato plants by 
means af tissue cultures 



E'unknzntal 
research 

9. Stvdy of protein 
bio-synthesis of 
plants in relatim 
to the photo- 
synthetic rate 

10. Study of 
intrinsic barriers 
to crossing 
species of trees 

11. Study of 
chemical 
transformations 
of pollutants 
inair 

Applied research 

Study of genetic proper- 
ties of cereals relating 
to resistance to 
diseases in order to 
obtain information 
required for the breed- 
ing of new varieties of 
cereals m r e  resistant 
to disease 

Study of the possibility 
to eliminate intrinsic 
barriers using solvents 
ard m t o r  pollen, to allow 
the inter-specific cross 
of poplars 

Study of a n a l y t i d  
methods with a view to 
identifying and measuring 
the sulphur dioxide in air 

Breeding of new 
varieties of cereals 
with stronger 
resistance to 
disease 

Developnent of a 
technique for 
eliminating intrinsic 
barriers to t h e  
interspecific cross 
m n g s t  poplar species, 
in order to produce 
clones w i t h  higher 
characte.ris tics 
to be employed in 
plantatim 

Devt3lopmlt of 
physico-chemical 
techniques for 
reducing the 
emission of sulphur 
dioxide •’ran canbus- 
tion processes 
(e.g. heating plants) 

Examples illustrating the concepts of fundamental research, 
applied research and experktal  developrent in the social 
sciences ard of fudam~~1t .1 and applied research in the 
humanities : 

Fhdmental 
research Applied research 

1. Study of the Study of the e m a n i c  and 
causal relations social causes of. the drift 
betwen economic of agriculb.xa.1 mrkers •’ran 
conditions ancl rural distr ic ts  to towns for 
sccial developoent the purpose of preparing 

a progranme to h a l t  this 
develor=pnent in order to 
support agriculture and 
prevent social conflicts 
in industrial areas 

Developrwt and 
testing of a 
programne of financial 
assistanne to prevent 
rural migration to 
large ci t ies  



Furdarru3ntal 
research 

2. Study of the social 
structure and the 
socio-occuptional 
mbil i ty  of a society, 
i .e. its cchnposition 
and changes in 
respect of the socio- 
-occupational strata, 
social classes, etc. 

3. Study of the role 
of the family in 
different civilizations 
past and present. 

4. Study of the 
reading process in 
adults ard children, 
i . e . inves tiqation 

Applied research 

Develapment of a -1 
using the data obtained 
in order to  forest:e future 
consequences of recent 
trends in social mob; l i t y  

Study of the role and 
position of the family 
in a specific country or a 
specific region a t  the 
present tine for the 
Purpose of prepar* 
relevant social measures 

Study of the reading 
process for the purpose of 
developing a new method of 
teaching children ancl 

how human visudl systems adults read 
mrk to acquire 
infoxmation •’ran spbls 
such as wrds, 
pictures and diagrams 

5. Study of the Study of the specific 
international internatianil factors 
factors influencing determuung 

. . 
tbe ecananic 

the national econanic develapnent of a country in 
developnmt a given period w i t h  a view 

t o  f o d a t i n g  an aperatianal 
d e l  for e y i n g  foreign 
trade policy of govexmmt 

6. Study of specific Study of the different 
aspects of a particular aspects of a language for 
language (or of several the purpose of devising a new 
l-aw=ges c-ed mthcd of teaching t ha t  
w i t h  each other) language or of translation 
such as syntax, •’ran or into that language 
semantics, phonetics, 
pbmlogy , regional 
or social variations, 
etc. 

7. Study of the 
historical developmt 
of a language 

Developnent and 
testing of a progranme 
to  stimulate upward 
rrobility m n g  
certain social or 
ethnic groups 

Develop~u3nt and testirq 
of a subsidy program 
to mainta in  family 
structure in law 
incane w r k i n g  groups 

Developnent and 
testing of a special 
readuY3 Progr- 
among imnigrant 
children 



Fundamental 
research 

8. Study of sources 
of all kinds 
(mnuscripts , 
documents, m m t s ,  
mrks of art, 
buildings, etc .) 
in order to  better 
capreherd historical 
phenanena (political, 
social, cultural 
developrent of a 
country, biography 
of a man e e . )  

Applied research 
Ekpxixwtal 
research 

1.1.3 Distinguishing R&D •’ran m R & D  activities 

1- 1 .l h v e  sets forth the elemMts which characterize 
an R&D activity. It is their presence or absence which distinguishes 
R&D from m - R s r D  activities. 

~n stat is t ical  practice the demcation line b&ween 
R&D and the so-called "scientific and technological semices" on the 
one hand and betwen F&D and irdustrial production and distribution 
of goods and services on the other, is often not easily identifiable. 
This is minly due to the sometimes close institutional, operational, 
organizational, personal and other links m n g s t  these activities. 

In identifying an S&T activity, and consequently an R&D 
activity, it should be bme in mind that one has to take into 
consideratian not only the nature or  character of the activity, but 
also the imnediate aim or the specific reasarsfor which this activity 
is performed. 

This observation has a practical relevance in those cases in 
which m r e  than one kind of S&T activity concur to attain the proposed 
scientific goal. For aanple, an R&D progr- may entail a noticeable 
munt of routine activities such as simple data collection on natural 
ph- 

A s  a general rule, i n  s ta t is t ical  practice all those support 
routine activities which are performed exclusively or predQninantly 
for the p q s e  of a given S&T activity should be included within this 
S&T activity. This reans t h a t  an activity clearly defined in t e r m s  of 
content, e.g. the translating of an ancient manuscript which 
has to be regarded as a scientific infomt ion  activity, may 
classified, as the case m y  be, either in the category "education ard 
training" i f  perioxmsd in the course of third-level educatim w i t h  m 



intention of producing new sc ient i f ic  knowledge, o r  i41 the 
category i f  perf o m d  within the framework of a research project . 

The above ru le  is particularly important f o r  R&D. O f  course, given 
the nature and the part icular  attention paid t o  R&D within S&T ac t iv i t i e s ,  
any %D project performed in the f i e l d  of education or  i n  the context 
of other sc ient i f ic  and technological ac t iv i t i e s  should, as far as 
possible, be isolated and counted as R&D. 

To i l l u s t r a t e  the fac t  tha t  it is prixmrily the aim or  objective 
of the ac t iv i ty  and, hence, the sys temt ic  context (&D, o r  non-FED) 
in which it is placed that has t o  be considered (and not the technical 
character of the ac t iv i ty) ,  two examples are  given below: 

(i) the routine electro-encephalographic examination of patients suffering 
f r o m  disorders of the brain is a standard examination l ike  the electro- 
cardiogram and should be considered as general or  specialized ~ d i c a l  and 
health services and thus not %D. If, however, a ser ies  of electro- 
encephalographic examinations (of exactly the same technical nature as 
the standard examination mentioned above) i s  performed within the fl-amework 
of a research project i n  the f i e l d  of psychology, fo r  the purposes of 
determining changes in the e lec t r ica l  ac t iv i ty  of the brain as reactions 
t o  psychological events, these examinations have t o  be at t r ibuted t o  R&D. 
Equally, a specially-arranged series of electro-encephalographic examinations 
(of exactly the sam technical nature as the standard examinations mentioned 
above) undertaken t o  establish and analyse the ef fec ts  and possible 
side-effects of a new drug should be at t r ibuted t o  R&D. 

(ii) the performme of regular s t a t i s t i c a l  surveys by s t a t i s t i c a l  services 
of various types has t o  be placed in the category ''gathering of i n f o m t i o n  
on hmm, social,  economic and cul tural  phenomena" (see 1.3 ( v i )  on 
page 32) . If, however, a s t a t i s t i c a l  survey using established techniques 
l ike  any other regular s t a t i s t i c a l  survey is undertaken exclusively fo r  
the purposes of research, i .e .  within the frame of a research project 
in order t o  collect data specifically required f o r  this part icular  subject, 
then it has t o  be included i n  R&D. Similarly, i f  i n  connection with 
"gathering of i n f o m t i o n  on h=, social,  economic and cultural ~henomena'~, 
special ac t iv i ty  is undertaken with a view t o  improving the data collection 
techniques and/or t o  devise methods of data verification, t h i s  ac t iv i ty  
should be assigned t o  R&D. 

In fact ,  in  general, i n  accordance with the definition of sc ient i f ic  
research, those ac t iv i t i e s  i n  the domin of the social sciences aiming 
a t  the elaboration o r  the improvement of methodological concepts, tools,  
procedures used in data collection and analysis (such as questionnaire 
and interviewing techniques, sample design, models, e t c .  ) should be 
regarded as sc ient i f ic  research. 

1.1.3.1 R&D and application of t h e i r  resul t s  

Great care should be taken t o  distinguish between %D and mere - 
application of the resul t s  of R&D. 



This dist inct ion often seems t o  be rather  d i f f i c u l t  in practice.  It must not 
be forgotten tha t  R&D prepares the way f o r  application by providing the general 
principles, and even devising new applications on the basis of the findings of 
fundamental and applied research, but the actual t ranslat ion of the resul t s  of 
R&D in to  terms of action is - not R&D but application. The application of known 
techniques t o  the study of phenomena in a more or  less repet i t ive  or  routine 
way without any intention of producing new sc ien t i f i c  and technical knowledge 
o r  of devising a new method of application cannot be regarded as R&D. E, 
however, known sc ien t i f i c  methods o r  techniques are  mde applicable fo r  use in  
other sc ient i f ic  f i e lds  o r  disciplines d e m d i n g  essent ial  modifications and 
adjustments, then the ac t iv i ty  should be regarded as MD. 

1.1.3.2 R&D and "studiesff 

The problem of establishing the borderline between R&D and "studies" i s  
part icular ly important in the f i e l d  of social  sciences and h d t i e s .  

It m y  be r e m k e d  that the majority of studies w i l l  fall within i t e m  (viii) 
of tfScientific and technological servicesff ( i . e .  regular routine work on 
counselling) deal t  with below (see page 32), and will consequently be excluded 
from R&D . 

In general, but more particularly i n  the f i e l d  of the social  sciences, the 
purpose of "studiesft is t o  prepare the way f o r  decisions t o  be taken by policy- 
makers a t  the level  of government (central,  regional, local)  o r  of industr ial  
and trading enterprises. Usually, only established methodologies a re  employed 
i n  such studies but sornetirnes i n  elaborating operational mde l s  it i s  necessary 
t o  mcdif'y exis t ing methodology, o r  t o  develop new ones which would require an 
appreciable proportion of research. In theory, such modifications o r  development 
should be considered in the measurement of R&D but one must be aware of the 
d i f f i cu l t i e s  involved in the evaluation of appropriate p-s ( i f  any) of R&D 
in a given study. I n  practice, despite technical and conceptual problems, it 
m y  be feasible e i the r  t o  assign studies which comprise an appreciable element 
of research ent irely t o  research, or  t o  make an attempt t o  estimate the 
proportion of research i n  those studies and then a t t r ibu te  them t o  the 
category R&D . 

For determining whether a part icular  ac t iv i ty  can be regarded as R&D 
o r  be at t r ibuted t o  R&D it is irrelevant whether the ac t iv i ty  is called a study 
or  the report resul t ing from the ac t iv i ty  performed is called a study. If a 
part icular  ac t iv i ty  falls within the definition of R&D (see 1.1, page 171, then 
it is regarded as o r  at t r ibuted t o  R&D, i f  not, then it is excluded. 

R&D and publications 

Regarding the relationship between %D and publications, as a general ru le  
only the drafting of the first report on the resu l t s  of an R&D project should 
be included i n  R&D i n  so far ss it is performed by personnel having been 
engaged i n  the p e r f o m c e  of the R&D project.  In general, the edi t ing and 
publishing of the resu l t s  of such a c t i v i t i e s  should be excluded from R&D 
altogether. 

Expenditure f o r  publication of r e su l t s  should only be at t r ibuted t o  R&D 
if  funds have been expl ic i t ly  earmrked fo r  tha t  purpose o r  i f  the expenditwe 
can be identified and at t r ibuted t o  R&D i n  an unambiguous way. 



1.1.3.4 The boundary between e x p e r k n a l  development and industr ial  
moduction 

Establishkg the dividing l i ne  between experimental development and 
industrial production or, mre precisely, between experimental developmnt 
and those technical services performd at the beginning of the production 
process irmnediately following upon the experkrental development phase, 
seems t o  be an extremly d i f f i cu l t  task in s t a t i s t i c a l  practice. 

AS an i n i t i a l  general rule,  it can be assumed that the work of expe- 
rimental development ends when the managemnt decision t o  begin production 
has been taken, assuming that normally, a f t e r  that decision, no o r  very 
few innovations are introduced. 

In order t o  f a c i l i t a t e  the distinction between experimental development 
and those technical services perforrred at the beginning of the production 
process which m y  involve some element of innovation, it is suggested 
that the immdiate aim or the specific reason of the particular ac t iv i ty  
i n  question be taken h t o  consideration. 

O f  course, the general or  long-range o r  ultimate objective of any 
productive o r  R&D act ivi ty of an enterprise is a c o m r c i a l  one - notably 
in industr ial  firms, a s  MD ac t iv i t i e s  of some governmental laboratories 
or  even academic inst i tut ions m y  be of a non-comrcial nature and 
oriented primwily towards social  objectives . In this context, however, 
the prinary purpose or  k d i a t e  objective of a particular ac t iv i ty  should 
be considered. If the b d i a t e  aim of, o r  the specific reason for,  the 
innovative ac t iv i ty  is further technical inprovemnt of the product o r  
production process, then the ac t iv i ty  should be regarded as experimental 
development, since it is directed towards a substantially mdif ied  o r  
possibly new product. If,  on the contrary, the inmediate aim of the 
innovative act ivi ty is t o  adapt the product t o  m k e t  conditions and m k e t  
needs, meaning that it is basically c o m r c i a l ,  the ac t iv i ty  should no 
longer be regarded a s  experimental developmnt, since the product remains 
substantially unchanged and only minor adaptations o r  modifications are  
applied with the intention of creating a m k e t  . 

Applying the above cr i te r ia ,  sow representative bordeline cases i n  
industry are discussed. 

(i) Prototypes: A prototype is an ori- mde l  which possesses the 
essential characteristics of a new product. Tne design, construction 
and test ing of prototypes have t o  be attributed t o  R&D. A s  a resul t  of 
testing, the pmtotype is usually mdif ied  and improved. After successful 
completion of the f i n d  t e s t  series,  the demarcation l ine  of production 
has been reached. The construction of several copies of a prototype 
a f t e r  successful test ing of the original is not part of %D. - 
( i i )  Pi lot  plant: The construction and operation of a p i lo t  plant 
have t o  be assigped t o  R&D as long as the inmediate aim or  the specific 
reason is non-comnercial, i .e .  t o  gain experience leading t o  f'urther 
technical improvement of the product o r  the production process. As soon 
as the e x p e r b n t a l  phase is over and the decision has been reached t o  
operate the p i lo t  plant as a norm1 c o m r c i a l  unit, the dividing l ine  
between e x p e r b n t a l  developmnt and production is reached and the 
ac t iv i ty  can no longer be considered as R&D. 



(iii) Pial production (including tooling-up for fill-scale production): 
Since the irnrediate aim of trial production is no longer to m e  further 
technical improvements to the product or the production concerned but to 
get the production process working smthly, it has to be excluded from 
R&D altogether. 

1.2 Scientific and technological education and training at broadly the 
third level 

Tne activities mentioned above correspond broadly to ISCED levels 5, 
6 and 7 ( see Appendix B) . 

Tnis group covers not only the high-level educational and training 
activities carried out within colleges, universities, etc., but also includes 
specialized advanced training courses for scientific and technical manpower 
provided by public and non-public institutions which do not form an integral 
part of the traditional education system. 

Institutions of education at the third level not only provide students 
with high-level teaching but also conduct research and other S&T activities. 
In this integrated context the results of R&D are often distributed and 
transmitted by university teaching. 

The "education and training" activities should be separated from 
R&D activities and from scientific and technological services. Thus, the 
research aspects of post-graduate training should be included in R&D. 
Similarly, activities of university libraries, of scientific museums, or 
of testing stations and survey work being perfomd in the institutions of 
higher education should not be included inthegroup SIETbut in the corresponding 
groups of S&T services. The clinical activities carried out within univer- 
sity clinics, which should be regarded as specialized lredical care, should 
also be excluded. 

1.3 Scientific and technological services 

This is the second main group of "related activities". 

Scientific and technological services (STS) can be defined as any 
activities concerned with scientific research and experimental development 
and contributing to the generation, dissemination and application of 
scientific and technical howledge. 

The c o m n  denominator of this composite group of scientific activities, 
which are defined and illustrated below, is the direct or indirect link 
with R&D, from which they m y  be distinguished by the fact that they do not 
have the character of innovation. Therefore m y  work aiming at establishing 
new methodologies, procedures and techniques used in these services should 
be regarded as R&D. 



It should be borne in mind  that the STS included within the scope 
of the Recmendation have been chosen because of the importance attached to 
them by science policy-makers as well as for the statistical feasibility, 
and that they do not exhaust the whole spectrum of scientific and techno- 
logical services. Of special interest for this Manual, therefore, is the 
illustration of how their definitions distinguish them fYom R&D. 

STS may be perfomd as a secondary activity within an institution 
with a different principal concern (e.g. R&D,education), or within . 

separate independent institutions set up for this purpose (e.g. institutes 
of scientific and technological information, statistical offices or 
institutes, central university libraries, archives, independent documentation 
centres, museums, botanical and zoological gardens ) . 

This STS group of activities can be classified as follows: 

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

This group covers those S&T infornation and docmntation activities 
whose function is to make information available to the user though the 
acquisition, storage and systematic arrangement of books, periodicals, 
graphic and audio-visual materials as well as through the management of 
scientific data stored on computer. 

(ii) S & T services provided by museums of science and/or technology, 
botanical and zoological gardens and other S&T collections 
( anthropological, archaeological, geological, etc. ) . 
This category also includes the provision of informtion and 

documentation, but in more practical terms because of the nature of 
the entity which embodies the information. 

(iii)Systemtic work on the translation and editing of S&T books and 
periodicals. 

This group concerns the national effort in rendering available 
to the general public foreign scientificapublications otherwise not 
easily readable in the original language. Any activity in translating 
and editing non-S&T books and periodicals as well as text-books for 
school and university courses should be excluded. 

(iv) Topographical, geological and hydrological surveying; meteorological 
and seismological observations; surveying of soils and of plants; 
fish ard wildlife resources; routine soil, atmosphere and water 
testing; the mutine checking and monitoring of radioactivity levels. 

Tnis moup includes the routine systemtic collection of data and 
information in the field of the natural sciences carried out nornally 
by appropriate national services, scientific observatories, national 
data-collection centres and enterprises. 



(V)  Prospecting and related a c t i v i t i e s  designed t o  locate and identify 
o i l  and mineral resources. 

These ac tzvi t ies  are  deal t  with separately from PoUP ( iv )  only 
because of the= v i t a l  importance with respect t o  energy production. They 
include any prospection using established methods and techniques, the 
immediate aim of which is c o m r c i a l  exploitation, whereas any development 
of new prospecting methods (including the development of new combinations 
of established techniques) should be assigned t o  R&D. 

( v i )  The gathering of information on human, social,  economic and cultural 
phenomena, usually f o r  the purpose of compiling routine s t a t i s t i c s ,  
e.g. population censuses; production, dis tr ibut ion and consumption 
s t a t i s t i c s ;  market studies; social  and cul tura l  s t a t i s t i c s ,  e tc .  

The f i e l d  of this group of data collection a c t i v i t i e s  is essent ial ly 
the SSH. The services mentioned above, generally carried out by central  
s t a t i s t i c a l  off ices or other governmental ins t i tu t ions  or  by enterprises, 
share the same principles i l lus t ra ted  under ( iv )  and (v ) .  

(vii) Testing, standardization, metrology and quality control; regular routine 
work re la t ing  t o  the analysis, checking and testing, by recognized methods, 
of materials, products, devices and processes, together with the se t t ing  
up and maintenance of standards and standards of measurement. 

These services which are  systematic work are n o m l l y  performed i n  
governmental ins t i tu t ions  such a s  putilic testing-stations, off ices of weights 
and masures, national bureawc of standards a s  well a s  a secondary ac t iv i ty  
in other sc ien t i f i c  inst i tut ions.  They would include fo r  example, physical, 
biological o r  s t a t i s t i c a l  tes t ing  and analysis; tes t ing  of qual i t ies  of s o i l ,  
of safety equipwnt, e tc .  

Routine tes t ing  and quality control a c t i v i t i e s  integrated with, or 
which are part  of, industr ial  production should not be included i n  t h i s  group. 

Specific non-routine tes t ing  carried out within R&D o r  other S&T 
a c t i v i t i e s  should be included with those ac t iv i t i e s  of which it forms a part .  
Therefore, the tes t ing  of prototypes and tes t ing  a c t i v i t i e s  i n  a p i lo t  plant, 
as  long as the primary purpose is  non-commercial, should be at t r ibuted t o  R&D. 

(v5ii)Regular routine work on the counselling of cl ients ,  other sections 
of an organization o r  independent users, designed t o  help them t o  rrake 
use of sc ient i f ic ,  technological and mnagemnt information. 

This ac t iv i ty  a lso  includes extension and advisory services organized 
by the State f o r  farmers and f o r  industry as well as expert reports f o r  
the purpose of ass is t ing  i n  the preparation and p e r f o m c e  of specific 
projectq other than F&D projects, and feas ib i l i ty  studies which mightbe 
defined as technical investigations of proposed engineering projects us* 
established techniques, in order t o  provide necessary additional information 
before deciding on implementation. The n o m l  a c t i v i t i e s  of project 
planning or  engineering offices,  however, s b u l d  not be included in  t h i s  
ac t iv i ty .  



(ix) Activities relating to patents and licences. 

These activities consist of systematic work of a scientific, legal and 
administrative nature on patents ard licences carried out by public bodies, 
nonmlly by patent offices. Similar activities carried out by business 
enterprises should be excluded. 

Scientific and technological education and training at broadly the 
third level (STET), on the one hand, ard Scientific and technological 
services (STS) , on the other, are the min activities "related" to R&D 
and which will be progressively included in the collection of science 
statistics. Unesco has already embarkedon initial studies regwding a 
methodology for the collection of statistics relating to STET (16) 
an3 is currently preparing a provisional guide to the collection of 
statistics on scientific and technological infomtion and documentation 
(STID) activities, within the frammrk of STS. 

?he transition fmm the first stage (concerning minly statistics 
on R&D) to the second will be accomplished gradually on the basis of 
the state of progress of national ard international experience, so that 
although this b u a l  deals explicitly with R&D, some mention has been 
mde here of these "relatedn activities which do not have the character 
of innovation. 



SCLENTIFIC AND TECHNICAL PERSONNEL 

1. =finition ard scope 

The two principal indicators of input in S&T activit ies are 
manpowzc and expenditure. Both of than shmld ee surveyed simultaneously 
and according to  carmPn standards, so as to render the joint analysis 
nieaningful. Of course, i f  different agencies are in charge of the 
statist ical  measurent of man- ard expenditure, it is very important 
that b t h  s ta t is t ical  institutions CO-perate closely w i t h  each other. 

Definitions and classifications iilustrated in  this chapter, 
even though originally developed for manper engaged in R&D, are equally 
applicable to the personnel engaged in other S&T activities, provided 
the necessary adjustmnts are made. 

For example, high level professionals, normally tenned scientists 
and engineers in %D stat is t ics ,  may ke fourd under a variety of titles 
and descriptions, such as research mrkers, technologists, specialists, 
professional s taff ,  librarians, museum curators, etc. Similarly, 
this applies to technicians who may be tenred differently in certain 
STA other than R&D, such as library assistant, canputer programner, 
investigator, photographer, etc. 

1.1 1 Scientific and technical personnel can be defined as the total 
number of people participating directly in S&T activities in an 
institution or unit and, as a rule, paid for their services. This 
group should include scientists and engineers, technicians and 
auxiliary personnel, as defined in point 2 below. 

To be included in the stat is t ical  measurenr?nt, the personnel should 
be directly engaged in, or should provide direct services to, S&T 
activities and sbuld  receive a remuneration for their mrk. 

T,his implies that a l l  personnel providing only indirect services, 
such as security, jani tor id and maintenance personnel engaged in general 
buse-keeping activities, sbuld  be excluded f r m  the measurement. 
Since, however, their services represent a detennhmg element in the 
srrcoth functioning of S&T institutions, their salaries should be included 
as part of the overhead expenses (Chapter IV, i t e m  3 .l. 2 )  . 

The principle to include only those persons who are remunerated 
for their S&T wrk is i n  accordance w i t h  the fact  that, on the  or^ 

hand, only "institutionaliz&i1' and "structure3" activit ies should be 
subject to  international ccknparison and, on the other hand, t h a t  this 
practice ensures consistency betwen mmpower and corresprdiq  expenditure 
data ( l a h u r  costs) . 

1.2 Regarding the scope of s ta t is t ics  on personnel, al l  residents in 
the country, both nationals and mn-nationals (i.e. expatriates o r  
foreigners), having the necessary requisites descriked belaw, should 



be considered, with the exclusion of those employed in or  by i n t e m t i o n a l  
organizations in the country - both residents and non-residents. 

S ta t i s t i c s  covering personnel in scient if ic  and technological 
ac t iv i t i e s  should, in principle, include a l l  persons who have worked i n  the 
inst i tut ions during the year covered by the survey. However, at the ins t i -  
tutional level, a head count is not necessarily representative of levels 
of e f for t  as some of the personnel m y  be at an ins t i tu t ion  fo r  only 
part of the period covered by the survey, w h i l s t  others m y  be employed 
a t  the ins t i tu t ion  during the whole of the survey period t u t  only engaged 
i n  a specific ac t iv i ty  on a part-time basis ( t h i s  is especially t rue i n  
universi t ies) .  Again, if the measurenient r e f l ec t s  all those employed in 
the ins t i tu t ion  at any tim? during the survey period, the i r  aggremtion 
at the national level would resul t  in double-counting. If one wants t o  
consider employmnt figures as surrogates fo r  level  of ac t iv i ty  (RLD or  
S&T ef for ts ) ,  the use of the full-time equivalent concept can overcome 
these d i f f i cu l t i e s  (see i t e m  3.3, page 39). 

Surveying agencies often &e reference t o  the personnel who are emploj 
simply a t  a given date indicated in the questionnaire o r  at the precise 
moment when the questionnaire is being completed. This is the fixed-date 
approach. It m y  be noted tha t  this practice, even if less accurate than 
the one by one count over a year, has the advantage of being more pract ical  
for the respondent. &reover i f ,  as generally happens, reference is mde 
t o  a date close t o  mid-year, it is a lso  s t a t i s t i c a l l y  re l iable  because of 
compensatory ef fec t S ; however, when it is  judged appropriate, the figures 
obtained through this procedure should be supplemented, even by e s t k t e s  
which could be derived, f o r  example, on the basis of averaging f o r  the year 
the numbers employed a t  different  points of time during the year. ?he 
reason for  this is that the personnel figures should be consistent with 
s t a f f  costs data, which necessarily r e fe r  t o  the whole period covered by 
the survey. /K definition of reference year is provided under item 2 of 
Chapter IV.7 - 

1.3 The personnel of S&T ins t i tu t ions  should be classified i n  a number of 
ways, some of which concern only the mst qualified staff: 

- the work they are engaged in combined with the i r  qualifications; 
- level of education and f i e l d  of study; 
- occupation; 
- number (&full-tim? and part-time); 
- nationality; 
- sex; 
- age. 

The above classificatiors, which provide f o r  detailed and complete 
irifonnation on the personnel, are described in this chapter even i f  at 
the first stage of the extension of S&T s t a t i s t i c s  (see Reconmendation 
reproduced i n  Appendix A)  only some of them should be used t o  report data 
t o  Unesco. 

2. Classification by type of work and qualifications 

The basic classif icat ion of SLT personnel, which takes in to  account 
both f o m l  training or  qualification and function, provides three categories 
defined as follows. 



2.1 Scientists and emineers 

Scientists and engineers refer to persons who, working in those 
capacities, use or create scientific howledge and engineering and 
technological principles, i .e . persons with scientific or technological 
training who are engaged in professional work on S&T activities, high- 
level administrators and personnel who direct the execution of S&T 
activities. @n the case of R&D activities, "scientists" are synonymous 
with researchers and assistant researchers engaged both in the natural 
sciences and in social sciences and hummities .) 

Such personnel should be classified in this category if they have either: 

(i) completed education at the third level leading to an academic degree, or 

(ii) received third-level non-university education (or training) not leading 
to an academic degree but nationally recognized as qualifying for a 
professional career, or 

(iii ) received training, or acquired professional experience, that is nationally 
recognized as being equivalent to one of the two preceding types of 
training (e .g. membership of a professional association or the holding 
of a professional certificate or licence). 

In order to use a terminology equally congenial to the NS and the SSH, 
particularly with regard to R&D activities, in the category "scientists and 
engineers" in the above definition the term "researchers and assistant 
researchers" has also been introduced. Professional titles can vary from 
country to country and are in relation to the type of S&T activity. Other 
terms could be librarian, curator, physician, technologist, lawyer, 
statistician, actuary, et al. 

2.2 Technicians 

Technicians refer to persons engaged in that capacity in S&T 
activities who have received vocational or technical training in any 
branch of howledge or technology. 

Such personnel should be included in this category if they have either: 

(i) completed the second stage of second-level education. These studies 
are in m n y  cases followed by one or two years1 specialized technical 
studies, which m y  or m y  not lead to a diplama; 

(ii) received at least three years' vocational or technical education 
(whether leading to a diplom or not) following completion of the 
first stage of second-level education; 

iiii) received on-the-j ob training (or acquired professional experience ) 
that is nationally recognized as being equivalent to the levels of 
education defined under (i) or (ii) above. 



On the basis of the above classifications wkich take in to  account 
both function and f o r m l  training o r  qualification, persons should be 
classified as sc ient is ts  and engineers if they are working in those 
capacities, even i f  they do not f 'ulf i l  the educational requirements 
for  inclusion l i s t ed  in the definition of sc ient is t s  and engineers; at 
the same time persons with a university degree actually occupied as 
technicians should be classif ied as technicians. 

Typically, technicians participate i n  S&T ac t iv i t i e s  nonmlly under 
the supervision.of sc ient is t s  aMJ. engineers carrying out tasks such a s  
maintenance and operation of specialized R&D (or  S&T) equipment and 
machinery, preparing mterials a& equipment and carrying out experiments, 
t e s t s  and analyses; they could be d c a l  assistants,  computer prograrryners, 
surveyors, draughtsmen or  survey interviewers or  investigators. 

2.3 Auxiliary personnel 

Auxiliary personnel refer t o  persons whose work is direct ly 
associated with the performance of S&T act iv i t ies ,  i . e .  c ler ical ,  
secretarial  and administrative personnel, skilled, semi-skilled and 
unskilled workers in the various trades and all other supporting 
personnel. 

A l l  personnel providing only indirect services, such as security, 
jani torial  and maintenance personnel engaged in general "housekeeping" 
ac t iv i t i e s  should be masured separately as a residual group which is not 
included i n  the mpower data (although it i s  considered i n  the n-easurement 
of R&D expenditure). 

2.4 It should be pointed out that the categories "scient is ts  and engineers" 
and "technicians" are  defined both by qualification and occupation (as 
allowance is made for  including personnel with an equivalent professional 
experience o r  on-the- j ob training) whereas the category nauxiliary per~onnel '~  
is defined by the occupational cr i ter ion (function) only. 

This dual approach is due t o  the fac t  that  the most qualified staff 
my  be easily identified through the i r  professional abi l i ty ,  detected 
by the level of education received (a forrral qualification) or  an equivalent 
recognition, whereas the auxiliary s ta f f  is bet ter  definable adopting a 
cri ter ion of type of occupation o r  function rather than educational level 
which my  or  my not have been achieved. 

2.5 It m y  be noted t h a t  the educational qualification approach, i f  not 
associated with the concept of working in the appropriate capacity, could 
be misleading. For this reason, in the above definitions provision is  made 
for  persons with incomplete forrral training and self-trained persons who 
have proved the i r  capabilit ies in sc ient i f ic  and technical work. For 
example, in countries where the educational system only recently began 
providing technical training, some technicians m y  have no formal quali- 
f icat ion but according t o  the Unesco definition could be considered as 
"technicians" . 



However, the same principle may have an opposite application: it m y  
happen in fac t  that holders of academic degrees perform duties  of "technicians", 
f o r  example, i n  establishing a new programrm3, such as in computer work, which, 
once it is standardized w i l l  be executed by non-graduates, o r  s-ly because 
a surplus of graduates in his employment rrakes it economical f o r  the employer 
t o  have some technical duties performed by well-trained personnel. In  these 
cases, according t o  the definition given above (item 2.2), which has an 
occupational approach as well as an educational approach, the person involved 
should be included in the category "techniciansn. 

2.6 In the case of R&D act iv i t ies ,  high-level administrators o r  m g e r s ,  
who n o m l l y  a re  not direct ly undertaking R&D but are planning, directing 
the execution, supervising or  otherwise providing di rec t  services t o  R&D, 
should be included within the category "scient is ts  and engineersn (and 
not in the category wAuxiliary personnel"). Also post-graduate or  post- - 
doctorate students, who m y  perform R&D work as part of an academic course 
of studies or a s  training should be included in the same category, i f  possible 
as a separate sub-group . The examples c i ted  here in respect t o  R&D ac t iv i t i e s  
are, of course, equally applicable with regard t o  the measuremnt of other 
S&T ac t iv i t i e s .  

3. Unit of measure fo r  S&T personnel 

Scientific and technical personnel rray be measured both by number of 
persons engaged i n  S&T ac t iv i t i e s  and i n  terms of volume of working time 
devoted t o  such ac t iv i t i e s .  The two aspects m y  a l so  be combined. 

The nature of the ac t iv i t i e s  under review en ta i l s  that sometimes personnel 
are  ent irely engaged in a given S&T act iv i ty  and sometimes, due t o  the close 
interconnection between various S&T ac t iv i t i e s  and between S&T and other 
ac t iv i t i e s  (production, distr ibution),  they devote only a part  of the i r  working 
time t o  the ac t iv i ty  in question. 

In reporting data on personnel the crucial element is the v o l m  of time 
devoted t o  the S&T act iv i ty  surveyed. To attain t h i s  purpose three concepts 
should be used t o  measure human resources: 

(i) full-time (m); 
(ii) part-time (PT); 

(iii) full-time equivalent (FE) . 

3.1 Personnel working full-time 

Full-time sc ient i f ic  and technical personnel (FT) are defined as those 
personnel who devote all or  aWst all the i r  working t h  t o  a &ven 
sc ient i f ic  and technological act ivi ty.  

The average amount of working time considered as full-time according t o  
legal re,n;ulations o r  agreements w i l l  vary from country t o  country and, even 
within a country, among different sec tors  ; however the basis fo r  international 
comparison would be of the order of 40 hours a week. 



For reasons of simplicity overtime should not be reflected in 
s t a t i s t i c a l  measurement. This practice w i l l  lead t o  some underestimtion 
of the t o t a l  volume of t h  devoted t o  the given S&T act iv i ty  and w i l l  
render the data on personnel s l ight ly  inconsistent with the re la t ive  
figures on labour costs which should a lso  include the compensation for  
overtime. It should be recognized, however, that this distortion, which 
w i l l  probably have a very limited impact on data, a l so  because of compen- 
satory effects,  i s  dictated by necessity since it would be impracticable 
t o  evaluate overtime case by case. 

The definition of ltfull-time'l given above provides that only 
personnel who sped the of the i r  working time should be considered 
full-time; in s t a t i s t i c a l  practice, the threshold should be placeiaromd 
the 90% level.  Thus, those s t a f f  who devote more than 90% of the i r  
working time t o  a given S&T act iv i ty  should be classif ied as full-time 
personnel. 

3.2 Personnel working part-time 

Part-time sc ient i f ic  and technical personnel (PT) are  defined as 
those personnel who devote only part  of t h e i r  working time t o  a given 
sc ient i f ic  and technological ac t iv i ty .  

mis implies tha t  the personnel involved may perform a t  the same time 
more than one type of S&T act iv i ty  (R&D, S&T education, S&T services) o r  
other ac t iv i t i e s  (e.g. production, dis tr ibut ion) .  

O f  course if  the same person is engaged i n  more than one type of 
S&T act ivi ty,  the above defini t ion should be applied fo r  each of them. 
For example i f  a university professor spends 40% of h i s  time on R&D 
ac t iv i t i e s  and 60% on teaching, he should be accounted for  i n  the 
measurement of R&D personnel at 40% only. 

For reasons of symnetry with the previous definition, only those 
who devote between 10% and 90% of the i r  working time t o  a given S&T 
act iv i ty  should be included in the category of part-time personnel, 
whereas s t a f f  who s p e d  less  than 10% should be excluded altogether. 

3.3 Full-time equivalent (m) 

The concept of full-time equivalent (FTE) i s  based on the 
measurement uni t  representing one person working full-time far a given 
period, it should be used t o  convert figures r e l a t ing  t o  the number of 
part-time workers in to  the equivalent rimer of f u l l - t i m  workers. 

I s t a  concerning personnel should n o m l l y  be calculated in FPE, 
especially i n  the case of sc ient i s t s  and engineers and technicians. (For 
auxiliary personnel full-time equivalent norrrally equals the number of 
persons i n  this category as they do not usually divide the i r  working time 

The concept of full-time equivalent has been introduced i n  science 
s t a t i s t i c s  as, in the presence of a widespread phenomenon of part-time 
work (especially in universi t ies) ,  or  the fac t  tha t  some persons m y  have 



had employment in more than one institutior,  during the period under survey, 
the head count would lead t o  an o v e r e s t k t i o n  of the hunran resources devoted 
t o  a given S&T act iv i ty .  The use of full-time equivalent can reduce o r  
resolve this problem. 

This concept is based on two components: 

(i) actual number of persons working ET, 

(ii) percentage of working time devoted by the personnel involved t o  the 
given ac t iv i ty .  

An example may i l l u s t r a t e  the calculation: i f  out of three sc ient is t s  
in R&D, two work fo r  a quarter of the i r  time and the remaining one spends only one 
half of his working time on R&D, then the FTE of these three.persons would be 
0.25+0.25+0.50 = 1 scient is t  in FIE. It goes without saying tha t  the case of 
fil l-t ime may be considered as a l i m i t  case of part-time whereby the percentage 
equals 100% and therefore one person corresponds t o  one FTE. 

Data on personnel, as for  data on expenditure, should refer t o  a defined 
period of time which in science s t a t i s t i c s  is the year. Therefore, i f  during 
a year two sc ient is ts  i n  R&D work full-time fo r  a period of six months, then 
the corresponding figure would be one sc ien t i s t  i n  FTE. It m y  be noted here 
that since these FTE data should i n  principle re la te  t o  a year the concepts 
of FTE and man-year can be regarded as identical (with 
proviso of excluding overtime work (see 3.1 above). 

4. Classifications by level of education and f i e ld  of study 

Personnel in the categories "scient is ts  and engineers" azld "technicians" 
should be classif ied according t o  the level of education received and the 
f i e l d  of study. 

It m y  be observed that these two classif icat ions take in to  account the 
f o m l  education acquired, but they neither detect the capacity gained through 
professional experience and on-the-job training equivalent t o  f o m l  quali- 
fication, nor the fac t  tha t  personnel with a degree i n  a f i e l d  of study m y  
be currently engaged i n  another f i e ld  (e.g. chemists working i n  agricultural 
sciences, engineers working in medical and health sciences). 

4 .l Classification by level  of education 

The classif icat ion by level  of education should comprise four groups 
determined in accordance with ISCED (International Standard Classific3tion 
of Education) (see Apperdix B) : 

( i) holders of third-level degrees of university type ( ISCED: 6-7) ; 

(ii) holders of third-level diploms of non-university type ( ISCED: 5) ; 

(iii) holders of diplomas at the secon.3 level, second stage (ISCED: 3) ; 

( i v )  other qualifications ( ISCED: 1,2,9) . 



Constructing a double-entry table with the two categories of 
scientif ic  personnel along the rows and i n  the calm the four groups 
of level of education ( see table l), one would expect a concentrat ion 
for  scientists  and engineers in ISCED levels 6-7 and for  technicians 
i n  ISCED level 3. Holders of an education at ISCED level 5 will be 
found either in the first or in the second row, according t o  national 
practices. Those placed in the other ce l ls  situated t o  the right of 
these will  be those with other levels of education but having acqqired 
a professional experience equivalent t o  the normally-required form1 
education. 

4.2 Classification by f ie ld  of study 

Categories of 
S&T personnel 

Scientists and 
engineers 

Technicians 

The classification by broad f ie ld  of study i n  science and technology 
should be correlated with the following groups of IXED fields.  

Fields of science and technology 

ISCED levels 

Natural sciences 

637 

Engineering and technology 

Medical sciences 

5 

Agricultural sciences 

&in f ie lds  of study in ISCED 

3 

42. Natural science programmes 
46. IvIathemtics and computer science 

ProF=n'= 

52. Trade, craft  and industrial 
programnes, n.e,c. 

54. Engineering programes 
58. kch i tec tura l  and town-planning 

programs 
70. Transport and communications 

programes 

1,299 

50. Pkdical and health p rograms  

62. Agriculture, forestry and 
fishery p r o g r m s  

Social sciences and humnities 1 4 .  Teacher training and education 
science programss 
Fine and applied 'arts progranms 
Humnities progranms 
Religion and theology progeames 
Social and behavioural science 
programnes 
C m r c i a l  and business adminis- 
t rat ion progmnms 
Law and jurisprudence programees 



fields of science and technology 

Other fields 

Main fields of study in ISCED 

66. Home economics (domestic science) 
progrmes 

84. Programmes in mass communication 
and documentation 

01. General programmes 
08. Literacy programmes S 

78. Service trades programmes 
89. Other programmes (e.g. military 

prop-S ) 

The six broad fields of science and technology correspond to regroupings 
of the twenty-one fields of study in I S 0  which rray be fomd in relation to 
the categories of education (based upon levels). It should be noted, however, 
that som fields do not exist at every one of the seven ISCED levels, e.g. 
law an3 jurisprudence programmes are not found at level categories 2 or 3 
while literacy programmes occur only at level category 1. 

Other classifications 

Science policy-mkhg and planning require a rather comprehensive analysis 
of the hwan potential engaged in S&T activities. The collection of data on 
some aspect such as occupation, nationality, age and sex lies within the scope 
of science statistics, which is to furnish inforrration on the most relevant 
indicators of the phenomenon under review. 

5.1 Classification by occupation 

In addition to their classification by form1 education or training or 
function as illustrated in points 2.1 to 2.3 above, scientific and tecKcal 
m o w e r  could also be classified by occupation. This kind of classification 
m y  benefit from a scheme such as LSCO (International Standard Classification 
of Occupations) (ll), which is based upon occupational criteria, principally 
the kind of work perfomd in each occupation, irrespective of the organization 
in which the work is performed or of the educational qualifications of the 
individuals in the occupations. However, it is to be noted that ISCO does not 
pmvide separate classes for S&T.workers in all scientific fields; it would 
therefore be necessary to identify those functions which suit the requirements 
of science statistics and regroup them according to the three categories of 
S&?: personnel. 

At present this cross-classification is not envisaged although some work 
along these lines is proposed in the long-term development of science and 
technology statistics. 

Classifications by nationality, age and sex 

A number of other specific characteristics of personnel m y  be analysed 
with the purpose of gaining better knowledge of the hwran potential employed 
in S&T activities. 



A l l  the personnel should be classif ied by sex. 

Personnel belonging t o  the categories "scient is ts  and engineers" and 
lltechnicians" should also be classif ied by : 

nationality (merely showing r ~ t i o n a l s  separately f'rom non-nationals 
i . e .  expatriates or  foreigners), 

age, separating them in to  the following age groups: l e s s  than 30, 
30-39, 40-49, 50-59, 60 and over. 

It m y  be noted that  all  such informtion, whicn ~Lunishes a rather 
complete picture of S&T personnel, w i l l  be collected gradually, according 
to  the p r io r i t i e s  set forth in  the Recorrme&tion. 

6. Scientific and technical w o w e r  potential 

The planning and formilation of science policy requires the howledge, 
especially i n  developing countries, of the t o t a l  numerical strength of the 
most qualified h m  resources, mmly the t o t a l  stock a r ~ I  the rimer of 
economically active persons who possess the necessary qualifications t o  be 
scient is ts ,  engineers and technicians. 

6 .  l Total stock of qualified manpower 

Total stock of qualified manpower comprises the t o t a l  number of persons 
with the necessary qualifications for  personnel in categories "scient is t  
and engineers" and "techniciansff, regardless of economic ac t iv i ty  
(production, S&T act iv i t ies ,  the professions, no gainf'ul employment, 
e tc . ) ,  age, sex, nationality o r  other characteristics, present i n  the 
domstic te r r i tory  of a country at a given reference date.  

It should be noted that i n  the definition of t o t a l  stock (and a lso  
in the following definition for  economically active qualified mpower),  
the cr i ter ion of inclusion is merely the "necessary qualif icationS1 whereas 
the definition of sc ient is t s  and engineers and of technicians (see items 2.1 
and 2.2) i s  limited t o  those who are actually "working i n  those capacitiesf', 
i .e . those working as sc ient is ts  and engineers or  as technicians. This 
limited definition w i l l  not produce an inventory of al l  qualified mnpower 
( i .e .  potential scient is ts ,  engineers and technicians) in a given country. 
Frequently, individuals trained i n  science and engineering or  with 
technical o r  vocational training are not working i n  S&T ac t iv i t i e s  for  a 
variety of reasons, varying f r o m  unavailability of such positions t o  a 
cbange i n  interest .  They are, however, still  part  of a reservoir which 
can be used as a source of personnel for  S&T ac t iv i t i e s .  

Number of economically active qualified mnpower 

Number of economically active qualified m o w e r  comprises the t o t a l  
nLrmber of persons with the necessary qualifications for  personnel i n  
categories ?lscientists and engineersT1 and %echniciansw who are eng;aged 
in, o r  actively seeking work in, sorne branch of the economy at a given 
reference date. 



I f ,  for  pract ical  reasons, a problem of mutual exclusion ar ises  i n  the 
collection of data, the second definition is preferable. 

In order t o  i l l u s t r a t e  the difference in  coverage of the two definitions, 
it m y  be said that the t o t a l  stock of qualified =power ident i f ies  a l l  
persons resident i n  the country (regardless of the i r  nationality o r  country 
of origin) who have the necessary qualification (although f o r  the l a t t e r  
this is not always measurable, see below) - achieved e i ther  in the educational 
system o r  through professional experience - t o  work as sc ient is ts ,  engineers 
and technicians (with the underlying concept of potential i ty) .  . 

The number of economically active qualified m o w e r  is that  part  of 
the t o t a l  stock which is ei ther  employed or  actively see king work (according 
t o  the definition nationally used i n  labour s t a t i s t i c s ) .  

In the Recornendation concerning the International Standardization of 
S ta t i s t i c s  on Science and Technology, the terms "Total stock of sc ient i s t s  
and engineers and technicians (SET)" and "nwnber of economically active SET" 
are used t o  denote, respectiveZy, what we cal l  here. 'Total stock of qualif ied 
manpower" and "nwnber of economically active qualif ied manpowerr'. 

The following scheme i l l u s t r a t e s  the relationship between these two 
aggregates and the group of SET actually engaged i n  S&T ac t iv i t i e s .  

Total stock of qualified Illanpower 

Economically active 

S&T 
ac t i v i t i e s  - 

The blank area indicates those persons who, even though possessing 
the necessary requisites are  outside the labour m k e t  (e.g. housewives, 
re t i red  persons); the l igh t  shaded area denotes those persons employed in 
all the branches of the economy (except those occupied in S&T ac t iv i t i e s )  
o r  actively seeking work; the darker areas indicate that part  of the t o t a l  
stock actually engaged in S&T ac t iv i t i e s  (some persons working full-time and 
others part-the) of which a share i s  devoted t o  R&D. 

The data o n t h e  t o t a l  stock of qualified Illanpower and on the number of 
economically active sc ient is t s ,  engineers and technicians cannot be collected 
by the national survey on S&T ac t iv i t i e s  but w i l l  normally be obtained through 
a periodical population~census or  through manpower surveys as w e l l  as other 
national sources ( regis ters  of professional associations, publications, ad hoc 
inquiries, special studies, f i l e s  of employment agencies, e t c . ) .  It should be 
remembered that, since data requested w i l l  be derived from the different 



sources mentioned above which adopt their own standards and definitions, 
the arrangement of these data cannot be expected to correspond exactly 
to the definitions proposed for personnel engaged in S&T activities. 
Close co-operation between S&T statisticians and the census authorities 
is therefore essential. If the national concepts differ from those 
suggested above (for example, concerned only with those employed in the 
national econw, or not including unemployed persons) and these are 
followed when reporting infomtion at the international level, this 
should be specified and noted accordingly. 

It will be particularly difficult to identio those ''scientists and 
engineers" who have received training and acquired professional experience 
equivalent to fonral qualification at the third level of education, or 
those "technicians" who have undergone on-the-job training and acquired 
professional experience equivalent to f o m l  qualification at the second 
level of education. The figures from those sources will, in any case, 
represent esthtes which by definition are subject to some m g i n  of 
e m r  . 
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CHAPTERIV 

FINANCIAL RESOURCES 

1. Introduction 

In the preceding chapters the elaboration of the various concepts has' 
been treated with more emphasis on the aspect of R&D ac t iv i t i e s ,  leaving t o  
a second stage the task of elaborating them in the framework of the STET and 
of the STS. M m  the point of view of financial resources, there is basically 
no reason t o  emphasize more particularly the R&D aspects, as, insofar a s  the i r  
financing i s  concerned, there should be no pract ical  difference i n  the measu- 
rement of the financial e f fo r t s  devoted t o  each of these S&T a c t i v i t i e s  (FED, 
STET, STS). However, it can be remarked tha t  in wst countries only the 
financing of R&D has reached the stage where aggregated data collections have 
been possible. 

In dealing with financial resources devoted t o  S&T ac t iv i t i e s ,  one may 
refer  t o  two different a w e g a t e s  : 

- financial appropriations (or budget allotment), i . e .  t o  an ex-ante approach; 

- actual expenditure, i . e .  t o  an ex-post approach. 

Financial appropriations consist of sums of money, reported on budgets, 
allocated t o  a sc ient i f ic  or  technological ac t iv i ty .  They are the f o m l  
expression of the w i l l  of public and private ins t i tu t ions- to  spend a certain 
amount of money fo r  this purpose. 

Actual expenditure refers  t o  all paymnts made by an ins t i tu t ion  during a 
given period of time, regardless of the source of funds or  of the budget on 
which the sums were reported. 

It happens frequently tha t  the expenditure fo r  a given year does not correspond 
exactly t o  what was foreseen, because of changes in sources of funds (e.g. new 
contracts) and of the gradual spending of sums al lo t ted  t o  S&T ac t iv i t i e s  
(e.g. the acquisition of sc ient i f ic  equipmnt m y  en ta i l ,  from the decision t o  
purchase t o  the payment of the invoice, a procedure which exceeds one year). 

It goes without saying that financial appropriations and actual expenditure 
are two cmplemntary indicators, each stressing some aspects and requiring 
different treatment and sources of data. It m y  be remembered that  science 
policy-makers attach, especially fo r  the public sector, a great importance t o  
financial appropriations; however, highest pr iori ty is at t r ibuted t o  the r e a l  
financial e f fo r t  mde by S&T organizations. A s  a consequence, taking in to  
account the resources available i n  Member s ta tes  t o  be devoted t o  science 
s t a t i s t i c s  and that  the extension of S&T s t a t i s t i c s  is a eradual exercise. 
this l'knual deals with actual expenditure for  S&T activityes.  An exception is 
constituted by the collection of data on R&D W i n g  classif ied according t o  
m j o r  socio-economic objectives, described in Chapter V, i t e m  4, see page 63. 

Regarding the categories and definitions discussed in this chapter, it 
should be said that, even though they have been developed over the years for  
use in the s t a t i s t i c s  on R&D, they are equally applicable t o  the other sc ient i f ic  
and technological ac t iv i t i e s .  



2. Expenditure f o r  S&T ac t iv i t i e s  

Expenditure can be defined as al l  actual payments made f o r  the 
perfornance of S&T ac t iv i t i e s  by a particular unit or ins t i tu t ion  
during the year of reference. 

A reference year should be considered as a period of 12 consecutive 
mnths t o  which the s t a t i s t i c a l  data refer .  When this period car r ies  
over from one calendar year t o  the next, the year i n  which the period 
star ted is t o  be taken a s  the reference year. 

With a view t o  achieving the quantitative measurement of the 
expenditure for  S&T ac t iv i t i e s  of a country, it is necessary t o  i d e n t i o  
which expenditures should be covered by science s t a t i s t i c s .  

A t  the national data collection level  the problem of double-counting 
can a r i se  and fo r  this reason a dist inct ion should be made between intra- 
mural and e x t r w a l  expenditure. The following definitions have been 
elaborated. 

2.1 

The above dist inct ion i s  necessary as sometimes a sc ient i f ic  organization 
cornnits a part of its funds t o  other organizations fo r  the p e r f o m c e  of 
S&T ac t iv i t i e s  . 

Intramural expenditure can be defined as a l l  payments actually 
mde during a reference year for  the perfom3nce of a sc ient i f ic  
and technological ac t iv i ty  within a particular unit ,  ins t i tu t ion  
or sector of performance, whatever the source or  origin of the 
funds. 

2.2 

In t h i s  case the payment, which m y  take the form of a contract o r  
of a donation, and can be i n  cash or i n  kind (e.g. equipnent mde available 
t o  the performer), should be considered as anextramural expenditure f o r  the 
former organization ( t h i s  organization not being, in fact ,  the "performer" ) 
and as  an intramural expenditure f o r  the l a t t e r  (this organization being the 
actual tfperformerl'), even though the funds have been provided by an outside 
source (this funding w i l l  become apparent in the classif icat ion by source 
of funds - see item 4 below - a s  reported by the performing ins t i tu t ion .  

Extramural expenditure can be defined as a l l  payments 
actually mde during a reference year for  the performance of a 
sc ient i f ic  ard technological ac t iv i ty  outside a part icular  unit, 
ins t i tu t ion  or  sector of p e r f o m c e ,  including payments made 
outside the national economic te r r i tory .  

In t h i s  perspective expenditure fo r  S&T a c t i v i t i e s  performed outside 
the paying unit  or  ins t i tu t ion  (both within the country and abroad) should 
be considered as its extramural expenditure. 

It is t o  be recalled that i n  s t a t i s t i c a l  practice, the compilation of 
data and the classif icat ion of resources devoted t o  an S&T ac t iv i ty  should 
be mde f'rom the "performerls" aspect, so that the extramural expenditure 



of the financing institution will be included in (and, consequently, appear as 
part of) the intramural expenditure of the performing institution which 
receives the funds. And in this way the problem of double-counting is avoided. 

The data on the measurement of expenditure on S&T activities to be 
reported at the international level should therefore be intramural expenditure. 

The sum of the intramural expenditures incurred by all the national S&T 
institutions leads to a final aggregate called t'Total domestic expenditure 
on S&T activities". 

Total domestic expenditure on S&T activities can be defined as 
all expenditure made for this purpose in the course of a reference 
year in institutions and installations established in the national 
territory, as well as installations physically situated abroad: 
land or experimental facilities rented or owned abroad and ships, 
vehicles, aircraft and satellites used by national institutions. 
hunts spent on S&T activities carried out by international organi- 
zations established in the country in question are excluded from 
this total. 

According to the above definition, which is based on the concept of 
intramural expenditure, the total domestic expenditure on S&T activities 
should exclude sums expended directly by international organizations through 
their own institutions located within the country (of course all the sums 
given by international organizations to national S&T institutions for the - 
perfomce of S&T activities within the national S&T institutions should 
be included in the intramum.1 expenditures reported by these institutions). 
In the distribution of such expenditures by source of f'unds, these sums 
should be classified as "foreign f'undstt (see item 4.1 . 3 ,  p. 52 ) : it should 
also exclude sums expended for mobile and hmvable installations physically 
situated within the country rented or Owned by foreign public and private 
organizations (e.g. oil rigs, launching platforms, etc.). Of course this 
latter category does not embrace foreign-owned enterprises which, even if 
their proprietors reside abroad, are legally established in the country. 

3. Classification by type of experxiitme 

Actual intramural expenditure should be structured according to the 
following categories and subcategories : 

- Current intramural expenditure: 
- labour costs 
- other current costs 

- Capital intramural expenditure : 
- expenditure of mjor equipment 
- other capital expenditure. 
1 

Current intramural expenditure comprises all payments mde during 
the reference year for the performance of S&T activities within units, 
institutions or sectors of performance whatever the source or origin of 
f m s ,  covering the cost of labour, minor equipment and expendable 
supplies and other current expenses. 



3 .l .l Labour costs comprise wages and salaries, paid in cash or in kind, 
and a l l  related labour costs, including "fringe benefits" such as bonuses, 
paid holidays, contributions t o  pension W s  and compulsory social 
security systems, payroll taxes, etc .  

In view of the importance of the category of personnel "scient is ts  
and engineers" the i r  labour costs should, as far as possible, be shown 
separately from the costs of other personnel. 

The labour costs f o r  highly qualified personnel dealirig with the 
administration of R&D (normally sc ient is t s  who i n  the period concerned 
are not involved direct ly in carrying out the research but who work in 
the set t ing up of programmes) should be included. 

Also included should be the costs f o r  post-graduate students (grants, 
stipends, etc .)  t o  the extent tha t  they are engaged in research work. 

Lacking other rel iable parameters, the experfiiture f o r  personnel 
should also be computed according t o  the concept of '!full t b  equivalencen 
(Chapter 111, item 3.3) . Thus the personnel costs should be attributed 
t o  the S&T ac t iv i t i e s  according t o  the percentage of t ime spent by the 
person involved in carrying out the ac t iv i ty  in question. 

Finally, the labour costs f o r  personnel providing only indirect 
service (such as canteen staf'f, janitors,  e tc .  ) should be excluded and 
assigned t o  the subcategory "other current costs" (see below). 

3.1.2 Other current costs comprise a l l  other intramural expenditure such 
a s  expenditure on office and laboratory supplies, materials, subscriptions 
t o  journals, books, renta l  of buildings, maintenance, computer service, 
t ravel  and postal services. 

This group of costs r e la tes  t o  services, products, materials as well 
as minor instruments and mchinery which m y  or m y  not be inventoried, 
but because of thei r  cost and characteristics of u t i l iza t ion  cannot be 
considered as "major equipment'' . A s  is remarked below (item 3.2.1) the 
demarcation l ine  between "other current costs" and m j o r  equipment varies 
according t o  national practice (e.g. rental  of buildings, subscriptions 
t o  journals - which i n  SORE countries are  considered as capital  expenditure). 
When reporting at the international level, deviations from the recommended 
definitions should be appropriately indicated. 

The above expenditures are often overheads and shares of overheads, 
i . e .  current expenditure which cannot be easi ly divided up and assigned 
t o  the individual S&T units or  t o  the respective categories of ac t iv i t i e s  
because of the fac t  that  different S&T ac t iv i t i e s  and non-S&T ac t iv i t i e s  
are often located i n  the same premises (teaching and R&D i n  the  universities, 
production and R&D in industry, e t c . ) .  

In accordance with the principle mentioned above, the labour costs 
for  the personnel providing only indirect services should be included 
within t h i s  subcategory appropriately pro-rated according t o  the sc ient i f ic  
act ivi ty under review. 



Capital intramural expenditure comprises all payments made 
during the reference year for the perfomce of S&T activities 
and relating to expenditure on major equipment and other capital 
expenditure. l 
For the purpose of international c o ~ i s o n ,  any provisions for 

depreciation, whether actual or imputed, should be excluded from inter- 
national statistics on expenditure. Nevertheless,countrieswhich are in 
a position to furnish such infomtion m y  do so separately. 

3.2.1 Expenditure on major equipment comprises the purchase of major 
installations, machinery and equipment. This expenditure reflects the 
acquisition of goods which norklly are inventor&d due to the relevance of 
the expense and of the prolonged use that will be done of them. 

The demarcation line between minor equipment, to be included in the 
subcategory, "other current costs" and major equlpme~t, to be included in 
"expenditure on major equipment", should be drawn taking into account the 
relevance of the expenditure, the characteristics of the item and its nature 
of capital expenditure, e.g. the practice of establishing a monetary limi- 
tation is fairly comn; another practice takes into account whether the 
item is consumable within a year or whether it can be considered as permulent. 

For instance, the expenditure for a cabinet, an anemograph, a mgnetic 
recorder should be included in "expenditure on major equipment" whereas the 
cost of a magnifying lens, a stethoscope, a Bunsen burner should be assigned 
to "other current costsu. 

A particular case is worth attention; even though payments for the current 
purchase of books, periodicals and arihals shoud be assigned to "other current 
costs", expenditure for the purchase of complete libraries, large collections 
of books, periodicals, specimens, etc. should be included under "emnditure 
on ma jor equipn-enttT , 
institution. 

Even if made at 
still be shown u~der 

A ~~ - -- 

especially when made at the time of equipping a new 

any other time, however, purchases of this type could 
capital expenditure. 

3.2.2 Other capital expenditure comprises the purchase of land (for building 
or for testing purposes) and expenditure on new buildings or large-scale 
improvements, modifications and repairs to buildings and fixed installations, 
land-improvement work and other expenditure. 

All major changes and improvements to buildings should be included 
this group, whereas current repairs and mintenance have to be assigned to 
"other current costsn. 

- 

4. Classification by source of funds 

The actual intramural expenditures for S&T activities should also be 
classified according to their origin or source. The sources are usually 
several and, as their importance changes f'rom country to country, various 



types of classifications may be used in order to suit the national or 
sectoral policy needs. For international reporting of data it is essential, 
however, that the national classifications ensure that the resulting data 
can be rearranged into the broad categories defined in the Recornendation. 

The following categories of sources of funds, originally adopted by 
Unesco to be used in the classification of R&D activities, should also be 
applied, with some minor modifications, to the measurement of financial 
resources devoted to the other S&T activities. 

4.1 Categories of source of funds 

Government M s .  This category includes funds provided 
by the central (federal) State or local authorities and origi- 
nating from the ordinary or extraordinary budget or from extra- 
budgetary sources. It also covers furds received from public 
intermdiary institutions established and wholly financed by 
the State. 

Besides funds coming from the government and its branches, funds coming 
from public scientific and technolonical institutions suchasresearch . 

councils, national libraries, central statistical offices, museums, 
botanical and zoological gardens, etc., should be included in the 
"govermnt fundsn. 

Productive enterprise funds arid special fun%. This 
.ls2 1 category includes funds allocated to S&T activities by insti- 

tutions classified in the productive sector as productive 
establishments or enterprises ard all sums received from the 
"Technical and Economic Progress F'undl', in countries with a 
centralized econow, and other similar special funds. 

In the case of the productive sector the funds originate f'romthe 
economic activities of establishments and enterprises (e .g. funds made 
available from the production of goods and services for sale on the 
m k e t  ) . 

The above category includes also the sums received fYom the 
"Technical and Economic Progress Fundf1 and other similar funds. even 
if they are disbursed by the various ministries responsible for industry 
in countries with a centrally-planned economy. 

The reason lies in the fact that those Funds were created to 
supplement the allocation of resources from the state budget - in order 
to cover the risk involved in particular technological ventures - through 
funds usually raised by a levy on industrial turnover. In this case the 
public administration acts as a re-distributing agency of money belonging 
to industries and therefore, irrespective of the way this money is 
administered, it should be considered as funds allocated to S&T 
activities by enterprises. 



These f'unds m y  be acquired within the framework of an a id  progranme 
f o r  sc ient i f ic  co-operation between national anl foreinn S&T inst i tut ions,  

4.1.3 

or  f o r  the execution of an S&T act iv i ty .  They inc ludealso  funds from 
organizations or  companies abroad which have a f f i l i a t e d  o r  parent organ- 
zations or  companies situated i n  the domestic te r r i tory .  

Foreign funds. This category includes funds 
abroad f o r  national S&T ac t iv i t i e s ,  including funds received f r o m  
international organizations, governments o r  foreign inst i tut ions.  

This last category is essent ial ly a residual category and its m i n  
components should be specified as far as possible. 

4.1.4 

4.2 It m y  be pointed out that the primary aim of the analysis of intramural 
expenditure by origin of funds is t o  find out the o r i  inal source of funds. 
This means tht, if  the flrnds pass through several ?- mtermediary ) organiz- 
at ions,  the final performer should imiicate, t o  the extent possible, the 
original source of funds. This applies part icular ly i n  the case of sub- 
contracting ( e  . g. enterprises frequently subcontract R&D proj e t s  financed 
by the government t o  other firms; in this case the funds allocated t o  these 
projects should be reported as government W s )  and in the case of those 
intermediary organizations mentioned above (4.1.1) . 

Other funds. This category includes funds tha t  cannot be 
classif ied under any of the preceding headings, e.g. f lom funds" 
of establishments in the higher education sector, endowments and 
g i f t s .  

5. Classification by type of R&D ac t iv i ty  

The ccurrnt intramural expenditure f o r  R&D should be broken down according t o  
the categories defined i n  Chapter 11, item 1.1: 

- Furdamental research; 

- Applied research; 

- Experimental development. 

The capi ta l  expedi ture  can a lso  be classif ied according t o  these 
categories ( some countries follow this practice ) but, because of the, pract ical  
dif 'ficulties involved, this analysis is - not requested fo r  international 
comparison. 

In doing so, the research projects carried out during the year concerned 
constitute the Sasis  f o r  this classif icat ion.  

Each project or,  i f  that is the case, part  of it ( the same programne 
may en ta i l  m r e  than one type of ac t iv i ty)  should be "designatedtf as being 
fundamental research, applied research o r  experimental development and its 
cost should be calculated. 



I n  s t a t i s t i c a l  practice, whereas it is rather  easy f o r  the experts 
of the f i e l d  t o  qualify the type of B D  according t o  the definitions given 
i n  Chapter 11, i t e m  1.1, problems arise i n  the computation of the cost 
sustained fo r  the execution of a single project. 

O f  course the simplest case is when an ins t i tu t ion  was erggtged i n  
one type of R&D only - even with various projects: a l l  its intramural 
expenditure should be assigned t o  tha t  type of ac t iv i ty .  When this is 
not the case, the cost of each project should be evaluated. 

This procedure i s  often d i f f i c u l t  and, apart from t h s e  cases - 
particularly in industry - in which a separate and detailed accounting 
is taken, there i s  room f o r  subjective judgement in assessing the  cost 
of an R&D project. 

The following widel ines  are  suggested in reporting, at international 
level, data on current intramural expenditure by type of R&D act ivi ty:  
the labour costs (tfnich n o m l l y  represent about one half of the  t o t a l  
cost) should be imputed according t o  the time spent on the projects. In 
the absence of detailed information, the -power r a t i o s  f o r  the different  
types of R&D act iv i ty  should be applied t o  al l  other current costs.  
This procedure is derived from the fac t  that -power costs  a re  usually 
proportional t o  the other costs: i f  ~llany people a re  engaged i n  a project, 
it is l ike ly  tha t  t h i s  project w i l l  employ t o  the same extent the other 
goods and services a t  the disposal of the M D  act iv i ty .  

The practice f o r  e s t h t i n g  the data i s  acceptable but within 
limitations arki the r a t i o s  used should be ehmined frequently; research 
projects generally l a s t  f o r  a long time and research teams specialized 
in one type of R&D tend to show a certain inertia in recognizing a 
change in the i r  type of work, so tha t  there is a danger if respondents 
continue t o  apply, f o r  the three types of R&D, the same r a t i o s  used f o r  
the previous surveys, even though changes have occurred during the years. 

This is particularly t rue of universi t ies  where, since specific 
information is generally lacking, rough e s t d t e s  are  necessarily mde 
by respondents and may r e m i n  as such u n t i l  dramatic changes occur. 



1. Intrcduc tion 

The basic def ini t ims and classifications of S&T act ivi t ies  and 
of the t m  principal indicators of inputs in these activi t ies (manpower 
ard expenditure) have been descrited in the previous chapters with a 
view t o  furnishing a f r a r m r k  to  klemter countries particularly for 
their  reporting of information to  Unesco. 

~t is clear that quantitative i?fonnation on a particular scientific 
and technological activity can ke collected, in  principle, a t  different 
organizational levels depend* on the kind of data t h a t  are of interest.  
Howsver, what is of primary interest for science policy makers, and 
especially for international ccmparisons, is a global view and not 
particular aspects which may b? usefully investigated through specific 
erquiries and analyses. rOr this reason i n  the present Chapter basic 
classifications-of the data a t  an aggregaw lwel are discussed. 

It may be observed that aggrega- classifications for S&T activi t ies 
may essentially k set up in tm ways : either following *h general 
e c o n d c  classif ications or taking primarily into mnsideration the nature 
of the activi t ies performd by S&T institutions. 

The advantages of the f o m r  approach l ie in the fact  that the collec- 
tion of data is made within the Zrarmmrk - and even using the s a ~  
survey - of the econanic s ta t i s t i cs  and therefore the canparison w i t h  
econanic data is inmdiate. 

The major disadvantage of this kind of s c h m  is that it does not 
take into account the peculiarities of the activi t ies under review, 
dealing with them only i n  respect to the nature of the institutions 
which carry them out. 

A second type of approach takes p r k i l y  into account the .purpose 
and the nature of S&T activi tes ; it therefore f i t s  better to  internal 
analysis of the scientif ic  system. A practical disadvantage of this 
approach is that it requires a greater amount of w r k  fran respondents, 
who have to  e l a b r a t e  their data aocording to the guidelines set forth 
in * classifications. 

In conclusion it my  be pointed out tha t  the Ism approaches, which 
respectively constitute a h i s  for the correlation bet- the soc-io- 
em&c context and the scientif ic  and technological act ivi t ies and 
which throw scme l ight  on the purpose and the nature of the act ivi t ies  
themselves, should be regarded as  two facets of the sarre reali ty and, 
of course, m y  be ccsnbirled. 

1.1 A s  stated in Chapter I ,  science s ta t i s t i cs  is interded to provide 
as  cmplete s ta t i s t i ca l  information as p s s i b l e  on the situation 
concerning scientif ic  and t e c h l c g i c a l  act ivi t ies a t  the national level. 



The data should, therefore, cover the whole s t a t i s t i c a l  universe of a given 
country and include all ins t i tu t ions  carrying out S&T ac t iv i t i e s  - with the 
exclusion of international orgmizations - operating in the country, as 
defined below: 

Inst i tut ions carrying out S&T ac t iv i t i e s  may be defined as  any insti- 
tutions engaged i n  S&T ac t iv i t i e s  on a p e m e n t  and organized basis. 
The term ins t i tu t ion  should be taken as covering a very broad range of 
en t i t i e s  having leml, financial, economic, social or  po l i t i ca l  s tatus,  
such as  establishments, enterprises, bodies, organizations, ins t i tu tes ,  
academies, universities, associations, departments, ministries, centres, 
laboratories, e tc .  

Having once defined the ins t i tu t ions  i n  which S&T ac t iv i t i e s  are  being 
pe r fomd,  the problem of identifying the units of classif icat ion t o  which 
the data r e fe r  ar ises .  In fac t ,  often a diversification i n  S&T ac t iv i t i e s  
exis ts  within the ins t i tu t ions  (e.g. an enterprise whose main ac t iv i ty  is 
the production of m t o r  vehicles m y  have F&D establishments working not 
only i n  the area of mechanics, but also in  plast ics ,  electronic components, 
metallurgy, e t c . ) .  The resul t  will therefore be different whether the data 
are classif ied with reference t o  the single ac t iv i t i e s  (in the previous 
example, mechanics, plast ics ,  electronic components, metallurgy, etc .)  o r  
according t o  the prevalent objective of the ins t i tu t ion  (construction of 
m t o r  vehicles). 

I n  the second al ternat ive a misrepresentation is introduced because of 
the at t r ibut ion of a l l  ac t iv i t i e s  t o  the prevalent one and at the same time 
a certain m u n t  of i r i fomt ion  is los t .  

1.2 In s t a t i s t i c a l  practice, keeping in mind that data organized i n  the 
former way ( i .e .  according t o  m r e  specific areas of ac t iv i t i e s )  suit be t ter  
the needs for  science policy formulation, the s t a t i s t i c a l  unit - i . e .  the 
unit t o  which the data t o  be collected relate ,  the unit of classif icat ion 
and observation - has been identified as  follows: 
- 

The basic s t a t i s t i c a l  unit  selected t o  measure the performance of 
S&T ac t iv i t i e s  should be, if  possible, an "establishment -typeu unit.  

The concept of establishment-type unit, which is borrowed from the 
ISIC classification (10) and is t o  some extent in contraposition t o  the 
concept of enterprise-type unit, serves t o  indicate tha t  the data should 
as far  as possible r e fe r  t o  the smallest and, i n  respect of the kind and 
orientation of the S&T ac t iv i t i e s  performed, the mst honmgeneous performing 
unit . This unit mst operate, at least t o  some extent, independently and 
have separate records available which can provide the data concerning the 
execution of the ac t iv i t i e s  and the re la t ive  human and financial resources. 
Examples of this type of unit a re  industr ial  e s t a b l i s h m t s ,  research 
ins t i tu tes ,  governmental units and ins t i tu tes  o r  departments of university. 

In m r e  specific operational terms, a unit t o  be considered as a 
s t a t i s t i c a l  unit should - irrespective of i ts legal form and organizational 
structure - have a certain number of characteristics:  

(i) it should have a certain autononly with respect t o  m~zagement and 
decision-making ; 



(ii) it should be placed under the authority o r  supervision of a director  
or  responsible person; 

(iii) it should have a programne of work which m y  consist of one or  
m e  projects o r  subjects; 

( i v )  it should have access t o  a certain amount of financial resources 
specifically allocated t o  the work; 

(V)  it must have a minimum rnonher of personnel. This minimum can be 
fixed separately f o r  each type of act ivi ty;  

(v i )  and, finally,  it should have a stable character. 

The different orgmizational and administrative structures and the 
varied record-keeping practices of the units engaged in the a c t i v i t i e s  i n  
the three performing sectors defined below have been taken in to  account in 
describing the typologies of s t a t i s t i c a l  units t o  be used in practice in 
iten; 2.4, page 60  . 

2. Sectors of p e r f o m c e  

A uLvil "L- D C L - V X ~  provlaed 
---- --"hority t o  which such ins t i tu t ions  

are  responsible or  the ca temrv nf STA being carried out. According t o  
m c e  ran he distinguished: 

general 

Sector of performance can be defined as any sector of the national 
economy comprising a significant number of ins t i tu t ions  carrying out 
S&T ac t iv i t i e s  (as  defined i n  item 1.1) that present a certain degree 
of homogeneity with respect t o  the principal function o r  service provided 
irrespective of source of funds, the authority t o  which such ins t i tu t ions  
are  responsible or  the category of STA being carried out. According t o  
these c r i t e r i a ,  three major sectors of performance can be distinguished: 
the productive sector, the higher education sector and the general 
service sec t o r .  

I I 
The concept of llsector of p e r f o m c e "  has been introduced i n  science 

s t a t i s t i c s  in order t o  identify those areas of the econcnly i n  which sc ient i f ic  
and technological a c t i v i t i e s  (as described i n  Chapter 11) are  being carried 
out, especially with a view t o  re la t ing  s t a t i s t i c a l  data on S&T a c t i v i t i e s  
t o  data concerning general economic development and national accounts. The 
sectors of p e r f o m c e  represent broad categories of ins t i tu t ions  that are 
t o  some extent homogeneous as regard function performed or services r e d e r e d  
and that are defined i n  terms of t h e i r  principal function, i .e . :  

sc ient i f ic  and technological a c t i v i t i e s  carried clut f o r  the production 
of goods and services f o r  sale on the market /Eroductive sectog/; - 
sc ient i f ic  and technological a c t i v i t i e s  carr ied out mainly f o r  (providing) 
education a t  the th i rd  level  and f o r  the general advancement of knowledge 
associated with it / higher education sector - 4 
sc ient i f ic  and technological ac t iv i t i e s  carried out t o  meet the general 
collective needs of the comnmity and the collective needs of the members 
of the community except education at the th i rd  level  (meeting the 
collective needs o r  ''general service1' includes general economic 
development, defence, health, welfare, social security, education, 
culture, e tc .  ) /Eeneral service sector7. - - 
It should be borne i n  mind that the purpose of the Unesco classi- 

f icat ion i s  t o  achieve worldwide comparability of data ; t h i s  



wuld tk re fo re  preclude a classification criterion according t o  form of 
ownership (e.g. private versus governmntal or public) . Forms of 
ownership vary considerably f r m  one p o l i t i c a l ~ o n a n i c  system to another 
(for instance in social ist  countries the only cakgoory muld be "state" 
or public ; in certain other countries, various mixed institutional f o m  
of ownership or sponsorship can be found) . The sectors of performance 
recarmended by UNESCO leave out of consickratian these various and 
incomparable institutional factors and the classification of the 
institutions is b a s d  primarily on the broad m'cion of societal needs 
satisfied by these institutions . The three principal sectors distinguished 
represent three broad types of such needs : those related to the production 
of goods arid services, to higher education, and to the whole cannunity 
ithe l a t t e r  being in fact  a residual category). VESCD practice has 
shown that  the classification of R&D according to  such a criterion is 
feasible - althown it requires, fram t\e national statistical services, 
a certain extra effort  cmsisting in  the regrouping of the original data. 
This  classification is equally applicable to  the majority of other scientif ic  
and techmlcgical activities. 

The three sectors have been defined, to  the fu l les t  extent p s s i b l e ,  
i n  accordance w i t h  the definitions of the "Systxm of ~ a t i o n a l  ~ccc>unts" (8 ) 
and the llSystem of Balances of the National Economyt1 ( 9 ) .  The definitions 
of the sect& proposed by UNESCO are as follows: 

2.1. Productive sector 

Productive sectDr canprises : 
- d m s t i c  and foreign industrial and trading enterprises situated 
within the country which produce and distribute g& and services 
for sale, and institutions directly serving them w i t h  or  without 
contract whatever i-heir form of ownership (public and private) . 
The S&T activi t ies of these enterprises and institutions closely 
linked to production are known as "S&T act ivi t ies  integrated w i t h  
production" ; 
- g o v e m n t a l ,  non-govermtal  and non-profit institutions most or 
a l l  of wbse S&T act ivi t ies  indirectly serve one o r  mre of the 
categories or classes of act iv i t ies  w i t h  a M- or three-digit classi- 
fication in the ISIC (see Appendix C). The S&T activities of these 
inscLtutions which are only irdirectly linked t o  wroduction are knmm 
as  "S&T activi t ies not integrated with production". In countries 
with a centralized economy, %D inst i tutes attached to the ministries 
respnsible for the different branches of the national econany 
s h l d  be classified in th is  category of institutions. 

AS to the coverage of the productive sector, it should Le pointed out 
that it includes t h s e  econmic units whose objective is the production 
and distribution of goods and services for sale (thus, besides private 
enterprises, gw-nt ~mnop l i e s  and nationdlized industries, parti- 
cularly public u t i l i t i e s ,  transport undert--akings, post offices, 
ccnmunications and hroadcastuy and al l  other government e s t ab l i shmts  
which function as productive units ) as -11 as  the institutions 
"directly serving thcsn", in the sense in which this term is use1 in 
SNA (S&T activi t ies integrated w i t h  production); it includes also those 
institutions (such as  i . d u s t r i a l  and agricultural research inst i tutes 



established by government; R&D ins t i tu tes ,  i n  countries with a centralized 
economy, attached t o  the ministries responsible f o r  different  branches of 
the national economy; private non-profit ins t i tu t ions)  whose a c t i v i t i e s  
are, fu l ly  or  part ial ly,  carried out fo r  the benefit of production and 
distr ibut ion (S&T a c t i v i t i e s  not integrated with production). 

Due t o  the importance of the dis t inct ion between these two integration 
levels,  i n  reporting data t o  Unesco Member s t a t e s  should divide the i r  figures 
between those a c t i v i t i e s  "integrated" and those "not integrated" with 
prcduc t ion  . 

The reason for  introducing two "integration  level^'^ in the above 
definition is t o  take in to  account the  different  structure of the productive 
sector i n  countries with different  socio-economic systems and a lso  in order 
t o  f a c i l i t a t e  comparison. The element which characterizes these two levels  
is  that  whereas S&T ac t iv i t i e s  integrated with production a re  carried out 
within the sphereand in the in teres t  of part icular  enterprises, S&T a c t i v i t i e s  
not integrated with production are  performed i n  inst i tut ions,  wh'ich a re  not 
industr ial  or trading establishments and a r e  not therefore d i rec t ly  involved 
i n  the production process, with the aim of benefiting the t o t a l i t y  of the 
enterprises belonging t o  a category or  c lass  of economic ac t iv i ty  (tw- ard 
three-digit levels of ISIC) . 

A s  a general guideline, public and private enterprises engaged i n  
the production and distr ibut ion of goods and services f o r  sa le  and those 
ins t i tu t ions  which are neither whol lymrminly  government financed and 
controlled which are  within an enterprise and are  serving the  enterprise 
should be c lass i f ied  as productive sector, integrated S&T; the  remaining 
ins t i tu t ions  serving enterprises which are  neither wholly nor mainly 
govermnt  financed and controlled (often ins t i tu t ions  which are separate 
legal e n t i t i e s  but maintained by fees, donations and contracts from the 
enterprises) should be classif ied t o  the non-integrated S&T a c t i v i t i e s  in 
the productive sector, together with the S&T.(or R&D) units  wholly or  minly 
government controlled and financed but serving >or 3-digit ISIC industries.  

The following may serve as an additional c r i te r ion  f o r  the inclusion 
or exclusion of servicing organizations and ins t i tu t ions  in  the l a t t e r  
"level" ( i . e . non-integrated R&D - or  STA) . 

In so far as goverrrment institutesand organizations or  individual 
departments of ins t i tu tes  and organizations are  mainly o r  exclusively 
serving a specific two- of three-digit group of the economy, they should 
be classif ied with t h i s  "levelv. For example the ac t iv i ty  of a national 
"Experimental Station on Leather and Tanning", attached t o  the Ministry 
of Industry, should be considered a s  R&D not integrated with production 
as it would be classif ied under ISIC group 3231 "Tanneries and leather  
finishing" belonging t o  the major group ( three-digi t)  323 nI%nufacture 
of leather  and products of leather,  leather  subst i tutes  and fur, except 
footwear and wearing appareltt (see Appendix C) .  Of course, where such 
an organization or  ins t i tu te  d i rec t ly  serves two or  more branches of 
economic ac t iv i ty  ( fo r  example, m u f a c t u r i n g  industries,  construction, 
e t c .  ) the sc ient i f ic  and technological a c t i v i t i e s  should be pro-rated 
between these branches. 

A l l  other such ins t i tu tes  o r  organizations serving a wide group of 
industries or  having a very general and broad f i e l d  of research o r  sc ient i f ic  
ac t iv i ty  serving the comrmulity as a whole should be c lass i f ied  with the 
general service sector (see 2.3, p. 60 ) . 



Examples of t h i s  kind a r e  the national bureaux of standards and the 
customs laboratories which, besides the i r  ins t i tu t ional  duties of quality 
control, quite often carry out research on a very large number of products 
and methodologies of analysis. 

Particular d i f f i cu l t i e s  nay a r i se  in classifying organizations such 
a s  i rdus t r ia l ,  transport and agricultural R&D ins t i tu tes  which are  mostly 
se t  up and f i m c e d  by government and serve both specific two- o r  . 

three-digit  groups of the economy and the coxrrnunity as a whole. Those 
ins t i tu tes  providing m k e t  services should be at t r ibuted t o  the productive 
sector (non-integrated ac t iv i t i e s  ) , whereas those providing non-mket 
services would belong t o  the general service sector. Where the a c t i v i t i e s  
of such ins t i tu tes  cannot be assigned properly t o  the sectors concerned, 
it is advisable t o  classify them entirely with the general service sector, 
particularly if  the i r  m j o r  a c t i v i t i e s  are  i n  the f i e l d  of f'undamental 
research. 

In  the preceding paragraphs and in the definitions re la t ing  t o  the 
productive sector., the two- o r  three-digit levels of ISIC are referred 
to; likewise the single-digit level  of ISIC is mentioned with regard t o  
the general service sector (see also p. 60 ). These ISIC levels  have been 
indicated t o  provide general guidance only in at t r ibut ing  a specific statis- 
t i c a l  unit  t o  the appropriate sector of p e r f o m c e .  The p r M y  cr i te r ion  
fo r  sectoring renains the principal function or  service provided and the 
references t o  ISIC levels  should be considered as additional, secondary 
characteristics.  ISIC is a classif icat ion of kinds of economic ac t iv i ty  
and its applicabili ty t o  S&T a c t i v i t i e s  is limited in  several respects. 
This coupled with the problem of a t t r ibut ing  the a c t i v i t i e s  of a particular 
s t a t i s t i c a l  uni t  (as a whole), can lead t o  d i f f i cu l t i e s  in the classif icat ion 
of certain research ins t i tu tes .  Their classif icat ion is not always b e -  
diately obvious o r  logical and it is l e f t  t o  the reader who is nonrally 
the one most cognizant of the specific nature of the principal ac t iv i ty  
of the uni t  concerned t o  determine on the basis of the p r k y  cr i te r ion  
ci ted above the most appropriate sectoral classif icat ion.  

2.2 Higher education sector 

Higher education sector, comprises: 

establishments of education a t  the third level  which require as a 
minimum condition of admission successful completion of education a t  
the secord level  o r  evidence of the attainment of an equivalent level  
of knowledge, together with research ins t i tu tes ,  experimental stations, 
hospitals and other S&T ins t i tu t ions  serving such establishments and 
direct ly administered by o r  associated with them. 

Tnis sector includes therefore ins t i tu t ions  such as universities,  
whateveetheir source of finance, or  the i r  l e ~ l  o r  e c o n h  status,  
colleges of technology, specialized schools an2 ins t i tu tes  (agricultura 
economics, pedagogical schools, medical schools and teaching hospitals 
e t c . )  but excludes ins t i tu t ions  of general seconjary education (second 
stage) and of specialized secondary technical education. 



2.3 General service sector 

General service sector, comprises : 

- bodies, departments and establishments subordinate t o  the central,  
State (in federal systems), provincial, d i s t r i c t  or  county, muni- 
cipal,  town or vi l lage authori t ies  that serve the community a s  a . 
whole and provide a wide range of services such as administration, 
maintenance and regulation of public order, public health, culture, 
social services, p r m t i o n  of economic growth, welfare artd technical 
progress, e tc .  ; 

- ins t i tu t ions  such a s  national sc ient i f ic  research and technology 
councils, academies of science, professional sc ient i f ic  organi- 
zations and other ins t i tu t ions  which serve the whole of the 
corrrmwlity; 

- ins t i tu t ions  whose S&T a c t i v i t i e s  (including- R&D) a re  carried out 
fo r  the general benefit of agriculture, industry, transport and 
conrmwlicat ions, building and public works or the public e l ec t r i c i ty  , 
gas and water services - i . e .  a c t i v i t i e s  c lass i f ied  under a 
single-digit reference in the ISIC. 

The min character is t ic  of thegenera l  service sector is tha t  it 
covers a l l  those ins t i tu t ions  which a c t  on behalf of the  general collective 
needs of the comunity and of members of the comrmznity; it includes as 
well certain S&T a c t i v i t i e s  of public or  government organizations and 
ins t i tu t ions  which a re  carried out a s  a support t o  the economic ac t iv i ty  
- and fo r  this reason they could be considered a s  S&T a c t i v i t i e s  not 
integrated with production - but the a c t i v i t i e s  a re  in fac t  so general 
in scope that they cannot be at t r ibuted t o  any two- o r  three-digit 
level  of ISIC. In t h i s  sense, since the productive sector and the higher 
education sector already include sc ient i f ic  and technological a c t i v i t i e s  
of public or government organizations and inst i tut ions,  the general 
service sector mainly comprises the residual of these ac t iv i t i e s .  These 
are  often important i n  volume and relevance. 

2.4 S t a t i s t i c a l  unit in the three sectors of p e r f o m c e  

With due regard t o  the definition of a basic s t a t i s t i c a l  unit  
a s  se t  out in i t e m  1.2, page 55, the following guidelines are suggested 
fo r  identifying the s t a t i s t i c a l  uni t  within each of the three sectors 
of p e r f o m c e  of S&T ac t iv i t i e s :  

2.4.1 The s t a t i s t i c a l  unit in the productive sector could be R&D 
departments and laboratories, reference l ibrar ies ,  documentation c e n t ~ e s ,  
etc. ,  belonging t o  industr ial  and trading establishments or  enterprises; 
the establishments themselves; enterprises (when the i r  min ac t iv i ty  
is a S&T act iv i ty)  or  other units of the establishment-type. For S&T 
a c t i v i t i e s  not integrated with production, the appropriate s t a t i s t i c a l  
units would be the ins t i tu t ions  which carry out these ac t iv i t i e s .  



2.4.2 In the higher education sector typical s t a t i s t i c a l  units would 
be university ins t i tu tes  o r  the i r  equivalents, faculties,  departments 
and colleges; university clinics,  experimental s tat ions and research 
ins t i tu tes  whose S&T ac t iv i t i e s  a re  associated with education& 
inst i tut ions at the third level.  

2.4.3 The typical s t a t i s t i c a l  units of the general service sector 
are the various types of government ins t i tu t ion  or body whlch function 
separately or  are separately identifiable , such a s  r e s eaeh  ins t i tu tes ,  
test ing stations, laboratories, design offices, central offices, depart- 
ments or  divisions of ministries, l ibraries ,  archives,museurns, 
documentation centres, etc .  Other s t a t i s t i c a l  units in t h i s  sector 
would be institutions, academies, and scient if ic  societies,  professional 
organizations ard other inst i tut ions that serve the co&ty. 

Subsectoring by f i e l d  of ac t iv i ty  

For more detailed analysis of sc ient i f ic  and technological ac t iv i t i e s  
within a given sector of performance, subsectoral classif icat ions a re  
often used in national practice. The classifications vary according t o  
the sector of p e r f o m c e .  

3.1 Classification by branch of economic ac t iv i ty  

For inst i tut ions belonging t o  the pmduc t ive  sector (integrated or  
non-integrated ac t iv i t i e s )  the humn and financial resources devoted t o  
S&T ac t iv i t i e s  should be subdivided by branch of economic ac t iv i ty  in 
accordance with the "International Standard Industrial Classification of 
a l l  Economic Activitiestl(ISIC). The following industry groupings at 
single and selected double-digit ISIC levels should be included 
(see Appendix C)  : 

(i) Agriculture, hunting, forestry and fishing ( I S I C :  1) 

(ii) Mining, and quarrying (extracting industries) (ISIC: 2) 

(iii ) Manufacturing industries ( ISIC : 3) 

- Manufacture of food, beverages and tobacco (ISIC: 31) 

- Textile, wearing apparel and leather industries ( ISIC : 32) 

- Manufacture of wood and wood products, including furniture ( I S I C :  33) 

- Manufactw of paper and paper products, printing ard publishing (ISIC: 34) 

- Phnufacture of chemicals and chemical, petroleum, coal, rubber and 
plast ic  products (ISIC:35) 

- Manufacture of non-metallic mineral products, except products of 
petroleum and coal ( ISIC : 36) 

- Basic metal industries (ISIC:37) 



- Manufacture of fabricated metal products, mchinery and equipment (ISIC:38) 

- Other m u f a c t w i n g  industries (ISIC:39) 

( i v )  U t i l i t i e s  (ISIC:4) 

(v) Construction (ISIC: 5) 

(v i )  Transport, storage and cammunication (ISIC:7) 

( v i i )  Other ( I S I C : ~ , ~  and tha t  part  of 9 which includes those a c t i v i t i e s  
which are  not included in the "general service sector1' o r  the "higher 
education sector".) 

3.2 Classification by f i e l d  of science and technology 

In institutions bel- t o  the higher education sector and t o  the general 
service sector the human and f inancial  resources devoted t o  S&T a c t i v i t i e s  and, 
-m particular,  t o  %D, should be subdivided by f i e l d  of science and technology 
a s  follows: 

( i )  Natural sciences, including: astronomy, bacteriology, biochemistry, 
biology, botany, chemistry, computer sciences, entomology, geology, 
geophysics, mthemt ics ,  meteorology, mineralogy, physical geography, 
physics, zoology, other a l l i e d  subjects. 

( ii ) Engineering and technology, including : engineering proper, such a s  
chemical, c iv i l ,  e l ec t r i ca l  and mechanical engineering, and specialized 
subdivisions of these; forest  products; applied sciences such as  
geodesy, industr ial  chemistry, e tc . ;  architecture; the science and 
technology of food production; specialized technologies of inter-  
disciplinary f ie lds ,  e.g. systems analysis, metallurgy, mining, t ex t i l e ,  
technology, other a l l i e d  subjects . 

( iii ) Medical sciences, including : anatomy, dentistry,  medicine, nursing, 
obstetrics,  optometry, osteopathy, pharmacy, physiotherapy, public health, 
other a l l i e d  subjects. 

( i v )  Agricultural sciences, including : agronomy, animal husbandry, f isheries ,  
forestry, horticulture, veterinary medicine, other a l l i e d  subjects. 

(v)  Social science and humanities, comprising : 

Group I - Social sciences, including: anthropology (social and cul tural)  
and ethnology, demography, economics, education and training, geography 
(human, economic and social ) , law, l inguis t ics  (excluding studies of 
language based on s e t  texts ,  which should be classif ied i n  Group I1 
under "Ancient and modern languages and l i t e r a t u r e w ) ,  management, poli- 
t i c a l  sciences, psychology, sociology, organization and methods, 
miscellaneous social  sciences and inter-disciplinary, methodological 
and historical  S&Tac t iv i t i e s  relat ing t o  the subjects of t h i s  group. 
Physical anthropology, physical geography and psychophysiology should 
n o m l l y  be classif ied within the natural sciences. 



Group I1 - Humanities, including: a r t s  (history of the arts and a r t  
crit icism excluding a r t i s t i c  of any kind), l e t t e r s  (ancient 
and modern languages and l i t e ra tu re ) ,  philosophy (including the history 
of science and technology), prehistory and history, together wi th  auxi- 
l i a r y  his torical  disciplines such a s  archaelogy, numismatics, paleography, 
e tc . ,  religion, other f i e lds  and subjects pertaining t o  the humanities 
and interdisciplinary, methodological, his torical  and other S&T 
ac t iv i t i e s  relat ing t o  the subjects i n  t h i s  group. 

The above classif icat ion overlaps with the classif icat ion by f i e l d  
of study (i .e . f ie lds  of study corresponding t o  groups of ISCED f i e lds )  
i l lus t ra ted  in Chapter 111, i t e m  4.2 (with the exclusion of the "other 
f ields")  (see page 4 1 ) .  

However, instead of making reference t o  f i e lds  of study, which are  
of in teres t  when classifying ' lscientists and engineers" and "technicians", 
it s e t s  for th  the corresponding fields of science ar?d technology - in 
other words the disciplines - in which S&T act iv i t ies ,  and especially 
R&D, are carried out in ins t i tu t ions  belonging t o  the higher education 
and general service sectors (universities,  colleges of technology; bodies, 
departmnts, establishments subordinate t o  central  or local  authorities;  
national research and technology councils, academies of sciences, e tc .  ) . 

4 .  Classification by major socio-economic aims or  objectives 

The classif icat ion of data on national ac t iv i t i e s  in R&D by 
socio-economic objectives is based on the ultimate aim o r  DurDose f o r  
which these ac t iv i t i e s  are  carried out and shows the broad pakern  of 
national e f fo r t s  in these ac t iv i t i e s .  Data classif ied by these objectives 
should provide a very useful tool  in the formulation of national policy. 

It m y  be emphasized that ,  in order t o  avoid confusion, the dis t inct ion 
between objective and function should be made. In  f ac t  it f'requently 
happens that an ins t i tu t ion  whose prirrmy function is t o  provide services 
in a certain area, supports S&T ac t iv i t i e s  in other areas. Therefore i f ,  
fo r  example, a Ministry of Health gives a research contract t o  study a 
certain aspect of air pollution, the funds should be classif ied under 
objective (X) "Protection of the environment" of the following classi- 
f i c a t  ion and not d e r  ob j ec t ive ( v i i i  ) "Development of health services1', 
a s  the pr imry objective of the research is the study of an environmental 
problem. 

A l l  c i v i l  R&D should be classif ied in major aims (i) t o  ( x i i )  
whilst a l l  F&D consistent with the definition of defence should be 
reported separately under that  specific m j o r  aim ( x i i i )  . So tha t ,  
i f  a Ministry of Defence commits one of its research establishments 
t o  the study of a new type of paint with particular character is t ics  
of resilience t o  corrosion, the funds should be at t r ibuted t o  
objective ( iv )  "Promtion of industr ial  development1' and not t o  f 

objective ( x i i i )  "Defence". 

In  developing the following classification, the experience of the 
Nordsforsk (3) and of the European Economic Comnunities ( 2 )  i n  the i r  
analyses of government R&D budgets was of much benefit and special 
at tent ion was paid t o  the OECD guidelhes  (1) for  classifying national 



R&D expenditure by objectives. The scheme f o r  classif icat ion does not 
follow an ins t i tu t ional  or  s t r i c t l y  sectoral scheme but is based exclu- 
sively on objectives. This classif icat ion should be used t o  obtain sumwry 
i n f o m t i o n  on the broad pattern of national funding (ex-ante) o r  expenditure 
(ex-post) (see Chapter IV, i t e m  1) financed from public funds and, i f  
possible, from a l l  other sources of funds. The scheme shown below has been 
developed by Unesco on an experimental basis; it i s  a lso  of evolutionary 
character and changes wi l l  be introduced over time t o  r e f l ec t  the changes i n  
objectives of funds. 

It is  clear  tha t  the th i r teen  main aims l i s t e d  below a re  not intended 
t o  give an'exhaustive list of what type of R&D should be included i n  each 
one of them, but r a the r  a few guidelines f o r  classif icat ion.  Obviously 
there w i l l  be cases where more than one way of c l a s s i e i n g  a given project 
is possible. Having i n  mind tha t  the aim of this classif icat ion is t o  
give the most accurate ref lect ion of the purposes of the  funder, i f  there 
i s  a difference between the aim of the funder and tha t  of the performer, 
the in teres t  of the financer (funder) should be considered paramount. 

Exploration and assessment of the earth, the seas and the atmosphere 

This heading covers R&D a c t i v i t i e s  p r h r i l y  related t o  the exploration 
and assessment of the ear th ' s  crust and mnt le , : the  seas, oceans and 
the atmosphere and t h e i r  administration, econormcs , policy and planning. 
It does not include studies on s o i l s  fo r  agricul tural  purposes, R&D 
on oceanography serving the fishing industry nor R&D concerning the  
economic exploitation of sources of raw m t e r i a l s ,  fue l  and energy. 
The ac t iv i t i e s  included i n  t h i s  group are  undertaken with a view toward 
economic exploitation of resul t s ,  thus excluding f'undarnental investi-  
gation i n  meteorology, geology, hydrology, e tc . ,  which i s  included 
under (x i  ) "General advancement of knowledge". 

Civil mace 

This heading covers all c i v i l  R&D concerning space (programmes 
undertaken f o r  m i l i t a r y  purposes should be included under ( x i i i )  
"Defencett below). It includes, among others, R&D on launch vehicles 
and spacecrafts and the i r  propulsion and control; on ground f a c i l i t i e s  
(launch bases, guidance, telemeasure and telecommand) ; on sa te l l i t e s ,  
interplanetary probes; stratospheric balloons; sounding rockets. 
The use of space vehicles fo r  communication, meteorology, navigation, 
earth resources surveying, e tc . ,  should be assigned t o  the appropriate 
objective. 

(iii ) Development of agriculture, forestry and f ishing 

This heading covers two categories of R&D ac t iv i t i e s ,  the f i r s t  
related t o  aspects of food products, and the second concerned 
with non-food agricul tural  products and forestry. Under the first 
are included R&D on the production, storage and distr ibut ion of 
food, e.g. livestock production and improvement of species, veterinary 
medicine, crop production and agronomy, R&D on agricul tural  machinery 
and agricul tural  chemicals, R&D on the processing of food and beverages, 
the i r  storage and distribution, f i sher ies  and t h e i r  related technologies, 
and the administration, economics, policy and planning of agriculture 



and food production. The second categpry, development of 
non-focd agricultural products and forestry, covers a l l  
R&D ac t iv i t i e s  on non-food a g r i c u l t m l  products such as 
wool, skins, tobacco, cotton and other f i b r e s ,  and on 
forestry and related technology. 

Promotion of industrial development 

This major aim re la tes  t o  a l l  R&D ac t iv i t i e s  contributing t o  
the development and improvement of the mufac tu r i ng  and 
non-fkl  mining industries and construction. It includes 
%D on the administration, economics, policy and planning 
of industrial d e v e l o p ~ n t ,  on the production of text i les ,  
wearing apparel and leather, wood and paper products, 
chemicals including petro-chemicals, rubber and plast ics ,  
basic metals, fabricated metal products, mchinery and 
equipment including transport vehicles, non-metallic products, 
mining other than fuels.  It does not include i rdus t r i a l  R&D 
performed in support of other objectives such as development 
of agriculture and food production, transport and conmini- 
cations, exploration of space, urban and rural planning and 
defence. 

Production, conservation and distribution of energy 

This heading covers a l l  R&D ac t iv i t i e s  re la t ing  t o  the producti 
supply, conservation and distribution of all forms of energy 
( including nuclear) and the administration, economic S, policy 
and planning of energy; it includes the mining of solid fuels  
and related technology, petroleum and gas production as well 
a s  nondconventional energy sources (solar, wind) and small 
energy sources. 

Development of transport and comnunication 

This group re la tes  t o  the transportation systems and networks 
and systems of commication, covering lard, air and water 
transport, radio and television, telephone and other cormnuli- 
cations including s a t e l l i t e s  a s  w e l l  as  R&D on the administration, 
economics, policy and planning of transport and commication 
networks. It includes auxiliary services such as electronic 
t r a f f i c  aids and radar stations but excludes engines, motors 
and means of transportation such a s  vehicles, ships and planes 
which are  included i n  the aim llPromtion of industr ial  developrrentv. 

Development of education services. 

This major aim includes R&D ac t iv i t i e s  concerning the adminis- 
tration, economics, policy and planning of education services 
at a l l  levels. F o m l  education as w e l l  as out-of-school 
in-service and other forms of adult education and training 
are included. R&D on both conventional and new technical 



devices and teaching methods such as progamned instruction, 
television and other audio-visual techniques should a lso  be 
considered in this group. 

( v i i i )  Development of health services 

This heading concerns al l  R&D ac t iv i t i e s  directed t o  the protection 
and improvement of human health. It includes R&D on medical care 
( including surgery and obstetrics ) , disease prevention, nutr i t ion 
and food hygiene, on the impact on health of the environment, 
including labour medicine, on pharmaceutical products, vaccines 
and prosthetics as well as health administration, economics, policy 
and planning. 

( ix )  Social development and s8cio-economic services 

This group re la tes  t o  R&D ac t iv i t i e s  concerning the administration, 
economics, policy and planning of social  development and socio- 
economic services; it includes pol i t ica l  organization, l a w  and 
order, social security, culture, recreation and leisure, consumer 
protection, the improvement of working conditions, labour relations, 
manpower and migration, international relat ions including the 
maintenance of peace, international courts, treaties and other 
social services. Also included a re  R&D ac t iv i t i e s  on economic 
organization, mney and banking, insurance, e t c .  This m j o r  aim 
also includes R&D ac t iv i t i e s  concerning urban and rural planning 
such a s  domestic housing, sanitary services and other cormunity 
services involved in the improvement of humn settlements. 

( X )  Protection of the environment 

This major aim covers a l l  aspects of the "protection" of the 
environment - the maintenance of the purity of the atmosphere, 
water and so i l ,  the control of noise, environmental mdels  and 
s t a t i s t i c s  and the regulation, economics, policy and planning 
re la t ive  t o  the environment. It excludes R&D on the environmental 
impact on health which should be included under ( v i i i )  above and 
the env i romn ta l  impact on human settlements which should be 
included under ( ix )  above. Also excluded is  R&D designed t o  
prevent pollution by specific economic ac t iv i t ies ,  which should 
be included with the relevant ac t iv i t i e s .  

( x i  ) General advancement of knowledge 

This heading includes al l  R&D of very general orientation which 
cannot be classified in one of the other major aims but contri- 
butes t o  the general advancement of knowledge in the  social  as 
well a s  the natural sciences. It consists of fundamental and 
applied researchwhich science councils, ins t i tu tes  of academies 
of sciences and universities undertake i n  the context of t he i r  
broad vocation. It includes R&D on the administration, economics, 
policy and planning of R&D i t s e l f .  



( x i i )  other aims (c iv i l )  

This i t e m  includes a l l  other c i v i l  R&D undertaken with a 
specified a i m  which does not fallbr-der any of the above 
headings. It would include for  example, the improvemnt 
of information systems, computer science (hardware and 
sortware) but exclude expenditure on the gathering of 
data. Another example would be R&D in favour of the 
wholesale and retail trade, restaurants and hotels. 

( x i i i  ) Defence 

This major aim includes nuclear, space and other R&D 
undertaken for  military purposes. Sums spent on c i v i l  
research by military inst i tut ions should, as far as 
possible, be distributedamxgthe major c i v i l  objectives 
t o  which they may re la te .  
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APPENDIX A 

Reccxmwdation concerninq the International Standardization of 
s ta t i s t i cs  on Science and Techmlqy 

adopted by the General Conference a t  its twnt ie th  session 
Paris, 27 NcrvenSer 1978 

The General Conference of the United Naticns Educational, scientif ic  
and Cultural Organization, meeting in Par i s  •’ran 24 Wtober to 28 N w a k r  
1978, a t  its m t i e t h  session, 

Conslderinq t h a t ,  by virtue of Article TV, paragraph 4 of the Ojnstitution, 
it is for the Organization to draw up a d  adopt instmnents for the 
internaticnal regulation of questions falling w i t h i n  its CQnPetence, 

Considering that  Article VIII of the Constitution provides, inter alia, 
t h a t  each Nmber State shall report to the Organization, at  intervals 
and in a manner to ke detesmined by the General Conference, on its laws, 
regulations and s ta t i s t i cs  relating t o  educational, scientific and cultural 
l i f e  and institutions, 

Convinced tha t  it is highly desirable for the national authorities respnsi- 
ble for collecting and ~Qnmunicating s ta t i s t i cs  relating to science and 
technology to k e  guided by certain stardards in the matter of definitions, 
classifications and presentation. in order to improve the international 
canparability of such s ta t i s t i cs ,  

&cognizing that the efforts  made by Elemter States to develop science and 
techmlqy w i l l  contribute to strengthemq peace and security in the 
mrld  , 

Convinced that  co-opxation in this field wuld also advance econanic and 
social progress, 

Having tefore it, as  item 34 of the agenda of the session, propsals  
concerning the international stardardization of statistics relating to 
science and technology, 

Having decided a t  its nineteeth session that this question should te made 
the subject of an international regulation, to take the form of a 
reccnmadation to 1 % h r  States within the meaning of Article IU, myagrsph 
4 ,  of the Constitution, 

Mopts the present recamendatia this 27th day of November 1978. 

The General Conference reccmFends that States s h a l d  apply 
the following provisions concerning international standardization of 
s ta t i s t i cs  relating to science and techrplogy, by taking whatever legislative 
measures o r  other steps may be required, in conformity w i t h  the constitu- 
tional practice of each State, to give effect,  w i t h i n  their respective 
terr i tories,  to the standards and principles formulated in this recamadation. 

The General Ccnference recarrnends that E-r States bring this 
r ecmnda t ion  to the attention of a u t b r i t i e s  and senrices responsible for 
collecting and mmrunicating s ta t i s t i cs  relating t o  science and technology. 



General Conference recczmends that 1-ltsnber States forward to 
it, by the dates and in the form which it shall  prescribe, reports concerning 
action taken by them upon this recamsdation. 

1. SCOPE AND DEFINITIONS 

1. Th i s  recamendation relates t o  s t a t i s t i c s  designed to provide 
standardized information in each m r  State on certain sc ient i f ic  ard 
technological (S&T) act ivi t ies ,  and particularly on research and 
experirwntal development (R&D) . These s t a t i s t i c s  should cover a l l  national 
institutions chat -8rform or  finance such activi t ies.  

Definitions 

2 .  In canpiling the statistics covered by this rewmerdation, the 
following definitions should be used : 

2.1 Scientific and t&-mological act iv i t ies  (!3I!A): systematic act iv i t ies  
which are closely concerned w i t h  the generation, advanc-t, dissemi- 
nation, and application of scientif ic  and technical knowledge in 
a l l  f ields of science ard technology. These include such act iv i t ies  
as  %D, scientif ic  and technical education and training (m), and 
the scientif ic  and technological services (STS), defined in paragraphs 
(a) to (c) below. 

(a) Research and Experimntal Developrent : a y  systematic and crea- 
t ive  wrl; undertaken in order to increase the stock of knowledge, 
including knowledge of man, culture ard society, and t k  use of 
Ws hwledge  to  devise new applications. In mst f ie lds  
several categories may be distinguished : 
(aa) Scientific research act iv i t ies  : any systematic and 

creative mrk aimxi a t  increasing the stock of scientif ic  
knowledge and applying it in practice. 

- Scientific research act iv i t ies  in the natural sciences, 
technology, and the medical and agricultural 
sciences : Anv svstematic-SFi%3 
designed tc ascertain the l inks betwen, and the nature 
of ,  natural pkn-, t o  generate knowledge of the 
laws of nature and to con t r ih t e  to the practical 
application of t h i s  knowledge of laws, forces and 
substances. 

- Scientific research act iv i t ies  in the social sciences 
and humanities : Any systemtic and creative activi ty . - 

almeti a t  increasing o r  improving knowledge of man, 
culture and society, including use of such knowledge 
for th solution of social and human problems. 

I n  mst fields of science, research may be classi-fied 
as  either fundamental or applied : 



(i) m t a l  r e s w c h  : a q e r k t a l  or 
theoretical mrk undertaken primarily to acquire 
new knowledge of the underlying foundations of 
pknmena az7d observable facts,  without any 
particular or  specific application or use in 
view. 

(ii) Applied reseacch : o r i g h a l  investigation 
undertaken in order to acquire new kmwledge. 
It is, hows~er, directed primarily towards 
a specific practical aim or objective. 

(bb) Ekperiment.1 deveiopent : systematic w r k ,  
d r a w  on existing knowledge gabeci f m  
research and/or practical experience that  is 
directed to producing newmaterials, products 
and devices, to installing new processes, systesns 
and services, ard to improving substantially 
those already produced o r  installed. 

(b) S&T education and traininq (STET) a t  broadly the third 
level : all activi t ies capr i s ing  specialized non-university 
higher education and training, h i g h  education ard traiziir~g 
leading to a university degree, post-graduate and further 
training, and organized lifelong training for scientists  
and engineers. These act iv i t ies  correspond hroadly to 
ISCED levels 5, 6 and 7. 

(c) Scientific and technological services (SE) :activities 
concerned w i t h  research and experimental dwelopnent and 
contributing to the generation, dissennination and 
application of scientific and technical knowledge. 

(i) S&T services provided by libraries, archives, 
information and docurrentation centres, reference 
departnwts, scientific congress centres, data banks 
and inf onnation-processing deparhents . 

(ii) S&T sewices provided by museums of sciace &/or 
technology, botanical and zoological gardens and other 
S&T collections (anthropological, archaeological, 
geological, etc. ) . 

(iii)Systematic w x k  on the translation and editing of 
S&T books and periodicals (with the exception of 
textboks for school and university courses) . 

(iv) ~pographical ,  geological and hydrological surveying; 
routine astromnical, meteorological and seisnological 
observatims ; surveying of so i l s  and of plants, f i sh  
an3 wildlife resxwces ; routine soil, amsphere  and 
water testing ; the routine checking and m i t o r i n g  
of radioactivity levels. 

(v) Prospecting and related activi t ies aesigned to locate 
and iaentify o i l  and mineral resources . 



(vi) The gathering of information on human, social, econanic 
and cultural phenanena, usually for the purpose of 
canpiling routine s ta t is t ics ,  e.g. population censuses; 
production, distribution and consmption s tat is t ics  ; 
market studies ; social and cultural stat is t ics ,  etc. 

(vii) Testing, standardization, mtrology and quality 
control : regular rautine wrk on the analysis, 
checking and testing, by recognized methods, of mterials, a 

products, devices and processes, together with the 
setting up ard maintenance of stardards and standards 
of ~.rreasurement. 

(viii) Regular routine mrk on the counselling of clients, 
other sections of an organization or independent 
users, designed to help them to make use of scientific , 
technological and management information. Tkis activity 
also inc ldes  extension and advisory services organized 
by the State for farmers and for  industry but does not 
include the normal activities of project planning or 
engineering offices. 

(ix) Activities r e l a t i q  to patents and licences : s y s w t i c  
mrk of a scientific, legal and administrative nature 
on patents and licences carried out by public bodies. 

2.2 Scientific and technicai personnel : tk total number of people 
participating directly in S&T activities in an institution or  unit 
and, as a rule, paid for their services. This group should include 
scientists and q i n e e r s ,  and technicians (SET) and auxiliary 
personnel, as  defined in paragraph 4 (a) below. 

(a) Nl-tim scientific and technical p e r m 1  (FT) : 
personnel who devote almost a l l  their mrking time to S&T 
activities. 

(b) Part-time scientific and technical personnel (PT) : 
personnel whose mrking t h e  is shared ktwen S&T and 
other activities. 

(c) Nl-tine equivalent (FTE) : rrreasurernent unit representing 
one person mrking full-time for a given period; this un i t  
is used to convert figures relating to  the number of part- 
tim mrkers into the equivalent n& of ful l- t ine 
mrkers. D a t a  cmcerning personnel should normdly be 
calculated in FTE, especially in the case of scientists and 
engineers and of technicians. 

2.3 Reference year : period of 12 consecutive mnths to which 
the s tat is t ical  data relate. When this perid carries over 
•’ran one calendar year to the ~ x t ,  the year in which the 
period started is to be taken as the reference year. 

2.4 Annual expenditure : funds actually expended dur* the 
reference year for the performance of S&T activities. 



(a) Intramural expenditure : al l  :pyments actually made during a 
reference year for the p e r f o m c e  of S&T activites w i t h i n  
a given unit, institution or sector of performance. 

(b) Ektrarnural expenditure : al l  payments actually made during a 
reference year for the performance of S&T activities outside 
a particular unit, institution or sector of performance, 
incl~ding payments made outside the national e c o h c  
territory. 

(c) Total damstic expenditure on S&T activites : a l l  -ture 
mde for this purpose in the course of a reference year in 
institutions and installations established in the national 
tax i tory  , as -11 as installations physically situated abroad: 
land or experimental faci l i t ies  rented or owned abroad and ships, 
vehicles, aircraft ard satell i tes used by national institutions. 
Awunts spent on S&T activities carried out by international 
organizations established in the country in question are excluded 
•’ran this total. 

Institutions carrying out S&T activities : any institution engaged in 
S&T activities on a permanent and organized basis. The &.m 
"institution" sbuld  be taken as covering a very broad range of 
enti t ies havbg legal, financial, economic , social or poli&al 
status, such as establisfrments, enterprises, Mes, organizations, 
institutes, academies, associations, departnents, ministries, 
centres, laboratories, etc. 

2.6 Sector of performance : sector of the national econany canprising a 
significant numkr of institutions carrying out S&T activities - - 
(as defined in paragraph 2.5) that present a certain degree of 
hmgeneity w i t h  respect to the principal function or sesvice provided 
irrespective of source of funds, the authority to which such institu- 
tions are responsible or the category of STA being carried out. 
According to these criteria,  three major sectors of performance can 
k distinguished : the productive sector, the higkr  education sector 
and the general service sector. 

2.7 Fields of activity : branches of economic activity and fields of 
science and technology in which R&D and other S&T activities -- 
are carried out. 

2.8 Categories of activities : specific types of endeavours t h a t  
canprise S&T act ivibes such as R&D, S&T education and traininu 
(&) , !3rS, described in 2.1 (a) , 2.1 (b) and 2 .l (cr. 

3 .  The human and financial resources devoted to S&T activities should be 
classified : 

(a) By category and sukategory of such activities : 

(i) Research and experimntal developmt. 

(ii) S&T education and training a t  broadly the third level (STET) . 



(iii) Scientific and t e c h l o g i c a l  services (as listed in 2 .l 
(c) (i) to (h) . 

(bj By sector of prformance : 

(i) Productive sector carprising : 

danestic and foreign industrial and ' s a w  enterprises situated 
within  the countrv-which produce and d i s t r h t e  q-&is and 
services for sal& and i.n&tutions directly then w i t h  or 
without contract, whatever thE?iT form of ownership (public and 
private). The S&T activities of these aJlterprises ard institu- 
tions closely linked to  production are known as "S&T activities 
integrated w i t h  production" ; 

gwermental, non-govermmtal and non-profit institutions mst 
or al l  of whose S&T activit ies indirectly serve one or mre of 
the categories or classes of activities w i t h  a W- or three- 
digi t  classificauon in the ISIC. The S&T activities of these 
instituticns which are only indirectly linked to production 
are known as "S&T activit ies not integrated w i t h  production". 
In countries with a centralized econany, R&D institutes attached 
to the ministries responsible for the different branches of the 
national economy should be classified in this category of 
ms t i tu t i~ns .  

(ii j Higher education sector, canprising : 

establishwnts of education a t  the third level which require . . as a muurmnn condition of admission successful completion 
of education a t  the second level or evidence of the attainrent 
of an equivalent level of knowledge, together w i t h  research 
institutes, experimental stations, hospitals and other S&T 
institutions sezving such estahlishytnts and directly 
administered by or associated w i t h  then. 

(iii) General service sector, comprising : 

Hies,  departrents and establishrrmts subordinate t o  the 
central, State (in federal systems) , provincial, d is t r ic t  or 
county, municipal, town or village authorities t h a t  serve the 
cormunity as a whole and provide a wide range of services such 
as administration, maintenance and regulation of public order, 
public health, culture, social senrices, pramtion of econanic 
growth, wlfare  and technical progress, etc.; institutions such 
as national scientific research and technolcgy c o w i l s ,  acade- 
pies of sciences, professional scientific organizations and other. 
institutions which serve the whole of the carrPnunity ; 

institutions whose  S&T activit ies (including %D) are carried out 
for the general benefit of agriculture, i rdus tq ,  transport and 
cmmnications, building and public mrks or the public 
electricity, gas and water services - i .e. activities classified 
under a single-digit reference in the ISIC. 



(C) By fields of science and kchnology in which institutions klonging 
to the higher ducation and general senrice sectors carry out 
S&T activi t ies and , in particular, R&D : 

(i) Natural sciences, including : astronomy, bat-iolqy , 
biochemistry, biology, b t any  , chemistry, computer sciences, 
entamlogy, geology, geophysics, mathematics, metec5:olcqy, 
mineralogy, pnysical geography, physics, zoology, other 
al l ied subjects. 

(ii) Engineering and technology, including : engineering proper, such 
as chemical, c iv i l ,  electrical a.rd mechanical engineering, and 
specialized suMivisions of these; forest products; applied 
sciences such as  geodesy, i rdcs t r ia l  chgnistry, etc.; architecture; 
the science and technology of food production; specialized 
techmlogies or  interdisciplinary f ields,  e.g. systems analysis, 
metallurgy, mining, textile technology, other al l ied subjects. 

( i i i )&dical  sciences, including : anatmy, dentistry, m a d i c b ,  nursing, 
obstetrics, optanetry , osteopathy, pharmacy, physiotherw , 
public health, other al l ied subjects. 

(iv) Agricultural sciences,. includmg : agrormy , animal husk ardry, 
fisheries, forestry, horticulture, veterinary r r e d i c h ,  other 
al l ied subjects . 

(v) Social sciences and humanities, canprising : 

Group I - Social sciences, including : 

anthropology (social cultural) ancl ethmlogy, demography, 
econmics , education and training, geography (a, econanic and 
social), law, linguistics (excluding language studies based 
m s e t  texts, which should be classified in Group I1 under 
"Ancient and modern languages ard literature" ) , management, 
poli t ical  sciences, psychology, sociology, organization and 
mthods, miscellaneous social sciences and inb=rdisciplina.ry, 
~ thodo log ica l  and historical S&T act ivi t ies  relating to subjects 
in this group. Physical anthropology, physical geography and 
psychophysiology should normally be classified w i t h  the natural 
sciences. 

Group I1 - Humanities, including : 

arts (history of the arts and art criticism, excluding a r t i s t i c  
"research" of any kind) , languages (ancient ard rwdern 
languages and literature) , philosophy (including the history of 
science and technology), prehistory ancl history, together w i t h  
auxiliary historical disciplines such as  archaeology, n d s n a t i c s ,  
palaeography, etc. , religion, other f ields and subjects pertaining 
t o  the humanities and interdisciplinary, methodological, historical 
and other S&T activi t ies relating to the subjects i n  this group. 



By branch of ecommic activity for institutions belonging to the 
productive sector, i n  accordance with the "International Stardard 
Lrdustrial Classification of a l l  Emncnnic Activities" (ISIC). Specific 
industry groupings a t  single and selected double digi t  ISIC levels frcm 
the following major divisions should be included: 

(i) Agriculture, forestry, hunting and fishing (ISIC: 1) . 
(ii) Extractirig industries (ISIC:2) . 
(iii) Manufacturing industries (ISIC: 3) . 
(iv) Oonstruction (ISIC: 5) . 
(v) Transport, storage and camnunication (ISIC:7) . 
(vi) Other (ISIC: 4,6,8 and part of 9) . 

The persml of S&T inst i tut ims should also be classified : 

By the wrk  they are engaged in ard their qualifications : 

(aa) Scientists ard engineers, q r i s i n g  persans mrking in t b s e  
capacities, i.e. as persons w i t h  scientific or-technical trainirvJ 
wfio are engaged in professional work on S&T activit ies,  
administrators and other high-level personnel w h  direct 
the execution of S&T activities. 

Such prsonnel shu ld  be classified in this category i f  they 
have either : 

l i )  canpleted education at the third level leading to an 
acadenic degree, or 

(ii) received third-level nonuniversity educatim (or trainiry3) 
not leading to an academic degree but nationally recognized 
as  qualifying for a professional career, or 

(iiilreceived training, or acquired professional experience, 
t h a t  is natiQnally recognized as k i n g  equivalent to one 
of the t m  preceding of training (e.g. menbership 
of a professional association or the holding of a 
professional certif icate or licence) . 

(bb) Technicians, amprising persons engaged in that capacity in  
S&T activities who have received vocational or technical training 
in any branch of knowledge or technology, in accordame w i t h  
the following cr i ter ia  : 

(i) 

(ii) 

that they have canpleted the second stage of second-level 
education. These studies are in m y  cases followed by 
one or t m  years' specialized technical studies, which 
may or may not lead to a diplana ; 

that they have received three or four years' vocatianal or 
technical education (whether leading to  a diplana or not) 



following canpletion of the f i r s t  stage of second-level 
education ; 

(iii) that they have received on-the-job training ( or acquired 
professional experience) that is nationally recognized as 
being equivalent t o  the levels of education defined under 
ii.)or (ii) above. 

(CC) AuxilLaTy personnel, corprising persons whose mrk is directly 
associated w i t h  the perfonrance of S&T activities, i.e. clerical, 
secretarial ard administrative personnel, skilled, sd - sk i l l ed  
ard unskilled workers in the various trades and all other 
auxiliary personnel. 

(b) By level of education and by field of s M y  , determined in accordance 
with ISCED (International Standard Classification of Education) , for 
classifying personnel in the "aa" and "bb" categories. 

(i) By level of education: 

(ad Holders of third-level degrees of university type 
(ECED: 6-7). 

(bb) Holders of third-level diplams of mn-university type 
(ISCED:5) . 

(CC) Holders of diploanas a t  the second level, s a n d  stage 
~ISCED: 3 ) .  

(dd) Mher qualifications (ISCED. 1, 2, 9) . 
(ii) By field of study : 

Fields of science and technology should be correlated with 
the classification of fields of study in I-, as  follows : 

Fields of science and technology Main fields .of study in IS= 

Natural sciences 42. Natural science p r o g r m  

46. Mathenatics and computer s c i m e  
progr-S 

Engineering ard techmlogy 52. Trade, craft  and industrial 
p r o g r m s ,  (n.e.c.) 

54. Engineering progrmrmes 

58. Architectural and taJn-planning 
progr-S 

70. Transport and ccmnunications 
progr-= 



Fields of science and techmlogy Main f ie lds  of s M y  in ISCED 

Medical sciences 50. Medical and health p r o g r m s  

Agricultural sciences 62. Agriculture, forestry and fishery 
progr-es 

- 

Social sciences and h m n i t i e s  14. Teackr training ard educatim 
science programnes 

18. Fine and appliefi arts programnes 

26 .  Religion and theology pr0granune.s 

30. Social d behavioural science 
progr- 

34. Cmmxcial and biness administra- 
t ion p r o g r m s  

38. Law and jurisprudence programes 

66. Hcme ecormmics (domstic science) 
p r o g r m s  

84. Prcgramnes in mass caTPnunication 
and documentation 

Other f ields 

-- 

01. General progranrnes 

08. Literacy programnes 

78. Sewice trades programnes 

89. O t h e r  programws 

By occupation in accordance wit? the ISCO (IIQ-1968) . 
W m m b r  ( in  FT and FT) for personnel in category (aa) . 
By mtionality, for personnel in categories (aa) and (bb) (merely 
showing nationals separately •’ran non-nationals). 

By sex, for  pers-1 in categories (aa) , (bb) ard (cc). 

BY sge, for personnel in caegories (aa) and (bb) , separating then 
into the following age groups ; for category (a): less than 30. 



30-39, 40-49, 50-59, 60 and over; for  category (bb): l e s s  than 30, 
30-39, 40-49, 50-59, 60 and over. 

5. Each type of national S&T ~LUEU-I resources, i . e .  sc ient i s t s  and engineers 
and technicians, should be assessed in accordance with the following two 
c r i t e r i a ;  if only one is t o  be used, cr i ter ion (b) is preferable. 

(a )  Total stock of SET, comprising the t o t a l  number of persons with 
the necessary qualifications f o r  personnel in categories (aa) 
and (bb), regardless of economic ac t iv i ty  (production, S&T 
act iv i t ies ,  the professions, no gzkful employment, e tc .  ), age, 
sex, nationality o r  other characteristics.  

(b) Number of economically active SET, comprising the t o t a l  number of 
persons with the necessary qualifications f o r  personnel in cate- 
gories (aa) and (bb) who are e w g e d  in, o r  actively see- work 
in,  some branch of the e c o n w  at a given reference date. 

6. In t ramra l  expenditure on S&T ac t iv i t i e s  should be classif ied:  

( a )  By type of expenditure: 

(i) Current intr-al expenditure, comprising all  payments mde during 
the reference year f o r  the p e r f o m c e  of S&T ac t iv i t i e s  within 
units,  ins t i tu t ions  o r  sectors of p e r f o m c e ,  whatever the source 
o r  origin of f'unds, covering the cost of labour, minor equipment 
and expendable supplies and other current expenses, i . e . :  

- labour costs, comprising wages and salar ies ,  paid i n  cash o r  i n  
kind, and a l l  related labour costs, including ''fringe benefitst1 
such as  bonuses, paid holidays, contributions t o  pension funds 
and compulsory social  security systems, payroll taxes, e tc .  As  
far as  possible, the cost of personnel i n  category (aa) should 
be shown separately from the cost of other personnel; 

- other current costs, comprising a l l  other current intramu.al 
expenditwe such as  expenditures on off ice and laboratory 
supplies, materials , subscriptions t o  journals, books, renta l  
of buildings, mintenance, computer services, t ravel  and postal 
services. 

(ii) Intramural capi tal  expenditure, comprising a l l  payments mde during 
the reference year fo r  the perforrmnce of S&T ac t iv i t i e s  and re la t ing  
t o  expenditure on m j o r  equipment and other capi tal  expenditure. 
A l l  reserves f o r  depreciation, whether actual or imputed, should 
be excluded from international s t a t i s t i c s  on expenditwe. Nevertheless, 
countries t h a t  are  i n  a position t o  furnish such infornation m y  do 
so i f  they wish. This expenditure comprises: 

- expenditure on major equipwnt, comprising the purchase of mjor 
instal lat ions,  machinery and equipmnt. Expenditure on the 
purchase of complete l ibrar ies ,  large collections of books, 
periodicals, specimens, e t c .  should be included under this 
heading, especially when mde at the t k  of equipping a new 
inst i tut ion.  Even i f  made at any other the, however, purchases 
of this type could still be shown under capi tal  expenditure; 



- other capital w i t u r e ,  canprising the purchase of land (for 
building or for testiq purposes) and animdls (where the unit cost 
or quantity purchased fiake it appropriate to include the ex- 
penditure in this category) and expenditure on new buildbqs or 
large-scale improvements, mdifications and repairs to buildings 
and fixed installations, land-imprwemmt mrk and other apenditure. 

(b) By source of funds: 

(i) Goverrnnent funds. This category should include funds provided by 
the central (federal) State or local authorities and originating f ran 
the ordinary or extraordinary budget or fran extra-~g&aq sources. 
It also covers funds received •’ran public i n t e m d k q  institutions 
established and wholly financed by the State. 

(ii) Productive enterprise funds ard special funds. This category should 
include furads allocated to S&T activit ies by institutions classifies 
in the productive sector as productive establisfmnents or  enterprises 
and a l l  sans received •’run the "Whnical and Econanic Progress Fund", 
in countries w i t h  a centralized eoonmy, and other similar funds. 

(iii) Foreign funds. This  category should include funds received f r m  
abroad for national S&T activities, incl- funds received •’ran 
international organizations, foreign gwenments or institutions. 

(iv) Other funds. This category should include funds that cannot k 
classified under any of L% precduq headings, e.g. "own funds" 
of establishments in the higher education secctor, endownents 
and gifts.  

(c) Bycabsgory, for - tureonW: 

(ii) Applied research. 

(iii) Experimental developznt. 

7. National activities in %D and STS should be classified by major socio- 
econanic aims or objectives as listed M o w ,  on the basis of funding 
(ex--) or experxliture (ex-post) f *c& fran public funds and, i f  
possible, frm all other sources of funds: 

(i) Exploration and asses-nt of the earth, the seas and the amsphere. 

(ii) Civil space. 

(iii) Developnent of agriculture, forestry and f i s h i q .  

(V) Production, conservation and distribution of my. 

(vi) Developrent of transport and camnmication. 

(vii) Developrvl~lt of education services. 

(vii i)  Devel-t of health services. 



(h) Social developrent W socio~coormic services. 

(X) Protection of the e n v i r o m t .  

(xii) Defence. 

8 .  Basic s ta t is t ical  units: If possible, the basic s ta t is t ical  unit  selected 
to =sure the performance of S&T activities should be an establishmnt- 
type uni t ;  f o r  -le, irdustrial establkhrmts, research institutes, 
gwerr~nental units and institutes or d e p a - m t s  of universities. 

III. PRESEXIWION OF STATISTICAL WYPA 

9. The s tat is t ics  cwered by this r-tim should be presentd. in 
accordance w i t h  the d e f i n i t i m  ard classifications set out therein. 

Levels of detail 

10. In view of the fact  that the statistical systms of Mwber States are m t  
all the stage of development, the data should ke presented at tm 
levels of detail or ccmplexity deperdin3 on the Mo~matian available 
in Mmkr States. 

(a) F i r s t  level of detail : a l i m i t e d  quantity of basic information that is 
%indispensable for establishj ?lg international caqarisons and that should, 
if possible, k canpilel by all Mxfkr States. 

(b) Se- level of detail : fuller s ta t is t ical  data, which not all Mmhr States 
a,re able tc provide but which, taken as a *let could ccnstitute a guide 
for t b s e  that  w i s h  to inprove an3 enlarge their natural s ta t is t ical  
systans. 

Per M c i t y  

11. The basic irrternationdl s ta t is t ics  should be updated biennially. It muld 
k desirable for Pgnber States that can do so to update certain data 
annually so that variaticns in  their R&D effort can seen. Figures 
for the stock of SET and/or numkr of emrankally active SET should h 
canpiled twice during each tenyear period. 

Stages for the extension of S&T stat is t ics  

12. m e  ccmpilation of international S&T stat is t ics  should be developed in 
tWD successive stages, the transition • ’ r a n  the f i r s t  stage to the seccrd 
being acmoplisiM gradually on the basis of the state of progress of 
national and international experiene. The f i r s t  stage should mver a 
period of a t  least five y e ~ s  starting frcm the tk the General 
Conference adopts this recarrrrendation. Tne secand stage shiild te 
regarded as being of an experimntal nature. 

(a) First  stage: during this stage, i.e. dming the years imndiately following 
the adoption of this recomrrendation, international s ta t is t ics  should cwer 
only RhD activities in all sectors of performance, togetkr  w i t h  the 
s-k of SEP ardlor the ecomnically active SFr. If, of the l a s t  tra, 



only one is collected it should preferably be the l a t t e r  one. 

(b )  Second stage: Before going on t o  the second stage, it would be advisable 
f o r  Member States t o  ascertain through the Unesco Secretariat tha t  a suff i-  
ciently large number of them are i n  a position, on the basis of i n t e m t i o n a l  
experience and their own work, t o  extend s t a t i s t i c a l  observation t o  the 
SPS and Scientific and Technological Education and Training a t  broadly 
the third level (STEP) involved in this stage. ~. 

During this stage, the international s t a t i s t i c s  should be extended 
t o  cover STS and XEC carried out i n  inst i tut ions i n  which R&D ac t iv i t i e s  
are performed and should be shown e i ther  i n  consolidated form o r  by STET 
and by type of STS, depending on the country's capabilit ies.  F i r s t  an 
evaluation should be mde of STS and SPCP i n  a l l  sectors of performnce, 
with the exception of integrated units i n  the productive sector. 
Subsequently, the international s t a t i s t i c s  ~ l a t i n g t o  STS and SPCP 
should be progressively extended t o  the integrated units in the productive 
sector and t o  inst i tut ions i n  all sectors of p e r f o m e  that do not carry 
out R&D but provide STS and ,SEE' i n  an institutionalized and structured 
=er. These s t a t i s t i c s  should be broken down by SPCP and by type of STS. 

13. The i n f o m t i o n  furnished by the s t a t i s t i c s  of science and technology 
should be presented with the periodicity and level  of de ta i l  shown below; 

FIRST STAGE 

Periodicity Level of 
( if  other de ta i l  
than biennial) 

Indicators 

Annual 

Annual 

(a)  Stock and/or economically active 
c m  

1. Number of SET by sex, 
nationality and occupation 

2. -er of S&E by 'field of 
qualification 

(b) R&D ac t iv i t i e s  

(i) R&D personnel 

1. Personnel by category 
(S&E, T, auxil iar ies  ) 

2. S&E by f i e l d  of 
qualification 

3. Personnel by sector of 
perf o m c e  

* Twice during each ten-year period. 



Periodicity Level of Indicators 
(if other detail 
than biennlal ) 

Annual 

Annual 

Annual 

4. S&E (in ET and PT) by field of 
qualification; and by sector of 
performance and field of activity 

5. SET by category and nationality 

6. SET by sex anci age 

1. Total expr&ture by sector of 
performance 

2. mt.1 and current expediture by 
sector of performance 

3.  Current arid capital expenditure, 
in detail,  by sector of performance 

r .  Current expeiyriiture by type of 
W, sector of performance and 
field of activity 

5. Current experditure on S&E 
persoml  by sector of performance 

1. Total expenditure by source of 
funds 

2. Tota l  and current expenditure by 
source of funds and sector of 
per•’ ormance 

3.  Total expenditure by sourco of 
funds, sector of performance and 
field of activity. 

(c) Other classifications relating to  R&D 

i i  ) 1% jor socio-econanic aims 

1. F'unding (=-ante) or m t u r e  
(ex-pos t ) financed from public 
funds, by major socio-ecofi .nit 
aim 



Periodicity Level of 
(if other de ta i l  
than biennial ) 

Indicators 

2 2. Funding (ex-ante) o r  expenditure 
(ex-post) financed from all 
sources, by rrajor socio-economic 
aim. 

SECOND STAGE 

(a)  STS in R&D ins t i tu t ions  (with the -. 
exception of R-CID u I , , c ~ - ~  

of the  nrod11rt.i~ 

( i )  STS personnel 

1. Personnel by category (S&E, T, 
auxil iar ies  ) 

2. Personnel by sector of performance 

3. Personnel by sector of performance 
and f i e l d  of ac t iv i ty  

4 .  Personnel by type of STS 

5. S&E (in FT and PT) by f i e l d  of 
qualification; and by sector of 
p e r f o m c e  and f i e l d  of ac t iv i ty  

6. SET by sex, age and nationality 

( i i )  Intramural expenditure on STS 

1. Total expenditure by sector of 
performance 

2. current and capi ta l  emenditure 
by sector of performince 

3 .  

4. 

5. 

( i i i )  

1. 

Total and current expenditure bv 
sector of p e r f o m c e  and type " 

of STS 

Current expenditure by type of 
STS, sector of p e r f o m c e  and 
f i e l d  of ac t iv i ty  

Current and capi ta l  expenditure, 
i n  de ta i l ,  by sector of 
p e r f o m c e  

Financing of intramural 
expenditure on STS 

Total expenditure by source of 
funds. 



Periodicity Level of Indicators 
(if other detail 
than biennial) 

2. Tbtal and current m t m e  
by source of funds and sector 
of performance 

3. Total e x p n d i b e  by source of 
funds, sector of performance 
anti f ield of activity. 

(b) Other classificatians relating to STS 

(i) Major socio-ecQMHnic aims 

1. Eluding (=-ante) or expenditure 
(ex-post) financed from public 
funds by major socio-emmnk 
aim 

2. Fudhg (ex-ante) or expenditure 
(ex-post: f i r w z d  f ran a l l  
sources by major socio-ecoMmic 
aim 

1 4 .  In order to  set thenselves goals to aim a t  in the gradual developrent 
of rim techmlogy statist ics,  I & n b a  S t a t e s  shmld further certain 
s ta t is t ical  wrk already under my which s M d  ppwide a tetter understaniurg 
of present problems in this field of statistics ard help to resolve then. 
Their efforts sivxlld ccncentrated on the followirg items, though these 
are not set out in any interded order of priority: 

D e v e l i ~ t  of co-ordination betwen science and techrplogy 
s tat is t ics  and econonic ard social statistics, and especially 
w i t h  national acmunting system including the Material Product 
System. 

Developrent of classificatims for financial resources devoted to 
R&D, in terms of appropriations ard experditure (ex-ante anJ. 
ex-post analyses) , by main national socio-econanic aims. 

IMiCators for the "production" or "output" of S&T activities, 
especially &D. 

Indicators of the stat is t ical  ard accounting aspects of technology 
transfer processes. 

Preparation of specific price indexes ard exchaqe rates to 
serve as suitable deflators for expmditure on S&T activities, 
and especially on W. 



(f) Measurement and classification of S&T equipment and installations for 
R&D activities. 

(g) Studies of the effects of fiscal systems on expenditure for S&T 
activities. 

(h) Classification of S&T personnel by occupation and professional status. 
k 



APPENDIX B 

International Standard Classificstion of Fducation (EXED) 

(Btracted •’ran International Standard Classification of Education, 
Abridged edition, CTJESCO, Paris, 1975 (ED/31E/03NFD$ED. 35 /~ef. 8) 

ISCEU Levels 

0 Education preceding the f i r s t  level,  where it is  provided, 
usually begins a t  age three, four, o r  f ive (sanetimes earlier) 
ard lasts fran o m  to three years. 

1 Education a t  the f i r s t  level usually begins, therefore, a t  age 
5, 6 or  7 and l a s l  for about f ive or six years. 

2 Education a t  the second level, f i r s t  stage, begins at about 
age 11 or  12 a&. lasts for a b u t  three years, 

3 Education a t  the second level, second stage, begins a t  about 
age 1 4  or  15 and l a s t s  for about three years. 

5 Education a t  the t!xkd level, first stage, of the type that 
leads to an award not equivalent to  a f i r s t  university degree 
begins at abut age 17 or  18 and l a s t s  for  ahmt three years. 
Thus, a t  about age 20 o r  21, students w b  have progressed through 
the school system t o  cmplete these progrMmes are usually ready 
to enter employment. 

Education a t  the third level, f i r s t  stage, of the type that 
leads to a f i r s t  university degree or  equivalent, also begins 
at a b u t  age 17 or 18 and l as t s  for a b u t  four years. Thus, 
students w b  have progressed through the school-systm to  
canplete their f i r s t  degree are usually ready for  emplopa t  
o r  for post'-graduate s=udy at  about age 21 or 22. 

Education a t  the third level, second staqe, of the type that 
leads to a post-qraduate university degree or equivalent, h l u d e s  
a l l  education beyond level 6. 

Education not definable by level. 

Description of ISZED levels 

0 Education preceding the f i r s t  level 

The initial stages of organized instruction as defined for 
purposes of EXID. The educational programnes k l u d e d  here therefore do 
not include play groups, day nurseries, & h ~ ,  child-care centres, o r  
similar organizations that have no sustained educational purpose. The 
age of entry t o  education preceding the f i r s t  lwel varies in different 
countries and i n  areas w i t h i n  some countries. The upper age limit in this 



level category depends in each case on the usual age for entry into 
prirrrary education. 

Programnes a t  this level place little emphasis on literacy or 
general ducation, the activit ies being directed mainly toward the 
children becaniq accustmed to graup activit ies such as singing, dancing, 
participation in rhytbm groups and group garrres to p m t e  healthy and 
socially desirable habits. Also stressed is the developerit of skills 
in handling colouring, muliiing, lettering and similar materials as wll 
as simple tools. The programnes are designed primarily to introduce very 
yourig children to anticipated school-type ernrirommt, i.e. to provide 
a bridge betxeen a hane and school atnosphere, 

1. Education a t  the f i r s t  level 

The "core" a t  this level consists of education provided for children 
in all countries, the custcmary or legal age of entrance being not younger 
than five years or older than seven years. This level then covers five or 
six years of full-tinre schoolhq. Progranmes are designed to give the 
students a s o d  basic education i n  reading, writing and arithmetic along 
with an e l e m e n w  understanding of other subjects such as national history, 
geography, natural sci-, social science, art ard music, and in sate cases 
religious instruction is featured, especially in p r c g r m  run by religious 
organizations. The p r o g r m s  are rarely specialized by subject, but are 
usually organized on a unit- or project basis, I n  a f e w  countries, education 
a t  this level is divided into 4x0 stages, usually a f i r s t  stage of four 
years and a second stxge of  year^, wfrich may be mined w i t h  the 
first stage of the second level. 

2 .  Education a t  the second level. f i r s t  staae 

The "core" a t  th is  level consists of education mntinuing the 
basic programes constibting the f i r s t  level txlt usually on a more 
subject-oriented pattern. Sane small beginnings of specialization 
may be seen a t  this level w i t h  scrne s tden t s  having the opportunity to 
direct their attention more particularly to  certain types of subject, e.g. 
camtlercial or technical subjects. This level consists of three or four 
years of full-time schooling. P r o g r a m ~ s  are canposed of the subjects 
mtioned uner level 1 w i t h  a broader approach to mathematics, m r e  at-tion 
to literature and canposition in the mther tongue, other &ern languages, 
s_nd a beginning a t  specialization in sm natural sciences such as chenistry, 
botany and physical geography. In many countries this level of education is 
carried on in the sme insti.tutions a s  levels 1 and 0,  in sarrt it occurs in 
"secondary sckrools" along w i t h  lwel 3, while in sanr? cases separate 
institutions are provided for approximately the 6th to the 9th year of 
schooling. 

Ln addition tm the atme for the core, this level cwers a wide 
variety of progrananes consisting of subject matter usually having a 
specific vocational emphasis. The ccrmrm feature of all these program[~3~ 
is their entrance requiremnt, i.e. a minimum of first-level educatia (sme 
five to  six years of schooling) c a n p l e a  or derrmrstrable abil i ty tD handle 
the programre through a canbination of basic education of s a ~ t h i x j  less 
than five years and vocational experience. 



3.  Fducation a t  the second level, Second staqe 

n-ie "core" a t  this  level cansists of education for those who have 
canpletecl the second level, f i r s t  stage. General education is still an 
impartant constituent, h t  separate subject presentation an3 more 
specializatbn are found a t  this lwel. F'bny students will have moved 
over to particular sets of programss such as ccarawrcial, trade or technical, 
while others followirq the g-a1 programnes win be given m r e  leeway in 
their choice of subject courses. This lwel consists of three or four years 
of full-tire education. 

Additioml c b i c e  of subjects a t  this lwel may inzlude such subjects 
as physics. biology and geology; classics; sane social scienoe; and the fine 
arts. The general progranmes are of- designed to provide the subject- 
matter credits required for university entrance or to  prepare students 
for examinations of the university-entrance type. 

In addition to the above for the "core", this level covers an even 
w i d e r  variety of prograxm~s than those at the f i r s t  stage, consisting of 
subject matter mainly having a specific vocational enp?hasis. The educatimal 
progr-s included here are thse reqUir- a t  least  the equivalent of 
sure eight years' full-* education for *ssion or a cunbinatian of 
basic education and vocational experience that demnstrates ability to handle 
subject matter of that educational level. 

5. Education a t  the third level, f k s t  stage, of the type that  leads 
to an a w d  mt equivalent to a f i r s t  university degree 

The core a t  this lwel consists of educatim for those who have 
canpleted r q u i s i t e  programs a t  the second 1-1, secord stage, ard 
wfiD continue their education in a type of progr- that  generally does not 
lead to the awardxq of a university degree. Typically in these prograrm~s, 
less t im and attentim are paid to  the theoretical, general anl scientific 
principles of the subjects studied, attention being concentrated more on 
application to particular vocations. 

The core programnes a t  this level tend to parallel those for which 
university degrees are granted. in terms of subject-matter categories, ht are 
usually shorter and more "practical" in orientatim. Programnes of equivalent 
level to be associated w i t h  this core are of very great variety in mst 
countries, a d  are provided through many organizations of very different types. 
The prcgramnes are typically specialized i n  s u b j e c t i ~ t t e r ;  many are part-time; 
evening courses are carmon. %fresher courses and general-interest murses 
are important -ts of th is  level of education. 

The unifying criterion for all these p r c g r m s  is the prerequisite 
that enrollees have completed the second stage of sand-level  education or 
have a t  least s m ~  education a t  that level plus appropriate vocational 
experience to irdicate ability to handle the subject matter. I n  other 
mrds the subject matter is such that its mastp-rv requires the equivalent 
of full s a d - l e v e l  education. 

The range of subjects is very wide, as ixdicated by the detailed 
categories in I-. To avoid a long listing, it is sufficient to pint  
out t h a t  the 1evel.of instruction is a t  developirq highly skilled 



technicians, teachers, artists, off ice staff, transport personnel, 
production supervisors, journalists,  police and f i r e  protection staff, 
and the l ike .  

6 .  Education a t  the third level,  first stage, of the type that leads 
t o  a first university degree o r  equivalent 

The core at this level  consists of programnes of education f o r  those 
who have completed requisi te  programnes at the second level,  second stage, 
and who choose t o  continue t h e i r  education i n  a type of progranm that is 
generally provided by a university. Typically, mch  t i m e  is spent on the 
h is tor ica l  aspects of the subjects taught, while pract ical  skills, though 
often given some prominence, have a lower priori ty.  The importance of 
research is stressed by preparing students f o r  participation i n  original 
work. These p r o g r m s  require a minimnn of four years' full-time study, 
many requiring f ive  o r  s i x  years, and a f e w  seven years. The e a r l i e r  years 
(usually the first o r  the first two) are sometimes provided in local  colleges 
or  i n  secondary schools, but these progranmm are distinguishable from others 
i n  that they are  recognized by a university as the equivalent of the 
corresponding university programne when a student t ransfers  t o  the university. 

A great variety of subject-natter programnes is offered a t  this level, 
the university being organized by sub j ec t  in to  'Idepartment S", 'If acultiesl '  
o r  ltschoolsl' under such headings as Agriculture; Arts (Humanities, Letters) ; 
Education; Engineering; Fine Arts; Law; h s i n e s s  Administration (Comrce) ;  
Medicine ; Pharmacy; Natural Science ; Social Science ; Theology (Religion) . 
Students choose a programme within one faculty but the programne w i l l  often 
contain some courses given in another faculty o r  facul t ies .  In some cases 
also, the same progranme, often with somewhat different  emphasis, is given 
i n  more than one faculty, e .g. pharmacology i n  Natural Science and i n  
Medicine; plant pathology i n  Agricultwe and i n  Natural Science; wrket ing  
i n  Social Science (Economics) and in h s i n e s s  Administration. 

The term "first university degree" requires clear  defini t ion f o r  
I S 0  purposes. It includes, of course, programnes leading t o  the usual 
first degrees such as bachelor of arts, bachelor of science, dipl-, 
e tc . ;  a s  well a s  first professional degrees l i k e  those of bachelor of 
law, bachelor of medicine ( i n  som countries), and others that are frequently 
taken as first degrees a f t e r  three, four or  f ive  years of study fol lowhg 
a nondegree programne of pre-professional study, i . e .  a t o t a l  of as many a s  
seven years i n  a l l ,  e .g. doctor of medicine ( i n  s o w  countries). Similarly, 
programmes designed f o r  the s ~ l t a n e o u s  conferring of two degrees (e.g. B.A. 
and B. Corn. or  B.A. and L.1.b.) are  classed as a t  this level.  

7. Education at the th i rd  level,  second stage, of the type tbat leads 
t o  a post-graduate university degree o r  equivalent 

The core a t  this level  consists of programnes of education f o r  those 
who have completed requisi te  p r o g r m s  at the t h i r d  level,  first stage, 
of a type that leads t o  a first university degree, and who choose t o  
continue the i r  education toward a higher degree o r  equivalent award. 



These are  programnes of high-level professional education and those involving 
independent research of a high order. In a l m s t  all cases students follow 
programnes in the same subject f i e ld  as fo r  the i r  first degrees, but of a 
m r e  specialized character, the study and research being concentrated on one 
or two sub-dividions of the m j o r  subject. The theoretical and philosophical 
aspects of the subjects studied are emphasized even m r e  at this level  than 
fo r  the first university degree. Subject-matter f i e lds  within which the 
higher specialization takes place are the sam at this level  as in the one 
kmxiiately preceding, and progranms a re  usually of one t o  four yearsfduration 

Programms included in this category are of two types; one i s  rrainly 
an extension of the classroom-laboratory-seminar type of learning charac- 
t e r i s t i c  of category 6 and leading usually t o  a higher degree such as a 
msterfs degree o r  a higher professional qualification such as a special is t  
qualification in mdicine ; the other consists rrainly of original research, 
usually of a large* independent nature, resulting i n  a dissertat ion wortw 
of publication and culminating in a degree o r  other award of the highest 
level (usually a doctorate) . 

Degrees and equivalent diplomas or  other cer t i f ica tes  are  usually 
awarded a f t e r  completion of a series  of examinations and often a f t e r  the 
presentation and defence of a thesis .  These higher degrees and awards take 
various forms and have different t i t l e s  from country t o  country, sore of 
them being master of arts, mter of science, d i p l b  df6tudes sup6rieuresY 
doctorates of various kinds. These are not given as equivalents, but 
rerely as examples. 

9. Education not definable by level 

This category includes educational programes that cannot be defined 
by level  and that are therefore not included i n  any of the categories 
numbered 0 t o  7, i.e. no particular definable prior  education is required 
t o  enable students t o  undertake them. Because the programnes cannot be 
defined by level  it is clear  that t he i r  subject-matter content is organized . . and presented i n  a non-theoretical "general interest" manner, with muumal 
reference t o  sc ient i f ic  principle o r  historical  perspective. Thus, the 
programnes may be useful t o  students having wide variety of educational 
experience and perhaps in  som cases no prior  formal education. 

The content of this category can be described only i n  a nemtive sense, 
i .e .  programms that  cannot be f i t t ed  in to  any of the other categories. 
Thus it is a residual and care must be taken t o  avoid making it a receptacle 
for  a l l  cases tha t  a re  d i f f icul t  t o  classify by level.  If it were t o  
become such a receptacle, not only would it be too large and heterogenous 
i t s e l f  fo r  useful analysis, but the value of the data on a l l  other levels 
muld be affected adversely. 



APPENDIX C 

CORRESPONDENCE EEmEEN UNESCO GIoUE's OF BFawcfEs OF 
-C ACTIVITY AND S I C  (1) . 

UNESCO Groups I.S.I.C. 
(Branches of Ncrmber Major Di-Jision (One-digit) 
econcanic One- W- Three- Division (W-digits)  
activity) ~ i g i t  Digits Digits Major Gmup ( m e e d i g i t s )  

1. Agriculture, i 
f ores- , hunting, 
f is- 

~griculture, hunting, forestry anci 
fishing 

Agriculture and hunting 

111-112 Agriculture and livestock produc- 
t ion and agricultural services 

113 Hunting, trapping and g- 
propagation 

12 121-122 Forestry and logging 

13 130 Fishuq 

2. Extracting 
industries 2 W d g u a r r ~ i r a s  

220 Crude petroleum and natural 
gas production 

2 3 230 Metal ore mining 

2 9 2 90 O t h e r  mining 

3. !4anufacturing 3 
industries 

Manufacture of food, bwerages and 
tobacco 

311-312 Focd manufacturing 

31 3 Beverage industries 

314 Tobacco manufactures 

Textile, wearing apparel and 
leather industries 

filanufacture of textiles 



UNESOO Groups I.S.I.C. 
(Branches of 
ecomnic activity) Mrmber Major Division (One4igi t) 

One- W- Three- Division (wits) 
Digit Digits Digits Major Graup (Three-digits) 

Manufacture of wsaring apparel ,  
except •’00- 

ANanufacture of leather and 
products of lwther, leather 
substitutes and fur, except 
•’00- and tearing apparel 

Manufacture of f o o h ~ a r ,  except 
vulcanized or mulded ruhber 
or plastic f 0 o b . e ~ .  

Manufacture of w d  and wad pro- 
ducts, including furniture 

Manufacture of wood and cork 
products, except furniture 

Bhmfacture of furniture and 
fixtures, except primarily of 
metal 

Manufacture of paper and paper 
products, printing and 

Manufacture of paper and paper 
products 

Printing, publishing and allied 
industries 

Manufacture of chemicals and 
chenical petroleum, coal, rubber 
and plastic products 

Irlanufacture of industrial 
chemicals and other chemical 
products 

Petroleum refineries and 
xnamfacm of miscellaneous 
products of petrolem and Coal 

1. Indexes to the International Standard Industrial Classification of All 
EkOrYrnic Activities (I .S .I .C.) United Nations, New York, 1971 (Statistical 
Papers, Series M, no.4, Fkv.2 Pdd.1). 



'DNESCO Groups I.S.I.C. 
(Branches of Number I%jor Division (One-digit) 
economic activity) One- Two- Three- Division (Two-digits ) 

digit digits digits Maj or Group (Three-digit S) 

355-356 Manufacture of rubber products 
and plastic products not 
elsewhere classified , 

361-369 hufacture of non-metallic 
mineral products, except 
products of petroleum and 
coal 

371-372 Basic metal industries 

Phufacture of fabricated 
metal products, mchinery and 
equipment 

Manufacture of fabricated 
metal products, except 
machinery and equipment 

Manufacture of machinery, 
except electrical 

Manufacture of electrical 
machinery, apparatus, 
appliances and supplies 

Manufacture of transport 
equip~nt 

Manufacture of professional 
and scientific and measuring 
and controlling equipment 
not elsewhere classified, and 
of photographic and optical 
goods 

39 390 Other manufacturing industries 

4. Utilities 4 Electricity, gas and water 

41 410 Electricity, gas and steam 

42 420 Water works and supply 

5. Construction 5 50 500 Construction 



UNESCO Groups I.S.I.C. 
(Branches of blumtxx Major Division (Onedigit) 
economic activity) One- m- Three- Division (W-disits) 

digit digi ts  d igi ts  I% jor Group (~hre&iqits) 

6. 'Transport and 7 
ccsrmunica tion 

Transport, storage and 
ccmmunication 

Transport and storage 

711-719 Transport-land, w a t e r ,  a i r  
and services a l l ied  to 
transport 

7 .  Other Wholesale and retail trade 
and restaurants and hotels 

Part 
of 9 

61 610 Wholesale trade 

6 2 620 Retail trade 

63 631-632 Restaurants and btels 

Part of 
9 3 

Financing, insurance, real 
estate and business services 

Financial institutions 

Insurance 

Real estate and f-xlsiness 
services 

Real estate 

Wlsiness services except 
machinery and equipnent 
rental leasing 

Mac- and equipnent 
rental axd leas* 

Comnunity, social and 
personal servicss 

Sanitary and similar- 
services 

Social ard related 
ronanunity services 



UNESCO Groups 1.S.I.C. 
(Branches of econanic 
activity 

Number Major Division (One-digit) 
One- - Three- Division (--digits) 
d i g i t  d ig i t s  d ig i t s  Major Group (Thr&Xgits) 

933 Medical, dental, other 
health; veterinary services 

P a r t  
of 94 

Business, professional and 
labour associations 

m social and related 
cannunity services 

Recreational and cultural 
services 

Pbtim picture and other 
e n t e r t a i m t  services 

A m u s m t  and recreational 
sert-ices not elsewhere 
classified 

951-959 Persoml and household 
services (services generally 
involving the care of the 
person or his apparel) 

0 000 Activities not adequately 
defined 



APPENDIX D 

A comparison of the concepts presented in the Mual 
with the corresponding concepts used by OECD 

in the "Frascati Mualn 1980 (1) 

This Appendix is especially intended for  the Unesco kmber States 
which also report to  OECD; at the sam time it w i l l  also be of interest  
for other Member States using the OECD basic concepts i n  their  national 
R&D surveys. The Appendix concerns m e  specifically R&D (rather than 
STA). The Unesco concepts are se t  out in tabular form and presented in 
the same order as in the Pbnual with the chapter and section references 
for ease of identification; alongside are the equivalent or  corresponding 
OECD concepts, suitably adjusted with the references t o  the OECD ll&ascati 
Manual" indicated in brackets (FT4 . . .) . Where necessary, the comparisons 
are accompanied by explanatory r e m k s  and a few i l lus t ra t ive  examples. 

Unesco &.in concept Unesco terminology/ OECD terminology/ 
Manual category category 
reference 

I1 Research and 
experimental 
develo~ment 

Research and 
experimental 
development 

Scientific research 
act iv i t ies  

- FLubdamental 
research 

- Applied research 

Experimental 
development 

Research and (FM 5 43) 
experimental 
development 

No such corres- 
ponding broad 
category 

Basic research (m 5 132) 

Applied research (FM 135) 

Experimental (m S 138) 
developmsnt 

Remarks: The basic definitions of R&D and the sub- 
categories of R&D are practically the same in both 
manuals. It m y  be noted that in both the Unesco 
and OECD concepts defence R&D is included. 

'I' OECD. The Measurement of Scientific and Technical Activities. 
Proposed Standard Practice for  Surveys of Research and Ex~erirnental 
Development . Veascati  Phx~ual~~ , 1986. Faris, 1981. 



Unesco lvhnual Main concept Unesco terminology/ OECD terminology/ 
reference category category 

R&D personnel The R&D personnel 
should include: 

- persons working 
directly on M D  

- persons providing - 
direct services 
to R&D (mmagers, 
administrators, 
secretarial and 
clerical staff). 

Remks: Persons providing 
should be excluded from the 
according to both manuals. 
persons should, however. be 

Same coverage (FM section 
5 .2 )  

indirect services to R&D 
measurement of R&D personnel 
The labour costs of such 
included as overhead in 

other current cost S. ~&sonnel employed by international 
organizations should be excluded. The Unesco Ivhnual 
states explicitly that all residents in a country, 
nationals as well as non-nationals, should be included 
in the measurement. No corresponding statement is 
included in the F'rascati Manual. In practice, however, 
the coverage is the same. 

Classification 
by type of work 
and qualification 

Scientists and Researchers (RSE) (FM 184) 
engineers (i.e. 
researchers m 
assistant 
researchers) 

Technicians Technicians and (FM 188) 
equivalent staff 

Auxiliary personnel Other supporting (FM 190) 
staff 

Remarks: The concepts are defined differently in the 
Unesco and OECD Manuals. The Unesco definitions are 
based on a mixed criterion, taking into account both 
formal training or qualification and function. The 
OECD Manual contains definitions for R&D personnel 
which correspond spec if ically to two diff erent break- 
downs, one by occupation (function), the other by 
level of form1 qualification. Insofar as for Unesco 
the occupational criteria dominate, the f o m r  concept 
for OECD and Unescols concept can be considered as 
corresponding. These definitions, however, may be 
interpreted differently, an example being the case of 
Japan where their concept of assistant research workers 
is interpreted by Unesco as included in scientists and 



Unesco Manual Main concept Unesco terminology/ OECD terminology/ 
reference category category 

111.2.3 
(cont. ) 

engineers and by OECD in their category 
technicians and equivalent staff. Both 
the Unesco and OECD Ivhnuals give consi- 
deration to high-level administrators 
or .knagers not directly undertaking H&D 
but in fact providing direct services to 
R&D, as well as to post-graduate or post- 
doctorate students engaged on F&D, classi- 
f'ying them similarly as researchers. 
(Unesco Manual, 111.2.6, FT4 185, 187). 

Unit of measure 
for R&D personnel 

Full-time No corresponding 
personnel measure 

Part-time No corresponding 
personnel measure 

Full-time fill-t ime 
equivalent equivalent 

Remarks: Full-time equivalent can according 
to OECD be measured: 

1) In person-years (measurement of the volwe 
of work) . 

2 )  As l?I'E on a fixed date (with adjustements 
for seasonal variations ) . 

The Unesco Recomnendation does not amplify the 
concept of FTE although the h u a l  provides 
some explanatory remks, both on the calcu- 
lation of FTE and on alternative measurements. 

Classification 
by level of 

Level of Levels of 
education education 

Third level degrees University level (FM S 193) 
of university type degrees 
(ISCED 6-7) (ISCED 6-7) 

Third level diplomas Other post- (m S 194) 
of non-university secondary 
m e  m X D  5) diplomas 



Unesco Manual !kin concept Unesco terminology/ OECD terminology/ 
reference category category 

Diploms at the Diploms of (m S 196) 
second level, secondary 
second stage education 
(ISCED 3) (Ism 3) 

Other qualifications Other (m S 198) 
1, 2, 9) qualifications 

( I S 0  1, 2, 9) 

Remks:  Both classif icat ions are based on ISCED,the 
only differences being semantic, with Unesco termino- 
logy corresponding more closely t o  that of ISCED. 
According t o  Unesco practice, a comparison of the 
classif icat ion by type of work and qualification and 
the classif icat ion by level  of education would show 
that  most of the persons with th i rd  level  degrees 
of university type are occupied as t t sc ient i s t s  and 
engineers". However, those m i n l y  performing ass is t ing  
functions should be found i n  the  technicians group. 
Some of the holders of th i rd  level  diploms of non- 
university type m y  be performing the s m  f'unctions 
i n  R&D as  sc ien t i s t s  and engineers with th i rd  level  
degrees of university type. These would therefore 
be classif ied as sc ien t i s t s  and engineers. The others, 
m i n l y  performing ass is t ing  functions, w i l l  be classif ied 
as  technicians. Holders of diplomas a t  the second level, 
second stage w i l l  normally be c lass i f ied  as  technicians. 
Some countries may interpret  the concept "scient is t  and 
engineern purely i n & m  of level  of education according 
t o  Unesco standards, thus including i n  the category 
"scient is ts  and engineersw a l l  persons with diploms at 
ISCED levels 6 and 7 a s  well a s  persons with ISCED level  5 
diplomas which a re  nationally recognized as qualifying 
f o r  the profession of sc ient i s t  or  engineer. Those 
persons with other ISCED level  5 diploms would be 
regarded as technicians. 

Fields of study No corresponding 
classif icat ion i s  
reconmended 

Rerparks: OECD is not currently concerned with the f i e l d  
of qualification ; it, however, mentions the f i e l d  of 
study as a possible supplementary classif icat ion f o r  
researchers and technicians and equivalent s t a f f  (FM 203). 

Other classi- 
f ications 

Classification by Classification (FM 183) 
occupation according by occupation is 
t o  ISCO (suggested as treated only with 
a possible c l a ss i f i -  regard t o  "f'unction 
cation in the long- of personneltt 
term development of 
science s t a t i s t i c s )  



Unesco Main concept Unesco terminology/ OECD terminology/ 
l't3nual category category 
reference 

111.5.1 
(cont. ) 

Remks:  The Frascati Mmml s ta tes  tha t  ISCO m y  be 
adapted t o  s u i t  some aspects of R&D surveys, and 
suggests a list of ISCO classes as reference for  the 
classif icat ion of R&D personnel with regard t o  
llfunctionll - researchers, technicians and equivalent 
staff and other supporting staff. 

Classifications by Classifications (FM 203) 
nationality, age and by sex, age, 
sex length of service, 

e tc .  mentioned 

Remarks: The Unesco Manual sets out the types of 
classif icat ion which bring out other specific 
characteristics of the different categories of S&T 
(or R&D) personnel which could be collected. OECD 
mentions the i rs  a s  possible supplementary classi- 
fications f o r  researchers (or  holders of university- 
level  degrees). 

111 .6 Scient if ic  and 
technical - 
power potential  

Total stock of 
qualified manpower 

Number of econmically 
active qualified 
manpower 

No corresponding 
concept i n  the 
B a s c a t i  Manual 

No correspom3ing 
concept in the 
Frascati Manual 

Remks:  On an experimental basis OECD collects  data 
on the t o t a l  stock of sc ient i f ic  and technical man- 
power. Data is  collected ei ther  in terms of formal 
qualification o r  i n  terms of occupation. 

Expenditure 
for R&D 
ac t iv i t i e s  

Reference year Not defined as (FM 169) 
a concept but 
mentioned i n  
practice 

R e m k s  : The Unesco Manual specifies tha t  i f  the 
period of 1 2  consecutive months car r ies  over from 
one calendar year t o  the next, the year in which 
the perid star ted is t o  be taken as the reference 
year. The Frascati h a 1  only refers t o  measurement 



Unesco Main concept 
M3nual 
reference 

cont.) 

Unesco terminology/ OECD terminology/ 
category category 

on an annual basis without f'urther precision ("in terms 
of some twelve-nonth periodrr ) ; however in OECD practice, 
f i s ca l  years should be considered as the year where they 
mainly fall.  

intramural 
expenditure 

Intramural (FM .$S 20. 206) 
expenditure 

Remarks: Both organizations reconanend that  the measu- 
rement of R&D expenditure should include only intra-  
mural expenditure at the ins t i tu t ional  level, i n  order 
t o  avoid double-counting when aggre@;lting at the 
national data collection level.  

Extramural Extramural 
expenditure expenditure 

Remarks: This measurement is mentioned, but not 
defined i n  the Frascati Manual. 

Total domestic GERD plus R&D R4 S 236) 
expenditure on expenditure in 
R&D instal lat ions 

physically 
situated abroad 
but used by 
national 
inst i tut ions 

GNERD plus R&D (m S 238) 
financed from 
abroad but 
performed by 
the country 

Remarks: OECD distinguishes two separate concepts fo r  - 
measuring national t o t a l s  of R&D expenditures; GERD 
(gross domestic expenditure in R&D) i s  the t o t a l  intra-  
mural expenditure fo r  R&D performed on the national 
te r r i tory ,  during a given period, regardless of the 
origin of the funds (GERD includes funds from abroad 
but excludes national funds sent abroad), w h i l s t  
GNERI (gross national expenditure on R&D) i s  the t o t a l  
R&D expenditure financed by ins t i tu t ions  of a country 
during a given p m N E R D  excludes funtls from abroad, 
but includes national fwids destined f o r  R&D 
performed abroad) . 



Unesco M3i.n concept Unesco terminology/ OECD terminology/ 
Ivhnual category category 
reference 

IV.2.3 
(cont. ) 

m. 3 

IV.3.1.1 

IV.3.1.2 

IV.3.2.1 

IV.3.2.2 

An example fo r  Finland which i l lus t ra tes  the difference 
in  the Unesco and OECD concepts is the Finnish Inst i-  
tu te  i n  Rome which performs R&D on Romn culture. This 
Ins t i tu te  is financed and controlled from Finland. The 
expenditure by t h i s  Ins t i tu te  for  such R&D ac t iv i ty  w i l l  
be included in t o t a l  domestic expenditure on R&D (Unesco 
category), but according t o  the Frascati Manual it would 
be excluded frm GERD. In practice, however, when the 
R&D ac t iv i t i e s  of such inst i tut ions are part of "integrated 
programnestt , OECD assimilates such units with "testing 
grounds abroad, etc." (FM 124); OECD would therefore 
accept the inclusion of the Ins t i tu te  i n  the Finnish 
GERD. There is therefore, in practice,no problem i n  esta- 
blishing a correspondence between the concepts. 

Both the Unesco OECD concepts should exclude expen- 
diture spent abroad as part of development aid.  

Classification 
by type of 
expenditure 

Labour costs Labour cost (m •˜ 209) 
of R&D personnel 

Other current 
costs 

Other current (FM 212) 
costs 

Expenditure on Expenditure on (FM 216) 
m j or equipment instrument S 

and equipment 

Other capital  Expenditure on (FM 215) 
expenditure land and 

buildings 

Remarks: Tk definitions fo r  a l l  these concepts 
correspond. Both Unesco and OECD suggest that  labour 
costs m y  be further subdivided by category a f  personnel. 
Both Manuals s t a t e  that depreciation should be excluded 
fYom the measurement. 

Classification 
by source of 
fuxxis 

Government Government sect or 
plus Public GUF 
(General University 



Unesco &in concept Unesco terminology/ OECD terminology/ 
Manual category category 
reference 

Productive enterprise Business enterprise 
sec t o r  

Foreign Abroad 

Other Private non-profit 
(PNP) sector plus 
Higher e d u c a t s  
sec t o r  (excluding 
Public GUF) 

Remks :  Both muals recornend tht data should, if 
possible, be credited by the performers of the R&D t o  
the original source of furds, ard intermediary orga- 
nizations should not be taken in to  account. This 
explains why, f o r  Unesco, clearly Public GUF should 
be included under Government funds but tha t  "own 
funds" of establishments in the Higher education 
sector should be included under "Other" M s .  The 
OECD methodology uses four identical  sectors both f o r  
p e r f o m c e  and f o r  funding of R&D plus one extra  
( "from abroad1' ) f o r  Emling. (FM, section 5.3.3 ) . 

V.1.2 Basic 
s t a t i s t i c a l  
uni t  

An establishment No specific 
type unit  i f  possible recommendation. 

Refers, in practice, 
in  most cases t o  an 
enterprise type unit 

V. 2 Classification 
b s  sector of 
performance 

Remarks: The coverage of the Unesco and OECD higher 
education sectors is identical.  The other sectors of 
performance are quite different ly defined and a re  not 
direct ly comparable. For Unesco, the min cr i te r ion  
fo r  the ins t i tu t ional  classif icat ion by sectors is 
that of "function performed - or  services rendered", 
whilst f o r  OECD it is that of "finance" and "control". 
The following diagrams show the correspondence between 
the OECD sectors of p e r f o m c e  and those of Unesco. 



Relation between Unesco and OECD sec tors  of performance 

Unesco sec tors  OECD sec tors  

Productive sector  
( integrated R&D ) Business en te rpr i se  sec tor  

Public and pr ivate  en te rpr i ses  engaged in 
the  production and d i s t r ibu t ion  of goods 

services  f o r  sale, performing R&D a c t i -  
c losely  linked t o  production. 

Units wholly o r  mainly business en te rpr i se  
J(or ce r ta in  PNP) financed and controlled 
l b u t  mainly serving business enterpr ises .  

Units wholly o r  mainly controlled and 
financed by t h e  business en te rpr i ses  per- 
forming R&D f o r  t he  general benefit  of 
the  economy o r  socie ty .  

Productive sec tor  Government sec tor  

Units wholly or  mainly govermment- 
controlled and financed, mainly serving 
productive a c t i v i t i e s  i n  ISIC branches 
1-8 a t  two- and three-digi t  l eve l s .  

Units wholly o r  m i n l y  government- 
controlled and financed, performing R&D 
f o r  the  general  benefit of t he  economy 
o r  socie ty  (including a c t i v i t i e s  under a 
single-digit  reference i n  t he  ISIC) . 

General service  sec tor  

Units wholly o r  xminly PNP-controlled and 
financed, xminly serving productive acti- 
v i t i e s  i n  I S I C  branches 1-8 a t  two-and 
three-digit l eve ls .  

Units wholly o r  mainly PNP-controlled and 
financed, performing R&D f o r  t h e  general  
benefit of the economy o r  socie ty  (includ- 
ing a c t i v i t i e s  under a s ing le -d ig i t  
reference i n  t h e  I S I C  ) . 

Higher education sec tor  Higher education sec tor  

L 



PRINCIPLES FOR A THEORETICAL CONCORDANCE BETWEEN UNESCO AND OECD R&D DATA, BY SECTORS OF PERFORMANCE 
Theoretically, Unesco and OECD R&D data may be aligned as  follows: 

Private Non-profit 
sec t o r  

No units  

Government sector Higher Fducat ion 
sector 

No units  

No units  

Total OECD Private 
Non-Profit sector 

Total - 

- 

- 

- 
Identical 

Total OECD Higher 
Education sector 

l~us iness  Ehterprise sec to r  

Productive 
sector 
(inte&a ted 
R&D) 

No units  I~ub l i c  and private enter- Total integrated 
R&D i n  Unesco 
Productive sector 

p r i ses  engaged i n  the pro- 
duction and distr ibut ion of 
goods and services for  sale,  
performing R&D ac t iv i t i e s  
closely linked t o  productior 

Units wholly or mainly busi- Units wholly or  
mainly government 
controlled and 
financed, min ly  
serving productive 
a c t i v i t i e s  in ISI( 
branches 1-8 a t  
two- and three- 
d i g i t  levels ,  

Units wholly or 
min ly  PNP con- 
t rol led and f in-  
anced, mainly 
serving productive 
ac t iv i t i e s  i n  ISIC 
branches 1-8 a t  
two- and three- 
d i g i t  levels.  

Productive 
sector 
(mt egrate 
R&D ) 

No units  Total non- 
integrated R&D 
i n  Unesco 
Productive sector 

ness enterprise financed 
and controlled, min ly  
serving enterprises such a s  
co-operative and other 
comercial,  engineering, 
architectural and technical 
servic6s, research and 
sc ient i f ic  ins t i tu t ions /  
firms n.e.c. (including 
some "PNP ins t i tu t ions  and 
associationst1 serving 
enterprises - see FM $$ 
87, 90: 

Total Unesco 
General service 
sector 

General Units wholly or min ly  
controlled and financed 
by the business enterprises 
performing R&D fo r  the 
general benefit of the 
economy or society 
(probably very few unit  S ) . 

Units wholly or  
minly  government 
controlled ami 
f inanced,perfodl  
R&D fo r  the genera 
benefit of the ecc 
now or  society 
(includes mst of 
1s1c g ) . 

Units wholly o r  
mainly PNP con- 
t ro l led  and finan- 
ced, performing 
R&D for  the general 
benefit of the eco- 
nomy o r  society 
( i . e .  a l l  OECD PNP 
sector l e s s  uni ts  
in  the box above) . 

No units  
service 
sector 

Ib ta l  Unesco 
qigher d u c a t  ion 
sec t o r  

m r n A L  

U 0  units Vi, uni ts  

Potal OECD Business 
3nterprise sector 

rota1 OECD 
;overnment sector 



Unesco 
mua1 
reference 

Main concept ~ n e s c o  terminology/ OECD terminology/ 
category category 

Classification 
by f i e ld  of 
ac t iv i ty  

Productive sector 
7 intemated and 

h s h e s s  enter- (FM 91 
m i s e  sector 

non-iGtegrated R&D ) For an inst i tu-  
classif icat ion by t ional  analysis 
branch of economic in OECD surveys of 
ac t iv i ty .  this sector, a 

detailed industr ial  
c lassif icat ion 
based on I S I C  
categories is 
prop0 sed 

Agriculture, 
hunting, forestry 
and fishing 
( I S I C  1) 

Agriculture ( I S I C  1) 

Mining and quarrying Mining (ISIC 2) 
( extracting 
industries) 
(ISIC 2) 

M u f a c  turing 
industries 
(ISIC 3) 

Manufacturing industries 
(ISIC 3) broken down by 

- Electrical machinery 
- Electronic equipment 

and components 
- Chemicals 
- Drugs 
- Petroleum refining 
- Aerospace 
- Motor vehicles 
- Ships 
- Other transport 

equipment 
- Ferrous metals 
- Non-ferrous metals 
- Fabricated metal product: 
- Instruments 
- Office and computing 

machinery 
- Machinery n.e.c. 



Unesco Main concept Unesco terminology/ OECD terminology/ 
Ivlanual category category 
reference 

v.3.1 
(cont. > 

Classification 
bv ma.ior socio- 

- Food, drink and tobaccc 
- Textiles, footwear and leather 
- Rubber and p las t ic  products 
- Stone, clay and glass  
- Paper and printing 
- Wood, cork and furniture 
- Other manufacturing 

U t i l i t i e s  (ISIC 4 )  U t i l i t i e s  ( I S I C  4 )  

Construction Construction (ISIC 5) 
(ISIC 5) 

Transport, storage Transport, storage and 
and comrmnication co~nunicat  ion 
( I S I C  7) (ISIC 7)  

Other - Scientific and engineering 
(ISIC 6,8 and that services (ISIC 8324, 9323) 
part  of 9 not 
included i n  the - Other (ISIC 6, 8 n.e.c., 
Higher education 9 n.e.c.) 
and the General 
service sectors) 

Higher education OECD no longer recommends a 
and General service specific classif icat ion f o r  
sectors the Government sector 
Classification by (FM 103). A c lass i f ica t ion  
f i e l d  of science by f i e l d  of science and 
and technology technology compatible with 

the Unesco f i e l d s  is recom- 
mended f o r  the OECD Higher 
education and PNP sectors 
(FM S•˜ 113, 119) 

economic aims 
or objectives 

Exploration and 
assessment of the 
earth,  the seas and 
the atmosphere 

Exploration and (m S 342) 
exploitation of the  
earth and atmsphere 

minus 

- fundamental investi-  
gation in meteorology, 
geology and hydrology 

plus 

- R&D on satellites 
f o r  meteorology 
and earth resources 
surveying 



Unesco Main concept Unesco terminology/ OECD terminology/ 
rvlmual category category 
reference 

R e m k s :  According t o  the Unesco Mmml, furda- 
mental investigation in meteorology, geology ard 
hydrology, etc .  should be included under "General 
advancement of knowledge". In the OECD classi- 
fication, R&D on satellites fo r  meteorology, etc., 
are t o  be included W e r  V i v i l  space", so that, when 
reporting t o  Unesco, i n  order t o  arr ive at the 
category wExploration and assessment of the earth, 
the seas and the atmosphere", data fo r  flmdamental 
investigation i n  meteorology, geology and hydrology, 
etc .  should be deducted from the OECD c lass  "Explo- 
rat ion ard exploitation of the earth and atnosphere", 
whilst data fo r  R&D on s a t e l l i t e s  for  meteorology, 
etc .  should be added, having been extracted from 
the OECD class nCivil'spacen. 

Civil space Civil  space (m •˜ 344) 

minus 

- the use of space 
vehicles fo r  
cornmmication, 
meteorology, 
navigation, earth 
resources 
surveying, e tc .  (*) 

Remks:  I n  order t o  be aligned t o  the Unesco 
definition, these above-mentioned ac t iv i t i e s  (* ) 
need t o  be extracted from the OECD concept and 
should be assigned t o  the appropriate Unesco aim. 

Development of Development of (FM 334) 
agriculture, agriculture, 
forestry and forestry and 
fishing fishing 

plus 

- food processing and 
packaging industries 

- veterinary medicine 

Remarks: Veterinary medicine is not mentioned i n  the 
Frascati  Manual, but Unesco specifies its inclusion 
in this category. In the OECD classif icat ion food 
processing and packaging industries are found under 
"Promotion of industrial development" . 



Unesco M a i n  concept Unesco terminology/ OECD terminology/ 
Manual category category 
reference 

v.4 
(cont. 

Promotion of 
industr ial  
development 

Prmotion of (m •˜ 335) t 

industr ial  
development 

minus 

- food processing 
and packaging 
industries 

- R&D on banking, 
insurance and 
other comercial 
services 

Remarks: In order t o  ar r ive  at the Unesco category, 
i n f o m t i o n  fo r  the following ac t i v i t i e s  needs t o  be 
extracted from th? OECD class and included under other 
Unesco classes as follows: 

food processing and 
packaging industries to: "Development of agriculture, 

forestry and fishing'' 

R&D on banking, insurance 
and other comercial  
services to: 

R&D on pharmaceuticals 
t o  : 

Production, 
conservation and 
distr ibution of 
energy 

Development of 
transport and 
comrrunicat ion 

"Social development and soc io- 
economic servicesn 

"Development of health services". 

Production ard 
rat ional  use of 

(m •˜ 336) 

energy 

Transport a& (FM •˜ 337) 
telecommunication 

plus - 
- R&D on s a t e l l i t e s  

for  telecommuni- 
cation purposes 



Unesco Main concept Unesco terminology/ OECD terminology/ 
Ivhnual category category 
reference 

V.4 Remrks: In the OECD classification, R&D on 
(cont. ) s a t e l l i t e s  for  teleco~r~nunication purposes 

would be U e r  "Civil spacev. 

Development of There is  no such 
education services separate objective 

i n  the OECD 
classif icat ion 

Remrks: For OECD this objective would seem 
t o  be included in the objective "social 
development and servicesn (FM 341) ; it 
should therefore be extpcted  and shown 
separately. 

Development of Health (excl. (FM 340) 
health services pollution) 

plus 

- R&D on p m -  
ceut i ca l s  

- Ehvironmental 
impact on health 

Remarks : In the OECD classification, R&D on 
pharmaceuticals is included m e r  Promotion 
of industr ial  developmentTT and the environ- 
mental impact on health under "Protection of 
the environment". These ac t iv i t i e s  must 
therefore be added t o  the OECD class "Health" 
in order t o  arr ive at the Unesco category 
?TDevelopment of health servicesn . 

Social development Social (m S 341) 
and socio-economic development 
services and services 

minus 

- development of 
education services 

plus 
- urban and rural  

planning, including 
environmental 
impact on h m  
settlement 

- R&D on banking, 
insurance and other 
cammercial services 



Une sco 
Mmual 
reference 

v. 4 
(cont. ) 

Main concept Unesco terminology/ OECD terminology/ 
category category 

Remarks: The development of education services is a 
specific major aim i n  the Unesco classif icat ion and 
should therefore be shown separately. "Urban and rural 
planning'l is a separate objective in the OECD classi-  
f icat ion (FM fj 338). In the OEO classification, R&D 
on banking, insurance, etc. ,  is included under "Promotion 
of ixdustrial development1' and must therefore be 
subtracted fYom that class  and added t o  the OECD class 
"Social development and services1' . 

Protection of the Protection of the (FM 339) 
environment environment 

minus 

- environmental 
impact on health 

- environmental 
impact on humn 
setklement 

Remarks: For Unesco c lass i f i ca t ioq the  environmental 
impacts on huntan settlement and health should be 
respectively included under ''Social development and 
socio-economic services1' and "Development bf health 
services" . 

General advancement General (FM S 343) 
of knowledge advancement of 

howledge 

plus - 
- fundamental 

investigation 
i n  meteorology, 
geology and 
hydrology, e tc .  

Remarks: In the OECD classification,flu?damental 
investigation i n  meteorology, geology and hydrology, 
e tc  . , would be included under "Exploration and 
exploitation of the earth and atmosphere". 

Other aims No separate 
objective i n  the 
OECD classif icat ion 

Defence Defence 



A comparison of the concepts presented in the Manual with 
corresponding concepts used in the CMEA system (1) 

This Appendix is primarily intended fo r  the guidance of the Unesco 
Member States wich also report t o  the CMEA; it w i l l ,  however, also be 
useful fo r  other Member States interested in comparing t he i r  national R&D 
concepts with those reconmended fo r  use by the Member countries of CMEA. 
A s  in the case with the m j o r  part of the Unesco Bknual, so also t h i s  
Appendix i s  primwily concerned with R&D. The concepts are set out an3 
compared in tabular form and presented in the same order as in the I%nual 
with the chapter and section references fo r  ease of identification. 

Manual Main  concept Unesco terminology/ CMEA terminology/ 
reference category category 

Research and 

development 

Research and experi- -Research and experi- 
mental development mental and des- 

ac t iv i t i e s  (REDA) 

Scientific research No such corresponding 
ac t iv i t i e s  broad category 

FurarZamental research Fundamental research 

Applied research Applied research 

Experimental development Experimental ard designing 
works 

Remarks: !be basic definitions of R&D and the subcategories 
of R&D are  practically the same in  both muals; however, 
whilst Unesco specifically mentions that  the practice is t o  
include defence R&D i n  the s t a t i s t i c a l  measurement, no such 
statement appears in the CMEA document, as it is not an 
ac t iv i ty  which is measured separately (although such ac t iv i ty  
could be deduced as being included i n  "other national economic 
sectorsf1) . 

'l' Based on the m a i n  inj icators  of the volume and structure of research 
and experimental and designing ac t iv i t i e s  as se t  out in "Stat is t ics  on 
Science1', Basic Methodological Concepts on Sta t i s t ics ,  Vol. 11, bscow, 
ClGA, 1980, pp. 356-383 and &in Indicators of the Volume and Structure 
of Research and Experimental and Designing Activities of the CMEA Countries, 
Moscow, CMEA, 1974. 



Manual 
reference 

I11 

Main concept Unesco terminology/ CMEA terminology/ 
category category 

No d i rec t  corresponding 
concept 

R&D personnel The R&D personnel (A)  There is  no correspordence 
should include: as such although it could 

be assimilated to -  the to ta l  
- persons working number of persons employed 

d i rec t ly  on R&D in FEDA organizations (B) 

- persons providing minus 
d i rec t  services t o  
R&D (knagers ,  those persons not direct ly 
administrators, engaged in R & D x t  i v i t i e s  
secre tar ia l  and e.g. in ins t i tu t ions  of 
c l e r i ca l  staff) higher learning, and those 

not providing d i rec t  services - 
t o  such a c t i v i t i e s  (n.b. those 
providing d i rec t  servlces t o  
R&D should be included) ( C )  

e .  A = B - c 7  - - 
Remks :  For Unesco, persons providing irrj irect services t o  R&D 
should be excluded from the measurement of R&D personnel. This 
applies i n  sow cases t o  some CMEA wasurements. The labour 
costs of such persons should, however, be included as overhead 
in other current costs  which would seem t o  be the case f o r  CMER 
which includes a l l  "outlays f o r  maintenancew . The Unesco Manual 
s t a t e s  expl ic i t ly  tha t  a l l  residents in a country, nationals a s  
well a s  non-nationals, should be included i n  the measurement. 
Personnel employed by international organizations should be 
excluded. No corresponding statement i s  included in the CMEA 
document. If in applying the CMEA methodology, it is not possible 
t o  extract the specific group of persons under consideration the 
i n f o m t i o n  should be suitably foot-noted. 

Classification 
by type of 
work and 
aualification 

Scient is ts  and Researcher or research worker 
engineers ( i . e . ( i n  certain sectors of the 
researchers and econoqy the term sc ient i f ic  
ass is tant  worker m y  be used) 
researchers ) /R. B. Those persons possessing 

the appropriate qualifications 
providing d i rec t  services t o  
R&D (e.g. research adminis- 
trators/mnagers ) should be 
inc luded7 - 



Ivhnual 
reference 

Main concept Unesco terminology/ CMEA terminology/ 
category category 

Technicians No corresponding 
measurement 

Auxiliary personnel No corresponding 
measurement 

Remks:  The concepts f o r  F&D sc ien t i s t s  and engineers 
(Unesco(Unesco) and research workers (CMEA) would seem t o  
correspond, both taking into account forrral training or 
qualification and f'unction. However, in actual measurement, 
there m y  be some difference as Unesco includes those 
persons providing dilrect services t o  F&D which would not 
appear t o  be the case fo r  "research workers" (CMEA). In 
addition, in CMEA measurement not a l l  sc ient i f ic  workers 
in the higher education sector f o r  example m y  necessarily 
be undertaking research ac t iv i t ies .  A s  regards technicians 
and auxiliary personnel, fo r  CMEA those providing di rec t  
services t o  %D are not accounted fo r  separately, although 
those persons with a secordary specialized education (thus 
fo r  Unesco qualifying t o  be considered as technicians) 
employed i n  EFD inst i tut ions are measured. 

fi l l-t ime 
personnel 

No corresponding 
measurement 

Part-time personnel No corresponding 
measurement 

Full-time equivalent No corresponding 
measurement 

Remarks: The CMEA concept does not make any dist inct ion 
between fill-time and part-time ac t iv i t i e s  i n  F&D. The 
CMEA measurement of research workers would correspond t o  
the Unesco measurement "full-time plus part-time" and i f  
this data is provided it should be appropriately foot- 
noted. In order t o  achieve international comparisons of 
the volume of real time devoted t o  %D, an attempt should 
be made t o  apply some conversion ra tes  particularly i n  
the case of sc ient i f ic  workers in the higher education 
sector who devote an important amount of the i r  time t o  
ac t iv i t i e s  other than B D .  



Manual 
reference 

III.4 

Main concept 

Classification 
by level  of 
education and --- 

f i e ld  of s ~ u d y  

Unesco terminology/ 
Category 

Level of education 

Third level  degrees 
of university type 
( I S 0  6-7) 

Third level  diploms 
of non-university 
type (IScfiD 5) 

Diploms at the 
second level  second 
stage ( ISCED 3) 

Other qualifications 
(ISCED 1, 2. 9) 

CMEA terminology/ 
category 

Levels of education 

Higher education (with or  
without learned t i t l e s )  

Diplornas of special secon- 
dary education including 
from professional technical 
schools lltechnicmll 

Diploms of general 
secondary education 
(mm 3 )  

No corresponding category 

Remarks: It m y  be noted tha t  t h i s  theoret ical  correspondence - 
1s not applicable in r e a l i t y  a s  i) diploms of special secondary 
education i n  the CMEA system do not necessarily correspond t o  
ISCED level  5 and ii) data concerning diplom-holders of general 
secondary education ISCED level  3 are  not collected in connection 
with S&T s t a t i s t i c s  in the CMEA system. 

Fields of study No corresponding c lass i f i -  
cation (CMEA i s  not concerned 
with the f i e l d  of qual if i -  
cation) 

Remks :  CMEA measures research workers each year according 
t o  branch of science of t h e i r  present ac t iv i ty  (every f ive  
years it is specif ical ly concerned with those with a sc ien t i f i c  
degree, distinguishing between doctors candidates of science). 
It m y  be noted that the f i e lds  of science (of current ac t iv i ty )  
correspond t o  those specified by Unesco as f i e l d  of science o r  
technology under f i e l d  of ac t iv i ty  (chapter V, i t e m  3.2). In 
the absence of a dis tr ibut ion of research workers by sc ien t i f i c  
f i e l d  of qualification, t h e i r  dis tr ibut ion by f i e l d  of current 
ac t iv i ty  could be considered as an approximtion. 

Other 
c lass i f  icat iors  

Classification by 
occupation according 
t o  ISCO (suggested as 
a possible c lass i f i -  
cation in the long- 
term development of 
science s t a t i s t i c s )  

No complete corresponding 
c lass i f ica t ion  as classi-  
f ica t ion  by occupation is 
treated only with regard 
t o  personnel in  univer- 
s i t i e s  and ins t i tu t ions  of 
higher learning 



h u a l  Main concept Unesco terminology/ CNEU terminology/ 
reference category category 

111.5 .l 
(cont. ) Remarks: This correspondence can only be applied in 

part, fo r  the relevant sector (higher education), as 
CMEA only measures the occupation of teaching staff 
a t  universities and ins t i tu t ions  of higher education 
distinguishing separately from those in the national 
economy, those engaged in research, showing professors, 
docents, others. 

Classification by Classification by 
nationality, age and age and sex 
sex 

Remarks: Unesco proposes this classif icat ion fo r  
sc ient is t s  and engineers ad f o r  technicians whilst 
CMEA only uses this classif icat ion fo r  research workers, 
irrespective of nationality, so that any data provided 
on this basis should be suitably footnoted. 

111.6 Scientific 
and technical 
rranpower 
uotential 

Total stock of No corresponding concept 
qualified mpower in the CMEA document 

Number of economically Number of special is ts  
active qualified employed in the 
=power national economy 

Remks:  The Unesco concept of economcally actlve 
qualified nrvlpower covers the relevant persons engaged 
in or actively seeking work at a given reference date 
(and therefore includes those persons temporarily 
registered a s  unemployed). The CMEA concept measures 
those "employedn. However, a p r io r i  there is no 
unemployment in the CMEA countries, so that these two 
measurements can be considered as comparable. For the 
different  levels of scient if ic  and technological mpower 
potential, see the correspondence keys -er 111.4.1 
above. Note: The term "specialist" as mentioned here 
fo r  CMEA is  t o  be interpreted as meaning those persons 
with a higher education and with secondary specialized 
edmation; the corresponding data f o r  ISCED levels  5-7 
w i l l  be found in the s t a t i s t i c s  under item "labour and 
wages" . 



Manual Main concept Unesco terminology/ CMFA terminology/ 
reference category category 

IV.2 Expenditure 
for  R&D 
a c t i v i t i e s  

TV. 2.3 

Reference year Not defined as a concept 
but mentioned i n  practice 

Remks :  The Unesco Ivlvlual specifies that if  the period of 
1 2  consecutive months car r ies  over from one calendar year t o  
the next, the year in  which the  period s tar ted  i s  t o  be taken 
a s  the reference year. The CMFA document specif ies  those 
measurements t o  be done on an annual basis; f o r  persons and 
ins t i tu t ions  the measurement is taken a t  the end of the year 
under review w h i l s t  expenditures should r e l a t e  t o  the year 
under review. In practice one could consider the neasuremnts 
as corresponding. 

Intramural expenditure Intramural expenditure 

Remks:  The Unesco Manual recommends that the measurement 
of R&D expenditure should include only intramural expenditure 
a t  the ins t i tu t ional  level,  i n  order t o  avoid double-counting 
when aggregating a t  the national data collection level.  CMEA 
specifies that  only "real" expenditures f o r  R&D should be 
measured irrespective of source of funds, so that double- 
counting should be avoided when aggregating at the national 
data collection level .  

Extramural e x p e n d i t w  Jot  specified 

Total domestic expen- No specific category 
di ture on R&D indicated 

R e m k s  : See rermrks t o  TV. 2.1. For CMEA the nationaJ- 
ageregate of "real" expenditures would correspond t o  TV.2.3 
though there is  no such definition. The Unesco concept 
excludes expenditure spent abroad as a part  of developmnt 
a id .  

Current expenditure Current expenditures 

- Labour costs - Wages and sa lar ies  

- Other current costs - k t e r i a l  inputs 

minus - 
depreciation 

Capital expenditure Capital investments 

- Expenditure on - Expenditure on 
mj or equipment equipmnt . tools  



Mual &in concept Unesco terminology/ CMEA terminology/ 
reference category category 

Remarks: The definitions fo r  a l l  these concepts correspond, 
the only difference being that Unesco proposes that  depre- 

- ciation be excluded f m m  the measurement, whilst i n  the 
CMEA documnt the concept of "material inputs" includes 
depreciation of fixed assets  and other outlays. The problem 
with "labour costs" is that  f o r  Unesco, these expenditures 
should re la te  only t o  personnel engaged in R&D (expenditures 
fo r  personnel providing only indirect services fo r  R&D should 
be excluded and i n  f ac t  included under "other current costs") 
and should be computed according t o  the concept of fil l-t ime 
equivalence (please see para. IV.3 .l .l, p. 49) whilst for  
CMEA "wages and salaries" covers a l l  personnel employed i n  
the RED organizations and units. If the Unesco concepts 
cannot be adhered to, this shquld. be explained i n  a footnote. 

IV.4 Classification 
by source of 
m s  

- Other capital  - Expenditure on 
expenditure construction M 

erection ac t iv i t i e s  

Government State budget 

Productive enterprise ) 
and special funds ) 

Foreign Other 

Other ) 

Rerrarks: The Unesco Manual recomnds that  data should 
be given, i f  possible, according t o  the original source 
of funds, not taking intermediary organizations into account. 
CMEA proposes only two categories, State  budget and other 
funds. If data are  available separately fo r  Technical and 
economic progress fund, these should be reported under 
productive enterprise and special funds. 

V.1.2 Basic statis- 
t i c a l  unit 

An es tabl ishent-  No specific concept is 
type unit  i f  possible proposed; Pkmber 

countries a re  f'ree t o  
define the i r  units in  
keeping with the 
national peculiar i t ies  
of organized research 
and the accounting 
system. In m n y  cases 
this would correspond t o  
an enterprise-type unit .  



Manual k i n  concept Unesco terminology/ CMEA terminology/ 
reference category category 

V. 2 Classification 
bllr sector of 

Remks :  The CMEA scheme does not suggest a breakdown by 
sector of performance, but distinguishes the different economic 
sectors; following the MPS, the breakdown is  a c t i v i t i e s  within 
the sphere of mterial production and the non-material sphere. 
Grossly, the "sphere of m t e r i a l  prcduc tion" ( including i n  part i- 
cular the independent research ins t i tu tes  of the branch 
ministries) corresponds t o  the productive sector whilst the 

"-* 

"non-mterial sphere" (with one exception) corresponds t o  the 
higher education and general service sectors.  These a c t i v i t i e s  
can re la t ive ly  eas i ly  be rearranged t o  correspond essent ial ly 
t o  the Unesco c lass i f ica t ion  by sector of performance as follows: 

Productive sector All independent and non- 
independent FIED units  act ive 
i n  one of the following 
branches of the national 
econoqy : 

- industry 
- construction 
- agriculture 
- forestry 
- transport 
- conmimication 
- trade, m t e r i a l  and technical 

supplies and procurements 

plus - 
other a c t i v i t i e s  in the 
sphere of m t e r i a l  
production (including 
e .g. independent 
research ins t i tu tes  of 
the branch ministries) 

- finance, c redi t  and 
insurance (from the 
non-material sphere) 

- Integrated R&D Non-independent REXI units in  
independent and non-independent 
industr ial  enterprises 

- Non-integrated R&D - Independent research units 
of the various branch 
ministries ( i . e .  those 
c lass i f ied  under "science 
and sc ien t i f i c  services" ) 



Manual Main concept Unesco terminology/ CMfA terminology/ 
reference category category 

v.2.1 
(cont. ) 

Higher education - 
sector 

General service - 
sector 

Non-independent research 
units  whose main 
ac t iv i ty  is only 
indirectly linked t o  
production ( i .e .  those 
classif ied under "other 
national economic 
sectorsain the material 
sphere ) 

Universities and 
ins t i tu tes  of higher 
learning ( flVuzyfl ) 

Health protection, 
social security and 
physical culture 

Education, culture 
and arts 

minus 
the universities and 
ins t i tu tes  of higher 
learning ( see above ) 

Academies of sciences 

- Other non-indeperacient 
(governrent) ac t iv i t i e s  
i n  the non-mterial 
sphere 

minus 

finance, credit  and 
insurance 

Remks:  Whilst the aggregated data f o r  the productive 
sector would seem t o  correspond t o  data rneasured in the 
CMEn scheme, the subdivision corresponding t o  integrated 
and t o  non-integrated M D  categories would seem more 
problemtical as the independent science research 
ins t i tu tes  ami other e s t a b l i s h n t s  concerned are  included 
under the CMEA economic branch ffscience and scient if ic  
services" and, other than Academy of sciences, a re  not 
measured separately, and not classif ied by econamic 
sectors. 



Manual M a i n  concept Unesco terminology/ CMEA terminology/ 
reference category category 

V. 3 Classification 
by f i e ld  of 
ac t iv i ty  

Remarks: A s  has been explained above the CMEA scheme does not 
suggest a sectorial  breakdown. The national data are broken 
down in to  economic branches and within these branches by f i e lds  
of science and technology so tha t  there i s  no close corres- 
pondence although an approximation m y  be obtained by a 
regrouping and adjustmnt of the data. The inf 'omtion provided 
should be suitably footnoted regarding the coverage or the 
exclusion of some data. 

Productive sector No di rec t  correspondence 
(classif icat ion by 
branch of economic 
ac t iv i ty)  

Remarks: For Unesco, the classif icat ion by branch of economic 
ac t iv i ty  i s  used in both the subgroups: R&D ac t iv i t i e s  integrated 
with production and R&D ac t iv i t i e s  not integrated with production. 
In the CMEA scheme, a l l  RED ac t iv i t i e s  are  classif ied by economic 
branches but some ac t iv i t i e s  which fo r  Unesco should be broken 
down into industry groups a re  grouped under the economic branch 
"science and scient if ic  servicesn fo r  CMEA. Thus only a pa r t i a l  
correspondence can be established. 

The number of research workers in RED organizations and expenditwe 
fo r  REDA can be classif ied as follows: 

Unesco scheme CMEA scheme 

Agriculture, hunting, - Agriculture 
forestry, fishing - Forestry 
(ISIC 1) 

Manufacturing ) 1 - ~ r d u s t r y  
industries ( I S I C  3) ) 

) 
Uti l i t i e s  (ISIC 4 )  ) 

Construction ( I S I C  5) - Construction 

Transport, storage, - Transport 
communications - Cormnunication 
(ISIC 7) 
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reference category category 

V.3.1 
(cont. ) 

Other (ISIC 6, 8 - Trade, material and 
and part  of 9) technical supplies 

and procurements . 

- Finance, credit  and 
insurance 

These groupings could be considered as broadly corresponding 
t o  in tepa ted  R&D act ivi t ies ,  as the higher education sector, 
the general service sector and the independent research units 
of the branch ministries are not included. 

A s l i e t l y  different CMEA classif icat ion could be used fo r  
non-independent RED units in industrial enterprises, but 
the data could only be shown for  the Unesco groups ISIC 2, 
3 an3 4. 

Higher education A correspondence is 
and General service possible as the f i e lds  
sectors of science a re  similar 
Classification by 
f i e ld  of science 
and technology 

Remarks: In the CMEA scheme, the number of research workers 
 organizations are  measured witkin the national economic 
sectors by branches of science. These branches of science 
- natural sciences, engineering sciences, medical sciences, 
a g i c u l t u r a l  sciences and social sciences (and humxities ) 
can be considered as closely corresponding. This breakdown 
can be obtained direct ly fo r  the areas corresponding t o  the 
Unesco Higher education sec to r  ( see V. 2.2) ; however, f o r  
the General service sec tor ,  some arithmetical adjustments 
w i l l  be necessary t o  arr ive at aggregated data (see V. 2.3) . 

Classification 
by m j o r  socio- 

No corresponding 
classif icat ion 

economic a i m s  
or objectives 



This index does not claim t o  be exhaustive. It has been prepared with the  
purpose of f a c i l i t a t i n g  t he  task  of the  layman when r e f e r r i ng  t o  the  Manual 
and thus  the  comprehension of statistics on s c i e n t i f i c  and technological 
a c t i v i t i e s ,  and more par t icu la r ly  those on R D .  

Abroad: 48, 52, 106 Categories of:  expenditure, 48; funds: 51; 
personnel : 36 et  seq. , 78, 79; R&D: 19 et 
seq., 72, 73, 82; STA: 17; STS: 30 et  seq. ,  
73, 74 

Act iv i t ies ,  Categories of:  75; 
R&D: 79-21 ; S&T: 17; t o  be excluded 
from R&D: 18, 22, 26; t o  be excluded 
from S&T: 17, 18 

Activity, Economic: 60, 78 Classif icat ion by: age: 43, 80; f i e l d  of 
study: 41, 79; f i e l d s  of a c t i v i t y :  61 e t  seq. ,  
77, 78; l eve l  of education: 40, 89 e t  seq . , 
l ,  118; major s o c i o - e c o n d c  aims: 63 et seq. , 
82; nationali ty:  43, 80; occupation: 42, 80; 
sec tors  of performance: 56 et seq., 79; 
sex: 43, 80; source of fund3: 50 et  seq., 82; 
type of expenditure : 48 e t  seq . , 8 1 

Activity, Types -of:  R&D: 20, 21; STET: 30; 
STS: 30 e t  seq. ;  Fields of:  61 et seq., 75 

Administrators: 38, 48 

Administrative staff: 37, 49 

Age character is t ics  of personnel: 43, 80, 
81, 85, 86 

CMEA: 11; concepts: 115 et seq. 

COINS: 11 
Agricultural sciences: 41, 62, 77, 80 

Collection of s t a t i s t i c a l  data:  l eve l  of d e t a i l :  
83, 84 et seq. ; periodici ty:  83, 84 e t  seq. Aims, major socio-economic: 63, 82, 87; 

compared with OECD: 110-114 
Costs, labour: 49; other current: 49 

Coverage of :  R&D: 17, 72, 83; STA: 17, 72, 84 

CREST/ 10 

Annual expenditure: 47, 74 

Applied research: M,  73; examples in NS: 
22-24 ; examples in SSH: 24, 25 

Auxiliary personnel: 37, 49, 79 Current ekpenditure : 48, 49, 8 1 , 85-87 

Basic research: 20 

Basic s t a t i s t i c a l  unit :  55, 60, 83 Depreciation: 50 

Borderline cases of experimental develop- 
ment and industry: 29 

Distr ibution of goods and services;  17 

Domestic expenditure: 48, 75 
Boundaries of R&D: 27-29; of m j o r  equip- 

ment and other current costs:  49, 50 

Branches of economic ac t iv i ty :  60, 78 Economic a c t i v i t y ,  branch of: 61, 78 

Budgetary funds: 46 E c o n d c  branch: CMEA concepts, 124 

Buildings: 49, 50 Econcmically ac t ive  qualif ied =power: 
43, 44, 81, 84 

Business enterprise sector:  106-1 10 
Education and training as an STA: 30 

Capital expenditure: 50, 85, 86 EEC: 10, 63 



European Economic Cornunities (EEC) : 10, 63 Funds, source of : 85-87 ; classification of : 
51 et seq., 82; compared with CMEA: 121 ; 
compared with OECD: 105, 106; foreign: 52: 
government: 51; other: 52; productive 
enterprise: 51; TEPF: 51 

Engineering and technology: 4 1, 62, 77, 79 

Enterprise funds: 51 

Enterprises: 55; -type unit: 55 

General Public University funds (GUF): 105, 106 Equipment: mjor: 50; minor: 49, 50 

General service sector: 59 et seq . , 60, 6 1 , 62 ; 
compared with CMEA: 123; canpared with OECD: 107 

GERD; 104 
GNERD: 104 
Government funds: 51, 82 

Government sector: 107, 108 

Establishment-type unit: 55, 83 

Exclusions from: R&D: 22, 26, 27, 28, 34, 35; 
STA: 17, 18, 34, 35 

Expenditure : 47 et seq . , 85-87; Annual : 74; 
Capital: 50, 81; current: 48, 49, 81; 
depreciation: 50; danestic: 48, 75; extra- 
mural: 47, 75; intrannaral: 47, 48, 75, major 
equipment: 50; other capital: 50; other 
current: 49; by type of R&D activity: 52, 85; 
by type of STS: 86 

Gross danestic expenditure on R&D (GERD): 104 

Gross national expenditure on R&D (GNERD): 104 

Experimental and designing works: 1 15 GLF, Public: 105, 106 

Experimental development: 
definition: 21, 73; boundaries with industrial 
product ion : 29 ; distinction from fundamental 
and applied research: 21; examples in the NS: 
22-24; examples in the SSH: 21, 24-25 

Guide to the collection of statistics on science 
and technology: 15 

Headcount vs FTE: 35, 38 

Higher education sector: 59, 60, 61, 62; 
compared with OECD: 106, 108, 110 Field of activity: 61 et seq., 85, compared with 

CMEA scheme: 124, 125; canpared with OECD 
scheme: 109, 110 Holders of diplanas: 36 

H m  resources for SAT : 43 et seq . , 8 1 , 84 Field of qualification: 79, 84, 85 

Fields of science and technology: 62, 63, 77 Humanities and social sciences: 17, 41, 62, 63, 
77, 80 

Financial resources: 46; actual expenditure: 46; 
appropriations: 46 

Industrial production: 17, 29 

Industry groups: 6 1. 78, 94 et seq. 
Input of STA: 16, 34, 54 Foreign funds: 52 

Form1 qualification: 36, 37 Installations and equipment: 50, 88 

Frascati Manual: 10, 15 Institutes carrying out STA: 55, 57 

Institutes serving productive enterprise 
sector: 57, 58, 59 

FTE: 39, 40, 74 
Institutional classification: 55 et seq. 

Full-time: 38, 39, 74 
Institutionalization of STA: 18 

Full-time equivalent: 39, 40, 74 
Instruments, minor and machinery: 49, 50 

Functional classification: 35, 54 
Integrated and non-integrated R&D: 58, 59; 
compared with W: 122; canpared with 
OECD: 108 

Functional distribution: of R&D: 57; of S&T: 56 

Fundamental research: 20, 73; examples in the 
NS: 22-24; examples in the SSH: 24-26 Integration levels: 58 

International organizations: 35, 48, 52, 55, 75 

Funding: of R&D: 46, 48, 51, 52, 64, 82, 85; of 
STS: 82, 86-87 

International Standard Classification of 
Education (ISCED 1 : 30, 40-42, 63, 68, 89 et 
seq . 

Funds, public: 51, 64, 82, 



International Standard Classifications of 
Occupations (ISCO) : 42, 68 

International Standard Indus t r id  Classification of 
a l l  Economic Activities (ISIC): 61, 62, 68, 94 e t  
seq., 109-110, 124, 125 

ISCED: 30, 40-42, 63, 68, 89 e t  seq. 

ISCO: 42, 68 

ISIC: 61, 62, 68, 94 e t  seq., 109-110, 124, 125 

Intramural expenditure: 47, 48, 75, 85-88; classi- 
fication of: 48 e t  seq., 81 

Labour costs of personnel: 49 

Land and buildings: 49, 50 

Level of education: 40; ccmpared with CMEA: 118; 
canpared w i t h  OECD: 101, 102 

Level of qualification: 40 

Levels of detai l :  9, 83, 84 e t  seq. 

Local government: 51 

k jor socio-economic ai.ms/Ob jectives : 63, 82, 85, 
87; compared with OECD concepts: 110 e t  seq. 

Manpower: qualified: 43; R&D: 44; S&T: 43; 
S&T potential: 43, 81 

Man-years: 40 

Measurement of S&T personnel: 38, 39; of labour 
costs for S&T personnel: 49 

Medical sciences: 4 l ,  62, 77, 80 

MPS (System of Balances of the National Economy: 
12, 57 

NABS: 10 

National ac t iv i t ies  i n  R&D: 63; in  R&D and STS: 82 

National aggregates: 54, 55; expenditure: 47; 
personnel: 34, 35 

Nationality: 34, 43, 80, 85, 86 

Natural sciences (NS): 41, 62, 77, 79 

Nomenclature for the Analysis and Comparison of 
Science Programmes and Budgets (NABS) (EEC): 10 

Non-integrated R&D, STA: 58, 59, 60 

Nordforsk: 11, 63 

Nordic Enanual: 11 

NS: 17, 19 

Objectives, m j o r  socio-economic; 
compared with OECD: 110 e t  seq. 

Occupation: 42, 88 

OECD: 10; concepts: 99 e t  seq. 

Other capital expenditure: 50 

Other current costs: 49 

Other funds: 52 

Other STA: see STET, STS 

Outputs: 16, 87 
Overhead costs: 34, 49 
Overtime work: 39, 40 
Own funds: 52 

Part-time: 38, 74 

Performnce-based reporting: 20, 

Periodicity of data collection: 15, 83, 84 e t  seq. 

Personnel: of RgD institutions: 84, 85; of S&T 
institutions: 34, 74, 86; administrative: 38, 49; 
arudliary : 37 ; categories: 36-38; classifications : - by f ie ld  of study: 41; by function, 36-38; by 
occupation: 37; by qualification: 36, 37, 40, 41 ; 
other classifications : 42; costs for: 49; coverage : 
74; definition: 34; FT, PT, FTE: 38-40; post- 
graduate: 38, 49; researchers : 36 ; scientists 
and engineers : 36 ; supporting s ta f f  : 37 ; 
technicians: 36 

P m :  11 

Pi lot  plant: 29 

PNB sector: 106, 108, 110 

Post-graduates: 30, 38, 49 

PREST: 10 

Private non-profit sector (PNB) : 106, 108, l10 

Production, industrial a s  STA: 29, 32 

Productive enterprise funds: 51 

Productive sector: 57 e t  seq., 60; compared with 
CMEA: 122 -124; compared with OECD: 107, 108 

Prototypes: 17, 29 

PT: 39, 74 

Public funds: 64 

Qualifications, as classification for  personnel: 35, 37 

Qualified nanpower: econanically active: 43-45, 84; 
stock: 43, 44, 84 



Recmendation Concerning the International Standar- SET: 74 
dization of S ta t i s t ics  on Science and Technology: 
9, 71 e t  seq. Sex: 43, 80, 84-86 

i REDA: 115 SNA (System of National Accounts) : 12, 57 

Reference year: 47, 74 Social sciences (and h m i t i e s  1 : 17, 41, 62, 63, 
77, 80 

q llRelatedu ac t iv i t ies  : 30-3 3, 84, 86 
Socio-econanic aims or  objectives: 63'et seq., 82, 

Reporting of s t a t i s t i ca l  inforration: 13, 20, 35, 38, 85-87 
45, 48, 51, 53, 83-87 

Source of funds: 50, 85-87; categories: 5 7 e t  seq. 
Research, Applied: 20, 73; in the NS: 22-24; in 

the SSH: 24, 25; Fundamental: 20, 73; i n  the Special funds: 51 
NS: 22-24; in the SSH: 24-25; distinction 
between research and experimental development: 21 =H: 17, 19 

Researchers: 34, 100, 116 STA definition: 17, 72; scope: 17 

R&D, definition of: 17, 72, in  the NS and the SSH: S t a t i s t i a l  unit: 55, 60, 83 
19, 72; ac t iv i t ies  excluded from RgD: 22, 26, 27, 
28; application of the resul ts  of R&D: 28; s n ~ :  9, 30, 33, 73 
boundaries between R&D and STS: 26, 27; between 
R&D and industrial production: 29; classification STD: 33 
of R&D: f ie lds  of S&T: 62, 77; industry groups: 
61, 78; objective: 63, 82; sector of performance: Stock: 43, 81, 84 
57 e t  seq.; type of act ivi ty:  19-22, 52, 73; 
distinguishing R&D from non-RgD: 22, 26 e t  seq. ; Structured research (or STA ) : 18 ' 
between R&D and application of their  results:  
27-28; between R&D and publications: 28; RgD and STS: 9,  30, 33, 73, 86, 87 
studies: 28; examples of RgD i n  the NS: 22-24, 27; 
in the SSH: 21, 24-26? 27; Funding of R&D: 46, Studies, R&D and: 28 
51, 52, 64; integrated and non-integrated: 58 

Supporting personnel: 34, 37 ; costs for: 49 

S&T institutions: 55 
System of Bdlances of the National Econany (MPS): 

12, 57 

Salaries and wages: 49, 81 System of National Accounts (SNA): 12, 57 

Scandinavian Council for Applied Research (Nordforsk): 
11  

Science s ta t i s t ics :  12 

Scientific and technical personnel: 34, 74; cate- Technical and Economic Progress m d  (TEPF): 51 
gories : 36-38, 78, 79; classifications: 35; 
f ie ld of study: 41; level of education: 40; other Technicians: 36, 37, 41, 77 
classifications: 42; type of work and qualifica- 
tions: 35 e t  seq.; definition: 34; labour costs Technology transfer: 87 
for 49; measurement of: 35, 38 e t  seq. 

TEPF: 51 
Scientific and technological ac t iv i t ies  (STA), scope: 

17 Testing of prototypes: 29,,32 

Scientific and technological services (STS ) ; cate- T r i a l  production: 17, 30 
gories of: 30 e t  seq. 

Type of R&D act ivi ty:  20, 21, 52, 73, 82, 85 
Scientific research act ivi t ies:  19; in the NS: 19; 

i n  the SSH: 19 

Scientists and engineers: 36,41,78; labour costs for: Unit of measure for personnel: 38 e t  seq. . 49 
Unit, statistical: 55, 60, 83 

Sectoral classification: 54 e t  seq. 

Sectors of performance: 56 e t  seq., 85-87; defini- 
tions: 57-60, 75, 76; general service sector: 60, 
61, 76; higher education sector: 59, 61, 76; pro- 
ductive sector: 57 e t  seq., 60, 76; CMEA concepts: 
122 , 123; CIECD concepts : 107, 108 




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

