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INTRCLUCTION

l.  The present decade has witnessed a major upsurge of industria) activity in
the developing countries of Africa, Asia and Latirn Ameriza, In these countries,
as in the more advanced ones, industrialization ig recognized as a primary avenye
to econcmic growth and development, Along with this recognition, and with the
adoption of a development programme based on it, zoes the need to establish op
strengthen certain industrial services designed to cater to, and thereby expedite,
the industrialization process. Industrial research and develcpment are amons: the
most important of these services,

2o Realizing the need to stimulate industrial research and develcpment activity
in the developing countries within an institutional framework, the United Netions,
through the Centre for Industrial Development in CO-operation with the Eureauy of
Technical Assistance Operations, und as rart of its continuing programme or
technical assistance to the developing countries, organized in 1964 an\Inter-
regional Seminar on Industrial Research and Development Institutes in eveloping
Countri_ey to provide a forum for a careful examination and discussion, on an
inter-regional scale » of the special problems and other aspects of the
organization and operstion of such institutes. Representatives of twenty-five
developing countriees participated in the Seminar; these representatives were
persons holding high positions of responsibility in the industrial activities

of their ccuntries and many possessed high professional and academic qualificaticns,

United Nations and its specialized agencies, and two representing private
industrial institutions. Eight expert consultants chosen by the United Nationg
from varicus geographical areas and three members from the Centre for Industrial
Peveloyment, including the Director of the Seminar, wer: also ir attendance,

5« 'The documents submitted to the Seminar represent s valuable fund of
information on the subject of industrial research and development institytes and
related topics reflecting the experiences of countries at varying stages of
economic develcpment. These documents consist of: (g) country reports prepared
by perticipants and dealing with various ag ¢ts of industrial research and
development in their respective countries; f;) discussion papers prepared by
expert consultants and observers; (c) working papers prepered by the Centre fop
Industrial Development; and (4) reference pepers prepared by the Centre for
Industrial Development, as well as by participants and expert counsultante,

4,  For the purpose of discussion, the proceedings were organized under three
broad caterories: (3) the concept and objectives of industrial research
instituter (b) industrial extension services; and (c) urganizational coner.pts
and problems., The report of the Seminar includes a number of conclusions and
recommendations that delineate possible areas of further action in this matter
by the United Nations , and specifically by the Centre for Industrial Pevelopment,
as well ag by the Governmente of the developing countries,




I. ORGANIZATICN CF THE SEMINAR

5. The United Nations Inter-regional Sewinar on Industrial Research and
Pevelorment Institutes in Ceveloping Countries was held from 30 November to

11 Tecember 1904 at the Industry Institute, Beirut, Lebanon. The Seminar was
sttended by forty-eight participants and observers from Algeria, Argentina, Austria,
Ceylon, Colombia, Czecheslovakia, Federal Republic of Germany, France, Ghana,

India, Indonesia, Iran, Iraq, Italy, Lebanon, Litya, Madagascar, Malaysia, Mexico,
lletherlands, Nigeria, Poland, Pakistan, Fhilippines, Saudi Arabia, Sudan, Syria,
Thailand, UYnion of Soviet Sccialist Republics, United Arab Republic, United Kingdcm
ol' Great Britaln and Northern Ireland, United Republic of Tanzania, Upper Volta and
Zambia; and frcm the Econcmic Commission for Africa, the United Nations Special
Fund, the International Labour Organisation, the Food and Agriculture Organization
¢f the United Nations, the United Nations Educational, Scientific and Cultural
(rpanization, the Bettelle Memorial Institute and Arthur D, Little, Inc, Eight
expert consultants and three members of the United Nations Headquarters staff also
were present, 1/

G,  The welccming address was given by the Honorary Creirmen, H.E. Najib Salha,
Minister of Planning of Lebancn. g/

7. An openin; statement was then reed for I.H, Abdul-Rahman, Commissioner of the
United Nations Centre for Industrial Cevelopment, by Azmi Afifi, Special Technical
Adviser, Centre lor Industrial Devcloyment, and Director of the Seminar, 2/

t+  The Seminar unanimcusly elected the following officers:

(u) E. lartey (Ghana) as chairmen, and M, Taslimi (Iran) as rapporteur,
for the discussion on the concept and objectives of industrial research institutes:

(b) S, 5iddiqui (Pakistan) as chaiimen, end I, Ceschamps (Mexico) as
rapporteur, for the discussion on industrial extension services;

(¢) S.aLA. del Carril (Argentina) ms chairman, and Ai-Kinm Kieng (Malaysia)
as rapporteur, for the discussion on organizational concepts and problems;

(d) K.N. saad (Lebanon) as chalrman cf the Co-ordinating Committee, composed
ol E. Lartey (chana), Faldev Singh (India), M, Taslimi (Iran), K.N, Saad (Lebanon),
hi-Kiu Kiang (Malaysia), I. Ceschamps (Mexico), C.G. Marwel (Philippines) and
i, Halrawy (United Arab kepublic),

1/ VFor details, see annex IIT,

2/ See annex I.
i —————

.2/ See annex 1T,




,——

9. After adoption of its agenda, _1_4»/ the Seminar proceeded with the presentaticn
and discussion of working Papers, discussion papers and country reports, A list of
these papers and reports 1s given in annex V.

10. At its final meeting, the Seminar unanimously adopted the bresent report
containing recommendations and the conclusion reached. The Seminar expressed its
sincere appreciation of the generous hosritality afforded by the Lebanese

Government and by the Industry Institute and itg gratitude to all expert
consultants and observers,

S ——————

4/ For details, £ee annex IV.




II. DISCUSSICNS OF MAJOR TOPICS

A. The concept and objectives of industrial
research and development institutes

11. Research, both scientific and technological, as well as socio-econcmic, is an
essential instrument in developing the human and materiasl resources of a nation.
Industrial recearch is of basic significance in laying the foundation for a sound
industrial base and in accelerating the economic grovth of developing countries.

12, Industrial research also plays an important supporting role in the formulation
and implementation of national policy and economic development plans where these
exist. It was considered advisable that industrial research should not be

involved directly in the executive functions of Governments.,

13. The need was stressed to graft indigenous research onto imported technology

as soon as possible and to nurture such graft to full fruition to achieve increasing
self-dependence.

1, It was agreed that the broad spectrum of industrial research should bve given
attention. Much discussion centred around the difference between basic, or
fundamental, and applied research, and a consensus of opinion was reached that no
clear line of demarcation could be drawvn a priori. Perhaps this subject could best
be looked at in the light of the expectation of short-term as apgainst long-tern
benefits. It was agreed that developing countries should emphasize applied
research, but that fundemental research should not be neglected.,

15. Investment in industrial research should be recognized as in fact an investment
in industry and even in the future of the nation.

16. Industrial research should cater to all types of industry, regardless of size,
public as well as private, using such different methods of approach as are necessary.

It should furtiher attempt to develop technologies best suited to locsl needs and
conditions.

17. The functions of incustrial research and development include discovery of
nev products, prospecting for and utilization of raw materials, development,
improvement or adaptation of production methods, techniques, processes or
sultable equipment, pilot-plant trials, operational research, formulation of

stendards, quality control, marketing research, feasibility studies, and design
and productivity studies,

18. The institutionalization of industrial research was considered to be one of

the most effective means of prcmoting industrialization in the developing countries.
A clearer delineation of responsibilities for industrial research and development
functions can thus be achieved.

19. It wvas agreed that the industrial research and development institute should
also be prepared to provide the services required in the implementation of an
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industrial project cn a raticnal a:nd ecuoncuic btasic, It vas noted that syl
services included Teasibility studies cuvering, inter alia, slarketes, rayv
materials, plant location, capital requireucnts, productio costs and potenting
profitability., They also included consulting serviecs covering the choiee (o
the most appropriate process and equipment and of g nlant layout

3
i

20, Furthermore, they couver design and construction supervision services whor.
appropriate and should alsc extend through the initial stages Of production ang
beyond. Services to existing industries would, in all likelihood, iuclude
consultation and trouble-shooting, production and quality contrcl and advice op
manazement problems. Such services could well, in turn, lead to iurther rcsearcl,
on behall of industry,

21, Vhereas the integration of industrial research and developnent funciions
wvithin one institute was tiven favourablc consideration, it was relt that under
certain conditions some functions could be better undertaken by other
organizations, including appropriate government agencies, However, the valuc
of team work and co-operation should at all times be preserved.

22, The selection of industrial research prograrmes and projects should he made
in the light of national needs in both the private ang public sectors. The
research institute should also be in a position to respond to specific requests
from industry.

23. It was noted that measurevents were of extreme importance in research and
development, In order to measure, it was necessary to adapt reference standards
and to provide calibration facilities. The formulation of standards of quality
and of codes of practice also vas an important tool for industrial dcvelopuent,
Accordingly, it was the consensus that research and develorment institutes sheuld
have testing facilities to serve both the needs of its research and of production
and quality contvol,

2k, It was recognized that industrial research institutes cculd contritute
signilicantly to the efforts in both these Tields throuth their laboratory
facilities and the weaith of professional experience available within these
institutes. Research ang development institutes could also assist in prumoting
the application or standards by industry. Mandatory application of such standards,
vhere appropriate, should be controlled by the State.

B. Industrial extension services

25. The term "industrial extension services" includes the whole range of
activities by which sclentific, technical and econcmic knwwledre may be transferred
into industrial practice to bridge the gap between industrial research and
development, and the actual utilization of the results thereof,

26, With = view to its speedy application, industrial research should not be
conducted in isolation, but in relation to the practical necds and requicements

of induscrial development, The research organization cculd only meet itc
responsibilities towards the nation by being fully associated with itg

industrial development cbjectives, An important function of such extension
services was therefore to provide clese contact between the problems of rummercial
broduction and the conduct of industrial research, and to promote the closest
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Cu-operation ard association between research groups all the way frum laburatory
bench-vork through pilot-plant operatiuns and those responsible for commercial
preduction.

“T. Particular attention was given to the role of industrial research institutes
in connexicn with:

(a) The responsibility of such institutes in the appligation of the results
of industrial research;

(b) The choice of extension methods, including consultation and industrial
infermation services.

<8, It was generally agreed that industrial research institutes should give most
serious attention to the processes of transmission of research and develorment
results in order for such results to find effective use in the country's
industries. Such institutes must also help accelerate the application of research
resulte by industries in the developins countries. To do this most effectively,
it was necessary to develop the appropriate mechanisms, firstly, to get to know
the needs of industry and; secondly, to stimulate interest and generate confidence
in research and development on the part of industry.

29« In obtaining and transmitting information generated or obtained by industrial
research institutes, it was noted that two gaps must be bridged. The first gap was
that between the research and development institute and the world reservoir of
scientific, technical and econcmic information; and the second was between
indienous research organizations and the ccuntry's industries.

50, In the attempt to reach the country's industries and to stimulete their
interest in science and technology, maximum use should be made of such tools as
personal vigits and contacts, demonstrations, training courses, in-plant trials
and pilot operations, [ilms, radio, exhibits and seminars. Seminars naturally
also served to bring research institutes into close contact with similar
organizations abroead.

51l. Library and decumentation facilities were strongly emphasized, not only as a

necessity in the day-tn-day research and d.velopnent activities of the institutes,
but also for the provision of information services to industry. It was considered
important that such facilities shculd be made available for direct use by industry.

32. Industrial information services might include:

(_q) Technical inquiry services, which would offer answers to specific
questions posed by industry on production methods, industrial management matters ,
general engineering provlems, types of equipment, marketing considerations,
vatents, etc,;

(k) Genersl industrial information, which often refers to trends and
pessibilities or using specific raw materials, prcemising industrial produrts and
pree2sses, industrial projects and programmes and a wide variety of matters of a
seneral nature;

(¢) Technical digest servicer;

(_q) Training manuals for use by the technical staffs ard by the managemente of
industries,
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23+ In addition to the published literature, other mechanicns cheuld te revieved
for locating research and industrial information ¢f a practical nature vhich ni it
be available through cther institutes or vreanizations in the resc ot the verld,
Such information might have to be adapted to local conditions with institute help
before its intrcduction in industry,

34, In this and other connexions, it was considered wort

h while bty the participants
to explore fully the availability to research and develo

pment Institutes 1 the

sion services, anon,: vthers,
Toreign Government throus,
nsulting firms,

35. The need for ado

highly ccmplex requirements of the whole s
repeatedly considered, It was agreed that no sin

36. It was, however, considered that the circumstancee and
developing countries were likely to be best served

which the industrial research institute would also be responsible for the provision

Integration of responsibility
ute would often help to ensure

Ce Oreanizational considerations and problems

3T. It was noted that industrial research ang development in the advanced countries

were generally handled by one or more - most often a combination of several - of the
following types of organizations:

(2) Laboratories of individual factories or firms;

(b) Autonomous non-profit corporate institutions of broad scope, which
perform work on contract for both the Government and private enterprises;

(c) Specialized institutes, set up either by the Goverrment

or cu-operatively
or with government subsidy) to serve particular fields of indust

ry;

(g) Departments or institutions under certain ministries of Governments;

(g) Private consulting and research organizations operating for profit,

Hcwever, the developirg countries to date
types (a) or (e)e Those which had initia

under g variety of organizational ratterns, most of which fell into categuries (};),
(c) and (4), or combinations thereof. Many developing countries had not yet
launched institutional industrial research facilities, but were currently

formulating plans for them as eéssential elements in their national econcrmic and
industrial development pProgrammes,

had ccmparatively few organizations of
ted industrial research had done so¢




38+ 1In the choice oI organizational patterns for the institutes, consideration
must be pgiven to a number of factors, such as:

(2) The level of economic and industrial development and the expected scale
of growth:

(_13) The type and scale of operation of industries existing or planned for
development;

(c) The administrative set-up in the ccantry;
(d) Special needs of any predominant raw materials;

(g_) Financial resources and availability of scientific and technical
personnel.

39. It was felt that a major benefit deriving from the Seminar was ample
discussion of such topies as multi-turpoc. and specialized institutes, national
or sub-regional institutes, and similar organizational aspects. This was of value
to each developing country in making a choice of the preferred form of organization,
or in some cases possible reorganization, of its industrial research structure for
the most effective impact.

40, However, it was noted that where limited staff and resources were to be
employed to offer a wide range of services to multiple types of industry, the
multi-purposc institute offered obvious advantages,

Ll., As a useful >rmpremise, some countries had situated numercus specialized
institutes within one physical complex or "technological centre", which also
pernitted them to share the use of certain common facilities.

L2, Concerning regional or sub-resional industrial research institutions, it was
observed that some were operating successfully despite the inherent problems of
regional operation. Such success depended on an unusual homogeneity of the

peoples, theiir historic ties and concurrent programmes o1 econcmic integration or
common markets,

bz, It was the general opinion that the industrial research institutes themselves
should assume a leading role in the selection and initiation of research projects
relating to industrial development, since they were best equirped to identify
these problems and to estimate their chances of sclving them. At the same time,
such research projects, other than those requested directly by industry, should
be decided upon in collaboration vith economic and industrial planning authorities
to ensure their relationship to over-all development goals. On the whole , it was
felt that this collaborative form of research selection was more fruitful than
systems of external direction by co-ordinating bodies or rigid control by
government, administrative and planning authorities. Moreover, cace projects

had been agreed upon, the institute should have sufficient autonomy in the
execution of its functions.,

Lh, In the view of many representatives, the choice of research projects should
not be too restricted and while applied research was the primary objective,
institute budgets should allcw for a certain amount of basic or background
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research, It was also acknovledped as essentia) that an institute be free to
rursue premising self-initiated projects, as otherwise many valuable idegs
senerated by the resear:h men themselves might be stifled,

b5, Vhile close Co-Operation between universities and research instityteg should
be cultivated, the Primary responsibility for industrial research should Le vegted
in the research institutes. Such cloge liaison would brins about free interchange

and cross-fertilization of ideas and thus help to bridge the sjap between workers
in rure and applied science,

46. Industrial research institutes should also maintain close working
relationships with other research and technical organizations, local and
roreign, as well as with institutions concerned with industrial development and

finance and other asrects ol national develorment and, above all, with the
industries themselves,

47. The role which established institutes and or

ganizations could prlay in
the settin: ur of nev cnes vas rcecornized as

a very useiul one,

’ L8, It was observed that most industrial research institutes in the

countries were, and rust be, directly or indirectly financed in g
by the Governments. With some exceptions, however,
of autonomy.

developirg
large measure
they commonly had some degrree

L9, Some institutes serving primary industriesg had funds derived from taxes or
levies imposed on the commodities produced. In certain ccuntries, levies were
also made on the manufacturing industries to finance industrial regsearch,
irrespective of whether they availed themselves of the service or not,

50. In some institutes, the support consisted partly of government grants and
partly of fees or contract income earned directly through services to industry,
For a new institute, the latter was likely to be the smaller share until industry
had learned the value of such services and the institute had rained its confidence
through demonstrated performance, In any event, it was generally preferable for a
research institute to charge for its work on scme basis, both for proper
appreciation of the services by the user and to keep the institute oriented
realistically toward the actual needs of industry.

51. Nevertheless, it was the consensus that in all developin~ countries, the
Governments had the responsibility and obligation to guarantee adequate financial
support on a long-term basis to their industrial research institutes to ensure
continuity in their work and to permit them to Tulfil their basic objectives,

52, Industriasl research and development institutes must be staffed with the

most highly qualified reople available at all levels. An institute cannot function
successfully with a staff inferior to that of the enterprises it expects to advise,
Thus, such an institute must be in a position to compete for the Lest men. In a
large number of the «nstitutes reporting to the Seminar, this appeared ac one of
the chief problems, In rarticular, those operating under civil service salary
limitations were experiencing difficulty, both in attracting the must able staff
and in retaining them under competitive conditions, It was congidered that the
research institutes should have autonomy in the selection of personnel,




53« Apart from this aspect, in view of the common scarcity of research personnel,
e number of institutes in developing countries had launched sizable internal and
external trainins programmes. It was felt that such training prozrammes were of
extreme imnortance and should be strengthened wvhere necessary.

54. Scme countries had experienced difficulty in obtaining experts of the types
ard vith the qualiflications required, or in obtaining them within a reasonable
time to meet the demands of the programme. The staffing problem continued to be
the preatest common difficulty ol industrial rescarch institutes in most
developing countries.

55. In the equipping of laboratories and the setting-up of facilities for

research and development, adequate repair and maintenance facilities, workshops
and skilled technicians shculd be included.

56, Some cf the institutes in developing countries had been launched with
bilateral or international technical assistance, The generally favourable reports
on such assistance stressed the value of help in the initial organizational stages
and in counterpart training, as well as in providing individual specialists for
specific work.

57« It was the consensus that despite the great value of external technical aid,
it could not serve as a substitute for the development of local staff, needed in
larger numbers.




III. RECOMMENDATIONS AND CCNCLUSIONS

58. The following recommendations and conclusions were sget forth:

Zhe Inter-regional Seminar on Industrial Research and Development Institutes
in Peveloping Countries,

Conscious that the differing administrative ang socio-economic eonditions of
the countries must influence the institutional Instruments required to perform
this role most effectively in each cage ’

Recommends and concludcs that:

l. Developing countries should take the necessary steps as soon as possible
to establish appropriate industrial research and development facilitieg or to
strengthen existing ones on lines most applicable to the practical requirements
and national development goals;

6. Equipment and supplies of all kinds needed for industrial research
should be exempted from customs duties and taxes, should not be subject to import
restrictions or licence, and should be allocated adequate foreign exchange in all
cases;

T. The United Nations should enlarge its programme to asslst developing
countries directly in (2) on-the-spot studies of industrial research and
development organizations or needs in individual countries with a view to
establishing and/or strengthening such institutions and their.operating links
¥ith industry, (b) the implementation of such studles, including the establishment,
equipping and operating of such institutions and the training of industrial
researcl) personnel;
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8. The United Nations shculd study, and keep under review and disseminate
information on the organizational aspects, functioning and programmes of the
various industrial research and development institutes and similar organizations
or departments, with a view to facilitating the interchange of such information
between different countries. The United Nations should also assist in the
interchange of visits between industrial research personnel in different
countries;

9« The United Nations should assist the developing countries by undertaking
detailed studies of the various systems of consulting services, patents,
different types of licence agreements and contracts, the systems of tenders,
the various available licences and know-how etc, The results of these studies
should be made available to developing countries,

10. The United Nations thculd hold periodic meetings, whether regional,
continental or inter-regional, to study and discuss various problems and issues
in the field of industrial research and development;

11. The Seminar calls upon the developing countries, as well as upon the
Centre forIndustrial Develomment, to tske the necessary steps to further the
implementation of these recommendations;

12. The Seminar wished to express its thanks to the United Nations Centre
for Industrial Development for holding this meeting and to the host Government of
Lebanon for its hospitality.




ANNEX 1

ADDRESS BY H.E. NAJIB SALHA, MINISTER OF PLANNING, LEPBANON,
AT FIRST SESSION CF THE SEMINAR

I am perticularly glad to be able to welcome You and to wish you g Pleasant
stay in Lebanon and évery success in the discussions at your Seminar,

In order to achieve ccmprehension and understanding between nations, as well
as between individuals, there is nothing like knowledge, and particularly scientirfic
knowledge, based on reason and buttressed by experience, For it is the scientists
who are most involved in the accumulation of true knovledge » vhich 1is also
modesty, Truth and modesty are the basis of fruitful and beneficial cc-operation,
since mutual understanding is impossible when logic rives way to passion, and

This is why, in addition to being pleased at having you meet in cur country,
we are proud that the purpose of your presence among us is to study the contribution
of scientific research and research institutes to development and to the growth of
industry in the developing countries, We therefore offer the United Nations our
most sincere thanks for having accepted our invitation to hold thisg Seminar in our
country,

It is quite obvious that the developing countries need ndustrial development
and their needs are all the more Pressing because, owing to the recent appearance
of industry and the lack of resources, industrial development there cannot be
allowed to take its course wi*hout Planning and help. Planning based on knowledge
and experience congtitutes the begt support and provides the most solid
foundations,

Our small country, at many timee in the course of its history and most
recently during the last century, has taken a position which shovs its love of
knowledge and its devotion to the principle of co-operation and brotherhood among
men,

This is why, now that You are here for this Seminar under the banner ¢+
mutual understanding and in an atmosphere of scientific knowledge in which each
may benefit from the learning and experience of all the others, the welcome
extended to you by Lebanon is a sincere one and its sincerity is rooted in the
traditions of this country's very long history,

-15-




ANNEX II

MESSAGE FROM THE COMMISSIONER FOR INLUSTRIAL DEVELOPMENTE/

Dr. Abdel-Rahman, United Nations Commissioner for Industrial Development, has
asked me to communicate to you his deepest regrets for not being able to attend
this Seminar and has requested me to convey to you the following message:

Institutional industrial research is of comparatively recent origin in
the world through which opportunity is created for technologists, chemists,
econcmists, engineers and social scientists to work simultanecusly in a
co-ordinated manner rather than separately. This enables them to view and
deal with all the aspects of a given problem so as to achieve effective
practical solutions which are demanded continuously by the larce variety
of industrial activities.

It haes been only in the last two decades that developing countries have
established research organizations in one or ancther form. Some of these
organizations cre still facing meny problems in serving the actual needs of
industry, and there is admittedly room for improvement in co-ordinstion and
optimum utilization of loeal research facilities to meke of the existing
institutions a recognized element of support in the process of industrial
developrment, Further, some developing countries as yet have no such
facilities to serv2> industry.

In this sense, the Inter-regional Seminar on Industrial Research and
Develorment Institutes in Peveloping Countries can be viewed as rroperly a
part of the evolution that is taking place in the field of industrial research,
Its purpose of studying the role of research and development in supporting the
process cof industrializetion is thus a matter of immediate concern within the
present stage of evolution reached in this field. With this in mind, the
Seminar should be able to deel with such questions as: how can the existing
research lacilities in the developing country be co-ordinated, utilized to
the fullcst extent possible and geared towards the real needs of industrial
develorment? What responsibilities do research organizations have for the
application of results of scientific and technological progress as well as for
the adaptation and *- ansmission of industrial experiences and information?
What are the over-all organizational problems of new and existing industrial
institutes? How can local research organizations strengthen their relationship
with other organizations and private consultants in the country and abroad?

I hope from your examination and discussion of these questions ycu will be
able tc drav conclusions and recommendations which will benefit the process of
industrialization in developing countries and at the same time offer guldelines
for further United Nations activities in the field of industrial research and
develorment,

g/ Read by Dr. Azmi A. Afifi, Director of the Seminar.
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From the point of viey of the United Nations it is Particularly
gratifying to find that the high level of the rarticipants at the Seminar
18 combined with & wige geographic representation, Many of the outstanding
pepers prepared by the rarticipants reflect the large variety or conditions
prevalling in their respective countries, This should enrich the exchange
of ideas and information and make for a better understanding of the practical
requirements of research Programmes,

The Govermment of Lebanon has graciocusly invited the United Nationg to
hold this Inter-regional Seminar on its soil and in one of its successful
industrial establishments - the Industry Institute, May the Lebanese
authorities accept my gratitude for providing this opportunity to meet ang
discuss common problems in such a friendly atmosphere,

Cur gratitude also gees to the Governments, specialized agencies of the
United Nations, expert consultants and organizations who have generously given
- active support and co-operation for this undertaking,

To all rarticipants, may I extend my best wishes for g successful meeting,
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ANNEX III

PARTICIPANTS AND OBSERVERS ATTENDING THE SEMINAR

Honorary Chairman:

H.E, Najib Salha
Minister of Planning of Lebanon

H.E. Professor Joseph Najjar, Fresident of the National
Council of Scientific Research, deputized for the
Honorary Chairman after the opening session.

Algeris
Mme, Yamina Hammoutene

Argsuting
Ing. Salvedor M.A. del Carril

Ssxdon
Mr. A.8, Nevaratnarajah

Selombis

Mr. H. Franco Bravo ~

PARTICIPANTS

Official in the Divieion of
Industrializetion

¢/o The Resident Representative
of the United Nations Technical
Assistance Board

Post-office Box 803, R.P.

Algiers, Algeria

Presidente, Instituto Nacionsl de
Tecnologra Industrial

Libertad 1235

Buenos Airee, Argentina

Director, Industrial Development
Division, Ministry of Rural and
Industrial Development

48 Ginaratna Road

Colombo - 2, Ceylon

Jerente del Instituto de Fomento
Industrial

Avenida Jiméncz No, 8-49

Piso 9

Apartado Aereo 4222

Bogot€, Colombia




PARTICIPANTS (continued)

Ghaena

Mr. E. Lartey

Mr. Baldev w

Mr. M. Tahar

Dre M. Teslimi

Dre FuJ, Sukkar

Lebapon
Mre K. Sead

Co-ordinator of Industrial Research
and Director of Building Research
Institute. Ghana Academy or
Sciences

Post-office Box M32

Acera, Ghana

Research Co-ordinator, Industrial
Liaison and Extension 0Officer

¢/o The Director-General

Council of Scientific and Industrial
Research

Rafi Marg

Nev Delhi, India

Professor, Teheran University
8 Diba Street

Meykeadeh Roulevard

Teheran, Iren

Head, Specifications Centre

¢fo Director General of Industrial
Planning

Baghded, Ireq

Deputy Director, Industry Institute
Post-office Box 2806
Beirut, Lebanon
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PARTICIPANTS (continued)

Libya
Mr. 5.I. Al-Lishani

Madag gagcar
Mr. G. Ramslanjaona

Helaysis
Dr. Ai-Kim Kiang

Hexico

Mr. I, Deschamps

N ria

Mr. C, Ezeji-Ckoye

Dr. S. Sidﬁiqui

Philippines

\\Br,\ Canuto G, Manuel

Head of Finance, Economic Section
in Industrial Levelopment
Organizaticn

Post-office Box 2297

Tripoli, Libya

Secrétaire-General du Ccmité de 1la
Recherche Scientifique et
Technique

Vice Presidence

Tenanarive, Malagasy Republic

Professor of Chemistry, University
of Singapore
Singapore - 10, Malaysia

Technical Director, Mexican Institute
of Technological Research

Legaria 694

Mexico 10, D,F., Mexico

Principel Industrial Officer
Ministry of Commerce and Industry
Lagos, Nigeria

Cheirman, Pekistan National Science
Council and Council of Scientific
and Industrial Research

95 Pakistan Secretariat

Karachi, Pakistan

Commissioner, National Institute of
Science and Technology

Post-office Box 772

Manila, Philippines




PARTICIPANTS (continued)

Saudi Arabig

Mr. M.A. Taibas

Sudan

Mr, AM, Pldlﬂllﬂ

L

Syrie
Dr, A, Sﬂllmtﬁ

Ihailand

Dr. C. Surasiti

United Arab Remblic

Dr. Mha. Halfawy

United Republic of Tanzanis

Mr. J.B. Mkondya

Umr Volta

Mr. F. Takoure
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Director-General » Power and Tndustry
Ministry of Commerce and Industry
Riyadh, Saudi Arabig

Senior Inspector, Ministry of
Commerce, Industry and Supply

Pogt-office Rox 19l

Khartoum, Sudan

Assistant Secretary«General
Ministry of Industry
scueg, Syria

Head, Research Division, Department
of Science, Ministry or Industry
Bangkok, Thailand

Director-General » Industrialization
Organization

6 Khalil Agha Street

Garden City

Cairo, United Arab Republic

Assistant Press Officer, Ministry
of Industries, Mineral Reeources
and Power

Post-cffice Pox 234

Dar-es-Salaam, Tanzanig

Chef du Bureau des Programmes 3
la direction du Plan

Boite Postale 365

Cuagadougou, Haute Volts
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Zambie
Mr. J.P. Allchin

mo J. Dittert

Dr. Francis Godwin

Dr. Louis M, Henry

Ing. B. lLeuschner

Dr. Manuel Noriega-Morales

Dr. A, Sundralingam

Project Manager, Northern Rhodesia
Industrial Development Corporation

Post-office Box 1935

Lusake, Zambia

EXPERT CONSULTANTS

Director, Research Institute of
Machine-Building, Technology and
Econcmics

Velflikova 4

Prague, Czechoslovakia

Project Manager designate and
Director, Sudan Industrial
Research Institute

c/o The Resident Representative of
the United Nations Technigal
Assistance Board

Post-office Box 913

Khartoum, Sudan

Director, Institute for Prcmotion
of Scientific Research in Industry
and Agriculture

6 rue de Crayes

Brussels - 5, Pelgium

Consultant on Technological Research
for Industry, Economic Commission
for latin Americe

Avenida Providencia 871

Bantiego, Chile

Director, Central American
Technological Research Institute
for Industry

Apartado Postal 1552

Guatemala City, Guatemala

Director, Ceylon Institute of
Scientific and Industrial Research

363 Bullers Road

Colembo, Ceylon




EXPERT CONSULTANTS (continued)

Dr. E. Staley Director of Basic Research
International Development Centre
of S8tanford Research Institute
Menlo Park, California ’
Unlted States or America

Mr, Tun Thein Industries Division of the Economic
Commission for Asia and the
Far East
Sales Santitham
Bangkok, Thailand

OBSERVERS
Austria
Dr. K. Déttelbacher Industrial and Market Research
Department, Voest
Ling, Austria
Csechoslovakia
Ing. M, Hnizdo State Commiscion for the Development
and Co-ordination of Science and
Technology
Slezska - 7

Prague - 2, Czechoslovakia

Federal Republic of Jermany

Dr. K. Billerbdeck Director, Gemman Development Institute
1 Berlin 30
Stauffenvergstrasse 14
Federal Republic of Germany

Ir. K, Schone Attorney
Post-office Box 603
23 Bonn
Argenlanderstrasse 59
Federel Republic of Germany

¥ 1r. Ph. de la Roussiers Association nationale de la recherche
) technique
L4 rue Copernic

Paris XVI, France




JBSERVERS (continued)

Italy

Mr, B. Bruniera

Netherlands

Mr. E.E.S. de Jongh

Poland

Ir. I. Malecki

Union of Scviet Socialist 8

Prof, N. Oznobin

Mr. V. Kuzin

Commercial Counsellor
Fmbassy of Italy
Beirut, Lebanon

Counsellor
Royal Netherlands Embassy
Beirut, Lebanon

Deputy Secretary-General of the
Presidium and Council of the
Pollsh Academy of Sciences and
Professor of Technical University,
Warsaw, end Vice-President of
Interratiorel Ccurecil of Seientific
Unions (ICSU)

Warzawa (Poland)

Nowowiejska 22

Deputy Director, Economic Institute
of State Planning Committee of
the USSR

Moscow

Adviger, State Ccmmittee on
Co-ordination of Scientific Works
of the USSR

11 Gorky Street

Moscow

Mr. PsCeDe Archer

Mr. He Grehan

Mr. E.S. Biscocks

Mre P.P. Howell
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Labour Counsellor, Britigh Embassy
Beirut, Lebanon

Engineering Adviser, Middle East
Development Division, British Embassy
Beirut, Lebanon

Director, Tropical Products Institute
of the United Kingdom
London, United Kingdom

Head, Middle Fast Develorment Division
British Embassy '
Beirut, Lebanon




CESERVERS FROM PRIVATE INLUSTRIAL INSTITUTIONS

Mr. R.R, Adams Battelle Memorial Institute
505 King Avenue
Columbus, Ohio |
United States of Anericg |

Mr. S.J. Langley Arthur D, Little Ine,
630 Fifth Avenue
New York 20, N.Y.
United States of America

OBSERVERS FROM ORGANI ZATIONS

Economic C% sslon for Africa

Mr. T. Gedamu Econamist, Industrial Division
Economic Commission for Africa
Post-office Box 3001
Addis Ababa, Ethiopia

Mr. A, Aten Technical Officer (Industrialization)
Office of the Assistant Directour
General
Technical Department
Food and Agriculture Organization
Viale delle Terme di Carcalla
Rome, Italy

Economic Adviser
International Lobour Office
. 154 rue de Lausanne

Genevs, Switzerlanc

Dr. Y. de Hemptinne Chief, Science Folicy Unit
UNESCO
Place de Fontency
Paris VIIe, France

2r. R, Vieweg Consultant and Chairman of
International Committee of
Welghts and Measures

UNESCO

Place de Fontenoy

Paris VIIe, France




OBSERVERS FRCM ORGANIZATIONS (continued)

United Nations Educational, Scientific
and Cultural Or@ization !continuedz
Prof. D. Zanobetti Director, Division of Engineering
and Technology
UNESCO

Place de Fontenoy
Paris VIIe, France

ted Nations cial

Mr. A.A, Osman c/o The Resident Representative of
the United Nations Technical
Assistance Board
Post-office Box 982
Cairo, United Aradb Republic

UNITED NATIONS HEADQUARTERS STAFF

Dr. Azmi A. Afifi Special Technical Adviser
(Director of the Seminar) Centre for Industrial Development
Rocm 3205

United Nations Secretariat
New York, N.Y.
United States of America

Mr. A, Fedorov Senior Economic Affairs Officer
Centre for Industrial Development
United Nations Secretariat
New York, N.Y.
United States of America

L

Miss Indira A, Krishnan Administrative Secretary
(Conference Officer) Centre for Industrial Development
Room 3202

United Nations Secretariat
Rew York’ N.Y'
United States of America

List of those who contributed rs
but_did not attend the Seminar: i
D, Hertz Organizing integrated industrial research and development institutes ~

B.R. Williams - The role of research and development institutes in applying science ]
to industry :

Project-wisc management of an irstitute cervirg industry

The psychological effects of industrialization and organization in
Sierra Lecne

F. Schipvers
J.L.M. Dawson
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ANNEX IV
AGENDA OF THE SEMINAR

Opening addresses

Election of officers

Adoption of the agendas

The concept and objectives of industriel research and development institutes:

b,1 Research, dew;elopment and promotion activities to strengthen manufacturing
industries;

k.2 Types of technological and socio-economic research serving industry;
4.3 Feasibility studies : |

ks  Leboratory testing and standards,

Industrial extension services:

79 § Responsibility of the institute for the spplication of results of
industrial research;

5+2 Scope of industrial extension and choice of extension methods;

5:3 Consultancy services;

5.4 Problems of adaptation and transmission of industrial information,

Organizational considerations and problenms; ]

6.1 Multi-purpose, special, national, regional, private and public institutes;

6.2 Relationship with universities, industry, development corporations,
private consultants » and other organizations and establishments in
the country and abroad;

6.3 PFoancial policies;

6.4 Problems of staffing;

6.5 Examples of organizational structure of some institutes;

6.6 Bilateral aid;

6.7 United Nations technical assistance.

Adoption of recommendations,

-27-




Annotated Agenda

I. The concept and objectives of industrial research and development institutes

1. The first item on the agenda is designed to introduce the whole subject of the
Seminar and to discuss the various concepts and cbjectives of industrial research

institutes, taking into consideration the varying conditions and levels of j
development in developing countries. 3

A, Research, development and promction activities to strengthen manufacturing
industries

2e Discussion will concentrate on the institutional approach to research and
develorment ag well as the application of results of research, The institutes will
be considered as an interrelated part of the general over-all industrialization
efforts in the developing countries.

3>+ Tre impcrtance of research and development to industry will be discussed.
Though industrial research includes both basic and applied research, more emphasis
will be given to the applied type. Research activities of the institutes may cover
both self-initiated research in the national interest and research based on specific
requests of the private and public industrial sectors.

b, Technological research will have a prominent place in the discussion; however,
econcmic research, which includes industrial planning reseafch, and which is
equally as important, will also be discussed,

Se Tre discussion on development may cover the technical activities related to
the translation of industrial research findings into various processes or products.
Thus, development activities of the institute mey include pilot projects, processes
or product design, econcmic feasibility of processes, market research, etc.

6«  The discussion on the concept and objectives of promotion activities of the
industrial institutes will include filling the gap between industrial research and
developmert, on the one hand, and manufacturing on the other; strengthening
relationships with local industrialists and providing them with various consultative
and technical assistance services, "

Te  The effect of envirorment on research, and vice versa, will also be discussed.

Bs Iypes of technologicel and socio-econcmic research serving industry

8, The integrated approach to technoclogicel and socio-economic research will be
emphasized during the discussion. Also, research operations will be taken into
conslderation and attention will be given to team-work and the collective approach
to the solution of vproblems.
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9. Industrial research may take the form of discovery and utilization or raw
material, development or improvement of production methods and techniques,
develorment or improvement of suitable equipment, operational research, quality
control, marketing research, cost and economic profitability, adaptation of
production techniques and processes to the local workers and vice versa, problems
of absenteeism and labour turnover as affected by type of technology used, product
design, productivity studies, etc. Conditions in developing countries will,

no doubt, influence the type of research adopted by the institutes,

10. It is intended to cover the general aspects of the selection of research

projects since it affects the plan of operation of the institute, the requirements
for personnel and cost.

C. Feasibility studiesg

11. The Governments, local investors and/or industrial development corporations
may require feasibility studies on the economic and technical soundness of
industrial projects. How best could the institute carry out these studies -
alone, in combination with foreign consultants » Or by serving as a liaison
between the users and foreign firms?

12. The role of the industrial research and development institute in undertaking
feasibility studies will be investigated,

D. Laboratory testing and standards

15. Apart from the laboratory testing needed for research » the institute may be
called upon to conduct ordinary laboratory testing to assist local industry or
government departments with some of their needs. How much of this service should
the institute provide?

1k, As an important research activity the institute may assist the Government or
the industry in formulating standards of ldentity and quality for industrial

products and materials. This service » in some countries, is done on an advisory
basis and the regulatory activities are left to other public bodies to carry out.

15. The possible activities of the institute in laboratory testing and
fermulating standards will be revieved.

II. Industrial extension services

16, The second item on the agenda will include the discussion of the practical
aspects of services provided by the institutes to the manufacturing industry.

A. Resgonsibilitx of the institute for the application of results
of industrial research

17. In many instances > the rates at which research results are applied by industry
is slow, This may be owing to numerous reasons among which are the lack of
communication between research and industry; the lack of technical manpower and
economic as well as procedural difficulties.
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18, Attention will be given to the responsibility of the institutes for the
application of results of research and their role in stimulating the desire for
change and encouraging appropriate industrial development procedures among
local industrialists.

B. Scope of industrial extension and choice of extension methode

19. Industrial extension serves as & two-way channel between the institutes and
industry. Vhile it assists the local industrialists in gaining knowledge and
adopting suitable methods and techniques in industrial production and management,
at the same time it helps the institutes to become acquainted with the real
problems of industry.

20, The methods of industrial extension are varied and the cholce of a particular
type will be influenced by the preveiling conditions. Individual and/or group
contact methods will be used by the institute. These methods msy include personal
visits, demonstrations, training courses, pilot plants, films, radio, exhibitions,
publications, seminars, etc, A review of suitable extension methods will be
discussed.

21, Field technical assistance may als¢c be an important activity included in
extension services in order to raise the productivity of local industry. Such
assistance embodies arrangemente for the training of high technical personnel
and industrial managers. The experience of various countries in this field will
be explored.

C. Consulta“ion services

22, The institute may provide expert consultants who visit industrial
establishments to study specific p.oblems on the spot. The consultants are
either members of the institute or may be engaged specifically to perform a
short-tem task. The consultative services of the institute encompass various
fields, such as plant layout, better use of equipment, production control, cost
and accounting, quality control, marketing, etc. The consultation service of the
institute may also include assistance to industry in locating sources of
specialized industrial information and it may serve as a liaison between the
local entrepreneurs and foreign consultants.

23, The importance and role of consultancy services of the institute will be
investigated.

D. Problemg of adaptation and transmission of industrial information

2k, The industrial research and development institutes may serve industry through
numerous information mechanisms, such as:

(a) Technical inquiry service, which offers answers to individual inquiries
relating to production methods and techniques, industrial management, factory
engineering, equirment, marketing, etc.;




(b) General industrial information service which provides industrial
information of a general technical nature which is of pertinent interest to local
industrialists, Such informatior may 1include trends and suggestions in
utilization of raw materials; operating instructions; industrial projects and
programmes, etc,;

(c) Technical digest service, which reviews available literature and extracts
technical information;

(d) Training manuals for the use of skilled technicians and industrial
managers.

25, The information needed by industry may be available in the country or abroad,
In either case, the institute will seek to accumulate it, adapt it to suit local
conditions and transmit it to users, The institute will establish contacts with
various sources of information locally and abroad,

26, The discussion will deal with aspects of problems, techniques and machinery |
of gathering, adaptation and transmission of foreign techniques and knowledge as |
well as results of local research and studies, *

ITI. Organizational considerations and problems

27. The third item on the agenda will deal with the over-all organizational
problems of institutes and will coneider ways and means of securin; an effective
institute serving the purposes of industrialization.

A, Hulti-rurposc, special, national, regional, private and public incstitutes

28. This section will include a discussion on organization patterns of industrial
research and development activities in Africa and the Middle East » Asia and the
Far East, and Latin Americs.

29. Varying conditions and stages of development in deve) oping countries will
undoubtedly influence the nature of the institute. A review of the following
types of institutes will be wade: the special institute which serves a particular
industry; the multi-purpose institute which serves more than one industry and
covers a group of activities; the national institute which serves the country as
a vhole; the regional institute which serves more than one country in the region;
the private institute which operates independently; and the rublic institute which
1s operated by the State,

B. Relationahlg with universities, industry, development corporations,
pPrivate consultants and other organizations and establiskments 1n
the country and abroad
30. Because the research institutes are not expected to function in isolation from
local and foreign organizations, a system of co-operation and co-ordination should
exist between the institute and related organizations, such as universities,

industry, development corporations, etc., Some institutes include representatives
of these organizations on their boards,
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21, Possible wuys and means of strengthening the relationship between the
institutes and various organizations will be studied.

C. Financial policies

32, The financial security of the institute is an important element in its success.
Should the institute be self-supporting? Should it be supported by subsidies or
grants from the Government? Or should it adopt a ccmbination of two systems,

such a8 contracts and grants?

33, It is intended to review the various methods applied in the financial
administration of institutes.

D. Problems of staffing

34, Discussion will include the need for highly technical personnel and their
supporting technical service staff, such as chemical analysts, machinists,
photographers, etc,

35. Owing to the shortage of such staffs in many developing countries, the
recruitment of foreign personnel is needed. How does this affect the cost of
running the institute? VWhat type of training of nationals on the job and abroad
18 needed? What methods should be adopted to attract local personnel to work in
the industrial research institutes? In discussing these points, the specific
experiences of developing countries will be reviewed,

36, The subject of whether the industrial extension officer should be 8
speclalist in a particular branch of industry or a generalist will be discussed.
Since his role is an important one in gaining the confidence of local industry,
the industriael extension officer's training in methods and techniques of
extension services will be given attention.

E, Examples of orpanizational structure of some instltutes

3Te A review will be made of various organizational structures of national,
regional, public and private institutes throughout the world.

F. Bilateral aid

38, Various developing countries have received technical assistance through
bilateral aid programmes. The experience of developed, as well as developing,
countries in establishing the institutes will be discussed.

G. United Nations technical assistance

59, The policies and programmes of the United Nations to assist the developing

countries in the establishment and running of industriel research and development
institutes will be revieved.
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IV. Adoption of recommendations

40, The recommendations which will be adopted by the Seminar will be the result
of the varicus papers submitted and discussions that take place, In drawing
the recommendations, the participants will take into consideration the

possibility of implementing then by countries and by international organizations
concerned,
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I. THE ROLC OF RESEARCH AND DEVELOFMENT FUNCTIONS IN SUPPORTING
INLCUSTRIALIZATION IN DEVELOPING COUNTRIES

Prepared by the United Nations Centre for
Industrial Development

Summary

Industriel research offers a wide variety of supporting functions to serve
national goals of industrial development on a regional, national, local or factory
level. These functions have a role to play during the planning and execution of
programmes and projects, as well as in solving problems of factory production.

It is recognized that industrialization needs three basic elements, namely, |
studies and research, vhether technological or socio-economic; decisions from a
proper authority, vhether in the public or private sector; and implementation of
these decisions and management of industrial production under prevailing conditions
of industrial policies.

The developing countries vary in their level and stage of development. In
some countries not all the supporting research functions needed for industrialization
can be obtained locally. Although some of the functions can be fulfilled locally,
there may be under-utilization of such facilities because of the lack o
co-ordination, contact and dissemination of information. It is also recognized
that research and development activities require better recognition as essential
parts of industrialization by those authorities engaged in policy making.

In carrying out their functions, the industrial researci and development
establichments serve mainly in a consultative and advisory capacity. The decisions
regarding policies and execution of programmes rest with the concerned government
departments, the public or quasi-public authority, or the management of an individual
factory, Yet through institutional research, the country can be sure that its ;
decisions stem from the nature and nceds of local environment and nre based on
facts and knowledge.

It is important to e:amine each situation on the spot in each country in
order to identify the most suiteble industrial research organization. 1In scme
countrics, provinces or a specific branch of industry, it may be necessary to
strengthen the existing research centres or units by linkinc them more closely
with industrial development necds and by completing their functions vith the
addition of supportiny units. In other countries » the need may be for the
establishment of a multipurpose industrinl research and development institute,

In still others, co-ordination and liaison betveen industry and research - adapted

in a form suitable to the situation and authority structure in the country - may be
needed.,

Introduction

1. The process of industrialization requires many interrelated activities,
which in their totality contribute effectively to the acceleration of industrial
growth. These activities encompass such elements as industrial planning and

il




policies, creation of fsvourable industrial enviromment, development of industrial
rrojects, implementation of decisions, finance, training, manage ient, etc,

2. The purpose of this paper is to illustrate the role of research ond develupment
functions in supporting industrielization in developing countries.

A. Illustration of research end development functions in support of
industrializetion

3+ Research and development activities are usually carried out on an advisory end
consultative basis. Although organizations which undertake research are not
ordinarily decision-making organizations » their work strengthens the position to

be teken by policy- and decision-making bodies.

L. The possible functions of industriel research and development in support of
industrielization ere:

(a) To survey, study, and develop locsl raw materisl;
(b) To develop new processes and improve existing ones;

) To develop new products or new uses for existing products ;
(d) To improve industrial productivity;
(e)

To study the technologicel and socio-economic feasibility of industrial
projects;

(_f_) Thedevelopment of standards and specifications .

) The choice of technology and study of scale of operation;
) The study of industrial locstion and site;

) To conduct marketing research and development.

The following are illustrations of many of these research and development

5
functions.,

Adaptation of foreign techngm to suit local conditions

‘. Foreign technolog, is abundant, and in developing countries local industries
van utilize many of the aveilable techniques and information. However, much of
the foreign technology requires adaptation to suit each local enviromment - a fact
vhich clearly illustrates the need for on-the-spot organized research and
development.

Processes to suit local conditions

‘v The technigque of vegetable canning is widely known, snd one important step is
~i¢ proceseing, which involves heating the seeled can at a high temperature under
‘rcssure for a certain period of time. The processing temperature and time depend

b5
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upon certain factors, among vhich are the rate of heat penetration in the food
being canned, as well as the micro-orzanisms contaminating the fresh food before
the can is sealed. Local varieties of vegetables and sanitary conditions do not
necessarily corresvond {rom one country to another. One of the cruciel questions
facing the manager of a cannery in a developing cogntry is whether or not he should
process, for instance, a No. 2 can of beans at 250" Fahrenheit for thirty minutes,
as practised in a difflerent country. If he follows this method he may be under-
processing the local food and causing food spoilsge to occur, which, in turn will
affect the health of the population as well as the economics of the factory. If,
for example, for safety measures he decides to process the cans for five more
minutes, he may be over-processing unnecessarily, which in turn will affect the
quality of the product and increase the cost of production, owing to the prolonmed
heating. In order to eliminate guess--work, possible hazards or econcmic losses
such as these, investization and research on the spot would be required to
determine the suitable processinz time [or various canned foods and to establish
national standards.

Pevelopment and use 0. local materigls

8. One of the functions of research and development is to survey the local raw
materials in order to Tind substitutes ior expensive imported ones, as well as to
ellow for the full exnloitation of natural resources and agricultural materials.
For example, throuch an on-the-spot study in Ceylon, it vas possible to ascertain
the possibility of producing citric acia from local molasses. The catalytic
oxidation of alcchol from fermented molasses Yielded the needed citric acid at a
lover cost than the imported one. 1/

9.  Although the technique of making artificial fibres is generally known,
onethe-spot industrial research was still nceded, for example, in the United Arab
Republic, in order to properly utilize bagasse in the manufacture of viscose rayon,
The local bagesse was investigated and was found to include 25 per cent pith,
vhich is lover in cellulose ancd higher in esh content than the fibrous part.

Early investigations indicated that sbout L0-50 per cent of the pith had to be
reroved to produce pulp suitable for viscose. As research continued in the
National Research Centre, it was discovered that it was only necessary to remove
3 per cent of the pre-hydralyzed materiel in order to reduce the ash content to a
suitable level. This research alsc resulted in nroducing suitable viscose pulps
prepared under atmospheric pressures and without more additional chemicals or

time than required in the conventional pre-hydrolysis method, which is the

alkali method under hi h pressure. The final result vas & superior quality and

a less costly product derived through the proper utilizetion of local material, g/

1/ PBriefing cn United Nations Affairs, vol. V, No. 10 (Nov. 1957).

2/ United Nations Conference on the Application of Science and Technology for
the Benefit of the Less Developed Areas, "Possibilities of Producing Viscose
Rayon and Nylon frem Availasble Local Raw Materials and Blends with Natural
Fibres", by H.M. Zl-Behery (United Nations document E/CONF.39/D/46),
pp. 1 3.




Lificient use of equipment

10. Throuch research, industrialists can obtein knowledge which may lead to more
efficient use ol equirment, For example, investi-ation and study on the spot may
be needed to assurc that waste is reduced, life of equipment prolonged, a.ad »
high rate of production is maintained, vhici: in turn raises productivity in the
Tfactory. An example from India illustrates how an on-the-snot study in a water. |
pump pl' nt increased productivity and trebled the capacity ol the cupola used for |
melting rav materials, é/ The rejected castings were being scraped and re--melted
©s a procedure which management considered a8 necessary part of tlhe "rocess,
because they were unaware of the relative frequency of the defects. However,
through careful investigzation and study, it vas discovered that although both the
layout of the factory and the product wvere satisfactory, a significant number of
castings were rejected, owing to the presence of air nockets in the castings,
vhich could not be discovered until the costinis were machined. This defect vag
owing to the air intake in the cupola being insufficient to produce a consistent
suitable temperature, thus causing blovholes in the casting. It was discovered
that the teuperature control was malfunctioning and the cupola was improrerly
designed, and thet the air intake had been allovad to clo;. Correction was made
and the capacity of the cupcla was trebled.

11. Much iniormation is known about the efficiency of equipme it manufactured
abroad foi use under known conditions. However, using the same equipme.it under
different environmental conditions may result in freouent breakdowns, lcwer
oroductivity, a shortey span of life or hi her cost or production. For instance,
vorking conditions in local factories, the level o:i educ~tion of personnel, or
the prevalence of sand or dust in the area may have an adverse effect on the wear
rnd tear of machinery. Throush research and development in developint countrics,
solutions may be obteined to adapl equipment to local enviromment or vice versa.

Laboratory testing and standards

12. Industrial standardization accelerates industrial development in many ways.,
For example, it helps conserve latour enc waterials it improves the output
quantitatively and qualitetively; provides a besis for cemperison, inspection
and settlingy industrial disputes. and simplifies training of personnel.

13. Through industrial research, advice and essistance can be given to the
Hinistry of Industry, chambers of commerce, trade associatioas, or individual
establishments in the formulstion, application, review and dissemi.ation of
standerds of identity and quality for industrial products, manufacturin ; and
engineering standerds, purchase specifications and the use of standard marks.

14, Also through the laboratory testin; facilities of scme of the research
or;anizations, assistance ca.a be given tu local industry o government
departments to satisfy some of their needs. For instance, it may be necegsary
il some areas to analyse the clay deposit in order to know its properties and to
‘etermine what extra eleme.ts are needed to obtain ceramic preducts of ~ooud
mality.,

-, Industrislization and Productivity, Bulletin No. 3 (United Nations rublication,
Sales No.: .II.B.1), "Use ol Statistical wality Control in thc Industry of

Under-developed Countries" by William R. Pabst, Jr., p. 48,
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Marketin; studi:s and development

15. There are uany warketing functions vhich can be investizated, studied and
developed thrcuczh research for the industrial sector in Teneral, a groun of
manufacturers, or a given factory. Thus, assistance can be 7ziven to determine
the poteatinl market. Vho is the notentinl consumer, whot and whe. vwill he buy,
and how much is he expected to buy are some of the questions which can result in
the right selection of products for manulacture if answered scientifically.

16. One of the lunctions of research is to advise on problems of merchandising.
Assistance can be given to a factory, for example, to investigate and solve the
problems of packaging, labelling, branding and standardization of products.
Assistance can also be rendered in collecting, analysing, evaluating anu
disseminating pertinent data on the competitive position and market trends
related to glven products.

17. It is important to create the confidence and interest of consumers in
national products, and buying habits can be changed thrcugh an effective consumer-
education programme. The Government, the chamber of commerce , or trade
associations may seek the advisory end consultative services of one of the
industrial research o.gs.iizations in this task.

Location and site of plants

18. Throu h research, advice and assistance can be given to individual
industrialists on the selection of the wost suitable location and site for the
industrial plant. The importance of proper plant location can be illustrated by
en example in which the choice of a chemical plant locacion alone shoved a
veriation in operation cost of $US400,000 every year. &/ After deciding on the
reneral location ol an industrial prlant, the choice of the site can also affect
the costs of building, equipment and operation. For example, the general grading
ond soil conditions affect the decision on the foundation needed for the building,
vhich in turn influences tiie cost of construction. Thus, industrial research can |
be of assistance even before a factory is built, |

Sultable technique ot production and pilot-plant studies

19. A new cr improved prccess may result in a better product, the more efficient
use of by-products or better waste recovery. A suitable quality-control programme
will ensure unifor: quality, increased cutput and lover-cost products. Good
preduction methods will simplify work and result in the efficient flow of
material,

20, One imyportant function of research and development is to assist the country
or individual establishments in improving or developing efficient production
techniques and methuds as well as engineerin; development. An example frem
Nizeria shows that the Federal Institute of Industrial Research was successful in
achieving mechanized garl production in the country for the first time, j/ One of

4/ Cost Enrincering ii the Frocess Industries, Cecil K. Chilton,(ed.), (New York,
McGraw--HHl, 19805, p. 259,

5/ "industrial Research in Nigeria, Develcpments at Oshodi”, Nigeria Trade Journal,
vcl. 10, No. 1 (1962).
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the first major projects of the institute was the conversion or traditional gari
cottage industry to production on an industrial scale. After carrying out some
basic research to understand the scientilic process involved in pari manusacture
from cassava roots, enough information was obtained to construct—g—gilot nlant
capable of producing one ton daily. The aev process, which involves the yse o)
special techniques and locally designed equipment, resulted in a uniferi quslity
gari product prepared under hysienic conditions and hnving a lon; storaze life.

Raising industrial productivity

2l. In intrecducing local industrial products, the developing countries compete
with foreizn poods. If protective measures are taken to help developin; local
industries, they can, in the long run, be effective, but only to a certain extent.
The quality and price of locally produced goods should be reasonable in order to
attract the consumer and, at the same time, to protect his interest. If local ﬁ
industrial products are to be exported, they must face a competitive market where %
protection is not given. For instance, according to one study, based on deta in

1959-60, the total cost of producing one ysrd of cotton sheeting in the

Philippines was 131 per cent of that in the United States of America. 6/ This

comparison is significaut, especially considering that the labour cost—per hour in ;
this industry in the Philippines was 20 Der cent of that in the United States of g
America, :

22, It can be seen that high productivity plays an important role in a successful
Industrial development programme. Higher productivity not only provides

consumers with more products at lower costs, but also results in improved

workin , conditions, higher wages and an increased return on invested capital.
Thus, the benefits of higher productivity are shared between the employers,
workers and consumers.

23. There are many interrelated factors which influence the general level of
productivity in a given country, i.e,:

(a) Environment: social tradition, human relations and attitudes, natural
resources, cligatic conditions, education, level or nutrition,
sanitery conditions, etc,,

(v) Technology: Tactory location, layout and size; equipment design,
handiing and application, and meintenance, product - technique of
prcduction, design and by-products; power - type, source, rawv materials
used, etc.;

(e) Management: production plenning, scheduling and quality control;
cost accounting and control; personnel practices (recruitment,
placement, training, turnover snd absenteeism control); marketing
research, planning and merchandising); industrial relations; purchasing
timing, steadiness and relirbility, soundness and selection, etc.)

5/ Laurence Davis Stifel, The Textile Industry - A Case Study oi Industrial
Development in the Phillppines !TEEaca, New York, Corne niversity, 3),
Lata paper No. 59, P 1§§.
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(d) Labour odaptability, attitude to Job, stability on job, attitude toward
Vs ’
co vorkers, optitude for work, ambition and wvillingness [or iuprovement,
vaes and efiectiveness of labour orcanizations,

(e) Availability oi capital.

2k, The verious elenents of increased productivity invol.e ccllection and anelysis
o' data, research, {nctory surveys, training, legislation and the proper execution
of = pro ramme cecign-d tu raise productivity. Research and developmentc functions
can play a key rolc in strengthening the workin; of policy- and decision-making
organizations which are concerned with raising industrial productivity, whether on
a national, local, or lactory level, since institutional research can approoch the
problem in its entirety and in a comprehensive manner.

25. PFor instance, in addition to the functions of research in material or
process development discussed in this paper, one of the research functions can be
the estoblishment of procedures, techniques and stendards to measure industrial
productivity. Through this measurement, all concerned parties are in a position
to effect improvemernts. It mey currently be an accepted practice in many
countries to measure productivity in terms of labour productivity. If the
concept oi productivity is thus limited, the tendency to blame labour for
inefficient industry may stend in the way of diagnosing the real interrelated
factors vhich hinder progress, and may also place labour in an unfair situation
that mi;ht lead to unnecessary conflicts., Various measures for reisin;; industrial
productivity can be studied and kept undei constant review.

26, The measure ent of productivity is impossible without an adequate system of
industrial accounting. The absence of good cost accounting, for instance, might
lead management to economize on labour and thus create a social and economic
proble. in the community, vhile the real reason for the high cost of production was
probebly inefficieant utilizetion of raw meterials or the adoption of an inefficient
process by management. Research can play an important role in devising a system of
industrial accuunting which would be suitable for a given industry under local
conditions and in disseminating this information throughout the industrial sector.

27, Another possible lunction of research is to survey, investigate, study and
analyse industrial vorkers' adaptability to and attitude towards jobs. It may be
discovered thiat sucii items as atsenteeism, labour turnover and lack of interest,
whicih contribute to lcw productivity, are caused, for instance, by low morale owing
to poor managerial practices, or by the method and technique of production used in
the factory, or by the vorkers' general attitude towards employment. Programmes
for improvement can be established when systematic studies reveal the nature and
causes 0. the workers' varying attitudes tovards industrial work,

Pre-investment studies

23, Industriel research may assist the planning authorities or industry itself
in conducting specivic pre-investment studies to determine the most suitable
programme of industrinlization, as well as the technological and socio-economic
feasibility of industrial projects. It can also verify the studies undertaken by
foreign establishments, thereby giving assurance and confidence to local
industrialists,




29. One of the functions of research and development may alsc be th: assistunce te
both the public and private sectors in the preparation o1 desins, technica!
specifications and schedules for industrial plants, end in the subsequent
technicel and commercial evaluation of tenders.

Other supportin~ functions

30. Organized research can play an important role in strengthenin the
conprehensive and institutional approach to industrial development. The mere fact
that a factory is established does not necessarily mean that it will succeed or
encourage the business community to accelerate the rate of factory establishment.

31. There are numerous functions which require study and planning and which, in
the lon; run, silect the attitude of industrialists towards investuents. For
insta.ice, investors ir developing countries need incentives to invest in
manufacturing industries rather thaa in the surely successful and relatively
easy business of real estate.

32, The national authorities may undertoke measures to promote industriel
development tirough government purchase and procurement, industrial zoning and
sites, facilities ror hire or hire- purchase of buildings and equipment, repulation
of patents and industrial property, industrial e:tension service, ete, In this
connexion, zuidance through research can be given to the national authorities.

B. How the functions o” research and development can be implemented

53. Any proposed industrial project, whether undertaken by the public or private
sector, should be studied ani developed in such a way as to avoid future
disappointments. Reasons for the establishmeiat of a project may vary from one
industry, locality or country to ancther. Industry, for e:iample, may be
established for the purpose of investrnient end profit makin~; for the utilization
of local meterial that is being under-utilized at present, thereby increasing the
value of natural or agricultural resources f{or the production ol goods to replece
importation and to seve hard currency; for the satisfaction of consumers' nceds
in thc area; lor the provision of employment opportunities; for the iulfilment of
defence needs, etc. These varying reasons affect the decisions of the industrial
planner and investor, and inJluence vhatever studies snd research arc to be
undertaken.

34. Policy-making, as well as decision-implementation organizations, and the
management of production should take advantage of whatever research facilities
are avallable in the country. These focilities may be in the form of a
multipurpose industrial research institute, a research institute [or a specilic
industry, the research department of the Ministry ol Industry or the industrial
development corporation, the national institute [or scandards, management
development centre or institute, the productivity centre or institute, the
university, the national board or council of scientific and industrisl research,
management or engineering consulting olffices, private research laborstories, etc.
These various organizations are discussed at length in many of the papers submitted
for this Seminar.
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55. In scme develoning countries vhere many of these dilfTerent orgaulzations
¢:lst, a basic need [or co-ordina*tion end optimum utilization is required.

In other coses, » nced is perhaps rreater for one or more additional units

to strengthen the existing orpganization linkinz it to the industrisl development
necds.  In still other countries, a coupaign may be nceded to convince policy-
or decision-makin; authoritics regardin; the importance of institutional
industrial research. Scme countries may curreatly require the establisiment of
only a multipurpose industrial research and development institute.

30, Thus, it can be seen that it is not practical to prescribe one solution for
all concitions and circumstances. A local investigation is usually required to
determine the type of organization needed. 1In conclusion, it scewns that the
question is not whether developing countries should or should not orgenize
institutional industrial research, but rather whether these countries can afford
not to establish such activities, regardless of what their forin mey be.
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II. THE ROLE OF INLUCTRIAL RESEARCH INSTITUTLES IN WEVELOPING CCUNTRIDS

Prepared by I. Malecki*

Sunmag

The author assumes that the scope of tuemes of the works of institutes would
be established on the basis of detailed analysis of the econcmic and scientific
needs of the country, which have been set by the average and long-term plans,

The reasons for which it is necessary to develop basic, as well as anplied,
research in the institutes are given. Some desirable proportions between the
contributions of basic and applied research are also touched upon.

The tasks of the industrial institutes with regard to the adaptation of
international achievements have been analysed and subjected to some factors
mentioned in the text, Some aspects of the institute'’s role as &n adviser to
the Government, as well as to national or private industry, are presentcd,
Special attention is paid in the report to the problems of the formatic.. and
education of scientific staff, assuming that the industrial institutes can
complete in great measure the work of universities.

In the report, the functions of the institute are stressed in the genersal
upgrading of the technical level of the country.

The author mentions also some tasks of industrial institutes in the way of
normalization of industrial products and in writing scientific publications. The
report is illustrated by the examples taken from the experiments of Polish industry,
mainly in the period of the reconstruction after the Second Uorld "lar., Those
examples are based on the author's personal observations in some developing
countries,

A. QGrounds for ani].ysea

1. The present elaboration includes observations, experiments and conclusions
based on the following sources:

(a) Activities of industrial research centers in Poland, especially those 1
taking place after the Second World War. Vlorking conditions anc, tasks of the
institutes -during this period in Poland are comparable with the present situation
in some of the developing countries for reasons given below:

(1) Dburing the Nazi occupation and hostilities , atout 60 per cent
of the tecanical contrivances were demaged so that work hed to
be started on an insufficient technical basis:

¥ Deputy Secretary-General, Presidium and Council of the Polish Academy of
Science,
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(i1) After the war, industrialization of the country vas undertsken,
with the result that the industrisl prcduction increased 3.73 times
11 the years between 1950 and 1961; during that time some sections,
like the shipbuilding industry and the industry of coal-mining
mechinery and large (up to 200 Mw) energetical units were
established;

(1i1) 1In 1945, Poland experienced a pronounced shortage of experts,
owing to huma: losses during the war and German occupation, and
to the six-year period in vhich the academic schools were totally
inactive;

(1v) In 1945, there were no research institutions for industrial
purposes, the seven pre-war ones being completely destroyed. In
effect, such centres also had tc be founded anew. In 1951, there
wvere already thirty-eight; the number has increased to a current
total oo eighty; 3

(b) The co-opcration of Polish scientific institutes and universities with
the scientific centres of developing countries, and the experience gained by
individual Polish scientists invited to study by Governments, private enterprises
or the United Nations;

(c) The author's personal experience in his directorship ol the Institute
for Basic Technicol Problems of the Polish Academy of Sciences, and in his
activities on the international field.

2. The monogreph is concerned with the main points of the daily sessions in
Beirut (December, 1964) and discusses only problems wherein Poland is experienced.
Chief attention is given to the report on programmes of the various institutes,

as this is the starting point for further work.

B. Different research tasks of industrial institutes in the developing
countries

3¢  Activities of the institutes and programmes of their studies cover a broad
range of topics and depend on following conditions of the given country:

(a) Present end future economic system. The scope and tasks of research in
a solely agricultural country are totally different from those in a country where
the economy is based both on agriculture and on industry, or where the
ciploitation of natural rescurces is the chiel economic basis;

(v) The level and number of the body of industrial experts and of the
academic stalff. This is an essential factor which limits research. On the other
hard, one must remember that rapid changes are characteristic cf developing
countries. In planning future research centres, therefore, a graduasl increase in
the number of experts, sufficient to satisfy the country demands, can be expected;

(c) The actual network of research centres in Poland. Primarily,
universities carry out some of the experiments appropriate for industrial centres.
In Lony developing countries, tiere exist traditional and esteblished forms of
co-operation between science and national economics. In planninz research
programmes for the nevly organized or e:rpandecd institutes, =21 these factors
shculd be considercd;
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(d) The institute's territorial sphere of activity. Research centres iollow
a different scheme in small ccuntries and work in a different manner in lare
ceuntries or in regions including several countries. In African countries,
perticularly, it is escential to agree upon the region vhere an institute is to
cxert its scientific activities.

4, In spite o. thece nultifariocus requirements, there is a certain Ticed
standard cf wvork for a research institute in an average developing country.

In this case, a mean level of advancement is conventionally agreed upoa vhen

the econcmic, social and cultural position of the country provides sufficient
grcunds for industriel research. There need to be at least some beginnings of
local industry, mining or efficient asriculture; the country —ust possess a group
ol persons able to be_in (if not continue) research; the ccuntry's economy should
provide for a certain allowar.ce for the erection, equipment and maintenance of a |
research centre.

5. On the other hand, up-to-date industry based on a native staff ond an
organized netwvork of scientific and industrial research centres capable of
Tulfilling the demands of technical advancement are still missing in tie ccuntry.

6.  For the determination of specific features of the activities of a future
institute, it 1s essential to assume beforehand the econcmic and social conditions
of the given country. In general, it is a mistake to transfer unchanpged
organizational institutions from the advanced to developing ccuntries, os the
money exrenditure is unwarranted and the centres lack a discernment ol the actual
nceds of the country. Unfortunately, one must realize the enormous diflerence in
the actual expenditures on scientific investigations in the developing countries
and thoge with advanced industrialization. Estimative appraisals reveal that

some twenty-five countries, representing only one thi.d of world population,
account for about 95 per cent of world expenditures on research. The snnual
outlay per capita on scientific investigations amounts to $US78.4 in the

United States of America, to $US35 in the United Kingdom, to $US27 in France,

and to about $US9 in Poland, while in the najority of developing countries the
respective sum is equal to $US0.1-0.3, Even assuming the ;reatest possible elforts
on the part of their Governments, this striking lack of proportion vill continue
to exist for s long time. For this reason, it is highly important to econcmize
the existing resources by s judicicus choice of the lines of research, which

vill be discussed in the following rages, and by a vell-proportioned disbursement
on housing, fittings and maintenance of the institutes, and - what is perhaps
most essential - by a lon3-range, considerate educationel policy.

C. Original scientific research of industrial institutes

7. The chief undertaking of an industrial institute in advanced countries
consists in the conduct of original scientific and technical investigations
intended to convey progress into the processes of production and industrial
exploitation and so to reduce the costs of production, improve the quality of
nanufactured guods and bring about the release of novel articles. In effect,

the enterprise or industrial concern serviced by the institute profits by its
activities thus contributing to the economic wealth of the entire country.,

The main advantage of investigations carried out by industrial institutes lies

in the intrcduction of an element of novelty which renders the products marketabl~
and excludes the necessity of imitating foreign designs. The sphere of original
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activity o0 the industrial institutes is la. -ely dependent on the lield representec
by the centre. According to Polish experience, institutes eoncerncd with technical
+i+.1ds herein progress is most dynemic (clectronics, aircraft incustry) carry

wut original research in 3C to 40 rer cent of the total vorking capacity, while
bor centres concerned with traditional industry (food, textile) the respective
index is a0 hirher than 10 per cent, the remainin; competency bein: limited to
advisory, adaptational and designing work.

¥
i
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8. In the developing countries, industrial institutes are limited in the scope
of original research; it seems, however, unreasonable to reduce their activities
to reproductive wvork alone. Nevertheless, the original findings of an industrial
Institute are hardly to be expected to have an immediate bearing on the country's
cconumy. In the developing countries, it is never possible to ectablish a close
relation between the progress in scientific research and the industrial
development,

9.  An association of this kind occurs in the most up-to-date industries, such as
aircraft or plastic production, in scme of the advanced countries. In the

less developed countries, there is a certain disproportion between the peak
achicvements of scientific activities and the actual possibility of their
incorporation, which cannot be dismissed from,dey to dey. This does not imply,
hovever, that institutes of less developed countries should not undertake
original studies; on the contrary, there exist importent and pressing reasons

for their performance. These recsons stem from the political and economic
premises discussed below.

10. Scientific policy in the less developed countries is even more difficult
and resvonsible than in advanced States vhere the developmental processes are
defined and settled. In the less developed countries, these processes are
barely perceptible and require careful protection and long-range anticipation of
future derniands. This is most explicit in the sphere of original scientific
rescarch, which requires more time than the erection of industrial plants;

the larcest oo these can be built in three to five years, whereas the education
and training of a team ol research workers requires no less than ten years.

The essential reason for undertaking orizinal secientific investigations are the
future necds of the country. Hence, the research programme is a function of a
perspective develormental scheme designed frem five to ten Years in advance.
There is obviocusly no use in undertakinz research on the construction of
eeroplanes in a country withcut any grounds for establishing an eirecraft industry.
On the other hand, investigations in the field of petrochemistry in a country
posseesing plantiful rescurces of mineral oil are fully justified.

11. Criginal scientific investigations are an indispensable provision for the
education of an enterprisin: academic staff, a prerequisite to the attainment
ol the level of current world standards. Frem the psychological point of view,
it is rather essential for the rsturning scientific workers to find in their
country not only means of applyias their knowledge, but also possibilities for
further study. It is a well-kncwn fact that about 25 per cent ol the fellowship
holders from developing ccuntries remain in the foreisn educational centres, one
of the reasons - especiclly for the most promising of them - being the lack of
prospects [or creative vork., In this case, at leart partial precautionary
measures are essentlal for the scientific prosress of the native ccuntry.,

Only vhen an industrial institu‘e executes its cvn programme ol research can it
become a. invijorating scientific centre,
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12. Original scientific rescarch within an industrirl institute is Turthor
advicable for educational purposes. Institutes of this type mizht take over gopo
ol the qualiilications of universities, chiefly the conduct of Post siadunte
stucdios and providing the means for work towards dector's theses vithin ti-
institute's competencc.

13. These goals of original research for industrial institutes or developin,
countries account for a different choice of objectives than those in centres
exclusively for the use of advanced industrial plants. Althcugh it seems
paradoxical, owing to their independence from practical demands, studies of
this type can assume a long-range aspect and sten from the institute's cwn basic
investigations, Incorporation of a certain amcunt of basic work intc the
programme of an institute 1s an essentigl eiucational element. It {s often of
greater importance than in the advenced ccuntries where work of the industrial
institutes is based on fundzmental studies carried cut in universitics and
institutes of the academic type. Following are the protlems requiring
consideration:

(a) In order to start original research, a minimel quantum of means ig
necessary; to provide these means within a smaller type of industrial institute,
a large proportion of the general facilities has to be sacrificed for this
purpose; this makes the situation incomparable with wealthy institutes. Trye
enough, 1in the United States of America and in the United Kingdcm the expenditures
of industrial laboratories on bagic research are limited to 4 per cent of the
total; yet, for one thing, the global sum is substantial, and for the other -
most of the fundamental work is carried out at universities, where it constitutes
no less than 85 per cent of the total programme.

(b) At the current time, basic research serving the purpose of national
econcmy 1s concerned chiefly with the fields of mathematics, physics, chemistry,
biology and earth science. WVithin the industrial institutec, studies in these
branches form the grounds for speclalized investigations of the given institute,
For example, studies on the theory of dislocation inside crystals may be carried
cut by institutes of metallurgy with the aim of improving the mechanical
properties of steel. This relationship between basic research and the future
applications of its findings should be regarded as an essentisl problem.
Encouraging the idea of basic research in the industrial institutes, it is
necessary to warn against a tendency, noticed in flourishing scientific centres
with an insufficient financial background, of a withdrawal of researchers from
practical grounds to more abstract studies. A certain quantum of speculative
explorations should necessarily be carried cut; hcwever, the appropriate
ccmpetence for this type of work should belong to the universities.

Conclusions
“

14. An industrisl research institute of g developing country shculd carry out
original investigations for the following purposes:

(a) Direct application in the processes of production (rarely enccuntered
cases);

(b) Preparatory work to establish a basis for investigations of a greater
scope, necessary in the future for the country's econcmy;
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(¢) Orranization ¢l o field of activity tor creative research on the part
of highest-pgrade experts,

(d) Tuition and training of specialists by promoting work for scientific
degrees and post-;raduate studies,

15. Original research should be oriented by:

(a) kresent and future needs of the national economy, especially those
brought to light by long-range planning for the nearest five to fifteen years;

(b) The necescity of orgenizing a substantial base for future studies
and the requirements involved in the specialized education of a scientific staff.
Hence, an institute shculd be engaged in practical and applied research of its
branch;

(c) The level of expenditures on original research, based on estimates of
indispensable needs and not on standards of institutes in the advanced countries;

(d) An avoidance of topics unrelated to the present and future needs of
the country.

L. Role of industrial institutes in the adoption of forelan achievements

16. 1In the developing countries, this function of an institute is of prime
importance. Industry in a less develoved country can be modernized by several
means. The easiest way is to work on a full foreign licence, in which case

the crected plant is entirely under the control of foreign experts and the
exploitation follows exact instructions. There is no need to emphasize the
numercus drawbacks of this scheme. In the first place, it is a costly solution,
leaving the problem of training a native body of specialists unsolved. Secondly,
in such a case there is no opportunity for a continuous improvement of the
processes of production. On the other hand, it is not an easy problem to adopt,
by lccal means, written solutions requiring a highly-qualified staff.

17. The indirect way consists in an adoption of foreign achievements with the aid

of foreign experts who co-operate with the local staff. FPolish experience in 4
these matters has revealed that in the early post-war reriod a full licence for such |
novel branches as, e.g., shipbuilding, were actually necessary; gradually, however, |
domestic research and designing centres became active. The experience gained from
the licensed performance provided grounds for re-establishing some other

preduction, usually on a greater scale and exemplifying a subsequent stage of
develciment., In some cases (e.g., the construction of a 2,C00-horsepower ship
motor) licensed production runs parallel with the native performance, the country
model being gradually improved to exceed in quality the licensed type. There
occasionally occur situotions wherein the assumption, on one's own account, of

the designing and coustruction work creates a better position in purchasing a
licence, so that the econcmic effects are highly favcurable.

18. Among the many institutional forms of activity concerned with adaptation,
the folloving are the most typical.




19. In the enginecring industry, these activities include:

(a) Lesigning, model-making and the construction of prototypes, apparatuses
and installations which are to be produced;

(b) Preparation of the technological proces. » chiefly the dressing
(treatment) procedure;

(c) Adeptation of the produced wares to requirements of the local users.
20. In the building industry, there are:

(a) Adaptation of construction solutions to local climatic conditions : .4
needs of the users;

(b) Application of local building materials and their improvement;
(c) Designing of buildings and machinery,
2l. The exploitation of mineral deposits includes:

(a) Adaptation to local conditions of methods for geological and
geophysical inspection;

(v) Geological reconnaissance;

(c) Adaptation to locel conditions of drafts of mines and winding gear.
22, In the chemical industry, the activities inelude:

(2) Acquiring knowledge of techrological nrocesses on a laboratory level;

(b) A transfer of laboratory experience to a pilot-plant (semi-commercial)
scale of production.

23. The schedule given above portrays the adaptive role of institutes, which
simultaneously perform designing, constructive and technological work. 1In effect,
a typical research institute and a designing office tecome merged.

2k, Polish authoritiecs have recently decided to unite several designin; offices
with research institutes of the same branch. Many other centres already include
such design bureaux. Institutes of this kind are usually o success. Main
emphasis should be given to the inclusion in the working scheme of institutes of
technological problems consisting in the solution of questions o.' the knos-how
type. On the whole, tracing, or an adaptation of a machinery design or of a
sc’.eme of electronic appliances, is much easier than reproducing the heat
treat..ent of the material or preparing sub-assemblies.

25. The author's experience provided the following example. Soon aflter the
Second Vorld l'ar, Polish radio engineering reached a high level of construction
of wireless sets and television receivers; yet, a fairly long time passed before
the quality of sub-asseublies was under full control. There is still a necessity
to emphasize the importance of the engineering aspect of production, vhich is
lisble to be overlooked within institutes preoccupied with the more effective and
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less troublescme assembly and construction problems. Engagement in the matters
of adaptation requires from an institute highl;--qualified personnel, substantial
technical backaround and thorough training. Hence, the necessity for detailed
specialization and continucus empluyment on the part of such institutes, which
drav heavily cn the [inancial resources.,

26, In making decisions, special attention should be glven to the continuity of
work in the institute. Usually it is not worth while to establish a particular
centre for design and research in order to build a single plant or set in train a
single sphere of activity. The task is then better entrusted to a foreign firm, or
else the neighbouring countries could co-operate in organizing a rezional institute,
which could be certain of Obteining orders for a long time - a situation similar to
that in the industry of advanced countries. Small and medium-sized firms, even
those which strongly ccmpete with one another, could organize common design centres
or offices and research laboratories. The decision as to whether a given object is
to be made within the competence of an institute, or entrusted to foreign experts,
depends on two factors, viz. the ccuntry's possibilities of undertaking the work
and the calculation. Yet, here too, the long-range educational policy and future
advantage need to be taken into account. When the costs of production are equal,
the country solution is justified in all cases. The risk involved in the decision |
is not so much owing to the cost of country adaptive research and designing as to
the chance of error in a solution unsupported by the experience of many years; in
effect, the country solution may be inferior to that of a well-known firm and more
expensive. A hazard of this kind can be reduced either by subjecting thne project

to expert assessment (a measure, in any case, less expensive than its execution), or
by gaining prior experience on smaller schemes. The same holds true in production.
Engaging in serialized manufacture on a large scale without preparation is always
hazardous. To avoid risk, it is advisable first to carry out semi-serialized
menufacture (low-volume production), especially in the institutes lacking
expergence, Or the process of production could be checked in a quarter-commercial
scale, which permits the verification of premature designs.

27. When intensive development of the industrial base is carried out by dcmestic
meéans, errors are inevitable; at the same time, however, these fallacies are the
source of useful experience, provided it is not too expensive, Luring the peak
reriod of investments in Poland, when in five years' time plants of a total value
of $US1.5 million were substantiated, young designers usually committed the
following errors:

(a) Unnecessarily luxurious "casing" of industrial establishments s which made
the ratio of housing expenses to the costs of machinery too high;

(b) Excessive "stiffening" of the production engineering, which rendered
future improvement and renewel of individual elements difficult;

(¢) Lack of consideration for the economic use of materials, fuel and
electric power.

The pasl errors are mentioned here because of their frequent reappearance in
similar situations in other developing countries.




Conclusions

28. 1In the first place, industrial research institutes are expected to adapt
foreign solutions of scientific problems for the nation's use.

29. The scope of sdaptive work is related to the industrial branch. As a rule,
hovrever, the institute is engaged in design, construction and engineering
activities, in the modelling of prototypes, quarter-commercial scale of
production, etc. Chief emphasis should be given to the enterprise involving
practical applications.

30. The larger and more complicated the objects elaborated in an institute, the
greater should be the long-range demands of the consignees. Hence, institutes
engaged in research on complex problems in engineering should service entire
regions, rather than single countries.

31. The choice of work in an institute depends on its workability and
calculation, considering both the assets of gaining experience in the country
and the liabilities involved in the hazard of making errors.

E. Advisory functions of an institute

32. The advisory functions of an institute cen be largely diversified and

responsible; in the developing countries they are exceptionally important in
view of:

(2) An insufficient number of qualified experts on the staffs of
independent centres, able to take an active part in scientific and technical
sesgions;

(b) Management personnel often being inccmpetent and unable to make
decisions without the aid of experts;

(c) The technicel staff of industrial centres having & low educational
standard and requiring advice to cope with the every-day, simple workin: problems.

55+ Advisory functions vary in dependence on the recipient institutions, as
noted below. :

Counsel for Jgovernmental agencies

34. Industrial institutes of developing countries are usually State-owned, or,
at least, State-subsidized, so that counsel for the Government is one ol the
habitual functions of these centres and includes the following affairs.

Estimates of the actualitx and technical correctness of the planned
investments and economic schemes

35. It could easily be shown that economic planning is usually optimistic.

Very often, the economist who works with total indexes and figures on the
time-consuming aspects of an investment fails to apprehend local obstacles which
can substantially raise the costs or cause a delay of the planned object.
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Teams of cupertc represent those who can provide the :i0st authoritative advice
and are much more competent than technicisns who are permanently on the planning
staf'f.

36. The en~agenent ol experts in the institutes instead of in olfices has
another aspect oi' importance in the developing countries. Szveral times it was
emphasized that most of the graduates ol foreign universities wor: in the State
oduinistration and make no effective use of their acquired knowvled-e, which
.radually becomes obsclete, Apparently some 50 per cent of the chemists in
south-east Asia meet the same fate. The ties of governmental advisers with a
living field of research and technieal activity constitutes an entidote against
the assumption oi' a clerk-like attitude by worthy experts. In some cases, a
rotation betwveen .roduction plents, institutes and offices might be possible,
yet it is difficult to perform on a broac ran_e, especially in respect to older
persons.

Supervision over the performsnce of enzineering tasks by country or foreign
associstions

57. Institutes may carry out a preliminary appraisal of the necessity and range of
the investment, establish the optimum conditions and the detailed technical
requirements of the order, control the work and finally carry out the transfer and
receivin; procedures on behalf of the user of the object. These are not only
fornal administrative functions. Millions can be lost or seved, depending on the
quality of their perlormance. Likew.se, it should be considered that the
advisory, and, at the same time, supervisory, staff of the institute can learn
much from the foreizn company. It has been noticed that often this is the sole
opportunity of gaining a thorough knovledge of the technological processes, or of
gaining experience wnich will permit the development of the plant by domestic
means. It is essential that the staff of the institute take part in the setting
in motion of production and in the trensfer of the vorks to regular exploration.

Counsel in non-technical problems

38, 1In discussing the foregoing functions, it is sometimes hard to distinguish
economic and social problems from the technical matters. One must realize that
wvhile an institute cerries out its own projects or supervises foreizn ones it
encounters several economic and social points, the solution of which is beyond
its compctence., On the other hand, institutes are entitled, and even obliged,
to call the Government's attention to the econcmic and social consequences
follewing particular resolutions in the sphere of technicalities. In Poland,
the introduction of econcnic evaluation into the activities of industriel
institutes was ;reatly emphasized durin:; the last five years. It is not only a
metter of organizing bodies of econcmic calculation at the institutes, the point
lies in traininy the scientific and technical staff to take a critical view of
the eccnomic, as well as the technical, aspect of their wvork. Among others,
research centres of the bullding industry, vhere each new material or building
element is closely scrutinized fmem thic standpoint, cen serve as examples.

39. 1In the developin; ccuntries, economic evaluation seems to have an additional
aspect. Here, the new industrial investments are of much greater social
importance than in countries with established industries; a. erection of a plant
in a less developed country creates not only a source of earnings; it is, in
reality, a factor that revolutionizes the life of entire regions. Though on a
lesser scale, Polond witnessed similar phencmena.
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LO. Scme large industrial plants and several smaller establishments were built in
regions which, prior to 1945, represented exclusively agriculturnl orens,
Agricultural vorkers who vere employed by these plants jad no iden o: cven the
most primitive tcchnological processes and vere unaccustomed to vorking and livias
in large communities. Hence, there were frequent difficulties and discords, wvhich
Jradually bLecane disentangled. To avoid then In the future, a conti,uous onalysis
and observation of thesec phencmena is neccssary. The Polish Acadeny of Sciences
has alreody succeeded in accumulating a substantial amount o material concerning
sociologicel changes in the industriaslized regions. Studies of this type in all
such centres of developin; countries seem to be highly desirable and can only be
carried out by country means. In many cases they can be entrusted to ap industrial
institute of the :iven establishment.

Counsel for industrial institutes

L1, Polish experience has been that most ol the consultations issued by institutes
concerned the overcoming of difficulties in technological processes: problems
involved with the necessity or introducing changes in machinery and appliances

and their adaptotion to local conditions came next. A simllar sequence seems
likely to occur in poorly industrialized regions.

L2, Institutes can play an important role in introducin technicel advencement in
factories. Control over working facilities and the introduction or improvements
worked out in an institute may serve as exemplary cases. As the plants
established their own laboratories, institutes would become released f'rom the
duty of simple advice on behalf of the study of key problens of the given plant.

L3, Counsel has a different aspect when an institute co-operates with ono or more
large industrial prlants, than when the advisory function rmertains to several
fmaller factories, as it often does in the developin: countries. In the latter
case, the individual counsel described in paragraphs %1 and 42 is replaced by o
collective schooling and distribution or duplicated instructions and informat jive
bulletins, vhich can be regarded as an information service,

b, 1In addition, consultation includes various kinds ol expertises and
measurements provided to the industry. The less efficient the equipment of a
Tactory and its laboratories, the more frequent their necessity to consult the
institute. Hence, this type or activity of institutes in the developing countries
is an important function. It can be hi’hly recommended that an institute should
be able to provide all those services which, owing to the precision or
measurements or the danger to health (e.. handlineg of uncovered radic-active
isotopes) require the use of g unique, costly measuring apparatus (e.5., electron
nieroscope) or the lobour of highly-qualified personnel.

Conclusions
*“

45. An industrial institute should carry out advisory functions for the Government
and for the private enterprise.

0. Technical evaluation 1ssued by the institute should contribute to the schemes
of industriel investments.

k7. Consultation of an institute should include 8 universel scrutinizin- of the
econcmic and social consequences of industrial activities.
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48. Advisory activities concerned with industrial plants are more elaborate in the
institutes of developing countries than in technically advanced centres.

L9, thile providing expertises and measurements for the industry, an institute
should give priority to orders requirinz the use of unique, costly apparatuses

~nd to those where inefficient mcasurements may result in a performance harmful to
the personnel's health.

F. Education and traininz of the body of employees

50. There is currently a world-wide tendency to transfer partially the runction of
universities to non-academic centres, which are to take over some of the
educational duties. The problem is of essential importance in the developing
countries vhere there is a permanent shortage of teaching personnel. llevertheless,
education should by no means renge first in the institute's performance; it can
only come after the fundamental activities in research » designing and construction.
For this reason, education in the industrial institutes should not be universal

and popular. Following are the most recommendable forms of teaching:

(a) Courses, exhibitions and the like, permitting the technicians and
workers to become acquainted with new methods of production worked out in the
institute and soon to be introduced. This type of education is closely related
to the research work and oi'ten the level of this education bears a decisive effect
on the actual realization of improved methods. One particular form, the so-called
author's control, proved satisfactory. The team that works out the improvement
is obliged to superintend its performance in the factory and even to take part in
the exploitation of the new gear until the workers gain full control of the process:

T e S <t
bt - L

(b) Courses, exhibitions, lectures, etc. to inform the body of technicians on
the new findings in the institute's competence, It is priwarily a matter of a
continuous completion of the insufficient academic knowledge of technical workers
and of instructing them on new techniques to be introduced in the future.

Associations of engineers or social fellowships are largely helpful in these
schemes

(c) Post-graduate studies, as well as those for masters' and doctoral theses ,
can only be carried cut in centres with an academic staff. Until recently, these
activities wvere in the sole competence oi colleges, yet the experience of several
countries proved that, in many cases, en industrial institute provided better
conditions for more advanced studies than those of a university, in that the
theoretical aspect of the topics could be directly related to the practical,
technical probleus; frequently, the technical equipment was superior to that of
the university. Projects of large investments, or studies of new technological
processes, can be an excellent starting point for post-graduate studies ; in
addition to their theoretical aspect, they sre of practical use. Likewise, the
experiments wvith team studivs toward an academic degree should be mentioned. The
Polish bill on doctoral degrees accepts collaboration, wherein the varicus parts
of work can be carried out by individual post-graduate students. In practice, such
schemes, wherein efforts are united and the studied topics included in the research
programme of the institute, have already been carried cut;

= b 03 DO b e 0 bed e A e L

(d) 1In countries where the academic personnel is limited in number, the few
available experts need to be fully occupied in research and education. Therefore,
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Conclusions
Seeaoaons

5l. An industrial institute should ve e

ngaged in the education and
training, on a high level, of a limited

specinlized
number ol persons.
52. The educational methods should be appropriate for the iocal conditions, no
seneralizing being possible in these matters,

53. An industrial institute should co-operate Closely with a university, if oue isg
located within a ressonable distance. If the institute's expert stalf is on g

high level, it can teach post-graduate courses and promote doctoral and masters'
theses. Eminent members should become lecturers.

G. The industrial institute!?
of a countn

5k. There are two chief tasks to be performed:
knovledge and the improvement of the level of pro

8 _role in the general technical advancenent

popularization of technical
duction.

55. Information is chiefly based on materials of g special type, published by
industrial institutes. Rarely cen an institute issu

€ a regular periodical in its
field. Only too frequently, the exaggerated desire

for distinction leads to
publishing time-consuming journals in small impressions and on a low level. All
publications of an industrial institute should be brought into line wvith the

requirements of readers and should not involve the time of experts in petty
activities. The expected range of information and time necessary for its
publication should first be considered. In most cases, these reasons stand for
applying "small polygraphy" instead of print. Apparently, it is the chief tesk of
these institutes to issue so-called "exprees-information" on their own and foreign
findings. Experience in the Union of Soviet Socialist Republics has shown the
advantaze of this type of publication. Pamphlets with instructions on the
servicing of machinery designed or supervised by the institute are the second
characteristic form of its publications. Instructions on the adaptation of
factories or techiolo-ical processes to local conditions » 88, for example, the
description of methods of economical building, are of particular importance.

56. It 1is a general rule in Poland that industrial inst
the nationel network of scientific and technical information.

; these cards are pooled
and then popularized by the Central Institute for Information and Design. The

system has its merits and faults; it seems, however, that in the developing

countries, owing to the limited number of users, there is usually no real need to
establish an extensive n2twork of information. In such cases, the central organ
only functions as a co-ordinative and distributive office.

>7. Undoubtedly, published matter has an indirect effect on the technical standard
of production; direct influence is, however, also possible by standardization and
the control of quality. These activities are unjustly regarded with contempt,
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vhereas they are of great importance for industrial progress and the acquiring ol
so-called "technicel culture" by the personnel. A .ew unified systems of stsndards
are currently o reed upon. There is no necessity ol establishing s discrete system
of standerds in each country. Usually the developing countries cccent thc standards
of advanced countries vwith which they are in contact. The actuol introduction of
technical standards requires co-operation among experts; it is not reccmmended that
foreign standards be populsrized by purely administrative means.

58. In countries vith a centre for problems of standardization (e.g., office of
standards or board ol nornalization), there is no need to expand the centre into a
lar;e azency. Centres of this type cau casily charge institutes with the
standardization operations. The functions of institutes in this Field moy include:

(a) Choice of future standards. Under conditions prevailing in the
developin: countries, it is not necessary to introduce a rigorous standardization
siimilar to that in ~reat industrial centres. It is sufficient to select a certain
number of standards nost essentisl for the country industry,

(b) Adaptstion of geuerally-accepted standards to local needs. For example,
several standards are based on climatic conditions of the temperate region and
require adaptation to tropicel conditions. In some cases, it is permissible to
admit a hizher tolerance of production vithin the local range;

(c) Co-ordination of the appliances and machinery supplied by various
countries and standardized according to different systems (e.z. materials for
wiring systems from the United States of America and from Lurope);

L T,

(d) The application for domestic industry of various standards established
for the interna. use ol lar~e industrial plants and trusts:

(e) Control over the application of industrial standards presents one of the
most difficult problems. Legally acknowledged standards need to be established
Judiciocusly, as in the event of difficulties in their application and supervision
they remain vague, thus detracting from the standerdizin: authority. The
industrial serviceableness of a standard is the best warrant o its actual use and
therefore standardization may graduslly beccme customary.

59. Standardization includes, to a certsin e:tent, the determination and
supervision of the quality symbol. It seems that the approach to this problem
should be individual, Polish experience has proved that the quality symbol (") may
contribute to the improvement of production in small lactories, The lstter being
most aumerous in developing countries, an introduction of the quality symbol
appears to be advisable. On the other hand, it seems unvise to burden industrial
institutes with these administrative functions; an institute's role should be
limited to co-operation in establishins technical conditions of qualified wares.

Conclusions

60. An industrial institute shiould assume editorial activities to the degree
required ror tho readersihip of the country.

61. Institute publications should furnish quick information compatible with the
level of readers.




02. Witiin its coupetence, an industrial institute should undertake stundordizin,
cperations, chiefly consisting 1n a selection and adeptation of the conventionnl
stcndards.

63. Industrial institutes may contribute to ¢ ~encral improvenent oi' the technical
level of production anon; others by e co-operation in establishin- technicanl
conditions for products marked with the quality symbol.

H. Final remarks

64, Observations and conclusions discussed in this article coni'orm, in the most
part, to views of the organizers of the Beirut session, in spitec of the diiferences
in opinions on the scope of an institute's functions which came to lisht in the
detailed discussions. A full agreement, hovever, on the diverse role of rn
institute in the developing countries, where it is e:pected to perform several
technicel and organizational functions pgoing far beyond pure research, seems
indisputavle., In a few cases, a broadening of the scope of activities could be
attained by uniting an institute with university departments into a special
institution for scientific and technological educaiion anc research. On the whole,
hovever, tuition should not be combined vith industrisl research and, for this
reason, industrial institutes » both in the developing and in the advanced
countries, are expected to assume a8 permanent status.
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III. ORGANIZING INTEGRATED INLUSTRIAL RESLEARCH
AND DEVELOPMINT INSTITUTES

Prepared by David B. Hertz¥*

Introduction

1. There is groving avareness cu the part of govermment policy makers of the
importance of industrial research to econcmic development. But the undertaking
of industrial research requir:s economic and social resources., The developing
countries simply cannot affcrd to vaste any o. their usually very scarce supply of
technically trained nanpover. These resources and the needs of specific nations
nust therefore be carefully considered il attempts to encourage the establishment
o industrial research organizations, either in industry or Government, are to be
successful. It is gencrally agreed that the integrated institute approach to
industriel reseairch holds great promise for the developing countries, because it
offers a means that mizht not otherwise exist for them to co-ordinate their
industrial research vith their needs and resources, and thus achieve results that
could not othe wise be acccmplished.

24 The advantages of integrated research institutes come through the economies
they offer in the co-ordinated utilization of the three key limited resources ol
the developing nations: trained people, money and time. The linancial economies
achieved by consolicatin; research efforts in a central institute often make it
possible to provide better rcsearch acilities than could be provided through
specialized institutes or individual industrial laboratories, since costly
duplicetion of iscilities can be avoided. The econounies of consolidation should
also sllow the institute to undertake iresearch projects beyond the rinanciel and
tcchnical capabilities of segmented research groups.

3 The existence of an effective industrial research institute can also help in
attracting foreign investment to the country, and in training and recruiting the
sclentists and technicians vital to industrial development. Co-ordination of
industriel research in a central institute should also permit a country, through
integrated technical and economic analysis, to direct its manpover and financial
resources to those projects that would be of greatest benefit to the entire country.

4.  As permanent organizations, research institutes also meke possible the
gradual building up of a valuable reservoir of knowledge on the industrial
problems spceifically related to the developing nation's progress. This is
especially true of the intesrnted research institute, where experts in many
disciplines - techilcel, economic and scientific - bring their knowvledge and
experience to bear on tiue solution of industriasl problems. The reservoir of
knowledge and e:nperience thus developed can provide valuable perspective on the
problems of social adaptability to the technological change and the problems of
implementing these chan_es. Figure I illustrates the potentisl relationship of
an industrial institute in a developing econcmy to resource development and social
and econcmic requirements, and indicates the types of technologies that such an
institute could o.ler to neet the national needs,

* McKinsey and Company, Inc., New York City.
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5+  Providing en institutional framework vill not, in itself, hovever, -uarnnte
suitable econcmic developucnt results. Research undertaiic:: by such »ir institut.
irould be worth irhile only il it helped to solve signiiicont industrinl develope:
problems. Research institutes must thereforc be orcanized snd adwinistered
cpecifically to mcet the industrial development needs ol tho Sponsorin o nrtion.
.ssential to the success of the integrated institute, and Perhaps even to the
.uture of thc developin ; countries, is tho Joining tosether in one central body or
practicel economics and practical technolory. The proper plonning o, techno lo-ienl
development rcquires the skills of enzincering, science and econamics, as well ag
broad ond specific knowvled:e and understanding of technolory, production costs,
clternative processes, and potential and actusl raw materials. The purpose o thig
vaner 1s to review the role of research institutes in sclvin- industiisl prob Llens
and to develop organization concepts and administrative policies »nd procedures
that vill eneble thc research institute to lunction effectively.

RS R b o A

A. DRequirements for effective research

i 6, If industrial research institutes in developinz nations are to be elfective,

they must meet two rcquirements. Firstly, they must concentrate all the
appropriate and necessary technical skills on solving specific problems of
industry and tronslating these solutions into applications that vill lend to
positive action anc improvement in the industriol sector. Secondly, thcy rust
socus their research on the critical problens of industry in lisht of the specific
technological, economic and social conditions in the developi.~ nation - that is,
they must use the inte :rated approach to research.

solving the nationcl problems of industrial developuent

Te The purpose of the type of research institute considercd here is to serve new
as vell as established industries. The [irst requirement of a research institute
is, therefore, to solve criticel problems and to translate the results of this
research into practical applications. To do this, the research institute would
have to maintain close liaison with curient industry in the country, with potentisl
industry and with related externel industrial activities. 1In fact, most of an
lastitute's research activities are likely to be applied research or development
orojects initiated at industry request, or at the request or potentisl entrenreneurs,
investors or financial supporters of new industries.

3. Since the institute would Justify its ei:isicnce as the reseerch it ~erforms
increased the industrial productivity of the nation, a zood part of institute
resources should be used for actually implementins research recoinmendatinng,
Tine is required to accomplish useful research results. Therefore, the early
vork of the institute should be Planned to rely os heavily as possible on
2i'ternally oenerated technology; the role of the institute would he to apply
this technology to specilic internal problems. Thus, the proper choice of
production machinery for o native Industry might present a problem beyond the
‘echnological capacity of a local manulacturer, but be well within the
capabilities of the research institute staff. As the staff of the institute
increesed its own knovledge and as the nation began to recoznize the value of
integroted research, research teams could begin to vork on broeder problems and

recsearch directed toward the unique problems of the country's industries s both
<ew and old.
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Usino the interrated onproac., to rescarch

. The sceond requirement for the industriel resesrch institute is that in doinr
its research it suculd take iito account the dynamic process ol econoinic
developu nt.  Industrial and ccononic dcvelopment means that unusual and dreuatic
chrnres are tokin ; place in many sectors oi' en economy. The existing economic
structure is bein~ nodiried 2nd au_me..ted; a new structure is bdein- built.

10. Developricat is not a single process, but the result of many interdependent
economic, sociel and technical Torces rithin a country. These interdepcondent
forces must be considercd if industrinl research is to support the development
process effectively. It is pointless, for example, to develop an industrial
process that industry cannot use because o social or technical limitetions.

An integrated approach to rescarci, vhich combines the talents of researchers
with veorious technical backgrounds, can make nossible the careful consideration
of the rwltilfarious rforces at vork in a developing nation.

11. This balanced approach to problem solvin; could be provided by stafing the
research institute with economists, scientists, enginecers and technicians, and
co-ordinating their sl:ills -n individual projccts through tcam-work. This would
give the research teams o broad perspective on hov specific problems relate to
other pheses ol industrial development. The nced for detailed technolozical and
economic studies prior to any intense research ceanot be over-emphasized. It is
essential, if industrial research is to prove eflective, that potential projects
be scrutinized with the jreatest of care before any hard research is undertaken.,
Further, it is equally imperative that the researc:. tesms e:amine the industrial
potential of their nation or rezion in teims of alrealy developed activities in
other countrics. To a large extent, their Job would be to adept the vast
technologies ol the rest ol the world to their particuler sector - not to
re-invent the vheel, The job of these tesns would be to find analogies in the
industrial complex of the world econcmy to specific raw material, process and
uaiiiet situations in thei:r own country. In the established research institutes
o1 the developing countries, such an approach has been the most fruitiul.
Conzwunication rmon;; the various disciplines in such teams would provide a s
stiuulating enviromment in which to work and should result in more creative §
solutions to problems,

B. Organizing for effective research

12. The orsanization, adainistration aind staifing ol a research institute must be
designed specifically to help the institute meet the requirements for effective
indust:rial research in - developin; economy. Tais must take into account
available resources, cconomic needs and lonzer run training requirements. The
integrated-tean approach to industrial research has already been mentioned. To
set the stase lor the way the institute should be organized, the specific kinds

oi’ tasks such an or~anization could undertake will be described. Thus, by
understandain: the end results expeccted from a research institute, it becomes
possible to develop on ideal organization.

‘hat the research institute does

15. There arc three critical aciivities in any research laboratory: project
selection, problenm solvin; and the trenslation of problem solutions into economic
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LO reac oy,
Fijure IT illustintes the crilien] steps in inter-roted resenceh activios,
Selectin: nrojects
1. Project serccnin anc selection aust De corvicd on within the CPILICUOTL O,

the objectives o. i netion eng the institute, . developn nt o objortices
should be tuc responsibility o. the director of the Institute, since thc.e
objectives must primvarily reflcet the needs ol the country, in te.us or resourcees
availablc to the institute. In determining the necds of the country, the
director ol the institute should vork closely vitu the Governia nt »no wvilh
industry. Once objcetives ore determined, projects should be evaluated according:
to hov well they serve the country's industrial requireaents and ho electively
they utilize the institute's CWn resources. An essential rart or project
screening is the evaluation of alternative proposals and the priority ranking g
those proposals selected as projects. Since technical and sceientific rescurces
are scarce in developing nations, the utmost consideration should be given to
putting those rescurces to use where they will brins the greatest possible return
to the specific industry and to the nation as a whole. (Speciric considerations
in over-ell evaluating of project proposals are discussed more fully below,)

Solvin: problems

15. After projects were selected, research teams would carry them out. Tesanm
members should be selected on the basie of the specific technical requirements
for the project. The team, aided by technical and non-technical support service
sroups, should be responsible not only for research on the project, but elso for
helping industry to use results. Institute mansgement would work with the team
in its contacts with industry. The teanm's co-operation with industry in
implementing nev techniques should extend to active assistance in industry
plannin;. Every technological innovation must have the support or mana renent,
The services of the institute should therefcre include educational and mena rement
consulting assistance, as well as technical research on the nation's industries.

A problem cannot be considered solved until industry is actually using research
results.

Iransferrin: results to industry

16. Since successful research projects result in continual chanie as prosress is
wede, a final step for ensuring the meximui: use of institute capability wculd be g
review and intesration of research results and the proper transfer of results to
industry to ensure effective implementation., In this wey, the institute would be
1ble to communicete the benefits of its accumulated kncvledre and experience - not
just the results of one specific project - to industry. By crgenizin: to
acccmplish these critical steps in the research activity, the directors o an
institute wculd be able to use the rescurces of the institute to the greatest
zdvantage for the nation's industry.

Ideal organization for a research institute

17. The organization of the research institute should be designed not only to
carry out the basic steps in research activity, but alsc to keep a project movine
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through the institute from the time it is first suggested to the time when, if
undcrtaken, 1t is finally implemented. Figure III presents sn ideal organization
desl ned to fulfil these needs. This plan of or_anization includes:

(a) The director of the research institute, who would have over-all
responsibility lor the institute:

(b) Three staif groups, to provide institute management. The policy and
project planning group, and the funding and financing group would provide the
stalff scrvices essential for optimum planning, direction and control of the
institute. The administration and non-technical services sroup would provide
the day-to-day management and services required for efficient functioning of
the institute;

(g) Four major research groups, organized according to the technical skills
required for industry research in developing nations. These are the research
;roup, the development group, the economic analysis group and the operations
research sroup. Although these skills would be integrated through team-work on
individual problems, departmentalizing the disciplines would permit specialization
of researchers within each skill and would provide an organized base for each
field of research. As the titles of the major research groups suggest, the main
enphasis should be on development work or research designed for imrediate
application in industry. The development, operations research and economic
analysis groups would be concerned with these industrial application problems. H
The fourth group - research - would be concerned with basic research and applied
research relating to specific problems unique to the country's industry;

(Q) Two supporting service groups, to support the work of the four major
research departments. A significant advantage of a research institute is that
it is practical and financially feasible to have a centralized technical support
services group. Adequate support services promote efficient research activity.
The other stalf group is the industry and Government liaison group, whose main
responsibility would be maintaining contacts with research organizations throughout
the world. Since most research work performed by an institute would be development
vork and adaptations of proven technologzy, the institute should have an efficient
organization to gather and utilize information on established technology and keep
informed of new scientific developments in other countries.

Policy and project planning group

18. The policy and planning group would be responsible for both long-term and
short-term planning of the operations of the research institute. Another key
responsibility of this group would be project initiation, evaluation and review.
In essence, then. this group would be responsible for the over-all research
programme, including the selection and control of projects, the measurement of
results and the provision of both internal and e:ternal support services for the
institute. This would include responsibility for manpover planning and
utilization within the institute and such key personnel regsponsibilities as
recruiting, stafling, and developing and motivating personnel within the institute.

19. Since the key to the success of a research institute lies in effectively
performin; the right projects, projects should be evaluated and selected with care.
Each project should be considered from three points oi view: (a) its effect on
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the national economy; (b) its effect on the particular company or industiy; and
(c) its effect on the research institute. Both lons-term and short teim effects
should be considered.

Effect on the notional economy

20. How does the project rank with others in importance to national econcmic
development plans? Is there a reasonable choice between developing local
industrial production and importing the goods, and what are the relative costg
of each? Does the project increase or decrease employment of nationals? \hat
skills and training are required? Do the supporting industries required to carry
out the project exist? 11ill the project stimulate related and supporting;
industries? How long will the project take? Uhat guarantee or other financial
commitments may be required?

Effect on the company or industry

21. How do expected increases in productivity compare to expected costs and
Teasibility of carrying out the project? This question entails those glven below;

(g) Firstly, vhat are the potential cost savings or the potential increases
in output? Will the project lead to additional possibilities in this or other
sectors for improving productivity?

(g) Secondly, what will institute services cost the industry? Vill industry
have to invest additionel capital to use research results? How do expenditures for
nev plant and equipment compare to expected profit from the new product or process
envisioned? How long will the peyback period for these investments be? How much
time and manpowei will be required to ensure the coutinuing implementation of
research results transferred to industry?

(3) Thirdly, is the project feasiblef Are the necessary management skills
ior carrying it out available in industry? If not, can they be developed? Are
the needed resources - technical equipment, raw materisls, supplies, skilled
workers, power supply and transportation fac.lities - available? What is the
market situation - potential demand, level of coupetition, established channels
of distribution ond consumer awareness?

Effect on the institute

22. Does the institute have the resources to carry out the project successfully?
This involves the following questions:

(g) Firstly, does the institute have the scientific and technical knowledge
and manpover necessary for the project? If not, can these capabilities be
acquired through direct assistance or through co-operative work in external
research organizations? Vhat are the probable costs of carrying out the work?

(E) Secondly, are the proposed methods of attackin: the project feasible and
practicsl, considering the scientific knovledge available to the institute? Are
the problems expressed clearly enough to suggest possible avenues of scientific
investigation?
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(¢) Thirdly, sre the institute's [acilitics adequate, both in equipment and
cupportin- services?

(a) Fourthly, hov does the roject it with the objeetives off the institute
and its current ‘or:? ill projects already under woy help thoe nroposed project
in terws ol teennierl anprooch, cquipwent available, or speciiic skills developed?
Are the facilities, time and manpover rcquirced nctually aveilable, or are they
vein; rully utilized on projects already in the programie?

5. Finally, in evaluoting potential projects these three considerations - clfect
on the economy, efiect on the coupany or industry and erlect on the resenrch
inscitute - must be combined. The costs of the project in time, manpover and
money must be weighed ozainst the otential benefits to coupony or industry, the
econoiy and the research institute. The time reauired to do the research and to
realize the benclits is an especially important consideration in reachin; a final
Judgemeat on the project. One other consideration should not be overlooked: the |4
risk of the project or the chances ol fully meeting the project's coals. It is
criticolly important for a newly established rescarch institution that the projects |4
selected have as hish » probability of both technical and practical success as
possible. The institute must become an intesr~l part of the nation's industrisl
complex. Its valuablc contribution must be mode evident to industrialists,
entrepreneurs, [{inonciers ond Government planners. The hey to this demonstration |
is, firstly, a careful selection of projects that can make a contributicn relativel§
quickly and, secondly, the carciul development oi effective woiking relationships
in the key sectors o. the industrial econony.

Fundiny and financing sroup

2. The fundin:; ond innnein: staff group would heve three key responsibilities.
Firstly, it would be responsible [or the development of financirl plens ond fundin-
operations - that is, for securin; adequate operating iunds for the institute,
nredicting and budgeting the need [or funds, and accounting Cor funds. Tts
second responsibility would be that o {insncial evaluation, vhich would require
vorking wvith the policy and project plannin group on matters ol economic and
financial feasibility in project selection. Thirdly, it weuld be responsible
for financial relations - that is, or mainteining relationships with eristing
ond potential industry investois both ithin the country and in other countries.
Thus, the fundin, and i'insucin~ sroup would co-ordinste Iinancisl plannin;; and
manaement ol institute activities with the long-ranse and short-ranse plans of
the policy and project plenning srcup.

25, ODince even the most modest integr-ted institute would require a substantial
income to nmaintain a satisfactory scale ol operations and srowth, careful financia
planning is of the essence. Once the initial plans are developed - and they ,
should include a budget for a rive-year period shovin,: proposed expenditures and i
expected and alternative sources of funds - the fundins and financing group should §
develop ways to make the institute's growth self-supportins., This could be done
through proper charies to the Government, industry and external groups lor

services rendered, end through the expansion of demand for the institute's

valuable services both internally and abroad. Judicicus snd careful establishment
of fee structures [or services rendered could do much to enccuraje and increase

the uiility or the institute to th: developing nation's econcmy.,
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Administration and non-technic il services croup

26. The administration and non-technical services start sroup would be responsible
for the day-to-Guy administration of the institute and tcr the prevision of suceh
services as accounting, personnel, purchesings and general oifice managenent,
Acccunting includes general accounting, cost accountin, planning: and bud:reting,
internal auditing, and systems and procedures. Perscnnel includes terms oy
employment, wage and selary administration, industrial relations, orgruization
planning and development, and such employce services ag personal services, safety,
and protecticn and securily. Furchasing involves securing: the materials, supplies,
services and equipment required in the operation of the institute, Genersl office

physical facilities as well as the management of materials, supplies, security

and miscellanecus services. Thus, this greup would complete the mana;zement
requirements of a research institute. The group should not be larpe, but its
efficient operation would be of great importance to the over-all research activity,

Research Rroup

27. The function of the research group would include both basic and applied
research. The extent and type of basic research should be suited to the country's
needs, but would generally inciude long-term exploratory research in such ields as
chemistry, physics » (eolory and biology, on problems uniquely important to the
ccuntry. Applied research utilizes the results of basic research t¢ provide
specific commercial aprlications in terms of process desions and product
specifications for application to specific industrial problems by the development
group.

Devel opment Zroup

28, The development group would be respcnsible for using existing knowledge, either
available from technologies of other countries or developed within the research
group, to create products or processes new to the country's industry or to modi fy
eéxisting ones. Such a group would have seven key functions:

(a) Prelininary development: the development of technical process designs or

Cperating models to demonstrate working principles of prospective products or
nrocesses;

(b) New product end process development: the design of products and
processes new to the nation's industry (manufacturing systems, operations and
facilities), based on studies of analogous raw materials and agricultural and
manufacturing resources in other nations;

(e¢) Product and process improvement: to improve yield, performence and 80
forth, of existing products and processes in the €conomy and to solve technical
problems of local manufacturers; ‘

(d) Product ani process redevelopment for cost reduction: the reappraisal
and redesign of materials, appearance, performance and menufacturing requirements
¢f products, to reduce costs and improve quality, and to meet export requirements
or internal neceds;




(e) Product and process engineering: specifying, interpreting and modifying
the design, performance and quality characteristics of existing products and ‘
precesses, for menufacturing and marketing purposes; testing products and processes ¢
for compliance with established standards of quality, performance reliability,
manufacturability and serviceability; and helping local manufacturers meet external
competition;

(f) Industry follcw-up: to provide the required engineering assistance to
industries and companies to eliminate rarufecturing difficulties;

(g) sales engineering assistance: to provide technical aid to industries and
companies in adapting products and processes to customers' end-use requirements.

29. In summary, the development grcup would emphasize product and process
development and improvement. Specific studies on cost-reduction methods ;s better
utilization of existin: facilities and ways to meke econcmic use of by-products and
locel materials are the types of industrial research studies that would benefit
developing nations by increasing efficiency and creating new opportunities for
further technical and econcmic growth. Each econcmically successful technical step
forward wculd pave the way for an increasing number of such steps, not only in
terms of satisfactory financial balances, but also in terms of trained and
experienced industrial development manpover.

Econcmic analysis group

50. Economic analysis should be responsible for conducting besic research on the

nation's development needs and for contributing economic knowledge to the industrial
research studies of the institute. The econcmic analysis group would undertake the A
following types of studies:

(a) Economic develorment planning, to study the critical factors required for g
national industrial development. These studies would consider government
development plens and the interaction of econcmic factours required for accelerating B
industrial growth, and would attempt to pin-point those industrial possibilities
that might serve as key links contributing to the future growth rate of the econcmy;

(b) Resource analysis, to study the nation's economic resources, including
natural rescurces that offer econcmic potentiel and research opportunities )
characteristics of the labour force and extent of managerial resources,

(¢) Geographical development analysis, to provide a refined analysis of the
unique industrial development problems in each geographical area of the country;

(d) Industry sector analysis, to develop a framework for understanding the
most critical problems facing the nation's major industries, including agri.ulture;

(e) Foreign trade and exchange, to develop an understanding of the nation's
industrial economy in relation to the world econcmy and to analyse requirements of
foreign trede for industrial development;

(f) Mcney and credit, to analyse the nation's money and credit needs in the
process of industrial development and to relate these needs to the industrial
research activities of the institute.
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51l. In generel, then, the econcmic anu.ysis group would develop a framevork for
cvaluating the critical econcmic and technological requirements in industrial

‘4 development. The research of the group should contribute to the background

§§ information required in determining project priorities. The group should also

1 consider the economic feasibility of carrying forward industrial research
activities in the light of the resources available and those required to ccmplete
a project. This group would thus Play a key role in the institute's successfyl

'{ @pplication of technological understanding to industrial development, Yorking in
{{ close co-ordination with applied scientists and engineers in project teams, they
vould aid in combining the understanding of technology, production costs ’
alternative processes, potential and actual ray materials, aund manpowver resources
to provide national and international financial institutions and individual investors »
as well as institute research planners and industrial enterprise directors, with
the confidence that projects had been adequately thought through and planned.

The ability to undertake these kinds of analyses is perhaps the greatest single
advantage of the integrated institute.

Operations research group

32, Operations research is a relatively new addition to the kinds of activities
that should be undertaken in the integrated industrial research institutes of
developing nations. Operations research is an approach to the problem of getting
the best results from the use of scarce resources. Since this is a key problem for
the developing nations, the addition of an operations research group to the
institute scientific starf would conetitute g significant step forward in the
integrated approach.

53« The operations research grcup would be responsible for studies and analyses
of the costs and benefits that are likely to result from various alternative
nanagement decisions with respect to individual manufacturing enternrises oy
industrial sectors of the whole economy. The results would provide the executives
§ ©or policy makers with information on ma::imum effectiveness and reccmmendations to

g 2ssist them in making optimal decisions. For example, the costs and benefits of

§ partial processing of an export raw material, along with the decision alternatives,

The distinctive operations research approach 1s to study problems of the executive,
tusiness manager, or policy maker who is responsible for integratin- functionally
distinct organizational components. Teams of scientists and engineers would
¢xamine ell aspects of a problem, drawing from a wide range of scientific concepts,
nethods, techniques and toolg those most applicable to the problem at hand. This
integrative and synthesizing research would provide an ohiective basis for making
decisions and establishing policies that would best serve the nation ss a vhole,

z)

>+ The operations research group would have three key functions:

(a) Developing and improving methods of long-range and short-range industrial
forecasting;

(b) Providing technical leadership and assistance in the application of
integrated scientific approaches to problems of: (1) inventory controls:
(i) production scheduling; (1i1) pricing decisions; (iv) allocation of rescurces
to production, personnel, and capital requirements; (v) sequencing of production,
iring, treining, and transportation activities; and (vi) acquisition of raw
“eterial, production equipment and personnel resources;
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(c) Developning and carrying out programmes designed to acquaint personnel i.n~
the institute and in the industrial sector of the economy with the applications and
potential of operations research and computer-based analyses and problen solving,

55. 1In general, then, the studies of the operations research group would be

concerned with neximizing the efficiency of the operations of the industrial
sector, an industry, or a fim within the iramework of the national economy.

Industry and government liaison group

36. The industry and goverrment liaison group would bc rcsponsible for cnsuring
that appropriate relations and 1liaisons were developed and maintained with
scientilic, technical and economic communities, both within the country and
throughout tl.» world. This group would also assign responsibility within the
research institute for maintaining communications with these communities. Since
much of the industrial research activity of the institute would involve utilizing
known technology, this liaison group would provide information vital to the main
sctivity.

Technical support services group

37. This group would be responsible for providing appropriate staff services to
the four research ;roups oi the institute. Specific services required would vary
with the needs of individual research institutes. However, the [ollowing types of
support would gencrally be required: library research, information retrieval,
chemical and physicel analytical services » instrumentation development and
maintenance, pilot-plant operations , and engineerinz assistance (depending on the
industrial emphasis of the country - civil, mechanical, chemical, mining,
electrical, metallurgical and industrial).

C. Conclusion

38. The basic organization outlined is designed specifically for the needs of a
central research institute using the integrated approach to research in a
developing country. The divisions vithin the organization are designed to
complement one anothe: and to help the institute produce effective research.

The organization is intended to promote effective research activity in three ways:
by gaining maximum research results from limited and expensive research people;
by gaining econcmies in financing the research effort ; and by minimizing the time
required for research benefits to be realized in the nation.

Research personnel

39. Developing nations should have scme means of training and encouraging their
scientific and technical talents and having those talents work efficiently to
promote progress. This could be accomplished through a centralized research
institute organized to foster team-work while concentrating on the nation's
critical industriel research problems. E:perience indicates that the chances for
effective research are enhanced by concentrating, in a single location, the
various technical skills required, rather than having them scattered thrcughout
the country. Thus, the centralized institute, organized in the manner described,
should be most effective. It also would make support services possible, since the

research activities of the institute wculd be broad enough to warrant such services.
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Financins of research

Lo, Financing industrial research activity in a centralized institute evoids
duplication of research facil_ties. The organization, designed to ensure
concentration on the most critical problems of industry in developin - natiung
end co-ordination of the various technical talents to solve those problems, would
foster the needed research vork. Sueh vork, in turn, should bring substantial
financial or economic return to the nation, and these results should Justify the
cost of the research institute.

Rapid realization o benefits

bl. Integrated research throush an institute would lead to the selection of those
projects most important to economic development and thus would use the research
resources of the nation to the greatest advantage. The co-ordination made possible
through the institute would promote the quick completion of projects. The
institute would also be a centre for communication o industrial research
activities with the rest of the world,

42. The optimum use of people, money and time made possible through the
well-organized, integrated industrial research institute can yteld maximum
technical benefits to developing countries.
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IV. INTUSTRIAL. RESEARCH AND DIVELOPMENT IN THL
UNITED KINGDOM

Prepared by the United Kingdom Pe»artment of
Scientific and Industrial Research

A. Distribution of scientific effort in the United Kinrdom

l. Scientific research and development in the United Kingdom ol Great britain and
Northern Ireland is conducted in si:: separate types of orzanization, as follows:

(a) Govermment laboratories;

(v) Public corporations;

(c) Private industry;

(a) Co-operative research associations:

(e) Universities ang technical colleges

(£) sSponsored research institutes,

2, In 1961-1962, the total expenditure on research and development in the

United Kingdom was £634 million, of which £246 million was government defence
expenditure, leaving £368 miliion, or 1.5 per cent of the gross national product,
as the civil e:penditure on research and development. The breakdown of this annual
expenditure, excluding defence, between the six categories of rescaich orzanization
1s approximately as shown in table 1:

TABLE 1

B enditure on scientific research and development
- de; in the United Kin~dom 1961165

(millions of pounds )

Total Government

Research orgenization expenditure expenditure

Government laboratories (excluding defence

laboratories) 83 7
Fublic corporations 20 -
Private industry 209 20
Universities and technical colleges 32 27
Co-operative research assoclations 10 2
Sponsored research institutes 23 —

Totals 356 126

a7 Appro:imate figure.

lote: The balance of £32 million to glve the total civil expenditure on research
and development of £388 million 1s mainly derived from non-defence expenditure in
sovernment defence laboratories and by government grants to research institutes not
covered by the categories above,

-83-




3+ The work corried out in each of these orgenizations is briefly described below:

(a) Government laboratories: A large proportion of the expenditure in
government laboratories is for nuclear research by the United Kingdom Atomic Energy
Authority. Also included under this heading are the laboratories of the Medicel
Research Council, the Agricultural Research Council, the Nature Conservancy end
the filteen research stations or the Department of Scientific and Industrial
Research (DSIR). T.e DSIR stations cover a wide field of research, which lies
clearly within the responsibility of the Government - building and roads, water
pollution, coastal erosion and fire protection. They also contribute to the
efficiency of industry as a whole by their work on standards of measurement ,
mineral resources and properties of materials. Finelly, the DSIR stations work in
such specific fields as radio research and the preservation of fish, both of which
could lead to new developments of national importance;

Public corporations: Research carried out by the publicly-ovned (i.e. State-
owned) corporations is mainly in the fields of fuel, power generation, and transport
and communications;

(c) Private industry carries out, in its own laboratories, the major
proportion of research and development work in the United Kingdom. Most of the
research expenditure is by four zroups: the aircraft industry, electricel
encineering and electronice. the chemical and oil industries; and mechanical and
marine enginecering, including chipbuilding. All other industries, including food,
textiles and clothing, motor vehicles, the manufacture of metals, scientific
instruments, and construction, have a combined annual research and development
expenditure of about £60 million in private laboratories;

(a) Co-operative research associations. More than fifty research
associations, which are co-operative research organizations carrying out work
for individual industries, are in operation in the United Kingdom. Most of these
research associations werc set up with government assistance and are still
receiving government grants. In the main, the research associations serve the
industries cutside the four major research and development groups listed in (c)
above, so that although the £10 million spent on co-operative research for
industry is only a small proportion of the total industrial research and
development expenditure, the research associations make a substantial contribution
to research and development in the older craft-based industries and in certain
heavy industries, like iron and steel;

(e) Universities and technical colleges: work here is almost entirely of a
fundamental or long-term nature and is not intended to be of immediate interest to
industry, but rather to increase the fund of human knowledge;

(1) Sponsored research institutes form a small but growing proportion of
industrial research and development effort in the United Kingdom. These
laboratories usually specialize in one branch of science or technology, and
carrv out work on a confidential contract basis for industry. Some sponsored
work for industry is also carried out by research associations and by government
laboratories.




B. (Categories of industrial research

L, It 1is possible to distinguish three broad categories of industrial research:

(a) Research that the individual company finds it profitable to underteke

wholly at its own expense, either in its own laboratories or sponsored on a
confidential basis elsewhere ;

(b) Research and development that ig of value to an industry as a whole but
is only economical on a co-operative basis. Such work may lie in a fundamental
study of the materials or Processes ueed by an industry; in a survey of the

the industry; the study of probleme common to an industry as a whole - such as
effluent treatment » health and safety of workers » and improvement of productivity;
the evaluation of new materials available to the industry; and the application of

(c) Research that is the special interest or respcnsibility of the
Government, either because it is of direct bearing on the health, welfare or
safety of the population as a whole, or because it is fundemental to a range of
interests wider than any individual industry.

5. The research work that is largely supported by the Government in the
United Kingdom has already been outlined above /para. 3, (a) ana (e)/. Unless
industries are State-owned, there is g limit to which e Govcinment can go in
getting research results applied in industry. In the United Kingdom a National
Research Development Corporation (NRLC) has been set up by the Government to
support, develop and apply research in industry.

difficult to carry out sufficient research except on a co-operative basis. The
United Kingdom Government has, for nearly fifty years, fost.red and encouraged
co-operative research by industry, originally as a means of bringing science and
industry together, and more recently to ensure the more efficient use or scientific
manpower and to bring about technical advances in industry as rapidly as possible.

Te It is suggested that since the developing countries, by definition, have few
large and technically complex industries, the pattern of co-operative research may
be a suitable one for expanding and developing their industries. The system of

Co-operative research in the United Kingdom is described in some detail in the next
section, .7

C. Co-operative research associations in the United Kingdom

8.  Research associations are independent bodies » €ach governed by a council vhose
members are mostly drawn from the industry served by the association, Legally,
these associations are no “Profit corporations and their incomes are exempt frcm
taxation, Membership by companies from the industry is voluntary and the research
associations derive the greater part of their income from voluntary membership
subscriptions, However, at the request of their industries, a few have their
industrial income collected in the form of a statutory (i.e, legally enforced) levy
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on all {irms, vhether members of the association or not » in the industry served.
Grants are paid by the Govermment, through DSIR, to most research associations ’
in proportion to the income raised from industry. The DSIR grant is normally
higher in proportion to industrial income for a new research associstion than for
a well-established one, and additional grants are available for capital purposes
(buildings or major items of equipment). Special "earmarked" grants for specific
projects are a recent feature of DSIR support of research associations.

9. In 196k, fifty research associations were serving industries in the United
Kingdom and were receiving grants from the Government. A list of these
assoclations is given in annex I. Most of the research associations were
established by the trade association of the industry concerned, vith the DSIR
support coming either at the stage of initial formation of the research association
or at a later stage when research was already being carried out. There are several
co-operative industrial research organizations vwhich, although similar in most
respects to other research associations » have never become part of the govermment
scheme.

10. The reseerch programme of a research association is the responsibility of
the Reseerch Association Council, which is advised by the director of the
research association and a research committee. A balance has to be made between
six types of work at these associations:

(a) Fundemental research on the rav materials processes or products of
the industry;

(b) Applied research on technicel problems;

(c) Development work, either on a Pilot-plant scale or on a factory scale,
in members' works;

(4) Studies of industrisl operations to improve efficiency;
(e) Library and technical information services;
(f) Technicel 1iaison and trouble-shooting for members.

11. Many research associations also carry out contract work, vhich may be for
Governments (United States of America or United Kingdom), for the North Atlantic
Treaty Organization (NATO), or on a confidential sponsored basis for industry.

12. Membership in a research association vas originally restricted to United
Kingdom concerns only. Since 1932, however, research associations have been
permitted to admit Commonwealth organizations into ordinary membership and there
are currently about 5C0 Commonwealth members; since 1960, subject to certain
safeguards to protect United Kingdom industry, foreign manufacturers have been
admitted to non-voting membership in those research associations vho wish to
recruit them. Tventy-nine research associations currently admit foreign members
and the total membership by foreign companies is about 130 and is groving fairly
rapidly, but mainly by applications from companies in the more advanced countries.




D. Some achievements of the research associations

13, The achicvements oi the research associetions cover o very viae ficld, as
would be e:pected irom the range of incustries served, and include both
outstandin-; scientific achievements snd resouncCin; commercial guccesses, Tt
should be borne in mind that, in addition to the major achievements listeq below,
vhich are clearly worth vhile, thousands of smaller technical advances have bevn
made in industry throush the vork of the research organizations, and it is this
steady unspectacular sdvance on a vide front which is probably the greatest
benefit of the co-operative research scheme. Achievements of the research
associations may te divided into several categories (brief examples of the work
are given) wilch are outlined below.

De’veloment of nev processes

i, The baking industry Research Association has developed a process for
bread-making which does not require yeast; this nev process is suitable for
continuous bread-making and close control of quality is possible. Many years aro,
the wool Research Association invented a process for the dry chlorination of wool,
vhich doubled its useful 1ife. In another direction, the ship Research Association
is working with the United Kingdom Atomic Energy Authority in the application of
nuclear power to merchant ship propulsion.

15. An example of an outstandin_ scientific achievement is the vork of
Dr. Martin and Dr. Synge in developing at /ool Research Association the technique

of partition chromato;raphy, for which they were avarded the Nobel Prize for
Chemistry in 1952,

Improvements to existing processes

16. The iron and stecl Research Association developed a method for automatic
control of the gauge of steel strip from rolling mills, where formerly as much as
> per cent of production was rejected for beins off-gauge. The potential

sevings are about 300,000 tons of steel PEr ennum in the United Kingdom alone,

and many installations have been made abroad. The motor Reseerch Association
collaborated vith London Transport in an investigation of lubricatin~ oils ’
resulting in a specification for the optinum viscosity of oils which has led to
fuel savings of 2h,000 per year by London Transport. The Llectrical Reseorch
Association, by a thorough study of the current cerrying capacity of buried cables,
inas saved about £500,000 RPer annum in installation costs of such cables,

17. Many research associations work closely with their industries on the
reduction of fuel consumption, leading in many ceses to substantial economies.

luprovements in health and safety

18. The shoe Research Association has made a study of children's feet, with the
result that most children's shoes are currently designed correctly ar. made on
lasts approved by the retail association. This retail association alse does
valuable vork in the design and testing of safety shoes. The cotton Research
Association has developed a system for eliminatiny most of the cotton dust
produced on cotton cards ; over 8,000 of these systems have been installed and
this has helped to overcome an occupational lung disease, byssiniosis.
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Other work

19. Many retail essociations carry out fundamental investigations into the
materials and pirocesses of their industries » much of their work bein;; openly
published in scientific cnd technieal Journals. Another important achievement
of retail associations hes been in the field of technical training of staff at
all levels for industry. Direct services to industry, which include library
and iaformation services for all research associations, in many cases extend to
a valuable and effective trouble-shooting service which can solve an individual
company's particular problems rapidly.

20. One additional useiul function of the research associations is that they
give expert technical advice to the Government on many problems within their wide
field of interest.

E. Sumag and conclusions

2l. This paper shows that, in the United Kingdom, the mejor part of research and
development, excluding defence, is carried out by private industry in its own
laboratories and that of this the bulk is carried out by the four major science-
based industries. In the other industrics » Pbrivate research is supplemented to a
significant extent by co-operative research, supported by the Govermnment.

A brief description of the research associztion scheme has been given, together
with some of its achievements, The advantages of co-operative research may be
summarized as follows:

(a) It caen bring the benefits of research and development to ell companies
in an industry at a relstively small cost to each compeny, and is an efficient vay
of utilizing scarce scicntific resources ;

(v) Co-operative research institutes are well suited to provide training
for the staffs of members to meet the special technical needs of their industries 3

(c) Companies participating in co-operative research become more
technically minded ana by pooling ideas can plan research Programmes more
effectively.

22, The Government of the United Kingdom assumes responsibility for a number of
industriel research and development activities (in addition to defence, medical
and agriculturrl research), where these are of fundamental interest or concern to
the country os a vhole rather than to one specific industry. An interesting case
1s the United Kingdcm Atcmic Energy Authority, which is, in effect, an attempt to
develop a new industry in the national interest and is largely Government
supported,

23. For developing countries, it is suggested that co-operative research may be
a method of strengthening and developing extsting industries: for the setting up
of nev industries it is likely that imported capital and know-how, or full
government control, would be more effective.




GOVERNMENT - SUPPORTED CO-OPCRATIVE RESEARCH

ASSOCIATIONS IN THE UNITED KINGDOM

British Paking Industries Research Association

British Pood Manufacturing Industries Research Association

Research Association of British Flour-Millers

Fruit and Vegetable Canning and "uick Freezing Research Association

British Industrial Biological Research Association

Te::ti;u

Cotton, Silk end Man-Made Fidres Research Association

British Rat and Allied Felt Makers Research Associetion

Hoslery and Allied Trades Research Association
British Jute Trade Research Associction

Lace Research Association

British Launderers Research Association

Linen Industry Research Association

Vool Industries Research Association

Emneer:ly

Civil Engineering Research Council

File Research Council.

Heating and Ventilating Research Association
British Hydromechanics Research Association
Machine Tool Industry Research Association

Motor Industry Research Association

Production Engineering Research Association
British Scientific Instrument Research Association
British Ship Research Association '

Vater Research Association




Metals

British Cast Iron Research Associastion
Drop Forging Research Association
British Iron and Steel Research Association

British Non-Ferrous Metals Research Association
Spring Manufacturers Research Association
British Steel Castinze Research Association
British elding Research Association

Materialsﬁ/

British Ceramic Research Association

Coal Tar Research Association

Gelatine and Glue Research Association

British Glass Industry Research Association

Research Association of British Paint » Colour end Varnish Manufacturers
Rubber and Plastics Research Association of Great Britain

Timber Research and Development Association

Welvyn Hall Research Association (Chalk, Lime, Whiting and Allied Industries)

Energy
British Coal Utilization Research Association
British Coke Research Association
Electrical Research Association

Consumer Goodsg/

British Brush Manufacturers Research Association

Cutlery and Allied Trades Research Association

Furniture Industry Research Association

British Leather Manufacturers' Research Associetion
British Paper end Board Industry Research Association
Printing, Packaging and Allied Trades Research Association
Shoe and Allied Tredes Research Association

Information and Industrial Psychology

Association of Special Libraries and Information Bureaux (ASLIB)
National Institute of Industrial Psychology
Commonvealth Mycological Institute

8/ Some of the research associations listed under Materials are also concerned wit
Consumer Goods and vice versa. 90




V. THE ROLE OF INTUSTRIAL RESEARCH INSTITUTES IN UNDERTAKING
TECHNOLOGICAL RESEARCH AND FEASIBILITY STUDIES IN
DEVELOPING CGUNTRIES

Prepared by N, Tanyolag®

1. The writer, as the title indicates, mainly attempts to explain the functions
and types of industrial research institutes and the besic considerations in
prepering research prcgrammes.

2. The poseibility of utilizing industrial research institutes in feasibility
studies and in the preparation of industrial standerds » and the use of institute
laboratories for specific labcratory testing purposes are discussed,

A. MOLQ;‘QQJ. research

3. Economic development in any country is possible if some of the basic missing
elements in that country are provided. Two most basic elements of development are
technical knowledge and capital.

4, Both in developed and in developing countries capital is important, but it
has a 1limit; the scientific and technical skills have no limit end development
both in developed and in developing countries depends mainly on scientific and
technological research. It is possible to borrow capital and also to borrow
science and technology from developed countries. If the borrowed capital and the
resources of a developing country are not used as the technological research in
the country indicates » €ven the capital will be harmful for the country,

5. Investment in o paper manufacturing plant or paper beg plant using high-cost
imported raw materials and chemicals, or investment in a caustic soda plant to
take care of the total demand of the local textile » paper and soap industries
without establishing a local market for the by-product, chlorine; or investaent
in an electrometallurgical industry without having electricity as low in cost as
that in developed countries » can be a real burden to a developing country.

6. Science being universsl, it is possible to teach it to people, but to have
good scientists is not alvays possible. To teach people technology is difficult,
but not impossible; however, to use them in a glven country and obtain the same
result as in developed countries is one of the most Aifficult tasks. It is
possible for developing countries to set up institutions and orgenizations and
technological services similar to thoge in developed countries, but if they are
not adapted to the local conditions and needs they will hinder rather than help
the development of the country.

* Director, Robert College Research Centre.
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7. Research in the developing countries with their own proper organization is the
best and shortest means of economic development. During this Inter-regional
Seminar on Industrial Research and Develooment Institutes in Developing Countries,
the details of institutes and their activities will be explained by representatives
of participating countries. In this paper, the main emphasis will be on the types
of industrial research and the specific problems of industrisl research institutes.

8. Before defining the types of industrial research, a general definition of
research vill be given. "Research is the application of human intelligence in a
systematic manner to a problem whose solution is not immediately available." 1
This indicates that research involves original work rather than the mere exercise

of personal opinion. It is also clear that research does not always require an
invention.

9. This broad definition makes the people working for Governments, for
educational institutes, for industry, for business and, in general, for all kinds
of econcmic activities, research workers if they do their work systematically.

10. Industrial or technological research refers to the applied and development
research carried out in industry, or in industrial research institutes for an
industry. One of the definitions of applied research is the extention of basic
research (fundamental and/or background research) to the determination of
generally accepted principles with a view to specific application, generally
involving the devising of a specific novel product, process technique or device.
Industrial development research is the adaptation of research findings for
experimental or demonstration purposes, including experimental production and
testing of models, devices, equipment, materials, procedures and processes.
Pevelopmental research differs from applied research in that the work is done on

products, processes, techniques or devices that have previously been discovered
or invented.

11. 1In some developed countries, large industrial compenies finance or even
conduct basic research in their own industrial research institutes » in addition

to applied and developmental research, as part of their industrial research
programmes.

12, Industry is one of the most complex and advanced econcmic activities,
compared with agriculture, commerce and transportation. In the manufacturing
industry, the major functions are purchase, sale, planning, production,
transportation, and control and elements used are men, materials and machinery.
Industrial research involves all these activities. Market research, raw materials
research, product research, waste utilization research, process research and

operational research are types of applied and developmental research to be carried
in industry.

Market Researchy

13. Custcmer requirements on quality, quantity and styling of a product are
determined by market research, The need, the market and the future demand for
improved products and for new products, and the testing of consumer reaction to
new products are part of market research. A modern plart with a product of very

good quality, but without customers to buy the product or with a limited number of
customers, has a real protlem.

y Eugene V!, Scott, ed., Applied Research in the United States, (Vashington,

National Academy of Sciences - National Research Councll, 1952), 90 p.
(Publication 210). —92- ’ s 90D




14, A market-demand estimate based on per capita consumption in developed
countries, without consideration for the buying power of the people, the custcms
of the people, and the lack of adequate transportatior. and communication in the
country, may create sales difficulties, Statistical data, and other background
facts and publications dealing with market reésearch that are available ip
developed countries may not be available in developing countries ; therefore,
extensive field study end interviews might be very helpful. Even the method of
market research for developing countries should be different than for developed

Rav material researchy
M

15. The objective of raw materials research is, in general, to improve the quality,
reduce the cost and increase the source of supply of the raw materiels used in an
industry. Result of the research may be the substitution of a new, better and
cheaper source of material.

bringing a special breed of sheep to the country, as is done in Turkey. Mixing
the cotton and wocl, or other synthetic fibres, in textiles ig also part of raw
materials research. Raw materials research on clay to be used for bricks, tile
and ceramics requires local geological surveys » and various chemical and physical
analyses. Improving the quality and continuation of the production of canned food

of the country. Local research on the proper sand for the glass industry has been
responsible for the establishment and success of 8 nev window-glass plant in
Turkey.

Product rese archy
_—“

17. This is usually involved with process research and the aim is to improve the
quality of the existing products or to develop new products, Product research is
usually based on market research, which indicates the consumer demand for quality
with regard to the improvement of old products cor the development of new ones.

18. It is not the best quality, but the customer quality, which has the largest
market. Product research geared to the market demand on quality and quantity
would be the main function of engineers in the plant. The aim of prcduct research
is not only quality and demand, but also a reduction in the cost of manuiacturing.
The competition of local or imported products is the main incentive for product
research.

Waste utilization research-l-/
M

19. The object of this type of research is to find uses for the waste products
of a process or to reduce the percentage of waste as much as possible. In some
cases, the disposal of waste may be costly or it may even involve some health and
social problems in the community. The most effective waste utilizotion research
would be that which transforms the nuisance into a source of profit.
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2. Cwing to the lack of experience and training of the workers, the percentages
of waste in industries recently established in developing countries are higher then
in similar industries in developed countries. The possible uses of the waste
products are usually geared to other industries which may not be available in
developing countries. Therefore, waste utilization research in developing
countries faces different problems, and their effect and contributions will be
greater than in developed countries. One of the examples of transforming a
nuisance into a source of profit is the use of cinder from the coal-power plants
in making cinder-blocks for the construction of buildings.

Y/
Erocess research

21. It may involve either a specific step in a process or the complete
manufacturing processes. This type of research involves a great deal of
scientific and engineering work, and requiree highly qualified research workers.
The result of process research is always great saving; either in material, in
labour, or in improvement of quality.

Operational researchi/

22, 1Its obJective is to analyse the many factors that affect the income of the
company and to find out what combinations of these factors will give the maximum
profit. Operational research requires the team-work of scientists, engineers,
mathematicians, and social, econcmic and financial experts.

23. Research on personnel and labour relations in the plants, relations with
government competitors and customers; end research on changes of import and custcn
regulations are part of the operations research of a ccmpany. Customs regulations,
the political system of a country, and the finencial means and sources of a
country will have great influence on the methods and types of operational research.

Industrial research laboratories

24, Industrial research laboratories in industry mey be classified in three group:

zgating and control laboratoriesg/

25. They are used for analytical, chemical, metallurgical and physical testing,
and control over materials, processes, and products. Practically all manufacturin
companies, depending on the type and amount of their product, should have a testin
and control laborstory facility.

Develggggnt laboratories

26, They are used to decrease the cost of production and to develop new products
or improve the existing products, by process and product research. The procedure
in development laboratories is to collect ideas from all sources, conduct the

research and find the methods and process to apply them to the manufacturing stage

g/ C.E. Kenneth Mees and John A. Leermakers, The Organization of Industrial and
Scientific Research (N.Y., McGraw-Hill, 1950), 363 p.
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This meens that the new idea with applied research, trial ard errer, and scientirie
1nvestigation, may result in a new technical method of production Or 3 new product.
After this step, models and a pilot plant may be built, and a small-scale use of
the metiiod in the Plant or he use of the producé in the market on a smull
experimental scale tried. The manufactur.ag scale can be adapted to the product
and/or process if the result is succesr.ul, Practically a1l companies of moderate
size and the large ones in developed countries do have such development laboratorfes
attached to their research departments,

Scientific research laboratories
M

27. Their aim is usually to find applications for scientifie discoveries and also

not produce any applicable ideas or processes for a considerable period of time,

Only the large specialized companies in developed countries have scientific
research laboratories.

28. Industrial research laboratories in companies may be either cenvergent
(unipurpose) or divergent (multipurpose) laboratories. 1In general, most of the
industrial laboratories are initially the divergent type. They work on all
research problems of the company. As the activities of the research laboratories
increase, they tend to become more convergent; and a company may have several
specific research laboratories under the direction of their research department or
research centre.

’

but which were developing ccuntries prior to the First Vorld War. 1In virtually
all of them, organized research was begun and supported by their Governments,

and most of their initial projects were related to the national resources. Just
after the First World War, these countries observed in detail the differences in
technology among the nations and its great power for the development of a nation,
They accepted the fact that only scientific and technological research could closge
the gap between the developed and developing country. Most of them organized
laboratories for agriculture, food, mining, health, national defence and fuel
research before establishing specific industrial research laboratories. The

shorter time and with less effort than was possible some twenty years ago. It
is easier to train their research workers and scientists in developed ccuntries
and in their own countries; furthermore, the information on scientific and
technological research in developed countries is no longer kept secret, but is
usually published and, in many instances, is available for the scientists and
research workers in developing countries. However, these data have to be
analysed and adjusted to the economic and technological conditions of the
developing countries by their research facilities.

30. Research is the key to the economic development of any developing country and
also is necessary to sustain the economic development of any country at an
increasing rate. Econcmic planning and investments based on economic planning




in other countries. Today no nation, whether developed or developing can afford
to neglect scientific and applied research. A developing country cannot progress
continuously and attain the lev:l of a developed nation simply through the process
of borrowin: technological information frcm other nations.

31. The immediaste questions are to determine the basic problems in setting up
organized industrial research institutes and, once set 1p, how they can perform
their functions in developing countries. The first step in est:.blishing an
organized research and development institute in a country is to convince the
Government, the public and the business people about the needs and functions, and
the long-range effect and initial high cost of such an institute.

32. There are always people who will say. the country cannot do research; that it
cannot afford to train scientists and research workers; that research is expensive
and the country cannot wait for the results of research; and that what is needed is
to take the technology as it is in one of the developed countries and to train
enough technicians to operate and maintain the industry. Yes, science and basic
technology can te learned from other countries, but to apply them and to adap’
them to the needs and conditions of a particular country is another problem; this
can be done only by the national research organization of the country.

33. 1t is up to the national research workers to find the best uses for their
resources and the types of products and processes, as well as public services,
that will be most suitable to their national conditions, national resources, and
economic, social, geographical and political problems.

34, Assuming that the Government, the public and the business people are convinced
of the need for and the long-range contribution of a research institute, a climate
of opinion will be created for the acceptance of the need for industrial research
and such an institute or institutes,can be established in a developing country.

The immediate problems are how to operate such institute in the most efficient weay,
in order to obtain first results in a reasonable time, and how to give it the

first impulse.

35. It is neither the creation of an organization alone nor the money provided
for research that creates efficient research activity in a country. The trained
research workers and the especially qualified managers of research organizations
are responsible for the success of industrial research and development in a
developing country. The major functions of managers of research or-anizations

are the selection of research workers and taeir proper traininz, the provision of
freedem for research vorkers to pursue their investigations to a nractical
conclusion without interference from any source, the provision of adequate
facilities for research work and the provision of gocd compensation for their work.

36. Modern research involves the team-work of researci workers vith the same and
with different scientific and technological education and traininz. An individual
worker in research is only one meuber of the team. Scientific and technological
developmen®, and economic and social development are closely related. Thus, it

is not enouch to have engineers, economists, and medical, social and legal
research workers to work closely in the ssme research institutes. Research
institutes of different flelds should have close co-operation and co-ordination
among themselves, Thus, a co-ordinating body for all research activities in a
developing country wculd be very valuable. Although resesrch is a collective,
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creative effort, the research worker prefers to work by himself and would like to
have freedom from rules and regulations; he doeg not want to be supervised ang
controlled. Special management and organization pPrineiples must be applied in
research institutes. The co-ordination and Co-operation between research
institutes also requires g very special method of management and organization
principles, Thus, a co-ordinating organization of research institutes shoulg
help only to promote and co-ordinate research activities in g country; it should
not be considered an organization designed to administer and direct research
activities,

governnent department. Its administration shoyld have freedom in establishing
the salary scale of research personnel and in purchasing equipment and machinery
without the hindrance of bureaucratic red tape,

38. In most of the developing countries, it ig g problem to convince government
officials and even the rarliament that the Government shoyld give money to a
national research institute without having the privilege of controlling its
activities, that is, controlling the appointment of personnel, the expenditures
and the programmes of research, and evaluating the results of the research work.

39. The success of a research institute with Proper administration depends upon,
firstly, the quality of the research scientists and engineers; secondly, the
availability of equipment and facilities . and, thirdly, its 1library.

hO. Research cannot be done by average men. It requires men of independent
Judgement, initiative » imaginative minds » curiosity and the ability to accept
responsibility for attaining solutions of the research projects and to penetrete
beyond the known. The number of qualified ang experienced research personnel is
very limited in every country. The vage policy of the research institute must be
designed to attract and retain good research men for the institute. If the
institute is not an independent organization, it is a real problem in developing
ccuntries to establish salaries which will differ from those of other government
personnel and be adequate to attract and retain the nation's best minds in science
and technology. Many scientists and research workers of developing countries are
either going to other countries to work or leaving their Tields of res:arch for
@more highly peid employment; this is even the case in some developed countries in

41. The usual red tape involved in the exrenditure of approved government budgets,
the difficulty or obtaining adequate foreign exchange and the customary delays

in the procurement of hecessary equipment, supplies, periodicals and books are
frustrating to the scientist and increase the time required for research projects,
which means an increase in the cost of, and a 1oss of interest in, research.

Ptgma of gngltriul Iesearch and evaluation of research results

42, These are another critical problem ip the management of research institutes,
The creation of an institute with physical facilities, money and freedom of
Speration is not sufficient to have a Buccessful industrial research institute,
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Firstly, the trained rescarch personnel; and, secondly, a good programme are the
factors which make an institute an efficient and a successful organization. The
research scientists and engineers, with the director of research, should initiate
the programmes. One oi the characteristics of a successful research scientist is
his ability to select the proper research subject and define its objective. The
programme should be related to the needs and resources of the country, and to the
availsble or obtainable facilities of the institute.

43. A new research institute should not plan an ambitious programme for the first
five, or even ten, years. Programmes should be realistic and flexible; changes
should be foreseen and accepted as the research develops. Projects for programmes
can originate either in the institute or in external government or industrial
organizations.,

Lk, Short-term projects related to the immediate needs of specific industries in
the country should have priority. The percentage of long-term projects can be
increesed in time, as the research workers in the institute gain experience and the
attitude of the public towards research changes. In developing countries, it may
be difficult at the beginning to select the proper projects if the research
scientist and engineers do not have opportunities to visit the industrial plants
and government organizations, and to talk with their technical people sbout their
problems.

45, Regular meetings of the research rersonnel to discuss their projects, their
ideas and the results obtained would provide opportunities to explore new
possibilities for projects and programmes.

46. Proposals frem government organizations and from industries should be given
priority in setting up the programmes.

7. A good short-term develorment project for inclusion in such a progremme would
be one for which the personnel, facilities and time requirements, as well as the
total cost, could be rcasonably well estimated.

48, It 1s difficult to have a basic method for the rejection of a proposed

research project, especially when the proposal is within the broed definition of
the objectives of the research institute, or is a long-term project.

49, It is both important and difficult to decide when to stop a project. The
specific personnel requirements, and the great difference between the time estimated

to achieve results and actual time spent up to that day, may be major factors in
the decision.

50. It would be advisable to review the research vork with the chiefs of projects
at regular intervals and to have them prepare a brief written report about the
development up to the reporting date, and their ideas and apprroach for the future
work and conclusion, indicating i the work ie developing aléng the lines
established by the proposed objectives. A regular conference attended by research
workers would also be useful for eveluation of individual projects and the exchange
of ideas and information between research vorkers. In this type of conference, the
experimental results and theoretical backsround and the direction of the futur;
experimental programme could be presented and discussed. It is also good practice
to set up a special project evalustion ccmmittee, which would make the final
reccmmendation to the director of research for final decision,
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B. Industrial research institutes and feasibility studies

51. There is carrently a common agreement between the political, business ang
technological leaders of the developed and developing nations that industriali:atiun
is an essential Tfactor and the means for achieving hish standards of living,
Agricultural development alone, regardless of its scope, cannot achieve the

desired level of economic development for a country. Industrialization and
agricultural improvement complement eech other ang 8 neglect in either vi]) limit
the other. Industry and agriculture together offer the best prospect of g

22, It is also understood that industrializetion can increase a nation's real
inccme only when it 18 properly carried out. Industries that are not properly
selected and adapted to the nation's circumstances, either in terms of the market
demand, the resources required, the economic scale of operation or the timing,

vill become a waste of capital, and g disappointment both to the investor andg to
the country,

53+ It is possible to have some kind of an economic development Plan for developing
countries involving figures in the millione for capital investment, anq assumed or
estimated figures for production, consumption and even eéxport based on thege
investments. In each case, however, it is the feasibility study vhich will have

the main influence on the investment decision. The definition of a feasibility
study, and the requirements for and the function of research institutions in,

such studies are defined below, 3/

Sk, Here feasibility studies for industrialization will be discussed only for the
manufacturing industries. Thege are preliminary studies with sufficient datg to
appraise the economic merits of an enterprise, but without the detai] necessary for
its execution. A)l feasibility studies require both technical and economic phases,
which are closely related and require team work between engineers and economists,

55. 1In developing countries, feasibility studjes for manufacturing industries
can be classified in three groups: (a) national; (b) regional; and (c) local.
The first two groups are usually carried out by the Government in relation to the
over-all or regional économic development programmes of the country; the local
studies are usually requested by private investment groups who would like to get

56, In general, each country must co-ordinate the growth or investment in
nanufacturing industries with the development of other sectors of thc economy.
The lack of capital, technical knovledge and entrepreneurial ability are the
nain factors affecting the rate of inuustriaslization in developing countries,

To select the pProper investment at the broper time is much more important in
developing countries than in developed countries. For example, a.a investment in
a flour-mill, a brewery, or an automobile assembly plant might be more profitable
than an investment in a fertilizer Flant, an olecmargarine factory, or an
agricultural equipment and tractor plent,

5T7. The profit to the investor in a fertilizer Plant or in an agricultural
¢quipment and tractop Plant might not be a8 high as in the cage of the brewery
and the autcaobile assembly plant, but the contribution to the national economy
and, specifically, to the saving in foreipn currency would be higher.

e ———————— .
3 N, Tanyolag, "How to create industrial climate?”, Turkish Economic Reviev,

12.12é %3%5; "ng"our industrial dex;lopm:gt ;:n be auﬁcessful » Factory, a
ugus .. 2nd "Where and what indust ~to ugust, CSeptem an
OC Obe!‘, 55. !y ’ ——-—ﬂ, ’
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58. A basic policy to help establish the priority list for investments is
necessary in developing countries. y This means that experts must undertake
feasibility studies for every investment. Engineers, economists, sales experts,
and financial and lezal experts have to work together in conducting feasibility
studies. They must have up-to-date technologicel deta about the raw materials,
machinery, equipment, processes, energy, production and labour requirements; and
the relation and contribution to other industries of the specific investment, both
in other countries and in the local market. They must be able to forecast the
present and future demand for the product in the nationel market and for export.
They must be able to estimate the necessary fixed capital and working capital, to
indicate the possible sources of capital and to calculate the net return of the
capital. They must knovw the basic investment policy of the country and its import,
export, customs, sales and labour regulations.

59. In a feasibility study, two main conditions for an industry have to be
considered. First, the requirements of the market and the resources must be well
suited to the conditions of the country. Secondly, general requirements which
affect the successful operation of manufacturing industry have to be considered.

60. In conclusion, the influence of the following groups should be considered:
Government agencies and their policies for the development of industry in the
country; private firms or entrepreneurs in the country and in other countries who
have trade relations with the country; and such inter-governmental agencies as
the International Bank for Reconstruction and Development and the United Nations
Technical Assistance Administrations. Special aid agreements with some roreign
countries should also be considered.

61. It is important to indicate that the general requirements in a country for

any industrial development, that is s utilities and services, development of

natural resources and development of human resources, may not be sufficient to
Justify a manulacturing industry, when the conditions of same industry are compared
with the conditions in a developed country. This should not be considered a main
criterion for the decision. Similarly, the market demand may not be sufficient

to take care of the minimwn econcmical production based on the experience in a
developed country. This also should not be considered a major criterion for the
final decision.

62. In a feasibility study, the partinl lack of general requirements, and the
partial lack of market demand and rescurces should be used in setting up a priority
list of manufacturing industries, rather than as finel criteria for rejection or
recommendation of an industry in developing countries,

63, The following additional factors have to be evaluated before final decisions
are made:

(a) Net return in terms of nationsl product and in terms of the profit to
the investor;

(b) 1Its outlook for long-range expansion;
(o) Ite contribution to the total development plan of the country;
(d) 1Its effects on the balance of payments in the country;

(e) 1Its social, military and political effect for the nation.

4 N. Tanyolag, "Where and what industry?".
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64. Some of the mgjor factors to be considered in feasibility studies for
developing countries have been emphasized to indicate the necessity of special

countries.

65. In developed countries there are usually consulting firms specializing in
feasibility studies. Most developing countries, however, do not have consulting
firms experienced in feasibility studies, althcugh they usually have experienced
people who can work as a member of a team in such a study. The development of
local consulting firms for feasibility studies requires considerable time and
depends on the attitude of payment of the private investors and even on the
government agencies for such studies. Detailed information on national and local
resources, manufacturing facilities and especially on future developments, demands
and investments is not usually made available to private consultants, either local
or foreign.

66. A national or local institute recognized by the government agencies can carry
out the feasibility studies in general and, with the help of specialized foreign
consulting companies, can carry out the feasibility studies with all technical
detailed data. It is important that such an institute should be independent both

manufacturing companies. Such an organization was organized and administered by
the writer in l95h, in the Union of Chambers of Commerce Industry and Commodity
Exchange in Turkey. This organization, called the industrial assistance
commission, carries out local preliminary feasibility studies with its specially
trained personnel, with the help of local chambers of commerce and chambers of
industry and with the help of foreign experts and foreign consulting companies
for their detailed final feasibility studies of industries where the investment
is large and is on a national, rather than a local scale.

67. In countries vhere feasibility studies are not assigned to an agency, they
could be assigned to industrial research institutes. It is important to indicate
that engineers working on applied research and development research can give
specific and detailed technological information and, in particular, the new
trends in production techniques and processes for specific industries, which are
very valuable for feasibility studies. Specially trained teams consisting orf
consulting engineers, econcmists, market analysts, sales experts, transportation
experts and legal experts could be formed in the industrial research institute, as
an independent group for feasibility studies on both a national and a regional
scale. They should have all the information facilities of the industrial research
institute and also the technical advice of the research engineers, If a national
planning organization is available, the industrial research institute and the
planning organizatior should work in close co-operation, especially in setting up
the baesic investment policy of the country.,

C. Laboratogx testing and standards

68. The testing laboratories of manufacturing companies (used to test the
materials they purchase and also their products), the leboratories of trade
associations or private independent organizations, and government testing
laboratories are important parts of the industry in developed countries. They
help to maintain the high quality of the manufactured products and to encourage
fair competition and help to settle disagreements between buyers and sellers.
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69. The cost of testing equipment and the cost of maintenance and operation of
laboratories are, in general, high if the equipment and perconnel are not fully
utilized.

70. In developing countries, industrial research institutes initially can help
industry and the Government with their laboratories for only special tests which
cannot be carried out anywhere else in the country. This is usually the case for
the testing laboratories of universities and higher technical institutes in
developing countries. This type of test, if carried too far, would be very
dangerocus for the research programme of the industrial research institutes.
Industrial research institute testing laboratories can be used to train techniciens
for the regular testing laboratories of the industry.

Standards

T1. Classical publications on industrial standards indicate that, directly or
indire:tly, standards improve supplies and services for the consumer, pave the way
for better and cheaper goods, and lead to a higher standard of living. Standards
help the economic development of a country by a better utilizetion of its resources.
One of the indirect, but very useful, contributions of national standards of a
country is to encourage the development of industry and protest the national
industry from the unbalanced competition of the importers of foreign goods.

72. The importance of standards for developing countries have been realized and
most of them have some kind of organization to prepare their national standards
for industrial and agricultural products. Before making any comments about the
possible activities of industrial research institutes in preparing standards, it
is appropriate to indicate the distinguishable types of standardization work and
same of the very important aspects in preparation of national standards in
developing countries. There are tasically four different kinds of stardardization
work:

(a) Manufacturers' (company) standards: standards made by the company for
their own products;

(b) Branch standards: standards made by some of the companies of the same
products for their products;

(c) Netional standards: standards made for use throughout the country by a
national standard organization;

(4) International standards: standards made by the International
Organizetion for Standardization (I0S) or the International
Electrotechnical Commission (IEC).

73+ Some people in developing countries would like to have all the standards mede
compulsory and to translate the standards of another country and adopt them as
national standards.

74. The first attitude has two major dangers for the development of the industry.
One, control of compulsory standards entails sufficient well-trained technical
personnel and laboratory facilities, which are usually not available in developing
countries; and it is a very expensive operation. Two, standards must be dynamic;
acceptances of technological development for improvement of products and
production possibilities of cheaper and better products would be difficult.
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75. The second attitude usually comes from the importers and they prefer the
acceptance of the standards of the country from which they import their goods.
This would create a real economic dependence of the developing country on one
developed country; it also would create a very weak position for the developing
industry in the country 1in competition with the industry of the developed country.

government representatives, one third from scientific and technical institutions
and one third from commerce and industry. 1In general, standards should be non-

compulsory and should be improved in time as the industry develops. However,
standards of safety and health can be compulsory.

TT. Turkish and Indian standards institutes are good examples to be studied by
the developing countries,

handle it, the industrial research institute should help them. The industrial
research institute should be represented in the general council of the nationgl
standarde institute, and comments and recommendations on final drafts of standards
of industrial research institute should be aveilable to the national standards
institute,

79. It is quite possible that some of the standards preparation mey lead to data
for background research. 1In these cases, to avoid duplication, both institutes

should follow their publications and in specific work use the expert advice of the
others.

80. Industrial research institutes may be more helpful to the specific industries
in preparing their company standards, especially when they have done specific
product development research for that industry.
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VI. FORMULATION AND SELECTICN OF PROJECTS FOR A NATIONAL
INSTITUTE OF INDUSTRIAL RESEARCH

Prepared by A, Sundralinsam#

A. Industrial Research in the United States of America

1. In the last thirty years, industrial research has

understood field of activity in the United States of America, to a $US 10 billion
industry employing over half a million people, The 1950 edition of the directory,

Industrial Research Laboratories in the United States lists some 2,845
laboratories, 17 During the last ten years, this industry has tripled in size
and is growing at the rate of 12 per cent per Year., _2/ This spectacular growth
5 the challenge of an

grown from a little-

on the organization, operation and management of such institutes. The
responsibilities of such a

(a) To determine what technology is needed and the discipline involved;
(v) To create the needea technology;

(c) To assist in the effective utilization of that technology;

(a) To assist in the operation of the company by quality control of its
omp.
products and by the prevention and solving of its production problems.

B. Eurgg follows

2.  Against this backgrcund of the phencmenal growth of industrial research in
the United States grev the firm belief that research and industrial progress vere
indivisible. The industrial concerns in other developed countries followed the
example of the United States, although there were also several univesrcity and
government research institutes in the basic sciences, which had been estailished

*

Director, Ceylon Institute of Scientific and Industrial Research,

1/ United States of America, National Reseurch Council, Industrial Rercarch

Laboratories of the United States, including Consulting Research Laboratories. ’
9th ed. (Washington, 1950), Bulletin, 120,

2/ Netional Industrial Research Conference, 1956, sponsored by the Armour
Research Poundation of the Illinois Institute of Technology (Chicago, 1956).
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many many years earlier. In this context, industrial research was thcusht of as
an essential ccmplement to fundamental or basic research and as an irdispensable
tool for industrial development. It is pertinent to mention here that Europe had
led the rest of the world in its advancement of science and the search for new
knovwledge, and this had resulted in economic development and hisher standards of
living in the eichteenth and nineteenth centuries, but the application of the
results of research to production had been slow durin; ithe twentieth century,
while the newer countries had forged ahead in this particular field.

C. The emersing nations

3 The emerging nations vhich have become politically independent have watched
the spectacular strides made by the developed nations in their economic develorment
and have come to associate this rapid development with their successful
industrielization based on the results of industrial research. They also have
noted that nations which only recently were under-developed have beceme
industrislized nations in & period of twenty to forty years. Both the Union of
Soviet Socialist Republics and Japan are examples of countries vhich have
established a lead in science and in industry within three or four decades. The
key factor in development has been research and this acceptance led to the
establishment of national research institutes in the developing countries.

The emergence of industrial research institutes sponsored by the Governments

of these new developing countries as essential organizations for their industrial
development is of more recent origin. Consequently, there has been a paucity of
literature and know-how on the organization, operation and management of such
institutes. This assembly of Directors at this Seminar is & clear indication of
the need to exchange experiences and views in this field of activity so vital to
the developing nations.

D. The dilemma of developing countries

4. This paper deals with the formulaticn and selection ol projects for a
national institute in a developing country, with poor resources of scientific
manpover and no tradition of industry. The assumption is also made that the
capacity of such a country to find the financial rescurces to equip and run an
institute is limited. A further assumption is made that a national institute with
responsibility for industrial development will heve wider objectives and policies
and a larger spectrum of disciplines involved. The technclogical needs and the
adaptation of existing technological requirements would also be larger by
comparison with ccmpany-oriented research establishments. The last condition
would require for its rapid solution the harnessing of extensive resources in
mcnpcewer and finance. Yet, it is in these specific areas that there is
considerable limitation. This conflict has to be resolved and the challenge
posed by the need for development must be faced. The thoughts that follcw are
an attempt at bridging this inexorable gap betveen requirements in development
and the severely limited means available to the developing countries.

E. Pre-conditions for formulation and selection

9. It is necessary to state (a) the functions of industrial research for a
national institute; (b) the objectives in relation to national econcmic plans;
(c) the mineral, agricultural and power resources availatle; and (d) the
identifiable needs of technolosy to meet the industrial plans of the country
belore formulating the projects which would form the programme.,
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6. The next step would be a consideration of the 1i:
and manpower and the ;riorities already set by the econcmic plans ol the

country,
The final selection or projects would be based on predetermine

d criterin including,
among others, the technological requirements of industries already plonned and iy
existence. .

iitations eninrcod by rinonee

F. Functions of industrial research

»

T. The functions of industrial research are to create the necessary technolory,
to adapt existing technology to a particular set ¢l conditions and to maintain the
chosen or created technology at maximum effectiveness. The research cemponent
includes basi~ and applied research. Basic research has been del'ined by the
PCepartment of Tefence as "that type of research which is directed towvards the
increase of knovledge in science". The basic research for industry also attenpts
to increase knovledge, but only in areas that can be expected to provide ney
knowledge whose application wvill contribute to new wealth. Hubert P, Buetow
expressed the difference between basic and applied research in the following terms,
"Knowing how to make things stick - for exemple - that's applicd research. But
knowing why they do - that's fundamental"., 3/ There was a recen* exemple in
Ceylon vhen the Ceylon Institute for Scientific and Industrisl Research (CISIR)

undertook a project on the manufacture of instant tea directly from sreen leaf. 3/
It involved a choice of conditions in each of the operations and processes, such nag

withering, rolling, fermenting, extraction and drying, and consideration of the
variations in quality of leaf at different seasons, altitude, hwnidily and
temperature. A set of conditions was established to obtain a product superior to
eny other known. The experimentation involved in arrivins at this product is
applied research, but because we kncw s0 little of the mechanism of reactions
involved in the traditional processes of withering, bruising and fermentation, and
the biochemistry of tea, the advance nov achieved has been made without a full
understanding of the reactions; consequently, there is no certainty that optimun
conditions and quality have been reached. The long-term investipations into thege
processes, and the chemistry and biochemistry of tea will be basic research, It
is, hovever, oriented in that the new knowledge gained will be applied towards
determining the optimum quality attainable and in attaining such quelity.

8. Unlike the situation in basic research, there has been no ambiguity regarding
the definition and scope of applied research in industry. It is scientific
research directed to the solution of a problem of practical significance in
industry and includes the development of a process or product throu;h pilot scale

vork and design, product evaluation, utilization studies, econcmic studies,
process design and market research.

. It will be apparent that indust
practical exploration into industri
production itself. 5/ It should be
process machinery to be

4 Ceylon, Institute of Scientific and Industrial Research, The Manufacture of
Instant Tea Directly from Green Leaf, by A. Sundralingam (Colcmbo).

5/ United Nations, Econcmic Commission for Africa, Standing Committee on Indus

Natural Resources and Transport, "A report on institutes of industrial

development and research on sub-regional basis for Africa" [Ey A. Sundralingag7
(E/CN.14/IeNR/41, 27 November 1963).
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10. Technolopy 1. oficn thcu ht o as a rrirary recource fcr the reason that it
has no value unlosc it is used. The creation of a technology produces a potential,
but the realization ol this potential only comes through effective exploltation.
There is a fallacy thet once a ncw technolosy has been announced, industrialists
will hssten Lo uce it. On the contrnry, there is a normal reaction tn chanse and
a rew technolory hac to be sold ever in the industrialized countries. In the
developin: courntrics with little or no entrepreneurial talent, the tosk of selling
presents creator difficulty and involves added assurance of continucus and direct
assistaner. This area of assistance would include industrial testing, quality
control, efficient maintenance, trouble-shootinsg, industrial engineering, etc.
These arc ecssential elements of service il research results in the developing
country are to be e:tended to production and accelerated industrinl development
generated within the country. 2/

G. Research in relation to econcmic develorment

11. The role oi a national industrial research institute is that of active
assistance to the nation in implementing its industrial plans in all its phases.
This role it can effectively plasy only il it provides technology of the right
amount and the right kind at the right time. Research should therefore be
directed towards meeting established and planned needs of the country. To discharge
this responsibility, it nust be in the hub and ccunsel of planning and development.
It cannot operste in an ivory tower apart from the country's policy makers and
planners. §/ Research is an integral part of plenning and development. The
research organization can only meet its responsibilities towards the nation by
being fully asscciasted with the industrial development objectives and plans of the
country. To this extent, its precogramme shcould reflect the co-ordinated thinking
on the ccuntry's needs of the planning departments, goverrment ajencies connected
with industrial policy and the sclentists.

H. Rescources

12, The resources of a country and their optimum utilization in industry are key
factors in develorment, They are consequently of vital importance in research and
in determining the programme. There are two distinct ways in which the subject of
rescurces and industries can be handled. One is the descriptive method, which is a
description of the mineral, agricultural, and energy rescurces known and available,
and the other is the functional method. z/ The descriptive method glves a detailed
picture ot the nature, quality and quantity of a resource. The [unctional method
places the emphasis on 2nalysis, correlatioan and appraisal., Fcr the purpose of
project formulantion, it is necessary tc¢ vse both methods. One wculd therefore
catalogue the resocurces to the extent that such information is available thrcugh
peolosical and other surveys, and would also apply the Lechinique of anulysls aud
questioning in order to elicit the problems asscciated with the resources.

Q/ Ceylon, Institute of Seientific and Industrial Research, A Review of the Applied
Resesrch Problems in Ceylon and a Research Frogramme for the CISIR, by
A. Sundralingam (Cclcmbe).

7/ Erich Valter Zimmcrmeon, Jorld Rescurce. and Industries: A Functional Appraisal
of th: Availability ¢l Agricultural and Industrial Resources, rev., ed.
(N.Y., Harper /1951/).
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15. It is necessary to kncw the quality of thc rescurce te determine vhether
beneficiation is likely to enhance the quality to the extent desired tor use
within the country or for export. @ne would question why o particular rescuree is
either not exploited or under-exploited, either unutilized or under-utilized. A
material similar to a local rescurce in use in a process or industry nlready
existing would suggest an investigation into that rescurce. Lewerin-: of quality
in the final product by use of the local resource would again surrest a rroject on
the pre-processing of the rescurce or adaptation of the technolory used in the
particular industry or rrocess. Scme minerals and most ~f the a-riculturnl
resources provide by-products often goinz to waste because no imrediate use is
found in the arca; investigation into finding uses for these can be rewarding and
fruitful.

14, Tae developing ccuntries of Asia, Africe and Latin America have primary
product econcmies where agriculture is dominant. The crops include the major food
crops like rice and wheat, many and varied subsidiary food crops, and the
agri-industrial crops like sugar, cassava, vegetable cil seeds ond palms, besides
primarily industrial raw materials such as fibres, rubber, essential oils,
cinchona, pyrethrum and forest procacts. These agricultural econcmies are
increasingly using modern machine-intensive methods and large acreages are now
being cultivated on plantation scales, utilizing fertilizers, tractors and
harvesters, in order to increase both the yield per acre and per person employed,

15. Very few products are exported in the form they are harvested from the land.
Some processing, il only for preservation and storage, 15 almost olwrys necegsnry.
Coconuts as husked nuts will not keep for more than three to four weeks.
Consequently, the conversion of kernel to dried copra and then to oil arose, and
with it a number of subsidiary fibre products, desiccated coconut, shell dust, etc,
Tea is not exported as green leaf, but is processed in a factory; the black tea
thus produced is the export product. Coffee beans are cleared, fermented and
dried for the market. Rubber is extracted {rom the tree as late:x and either
concentrated or processed into sheets, cré€pe or other special forms. Cassava is
made into starch -nd pearl tapioca. Sugar is made in factories by crushing the
cane, concentrating the juices and crystallizing; of the by-products, molasses

is converted into alcohol and the bagasse is either used as fuel or made into
paper or beard. This interdependence betveen agriculture and industry finds
infinite examples and because of such correlation a host of applied research
problems will present themselves.

16. Minerals are non-renewable resources and their exploitation by mining would
rresent problems of beneficiation, refining, purification and preliminary precessing
if the ccuntry is to obtain maximum value for them. Such enersy rescurces as coal,
petroleum and peat would suggest a number of chemical processes and by-products

for investigation. The water resources sre mcdest in most countries, btut are
essential for egriculture and the scurce of hydroelectric power., The optimum
utilization and conservation of water is therefore of vital importance to the
econony .

I. The industrial plans and identifiable
needs of technologx

17. A new country rasses through three stages o1 .concmic development: tle
exploitive stage, the stage of industrial development and the stage of industrial
maturity. Most of the develcping countries wvere until recently c<xporters of the
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products of agriculture, mining, fisheries and forestry. They have, however, a
lon;: tradition and zxperience i: the processing of their primary prcducts for
export. Ulince the Second ‘Yorld ‘.ar, many ccuntries have embarked on planned
industrisl development 2nd iT these plans have been based on sound econcmic
decisions, each ccuntry +ill have built its irdustry largely on the strength of
its basic resources - asriculture cor mining. Q/ Basic industries for the
manufacture of fertilizer will have evolved from the availability of olil or
larze reserves c¢f forests, plywocd and newsprint from forest timber, iron and
steel [roem iron-ore deposits, chemicals from salt and other deposits, aluminium
frcm bauxite, copper wire and plate from ores of coprer sulphide or oxide, cement
{rom limestonc end clay, etc.

15, Eesides these basic industries, wiich are generally planned and have specified
tarpgets of coempletion and initial production, there is a large area of secondary
industries producing consumer goods. The secondary industries are mentioned only
briefly in mest plans, to the extent of indicating the over-all investment and
employment desired. The basic industries, because of their size and complexity,
often have built-in technical and managerial arrangements included in the cost of
the project. On the other hand, the large number of secondary industries usually
found in the private secter are not so provided for and entrepreneurs are expented
Lo obtain such assistance as they can within the country.

19. Added to tnis disadvantage is the lack of specific information in most plens of
the number und nature of these secondary industries, The ccuntries' industrial
policy statement, tozether with the approvals already granted for new industries,
would then have tc be studied in order to determine the adaptation of technology,
the rav material substitution and the processing problems of these industries.

<0, Furthermore, existing process industries, as well as basic and secondary
industries, would have to be listed, and their raw materials snd the processes
in use clcsely examined to reveal those problems which required immediate or
future solution.

J. Over-all prosramme to preliminary selection
of projects

21, The over-all programme wculd be an inventory of projects resulting from an
analysis and appraisal of the needs of technology end technical services necessary
for enhancinz the rescurces and developing the existing and planned industiies of
a country. These projects could then be subdivided into basic and applied, and
long-term and short-term, projects under prcduct or subject headings.

22, At this stase, it would be necessary to consider the major short-term and
long-term cbjectives of develcpment cf the ccuntry in relaticn to thc financial
nnd manpower rescurces available to the research organization.

K. Scientific manpower for industrial research

3. Gtanley F. Teele stated, "I think that the premium on imagination, on
flexibility, on the capacity to deal with questions that have never been asked

3/ Murroy D. Bryce. Industrial Development (New York, McGraw-Hill, 1960).
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before, will be very much more substantial than it hg. teen in the rust, I think
that the capacity to deal with new Knowledge cifectively, inew Knovlod e thion is
piling up at a rate that is hard to eXaggerate, is of utmost conee 'ucnee, It
demands the capacity not only to acquire and use knowlcdae but nlge to diseriminate
carefully with respect to what dces not need to be acquired and whnt should be
avoided". 2/ The manpower for industrial research should pPossess tiw above
qualities and it would be wrong to assume that a science graduste is a potentinl
research man., The type of sclentist acceptable for research would be an honcurs
graduate in those disciplines most required, viz. chemistry, physgics and
engineering, with a post-graduate degree by research in an applied scientirfic
field and at least onc to tvo years in an industry of determined Specialization
or an industrial research institute.

2h, A university post-graduate degree trains, without the limitation or time,
finance or reward, in the fundamental techniques of research, and one would
normally expect that a scientist trained in these disciplines would use the
acquired techniques towards solving those problems vhich are of urgent importance
to his country. The experience of the developing countries which have been
fortunate enouch to have such post-graduate men has been, however, most
disappointing, as most of them insist that they should be permitted to work in
the specialized abstruse fields which engaged their attention at the university
and in which a school of research existed under a particular professor., Any
project assignment with industrial associations is looked down upon as beling
materialistic and against the university philosophy of knovledpe for knovled;e's
sake, ;Q/ Applied research differs from basic research in intent rather than in
method and the applied sclentist should have had prior university training in
research methods and techniques, Yet the acquired background in a university
atmosphere is itself g barrier. To overcome this it is necessary to expose the
scientist to the industrial disciplines or time, money and reward,

25« Vhen scientific manpover is selccted on the above-mentioned specified
academic attainments, training and attitude, only one in fifty honours graduates
will be considered suitable for applied research. In ccuntries where the output
of honours science greduates igs snall, the staffing of an industrial research
laboratory will cause insuperable difficulties. "mality and the right attitude

One of the mcans of “vercoming this scarcity of scientific manpover is to have an
xtensive programme of overseas training of graduates fo: reriods of four to

five ycars included i. the industrial research organization's capital budget, for

manpower is its most important capital asset,

Finance

26, The next factor to be considered is the extent of financial support available
to the research organization for its equipment, building, training and cervice

9/ Stanley F. Teele, "Technological Planning on the Corporate Level"in Froceedings

of a Conierence sponsored by the Hervard Business School, 1961 (Cambridse,
Mass., Harvard University, Division or Research, 1962,

;9/ Handbook of Industrial Research Manarement, Carl Heyel, ed. (N.Y., Reinhold

[1959/).
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facilities, ond for the cost of operction. Most developed ccuntrics are
cpending as much as @ ner cent of their national income on research ~nd alinost
0.5 per cent on industriol research. The developing countriecs tend, however,
towards the belief that research is an idle luxury to be had only Jor nrestige
reasons. Receatly the Governments of South African countrics considered on
eipenditure on industrial research of 0.01 per cent of the fross nationsl product
per_annum too hi h. Ceylon spends Rs. 1 million per year of a ross national
product of Rc. (,000 million, and this is considered inadequate to maintain the
eristing orgenization vithout exnansion and without expenditure on overseas
trainin- for its steff. For developing countries, therefore, finance is likely
to present as lurge a problem as the scarcity of adequately trained scientific
manpower, and on both these issues the Governments should take the bold decision
of spendin: adequate funds if the desired development is to be achieved in the
expected time.

L. Preliminary evluation and screening

27. The over-all programme derived from a study of the resources and plans of the
country would, as stated earlier, have to be classified accordins to resources and
industry, and further subdivided into basic research, applied research and
development. Because the institute serves an entire nation, vhich includes the
private and nublic sectors of industry, the spectrum of disciplines and the
possible number of projects would be extremely lerge. A preliminary evaluation
and screening would then be necessary.

28, The projects formulated at this stage would represent ideas with, perhaps,
concise information on the scope, disciplines, and state of existing knowledge.
Preliminary evaluation, which may be done by a joint committee of the research
staff{ ond ministry olfficials, 1ould consider the relative importence of a group of
projects in a particular industry or on a particular resource, and would eliminate
those which involved small gains in relation to research eifort, those which
required technologies that were scarce or unobtaimable, those for vhich existing
technolory was satisfactory and which could be postponed for later consideration,
and those on which outside knowledge had been found to be available and could be
acapted at lower cost.

M. Information content ol project proposals
for final selection

29, Even for the projects submitted in the over-all programme, a certain amount of
preliminary vork must be done before the idea is reduced to vriting. Alter the
preliminary screening has been made, the projects remaining and therefore
considered to hove some merit or purpose would have to be prepared in some detail
for the {inal selection.

30, The scope and object of the project and the specific problems to be solved by
the project should be stated first. This would be followed by a brief summary of
the literaturc search made on the particular subjects and the gaps in knowledze
which the project is expected to fill. The institute library can play an important
role in this asnect of the work by maintaining a good cross-referenced inde:x of
work the laboratory has previously undertaken, so as to exclude experiments which
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have been made previcusly. 11/ It cculd als~, we port o fto ooyl y inted
siiilar cross-.ercrenced inde:: of parers, journals or pateat in

Catlo son s s
and subjcects in wiich the institute is Likelvy Lo e dIntercotod, D o valae o
o

adenuate literature and petont search connot be over-enmphasized, It often Burrens
that lack of librery inloiustion has led to pro ccis vhich sctenpted Lo rdilse rwor
vhal was alrcady mcun ond published, Apart frerm the cavin s 10 crot, 41 v

Ve g

even more in valuvable manpover,

31. The utility lactor should be presented next., A basic resvarch rroject to
provide new knowledge towards the solution of other applied provlene has utilivy,
even though it would be difficult to cstimate in sdvance tho time required o
completion of such a project and hence the cost. 1In applicd res-orel the utitivy
factoi can be more specifically stated as a new or betier rav witerial, an in
product or process or cperstion or a nev product. At best, Lhe tine, cost a.d
magnitude cf the attack on such a problem can only be an intellicnt prediction
based on previous experience with similar problems. Research is essentially an
exploration into uncharted areas and therefore defies more definitc estimates.,
Vhat is presented as time and costs are notioral probabilities.

roved

32. 1In the cese of development projects vhich involve pilot-plant opecrotion,
deternination of unit costs, market research and evaluation of {inal product, it
would be possible to determine more closely the utility and usability fectors and
to predict within close limits the results that ould be achieved, in a particular
time and ac a particular cost.

53. In addition, certain other factors, such as specialized equipment and
specialized skills and their availability or procurability, should be stated.
Also of great importance in the selection would be the considered view of the
director and technical staff of the chances of successTul attainment of the

objectives of the project and whether the project was ot importance to cxistin:
indnstrial plans.

N. Final projects - selection and priorities

34, Uhen the projects had been prepared by the research director in the detail
and form given above, they would be subject to further scrutiny by a committee as
before or by a research advisory group to select the I'inal projects, establish

priorities and determine the projects for implementation over a pericd of five
years.,

35. There are two approaches to selection - one is the systematic lormula method
and the other is based on individual or comuittee Judgement with weirhtare pgiven to
service and the person or persons involved ia execition of the project. Blake
favours the informal committee eppreach because a group caa make two inportant
contributions: (a) the esteblishment of technical chances of success: nnd

(b) a review of the literature and other information contained in the proposal. 17

;l/ R.N. Anthony, Management Controls in Industrial Rescarch Orjanizetions (Rocton,
Harvard Uaiversity, Graduate School of Business Administration, Division of
Research, 1952), -

12/ \Valter T. Blake, Project Selection,(Madison, University of !'isconsin,
Engineering Institute's Industrial Research Orsanization, 195G).
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36. The simplest formula devised by an industrial research institute, as an index
of net probable rceturn on investment, is I = Eg, vhere I = inde:x of relative worth,

P = over-all probability of attainment of goal, N = estimated net return for an
arbitrury Cive year period and C = estimated research cost. The organization which
develuped this foriaula jives priority and emphasis to projects with larcer indices.

37. The ideal approach would probably be a combination of both and the final
selcction wvould represent a certain number of projects to be established. A more
detailed consideration in relation to existing and proposed plans of economic and,
particularly, the industrial development would suggest the priorities for a
gpecified period of, say, five years.

Regearch capacity

384, The final selection of projects with its own priorities established for the
vhole programme and inter-group would represent the research capacity that the
institute should possess to meet the targets of development. This would require
balancing end phasing and, in that form, could be evaluated in terms of disciplines ,
scientific manpover, equipment and facilitics, and cost of operation.

39, Ii existing personnel are insufficient to carry the nriority projects
selected, the following steps should be taken:

(a) Seek outside organizations within the country, such as universities, J
departments of thc Government, etc., which employ scientific research tresined |
personnel to carry the basic research programme;

(b) Seek the help of scientists from friendly nations and international
agencies to work in the research organization, as supplementary staff on determined
projects;

(c) Establish an extensive programme of training both within and outside the
country in order to develop the total manpower required within a specified period
UI‘ timo

LO, \hile this approach can be made to overcome manpower shortage, it is only
possible if sufiicient funds are made available. Finance is therefore a critical
factor, and it is urged that developing countries which are establishing institutes
should nake adequate proviesion for recurrent expenditure. At this late stage in
the race for technolosy, it is the considered view that the extent of annual
finance should be 0.1 per cent of the gross national product of the country. It
is no longer a question of whether a country can afford it, but whether it can
afford to be without it.
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VII. APPLIED RESEARCH, DEVELOFMENT, TESTS AND
STANDARDS IN THE DEVELOPING CCUNTRIES

Prepared by D. Zanobetti*

A. Research and Levelopment

1. The Centre for Industrial Development of the Economic and Socisl Department
of the United Nations should be complimented on its timely decision to hold the
Inter-regional Seminor on Industrial Research end Development Institutes in
Developing Countries, since it has been proved that these institutes are the
fundemental instruments fo: the industrial development of all countries, vhatever
the stapge of industrialization they may have reached.

2. The reasons for this obviously stem from the complexity of current industrial
research, the very high cost of instrumentstion end the need for e concentration
of material and human resources.

3. A confirmation of the usefulness of concentratin; developments and research
efforts in a centralized organization is the fact that they are adopted not only
by Governments - who are generally accused of having centralization tendencies -
but also by private industry; in the highly developed industrial countries one
finds latoratories are established jointly by corporations which, moreover, may
even be extremely competitive.

b, The United Kingdom is perhaps the ccuntry in which this pattern has reached
the greatest zeneralization, and in vhich onec can also see the very interesting
process by which large research associations, that were at the outset purely
private enterprises, have zraduslly become of interest to the governmental
avencies and have grown into semi-governnental bodies.

Se Examples of jovernmental initiatives for the same purposes are too numerous
to mention, so that a developing country wishing to follow examples of joint
co-operative efforts in research and development has only the difficulty of
selecting the best model, 1i.e., the one best adapted to its particular case.
Whatever the formal orgenization, the basic elements - the laboratories - should
be studied first, and in this, one may find the complete range, of which it mey
be useful to examine the two limit cases.

6. Firstly, one may consider the case of a country just beginning its
independent development: this situation is common following recently acquired
pclitical independence.

T. Up to the time oi their independence, such countries may have relied entirely
on the industrial organization of the colonizers. Sometimes their only economic
resources are based on agriculture or, still worse, on monoculture and the only
research laboratories they possess may be those created by foreign private
companies for the sole purpose of their ccmmercial activity.

¥ United Nations Educationnl, Scientific and Cultursl Organization.
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5, In these catus, Lhe tagk Ls that oy ereatin g o basice techrical Lui'rastruciure:
a ploce, a luboratory, iwre the newly cstobliched activities may fi. hely {n th-
form of advice and enernt facilities,

9. A chemicnl lavoratory sheuld provide menns of edlecting analysic fop various
purposes; a buildin; laboratory should hely the private- and public-vork:
activities and provide means ol testing materials; an :lectrical and mechanienl
laborstory should peri:it wessurement of a certain precicion, and the ropalr o
calibration of ueasurin: instruments, etc. All those should serve both Toverngent
bodies - the Custems, the Post-office, the Ministry of Public orks, ete, - and
private enterprises, farmers, niners, manufacturers, ete.

10. A problem is, of course, to Belect the facilities in relation to the country's
primary requirements and lines of development, but perhaps the most serioys problem
i5 that of stafiin.,

1l1. UVhen the ccountry possesses a technical school or a universiiy, the laboratory
may be linked with it in order to share both the equipment and the staff: this is,
in general, the best solution and one that has prevailed in all the currently
industrialized countries up to very recent times.

12. Vhen the country does not possess any technical school, the problem is
undoubtedly more sericus, but since the urgency of technical educstion and
development activities have the same order of priority, a school and a laboratory
should be started together. In this cese, a fellowship scheme to be carried out
abroad should prepare the technicians and the teachers to staff the school and the
laboratories and to replace foreign assistance.

‘14, At the other extreme, there is the case of countries vhich have an advanccd
stage of development, where research and development laboratories have reached a
high level of specialization. However, there remains the problen of a common
denominator to all thiu activity, vhich takes the form of 8 national standards
laboratory for the execution of the highest rrecision analysis and measurements,
to vhich not even a developed industry may devote the very large financial
investment required.

15. An example of a natiocnal laboratory of this kind is the Netional Bureau of
Standards of the United States of America., The role of such a laboratory is
described in annex II, by A.v. Astin, its director.

16. The concept of a national laboratory exists more or less in all the
industrially developed countries, though, of course, historical reasons, industrial
patterns or simply sovernmental structures may influence its set-up.

17. As an eXample, in Switzerland, the Federal Bureau of VWeiphts and Measures is a
body of the Ministry of Finance, since an important part of its early activity was
the enforcement of the lay on weights and measures. However, it is also a place
where original and independent metrological research is carried out and where type
testing of a hizhly refined nature may be executed.
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18. In snnex III, L. Ragey gives a description ef the activity of the National
Testlng Latoratory of France, together with its historical background. This shows
very clearly how a national laboratory was involved in the industrial development
nf the country, from the start of the industrial revolution up to the present,
adupting itself to the national necessities and always providing those services
which other organizations with more limited or more specific interests could not
provide,

F. Tests and standards

19. Standardization goes hand in hand with progress and develorment, It began as
a necessity felt by the users and it continues as an essential means of simplifying
production and giving common reference to every trade and activity.

0. However, standards may have many meanings and include many concepts:
(a) A common definition of measurement units;

(b) . standardization of basic elements, from threads and railways gauges
to transistor sockets;

(c) Standards specification for quality, covering raw materials,
agricultural produce and industrial products;

(d) Code of practice for tne most important industrial activities
concerning public use (construction, erection of electrical lines,
food conservation, etce).

2ls These activities are quite distinct from one another but they have in common a
specialized knowledge and the necessity for instrumentation and, a8 a consequence,
research and development institutes should be concerned with all of them,

22. The definition of measurement units implies the maintenance of legal standards,
but this activity has currently becowre much easier than it was in the past,
Relatively moderate-priced stundards of good precision are available and transport
has reached such a high degree of 8peed and safety that the activity of

calibration against highest-precision standards maintained in reference laboratories
abroad, permits the elimination of the very expensive and time-consuming work

which used tc te coupled with the maintenance of national standards,

<3e The standurdization of the basic elements only requires the adoption of
standards already in existence; practically the only decision is that of deciding
between the United Kingdom system and the metric system, and there is no doubt
that the trend is towards the general adoption of the latter, notwithstanding tte
fact that it will take a considerable number of years before it is universally
adopted,

2k, Much more ccmplicated is the problem of standardizing products. It is true
that most developed countries have large collections of standards, such as those
of the United Kingdom and of the United States of America, but in many cases, these
cunnot be adopted readily., As an example, there is no doubt that the specification
for butter in Scandinavian countries or in Canada cannot be adopted in Nigeria,
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This requires the study of special standard specifications for each country, though

Joint activities rermitting the preparation of regional standards are often much
preferred,

25« The same consideration applies to codes of practice and in both activities
there is ample scope for the international and regional organizations in
establishing co-operation emong the interested countries to issue common documents,

26, That is why, whenever one speaks of industrial research and development
institutes in developing countries, one should alvays include, as a fundamental
part of their activity, "tests and standards”, meaning that their facilities should
also be used for the activities described,
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ANNEX I
EXCERFTS FROM ROLE OF A PESFARCH INSTIIUIE

by Ralph A. Krouse*

I. INTROLUCTICHN

1, Developing countries have a shorta ¢ of scientific and technical personnel at
a time when the need for them in jovernment, industry and education is critical.
Sceientific, engineerins and testing facilities are needed for instruciion,
{ndustry development and governm:nt functions. Facilities are expensive and
should be svailsble on a basis ensurin_ efficient use. Often, industrial and
sovernmental leaders lack staff e.ssistance with the technical and scientific
backrround and experience so esgential to realistic plannin; for the use of
research relevant both to managerial decisions ond material development.

2. Some assistance can be provided by the technical staff of the university or
teehnical school and by such local consultants as may be available., Assistance

con be given by foreign experts or organizations. Such pssistance, while important,
is difficult to arrange, is not continuous, lacks local laboratory facilities, is
often quite expensive, ond does not serve to build a stron; scientific and technical
resocurce lor a country.

3 A centrul organization desizned to provide technicsl essistance to each
segment of the econouy, staffed with scientific and technical personnel, adequately
equipped with laboratory and supporting facilities and suitable directed or
motivated toward serving the government, industry ond business of the country,

can be a major asset in the development programme. Such an orgenization - a
reseerch institute - can have several important functions. It will emphasize one
or more of these functions in accordance vith the need of the country, the
particular sbilities of the staff and the direction o. its leadership.

9, In additior to conducting research into new products or endeavours for
industiry, the research institute provides many technical services. It makes its
staff available for visits to industry to discuss technical cperating problems, to
conduct on the spot "trouble shooting" and testing, or tu advise on suitable
materials or processes to improve the production of the industry. In a more
formal manner the research institute establishes technicel standards for industry,
distributes suitable standards for industry use and provides a standards checking
gervice, Similarly, it wvorks with industry in esteblishing testing procedures and
provides materials testing facilities and service at its own laboratory. It may,
in addition, ot government or industry request, serve as a standards and quality
control testing and inspection facility.

10. In general, the role of the research institute in supplementing the
industries' activity is to provide services which each industry needs but cannot
provide within itself on an efficient basis. It provides a manpowver and facility
resource which can be called upon as needed and vhich can, because of the
interests of the stafl, keep industry abreast of new developments and assist in
their adaptation.

* Associate Directur, Stanford Rescarch Institute, Menlo Park, California.
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11. Certain additional services ziven to industry, such as the troinin- o.
personnel who eventually ere employed by industry, the up;radin: oi industry
personnel, and lielson with the worla's techinolory rac with Jorei o crwerts will
be uentioned later.

12, There are mcny exarnples of reseorch organizations providin- the above servicer
to industry, such as the Instituto Mexicano de Investiracinnes Technologicas ond
the Industry Institute of Lebanon. The Instituto de Investicaciones y Fnsane
Materiales assoclated wvith the University of Chilc provides such scrvices wity |
emphasis on industry standards, testing and ~uality control. |

III(C). Improvin~ the Scientific and Technical Manpower Rescu.ce

17. A less easily recognized role o a research institute concerns the development
of an adequate resource of scientists and technical personncl and the [acilitiec to
make them efTective. The institute calls on the staff of universitics and technicol
schools for assistance in its studies. Thiis makes the services of such personnel
available, on a parte-time basis, to the development progsremme and, at the sam. time,
enhances their income and provides researci facilities and techaical challenges to
them. By providing a source oi employment for techniczlly trzined personncl, it
establishes g motivation for students to undertake scientific and technical careers.
It can assist in the training of students by providing facilitics for graduate
research and by providing fellowships for studies in foreign rescarch organizaticns.

18. Many of the stafi of the research institute eventually become attracted tc
technical positions in the industries of the country or are called upon tu serve
in technical o1 administrative positions in government. This turnover provides
experienced, technically educated, personnel to the industrial development
pirogramme or to government policy positions and at the same time opens up
opportunities for younrer personnel to join the institute for rescarch and troining.
The research institute encourages industry to send its technical personnel to
participate in the research project undertaken by the industry in order tou assure
efficient transfer of the reséarch results to the industry and tou provide treining
for the participants. In addition to this technical upgrading of industry
personnel, the research institute conducts formsl meetings, seminars or snecial
courses for the education and training of industry personnel eithcr throurh a
formal productivity programme or in conne:ion with its research activities.

19. The research institute gathers scientific and technical publications of the
world and maintaine a library available to its staff and to members of industry

and government. It has library exchange relationships with the foreign scurces of
information and can thus obtain the publications needed by its staff or by industry.

20. The resourch institute seeks to make scientific and technical information
available to govermnment, industry, and educational orgenizaticns throuth its
publications. These include abstracts or reviews of scientific developments,
reports on research results, proceedings of meetings and seminars, or scientific
papers of its staff.

21. The research institute arranges for and hosts meetin:s and seminars which are

attended by interested persons from all segments of th. community and in which
local and foreign experts participaste. Conversely, the members ol the staff are
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encouraged to attend and participate in international scientific, industry or
development meetings.

22. The research institute, in its relationship with the acedemic community, in
its training programme, in its acquisition and dissemination of information and in
its sponsorship of meetings is performing the important role of helping to
establish the framework for a national scientific and technicel self-sufficiency
of the future and the prestige of the nation in the scientific community of the
world.




ANNEX II
EXCERPTS FROM THE ROLE OF THE NATIONAL LABORATORY

by A.V. Astin®

The Founding of National Laboratories

6. Concurrently with the growth of firm ties between science and technology,
technologicel developments in transportation and communication, focused
international attention on the need for compatible measurement techniques based
upon internationally accepted units and standards. International exhibitions,
demonstrating the marvels of new inventions and scientific discoveries, led to an
awareness that further progress would require international eccord on a world-wide
system of measurement. Such a system would be particularly important if scientific
data were to be reliably exchanged emong scientists of different nations, if the
application of scientific data by technologists were to be facilitated, and if
international commerce in the products of the new technologies were to prosper or
grow efficiently. Such considerations led to the formal slgning of the Treaty of
the Meter in 1875 which in turn provided for the estabiishment of a permanent
International Bureau of Weights and Measures st Sdvres » hear Paris.

T. Although th: creation of the International Pureau of Welghts and Measures was
a significant step in international scientific co-operation, and in providing a
logical and physical basis for scientific, technological, and commercial exchenge,
it was only a beginning. Means had to be provided for the dissemination or
standerds within nations including standerds for measuring thermal, electrical,
optical, chemical, and mechanical properties. These needs led to a realization
that central facilities for the comparison, verification and calibration of
measuring instruments were essential. At about the same time several thoughtful
scientists and engineers realized that a well equipped laboratory devoted to the
systematic measurement of important physical constants and properties of waterials
would facilitate the work of scientists and technologists generally. These
multiple needs first crystallized into a practical plan in Germany. The
Physikalische Technische Reichsanstalt (PTR) was established in 1887 to provide
instrument calibration and research and testing on standards, instruments and
materials important to the science and industry of Germeny.

8. The immediate acceptance of the PIR soon led to efforts to establish similar
national laboratories in other countries. Following closely upon the pattern and
objectives of the PTR were the National Physical Laboratory (NPL) established in
England in 1900 and the National Buresu of Standards (NBS) established in the
United States of America in 1901. The prescribed functions of each of these three
national laboratories were remarkably similar. ALl were charged with (1) the
establishment of measurement standards and the verification of instruments based
upon such standards, (2) the determination of important properties of materials,

% Director, National Bureau of Standards, United States Department of Commerce.

-125-




and (3) reseerch on problems of a major nature that required the availability of
nationally furniched fecilitics and rescurces. 1In addition, these loboratories and
similar oncs established in othcr countries have provided focal points for the
co-ordination of precision measurement activities among rnations, primarily through
the International Pureou of Weirshts and lleasures, but frequently throuch direct
e::change.

Qe In the more than seventy-five years that national laboratories have been
contributing to scientific and industrial progress their programmes have expanded
substantially, more or less paralleling the tremendous technological growth during
the same period. During this same period, the range of functions has tended to
enlarr~ and 2 better appreciation has evolved concerning the nature and importance
of the original measurement functions. Ve shall proceed next to examine in some
detail these functions.

Modern Functions oi a National Laboratory

10. Standards for Physicsl Measurement. A major purpose in providing standards for
physical measurement 1s to assure uniformity and compatibility in all activities

in commerce, industry, and science that involve physical measuremcnt processes.

In the exchange oi data among scientists it is essential that the quantities and
units in which a scientist's data are expressed be the same as the quantities and
units used or understood by other scientists. In turn it is essential that all
engineers who design materials, structures, or devices by quantitative methods
employ the units and quantities that are the same as or compatible with those of

the scientists whose data he uses. A standard provides a physical means of
representing a unit or quantity so that it will have meaning and stabllity from

place to place and frcm time to time. Measurement standards thus provide a
cornerstone upon vhich basic scientific information cen be applied to useful
purposes.

11. The traditional role of measurement standards, in the area familiarly known as
"weiphts and measures", has been primarily concerned with assuring reliability and
fairness in commercial exchange. In the buying and selling of commodities, mutual
agrecment on the actual amount of a commodity that is exchanged depends upon
accurete, stable, and honest weights and measures. The function of establishing
and disseminating relisble standards for weights and measures has long been a
responsibility of zovernment. In commerce between nations, however, the attainment
of the necessary confidence requires the means of relating one nation's standards
to those of other nations. Althcugh this can be done by direct bilateral
negotiation between governments, it has nroved much more effective to have
national laboratories work through the International Bureau of 'leights and Measures.

12. Measurement standards also provide a basis for the exchange of components
within an industrial system. The importance oi this exchange derives directly
from the importance of the concept of interchangeable parts. The achievement of
today's interchangeability requires first that there be adequate capability to
measure properties wherever there is a requirement to control properties, next
that the measurement teciiniques for dilferent types of properties that must be
controlled within a single assembly be consistently related through a lozical
measurement system, ond finally that the standards upon which the system of
measurenent is based be zdequate to the range and tolerance requirements for
interchangeability.




13, Iun its simplest fomm interchangeability requires only a measurencnt sohrdard
applicable to a single production line. 1In the next stage the neasurenent standards
are applied to different production lines within a single plant. From this phasc
ve go to the need to assemble components made in different plants, Cirst in
different parts ol one nation and then in different narts of the vorld. In order
to assure interchangeability under these expandin;; and more extensive conditions,
measurement standards must be increasingly available and on a:: imtemational basis,
Increasing the accuracy of measurement raises the level of sophist.ication of the
interchangeable parts concept. The reliebility end efficiency with which parts
can be mated throuch controlling dimensions by a standard increnses only as
dimensional control itself becomes more accurate. Modern industrial efficiency
depends to an appreciable extent upon the phenomenal ipcreases in our ability to
control dimensional accuracy.

14, A still hizher degree of sophistication in the evolution of interchan;eable
parts involves th:z measurement of properties other than dinensional, such as
thermal, electrical, optical, and chemical, together with an assurance that
components not only fit together but operate together to a high degree of
reliability. Coupled closely with this is an increase in the number of individual
components involved in modern complex devices. Interchangeability resaches its most
advanced stage in the assembly of devices for space exploration. Here, the
requirements for interchangeability mey be imposed on hundreds of thousands of
components or many thousand distinctive types, with scores of different controlled
properties. Measurenent standards for al). of these propertics must be available.

15. A very important aspect of effective interchangeability is found in the
problem of maintenance. Many of the devices and materials of technolo:y require
periodic maintenance if reliable performance is to be obtained or if long life is
desired. Maintenance frequently requires that measuring instruments to determine
critical propertics be available, and that there be g supply of rcplacement parts.
In order that testing instruments and replacement parts be compatible with the
original equipment we again must depend upon measurement standards. The test
instruments require calibration against the same or compatible standards from
vhich the original equipment was built. The properties of the replacement parts
must have been similarly controlled. This aspect of the availability of measurement
standards becomes of considerable importance in extending technology from a few
nations to many others. Here we have a situation vhere the most ccmplex
technological devices are fabricated in a few countries but where their use is
world wide.

18. Engineering standards. The degree of involvement of different laboratories
with engineering standards varies widely from country to country. Standards of
technical practice generally include procedures established by authority, customs,
or general consent, such as models, sizes, tests, levels of performance, and
quality. Such standards have also been frequently defined as model means of
performing a repetitive task or providing a repetitive item. Standards of
technical practice are of substantial importance to manufacturin- prucesses,

and in technological and commercial exchanze. In the building construction
industry, for e:smple, the availability of standard sizes for such things aes
masonry units and lumber facilitates substantially the descign of structures,

the erection of structures, and their maintenance. Similarly, in thc meche 1ical
industry, standard sizes for nuts, bolts, screws, pipe, sheet metel and many other
items facilitate all aspects of commerce in these products,
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1. Meceo preduction industrics with their e:teusive dependence upon interchon: eable
prrte require not only rellable neasurenicnt scanderds but also standard sizes,
rodules, sub-assemblies and perior.ance cuaracteristics. In this area, as was the
cace 1a the measurem nt standards srea, the rance of applicability ol standards of
prociice inercases the ran e of uscfulness of th: interchan;cable conccpi.
Stondords npplicable to ¢ single plant will permit internal production ef'ficiency
but il products arce to be used in conjunction with other products, il the
maintenance and repair ol equipment is to be facilitated, then enginecring
standards must be videly accepted and used.

20. In general the importance 5% engineering standards increascs as technolory
becomes more widcspread and as the diversity and complexity of technological
products cipand. “'ithout a reasoncbly high degrce of standardization cf sizes,
varicties and operating characteristics, modern technological economies would
collapse. ’

©1. A systematic concern with engineering standards is extremely important in
extending technology from the more advanced nations to less develcped arcas.
Althouh standards applicu.le within a single country or even a single firm may
take care of all major problems of internal production efficiency, the e:portation
or technologicel products to other countries where they must be operated and
maintained requires the availability of standards accepted and understood in the
fmporting countries. The development of international standards, so important to
international trade and commerce, is centred in the International Standards
Orpani~ation (ISO). There must, hovever, be affiliating organizations within
ench member nation of ISO. These affiliating organizations are frequently
~overnmental or-anizations, soactimes privete organizations and sometimes
quasi-jovernmental organizations. Sometimes a national laboratory or its
equivalent may assume full responsibility for the engineerin;; standards work
within a ~ountry but this is by no means essential. There are many vays, however,
in vhich a national laboratory can ard does contribute to the advancement of
enrineerin;; standards activities. Let us examine a few of these brieflly.

A0, Most neaninciul safety codes require some quantitative knovledge of the
nroperties of materials and the limits of operating conditions to which a material
or device may be subjected. Building ccdes, for e:anple, require a knowledge of
the strength of building materials and a knowledge of thc range of loads to which
the building is apt to Le subjected. Fram such quantitative information meaningtul
building: codes can b2 developed.

23, In the development of specificetions for the purchase of materials or

devices for specific application it is again necessary to have available relative
and quantitative information about the materials and devices, as well as about
anticipated « perating or use requirements. In addition, it is essential thet
meaningful test techniques be devised in order to assure the compliance of a
product with a specification. National laboratories with their inherent skill in
physical messurement techniques have made substantial contributions to the
development of standard test methods as well as in providing dates on the properties
of moterials essential to the development of a useful specification.

2h, In nations which depend extensively upon the importation or exportation of
fubricated products or raw materials, it is essential to have useful standards for
both quality and quantity. Only when such standards are available can there be
coufidence in She valuc of commodities purchased or in the fairness of reimbursement
ior eerrcdities that arc sold. National laboratories can exercise one of their most
usclul functions in providing the technical expertise for the development and
application of such standards. -128-




ANNEX III
THE NATIONAL TESTING LABORATORY OF FRANCE

by L. Ragey

The French Testing Laboratory was founded in Paris in 1901 at the
Conservatoire des Arts et Métiers, since it was here that the firet measures oo
inspection and industrial output had been studied and here too that the
International Metric Commission had been based, under the leadership of
General Morin.

As long ago as 1863, the engineer Tresca - Assistant Director of the
Conservatoire des Arts et Métiers - set up a small polyvalent laboratory where,
for the benefit of inventors, he measured the performances of very videly varyin-
machines: hot air machines, gas driven motors, fans, various steeam machines,
hydraulic motors, automatic steam purips, nachines to bore or cut hard stones,
water-meters, hydraulic rams. For public and industrial services also, Tresca
determined the properties of materials or of installations: the resistance or
window glass, stone pipes, lead pipes, steel wire, silk ropes, the ultimate
strength of rubble-work and other types of floors, the iron roofing or the
North Station in Paris, the degree of elasticity of aluminium bronze, the
efficiency of heating installations of blasting machines, of various kinds of
pumps, etc.

Eighty reports of these tests were published between 1862 and 1879 in the
Annals of the Conservatoire - one of the rare scientific and technical journals of
those days. Thus, in the second half of the nineteenth century, the basic idea of
industrial testing - whether it concerned the inspection of a machine or the exact
measure of a property of any given material - was spread by men who put to use thc
erperience zained in the metrological work at the Prototype Office of the Decimal
Metric System,

It is from these origins that the Testing Laboratories have acquired their
dual character of centres of metrological work on the one hand and, on the cther,
centres open to anyone desiring the most exact measurement rossible, in order to
testify to the qualitv of a product or a construction. It is evident that,
depending on the country and on the moment in history, one or other of these two
characters may predominete, Here, we give a description of the French National
Testing Laboratory.

* * * * * *

At the time of its foundation in 1901, the role of the Testing Laboratory
was confined to measurements of properties and to "physical, chemical and machinc"
characteristics, Therefore, everything to do with biological properties
(toxicology, etc.) wes implicitly excluded.

It was only in 1925, after the reorganization of the Bureau of Metric
Standards at the Conservatoire des Arts et Métiers, that the Testing Laboratory
also became the Centre for Research and High Precision Metrology. From 1943
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onvards, it wvas designated lational Laboratory, and was entrusted vith
representing Finnce in all international metrological commissions.

During the first thirty-odd years oi this century, the Laboratory equipped
itsell to dcal with requests Tor tests of the most varied nature, sent in by
nmanuiacturers and public services. Chemicol analyscs, particularly those to do
with minerrls, includin: fuels, together with the mcasuremznt of the usual
properties of metals and materials (resilience, clasticity etc.), constituted the
main activity. Special installations permitted thc obscrvation of the breaking-
strength ol cables, the ultimate strength of ceilings and building materials,
and the resistance of walls to the transmission of noise or heat.

It wvas natural that, at a time vhen industry, with the exception o. heavy
industry, still retaincd so many vestiges of the old crafts, not every factory
possessed a laboratory or a section for the inspection of its products. As an
example to manufacturers, the measures set up at the National Laboratory gave
information on the manufacture or reassurances on the nature o. the products used.
Fortunately, hovever, industrial development was to point out to the manufacturers
the fundamental importance of these data, and recourse to the Testing Laboratory
gratually stimulated business to set up measuremcnt sections. Thus the incoming
vork was soon limited to inspections of an official nature which could be
contested in a court of law.

Even today, the French Laboratory is still the only one qualified to draw up
reports in the name of the State of all the various meesures - physical, mechanical
or chemical - that are required in an industrisl country. In spite of the
exclusion of biological measures, the field is immense. It is extended still
Turther by the institution of a label indicating conformity with standards
established by the State and entrusted to the French Standards Associetion, which
calls in the Testing Laboratory in the event of disputes withh those requesting
this label.

The exceedingly wide range of measures naturally led to seeking the
collaboration of the large specialized laboratories vhich, in the [ield of their
particular specialization, could delegatc others to act on their behalf, subject
to scientific inspection: thus it is that reports countersigned at the Testing
Laboratory are issued in respect of measures made, for example, at the Institute
o Optics, the Institute of O:y-acetylene V'elding, the Central Electricity
Laboratory, etc.

There is an agrecment vith each of these bodies for the improvement of
equipment and working conditions. In view of the limits on the expansion of
departments imposed by the financial structure of the National Laborztory (which
will be described at a later point) » it would undoubtedly be worth wiile to
increase the number of such agreements,

Other effects of technical progress have altered the activity of the
Laboratory considerably. At first » the gradual working-out of industrial
standards demanded the assistance of specialists in control-work, since the
standards would be useless unless they also included means of verification.
The Testing Laboratory therefore appoints a delegate in most of the numerous
commissions or the study of standards.

At the same time, the experience acquired by these specialists, the
ingenuity and the sense orf precision applied to the realization of measures to
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which they are accustomed, has naturally led narufacturers to oPply to the
Laooratory .or the solution of hitherto unsalved problens concerning;

nethods o
testing or nev methods of' control ang inspection,

Thus, 1t is that real applied research ig entrusted to tho Laboratory. As an
€:ample, ve quote some of the contracts of recent years:

= The study of Lthermo-elusiic consiraint on the casing of a nuclear reactor,
The study or the mechanical properties or concrete for nuclear application;

~ Tests of anti-condens-ng materials.

- Gauging, under an outside pressure or 5,000 metres of wvater, for the study
of ocean depths;

- The measurement o) inertia-time of g Jet blast-pipe:

- Investigation orf the rubbing factor on undersround piping;
- Studies of air pollution in the viciﬁity of power stations;

= Acceleration of the setting of concrete by drying out (for underground
railways),

Furthemore, the increasing use or radio-elements hag obliged the Laboratory
to set up, with the scientific colleboration of the Atomic Energy Commission of
France, a section for the measurement or radioactive power (calibration or sources
and titrating of radio-elements),

ing Laboratory offers to industry:

(a) The means of measuremg d inspection according to industrial
standards, especially vhen litigation de 8 sure and official neasurement;

(b) The neans or perfecting exceptional measures, whether or not involvin;
the prior search for a new method,

Hence it is ¢ national service, which saves manufacturers from having to
install costly and non-paying equipment that would brin; in no profits, not being
required in the usual vay, and offers them work of indisputable scientific quality,
resulting from the advice of the Scientiric Corps of the Conservatoire deg Arts et
Métiers and from the experience of specialized e:xperimenters,

* * ¥ * * *

Depending on its nature, work requested from the Laboratory is allocated to
the following sections:
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PHYSICS

Electro-acoustics: Study of transmittinz equipment, receivers and
scund recorders.

Architectural acoustics: Study of levels of noise and vibration, of
reverberation in rooms, of transmission factors
through wells and floors.

Supersonics: Industrial applications.
Radioactivity: Logging of radiocactive sources and titrating of redio elements.
Heat:

Calorimetry.

Measures of thermal conductibility.

Tests of central heating radiators.

Studies concerning: Industrial combustion methods.
Heat exchangers.
Mechanical deformation through the action of
thermal gradients.

Spectrophotometry, in ultra-violet, visible and infra-red.

Calorimetry; preparation of white standards.

Rediocrystallography: X diagrams of powders,

Industrial dusts and air pollution:

Tests of dust filters.
Analyses of industrial atmospheres.
Aercsols and very fine granulometry.
Study of pollution in the vicinity of factories.
Plastics
Measurement of mechanicel and thermal properties » in particular for the
fmality Label department. This depertment works in close co-operation
with the Plastics Research Centre.

Miscellanecus measurements

Barometry, mancmetry. .

Analogue computation




METALLURGY
Industrial dynamometry; standardization and calibration of machines.
Various mechanical tests of metals. Measures of hardness,
Non-destructive inspection.

Optical and electronic metallography.

MATERIALS
Mechanical, thermael and technological tests on:

- Non-metallic minerals (stone, sang, cement, concrete, plaster,
tricks, refractory materials, glass, etc.)

- organic materials (wood, cork, peper, leather, rubber)
- peints and varnishes
= products for heat and sound insulation
= Pprotective gamments (helmets, aprons ete,)
Tests of behaviour at high temperature and to withstand fire,
Climatic tests,
Photo-eluticiutxv.
Granulometry,

Acceptance tests (buildings and public works).

MACHINES
Various tests on motors and machines, in particular:
= internal combustion engines
"~ = brakes
- trami:sion gear
Extenscmetric measures,

Tool tests.

Rydraulic tests on valves, tape, pipes, etc. ; measures of loss of heat, of
resistence to internal or external pressure, etc. Aerodynamic tests (in




CHEMISTRY
Mineral analyses:
- metals, metallurgical and mineral products
- soil, sand, cement, ceramics, glass and refractory materials
- water
- gas

Physico-chemical and technological analyses and tests on various industrial
organic products:

~ coal

]

petroleum products (petrol, paraffin, mineral oils)

solvents

t

various paints and varnishes
Standardization of branded liquor.

Corrosion tests,

It shculd be noted that tests concerning radio-electricity and electrical
properties of materials are passed on to the Central Electrical Industrial
Leboratory, in accordence with the agreements mentioned earlier. Those concerning
optical properties are in the same way passed on to the Institute of Optics, and
those concerning welding structures to the Institute of Oxy-acetylene Velding.

The person requesting the tests receives from the Laboratory a report of the
measures taken, accompanied where applicable by a report on the research carried out. [
These documents are the property of the person vho made the request and enjoy full '
professional secrecy.

In consequence, every test or item of work is subject to payment, the
financial equilibrium of the Laboratory being dependent on this income vwhich,
next year, will represent about 40 per cent of its working budget.

So far, we have not touched upon the metrological role of the Testing
Laboratory. It should be stated right avay that a metrological section is at the
service of industry for high precision standards:

= measuring rulers, gauges, not-go-gauges

- sets of weights

- celibrated glass

- ligquid or platinum-resistance thermometers

- thermocouples; optical pyrometers
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- photometers, secondary-standard lamps
High precision densimetry

Industrial photometry, particularly in the case of optical devices
(e.g. reflectors) used in road signals.

It chould be added that French lav has entrusted the Laboratory with the
compulsory inspection of medical thermometers, alcoholmeters png densimeters.,
However, the main role of the Laboratory in the field of metrology is the same as
that of the big national laboratories, the national counterparts of the
International Bureau of Weights and Measures. Thus, the Laboratory has to take
part in the work of defining units of measurement and the setting up of the
appropriate standards. It must colletorate in the work of comparing national
standards and in conferences on metrolorical methodology.

This purely scientific activity naturally implies a heavy vorkload for the
metrological section and it is not helped by the semi-industrial set-up that may
obtain in other sections. 1In spite of the unceasing efforts of the head of the
metrology section, the participation of the French Laboratory in the work organized
by the International Bureau during the last few Years has not been as greut 'as one
might well have expected from the country vhich invented the decimal metric system.

The Goverrment, under the suidance of the Conservatoire des Arts et Métiers,
is at present examining a reorganization of the Laboratory that vill lesd to an
expansion of the metrological activity, vith the aid of g fuller budget.,
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VIII. SOME ASPECTS ON RESEARCH AND TESTING
LABORATORIES AND STANDARDS

Prepared by R. Viewegh

A. Concepts

1. Among these concepts, there are several which need to be explained and even to
be defined in order to avoid misunderstanding in the following explanations. It
should be stated more precisely not only what is meent by "research" and
"development"”, but also what is meant by "standards", as for this term also there
is no clear and unanimous conception of meaning.

Research

2. Research occurs always, and only when a scientific problem is approached with
the aim of advancing into unknown fields, the task being completed in a scientific
way with scientific methods, by adjusting the whole to a greater context and
publishing the results in a scientific manner. This definition tells one that
research represents one intellectual-cultural unity including all disciplines.
Therefore, it does not, in principle, matter which science provides the object,

be it Sanskrit or geology, theoretical physics or a field of medicine, economic
rationalization or international law. In the separation too of the so-called
philosophical and natural sciences there shculd not be any valuation. Likewise,
it is of no importance vhether, starting from a given scientific law, something new
is found, or whether some question of application or an industrial problem has
glven rise to the research.

Pevelopment

3. The concept of industrial "development" work may well be distinct from that

of research, although they often appear to be combined. "Development™ as in
"developing” country is not considered here, this being a matter of politics;

this paper is limited to questions of sciences and techniques. Industrial
development usually indicates sume improvement in solving a task of manufacturing,
of a product or of a process, that means industrial progress. Research in the
sense defined in this paper, i.e., science in methods, results and publication,
need not necessarily be discussed. It very often happens that tasks of development
originate from research, and the boundaries between the two fields cannot always
be well-defined, as in modern life orders often overlap.

4, In this connexion, it is very important to point to the increasing
infiltration of science into the whole of life and especially into all industrial
activities. 1In every field of economy and techniques the results of research are
present, from the large plant doun to the small, simple part. 1In every bit of
provisions, one will iind some application of botany, physiology, and agricultural
chemistry; every piece of metal requires some knovledge of scientific metallurgy,

* Consultant and Chairman of the International Committee of leights and Mesasures,
United Nations Educational, Scientific and Cultural Orgsnization.
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physics and chemistry; for each apparatus, standardization and automation, as well
as electronics and chemistry, are needed. No book could show its modern form
without the progress of research in engineering for printing it » research in
chemistry for stamping, colouring and gluing it. Modern medicine depends tc a
great degree on physical and chemical knowledge, on expedients and apparatuses in
diagnosis, surgery and therapy. And Governments and municipalities rely upon
telecommunication that is perfectly designed through science.

Standards

5. The third concept which needs explanation is that of "standards”. There are
several rather different meanings » though they all are connected with the same
fundamental conception. Standards are fundamental magnitudes and units, as well
as their realizations by so-called etalons. In the United States of America, for
example, the name of the National Bureau of Standards hints at such "standards” ,
vithout exhausting the tasks of this authority. Standards are also the unifying
rules, often called norms, concerning dimensions, as well as the testing and quality
of technical objects. The British Standards Institution furnishes by 1ts neme an
example of such tasks. When one speaks of the "standard of living", one thinks of
a certain level of living - as it is » for instance, attainable for the mass of
inhabitants in a country. A "standard work" is simply a fundamental book for a
certain field. In the sense of this seminar, "standard" is used in the first two
meanings, as the basis for measures and measuring, and for marking quality.

B. gStandards and testing

6. VWhen seeking reasons for the rapid progress in sciences and techniques during
the last decades, one soon finds that measuring and measuring techniques have

shared in it decisively. Measuring, 1.e.,to express some magnitude by measure and
nuaber, is a basic part of all exact sciences and of techniques vwhich profit from
scientific methods. To find quantitative coherence is always the aim of the efforts
of sciences. There is no scientific progress conceivable without highly developed
techniques of measuring. Many important discoveries have been made possible only by
refined measuring instruments and methods.

T. Measuring also is an indispensable part of industrial production. The quality
of industrial products depends to a high degree on the level of measuring techniques.
Industry needs units of high precision and measuring methods which pernit an easy
use, not for itself, but for reasons of practical exigencies. There are many
branches where it is necessary to measure lengths with a precision of 1/10c0
millimetre. 1In addition to the increased need for accurate measuring methods in
the precision instrument and optical industries, it is also essential that the
deviations of a precision-tool machine - for instance, of a milling-machine -
concerning the straightness of the guide-rail, should not exceed 1/1C00 millimetre,
It is quite obvious also that the cylinders for motors in cars are now produced
with a tolerance of less than 1/100 millimetres. In electro-industry, capacitors
must be constructed with 1/10,CCO of the capacity value; and in frequency, there

are even more rigid requirements. VWith the modern elements of amplifiers R
dimensions of 1/1000 millimetre and less are extremely important.

8. Guaranteed units are the preliminary condition of precision production, and
further, of highly developed and precise, though robust, measuring instruments and
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methods, It becomes evident that industry depends on the fabrication of qualified
measuring instruments, which itself is dependent on scientific measuring techniques.
Control of industrial production by physical measurements will even increase in the
future because of the fact that wherever transition to automatic processes s
pussible, techniques of high precision measurements are more and more necegsary.

9. It is obvicus that measuring also is very importunt in every day life.

At the filling-station, gasoline must be measured accurately up to fractions of a
litre; a clinical therucmeter must be exact within the seale of 1/10 degree. Of
all gocds for which one hus to pay with money, one demands the correctly measured
countervalue., The qualities of all materials, whether for architecture or for
other construction and articles, mechanical solidity in particular, but also the
elastic and other constants, are of great consequence. They are tested according
to standardized methuds.

10. In the modern world it has become general judgement that to offer exact
measures for citizens and for industry and to secure them by lav is one of the
obligations of the Government. The State has first to be sure that all important
magnitudes and constants can be measured correctly with all Just available
precision, and, secondly - in certain situations - that they really are measured
exactly in praxis. These two basic trends of modern measuring and testing are to
be realized.

11. The implication that wherever anything is measured, it can be measured
correctly, comprehends presentation, maintenance and develorment of physical and
technical units and basic magnitudes, and provision for uniformity of measures in
the whole country. Immediately connected is scientific development of measuring
techniques in all fields of physics.

12, Vhere there is special need for protection of citizens, for example, against
being cheated in econumy, or against risks of health, or where - for instance,
among econcmic partners - decisions are needed in dubious measurements, there must
be assurance that the measuring is correct. Therefore, beyond those above-mentioned
conditions for measuring as a whole, the Government ordersexactness and official
testing of certain measuring instruments and methods. These are chiefly
instruments that arc used "in public business for the determination of the extent
of services", as it is expressed in German law. It concerns, for instance,
commercial scales, counters for gas and electricity, taximeters for motor-cars,
and volume-meters for filling-stations and other purposes, all belonging to areas
where the reading of an instrument finally determines the prices of goods. Certain
substandards also and scme measuring instruments for medical inquiries, for
purposes of revenue offices, and for traffic contrcl are due to official testing
and inspection.

C. Material testing and laboratﬂ_ techniques

13. As previously mentioned, a special testing task concerns all problems
connected with materials. Architecture furnishes an instructive example. Safety
and durability of constructiocns depend on knowledge of the qualities of materials
and on their testing. In the construction of concrete buildings everywhere, the
composition of mixtures and the stability of test specimen, which are made on the
spot, are superintended.
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14, Cutside the field of architecture, qualities ot materiale are exirenely
important for technical constructions. EBeyond mechanical malities, chemical
compounds and structure of materials are of consequence.  Protection against
corrosion and other ottacks influencing the duration ot vbjects is o the preatest
econcmic importance. Seeking Taults often is an urgent task' in order oo solve
this problem, methods of non-destructive testing have becn widily introduced. As
an example of this application, one may mention the safety ci boilers. The task of
non-destructive testing currently entails very different rrocedures: for exarple,
irradiating with X-rays, especially for metallic parts, and measurin,; the di-electric
losses of insulating materials, which has beccire very helplful in the area of
electrical hizh voltages.

15. It is quite evident that for those problems uniform procedures and clear
demands are important conditions. Testing materials therefore depend on rules of
testing and on standards, and there exists great interest in their elaboration,
and permanent improvement and adaptation to the most modern sicustion.

16. Modern testing machines, which are highly develouped and often are furnished
with recording apparatus and automatic controls, are used tc their full extent when
the samples to be tested are conditioned in a suitable manner, The compcenents of
climate, temperature and huridity, and often pressure alsc, must be available in
special chambers variable within a wide ranze to guarantee ccmplete and reliable
results of the experiments. Of course, cultivated laboratory techniques also are
indispensable for the standards mentioned in paras. 6-12.

D. Guarantee of quality

17. The quality of technical objects or all kinds, as well as provisions and other
goods that are offered to customers in the market - be it a market in the narrow
Sénse or a commercial action in the wider sense - is often unsntisfacturily
determined. The purchaser has to have confidence and to trust; disappointments
often occur too late for amends to te requested, especially vhen the damnre cannot
be clearly defined for lack of distinct demands. In recent yecars, this widesprcad
situation has brou;ht about fixed quality claims in several areas, oiten by uniuns
of purchasers and often with the participation of judicicus and villing producers.
This can be done in quite different ways: by describing determination, by testing
samples, by placing a mark as a sign of certain tests. It ic cheracteristic for all
such trends to arrive at a Zuarantee of quality, that they do not depend so wmuch
upon measuring exactly in numbers and constants, as upon statements of the pencral
appearance which concern form, colcur ond practic-l behaviour. Tu be sure, it is
necescary that the objects be expediently desiined and manufactured vithout fault,
The bases of such demands are, of course, thus: exact measureucits wiich have b .
dealt with in paragraphs 13-15. Their results ¢nly indirectly enter Lhe evalunticorn.
summarized as "guaranties of quality".

18. Here also standards are often cited and the meaning is, for instar:c, with
provisions like butter, that the delivered package must correspond in every way to a
certain fixed minimum quality. It is much the same with other agricultural products,
€.Z., Wwith fruits, where demands are made according to size, colour, taste, and
absence of spots from pressure and rottenness. Analogous considerstions nre volid
for entirely different products, textiles and so on.
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19, Problems of guaranteeing quality are best handled by chemists, whereas the
testing of meterials is the field of the engineer and the fundamental magnitudes
belong to the physicist. The reason wvhy this question of competency is touched
only now is that, considered as a whole, the co-operation of all disciplines counts
most. When puaranteeing quality plays a greater part, it may be that a biologist
also should be given a share, but this report will not go into these details.

E. Standards, testing rules and documentation

20, Standardization is a very important condition of industrial work. Any large
production vhich occupies many machines would prove quite irrational if its
elements of construction deviated from cne another. Every little defect would
entail the making of spare parts. Therefore, standardization has long been
established for frequently used construction elements, e.g., for screws, bearings,
cog-wheels, etc., that means to determine a limited number of types in their
dimensions.

2l. Naturally, the problem of standards, as well as that of physical and
technical units, surpasses the needs of single nations. In the field of
standardization, there is the International Organization of Standardization (IS0),
with headquarters in Geneva. Associated with it is the International
Electrotechnical Commission (IEC), which specializes in standards and testing rules
in the electrotechnical field. In the many member countries, both organizations
rely on the national committees.

22, These organizations for standardization have long been occupied not only with
the standardization of dimensions, i.e.,the sizes and distances and other exterior
relations of objects, but also have tackled the uniformity of tests in determining
properties. The target is, of ccurse, that national standards and rules conform

to a high degree with those accepted internationally, and that they show deviations
only when dependent upon a special situation in the respective country. The work
of standardization is an importent assistance to the exportation and importation of
aoods.

23. For units and fundamental magnitudes and for the public inspection service
ttere are international arrangements, which are regulated by treaties of the States.
In 1875 the International Meter Convention was concluded; forty countries currently
belong to it. The aim of the convention is to define the fundamental metric unite,
to secure and to develop them, in particular the established "international system
of units" (SI) for length, mass, time, electric current, temperature and intensity
of 1ight. The International Bureau of 'leights and Measures at S@vres, near Paris,
disposes of laboratories for the fundamental magnitudes and is the centre of
co-operation of the national laboratories in this field. Characteristic of the
metric system are - except for the time unit - the decimal multiples and
submultiples which have proved of great use in daily life as well as in science.

24, For the inspection service, i.e.,for those fields where measurements and
measuring techniques are regulated by the Government, the International
Organization for Legal Metrology (CIML), was founded in 1956 with the
administrative seat at Paris. It does not run a laboratory of its own, but
functions entirely as a centre of co-ordination. The number of member States
nearly equals that of the Meter Convention. The OIML aims to determine
internationally the requirements for measuring apparatuses that are used in trade
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and traffic - scales, counters, measuring trensformers, medical syringes ard mary
other objects - in order to avoid obstacles in the exchange of ;code as eculd arisec
under different gauging rules in different countries .

25. Measuring and testing have gained such significance, nationally as well as
internationally, that the reference of competent literature has beccme very
important too. An institute of industrial research and development therefore not
only needs a library with the standard works on the flelds discussed, as well as
the very numercus periodicals rertaining to the service, but also it should obtain
the documentation needed to answer quickly and correctly all questions concerning
the tasks of the Institute.

F. Scheme for an institute

26. Having given the interpretations in the foregoing sections, it is now possible
to draw the frame of an institute for industrial research and development in
developing ccuntries. According to those explanations, it is quite evident that

the Institute should be entirely, or at least to g high degree, a public institute,
i.e., a national one. The tasks of industrial research and development may
originate from the fields of labour of the institute itself, or they may be given

to the institute by public organs or by industry. Apart from the directorate of

the 1institute, there should be a board of trustees, consisting of prominent
personalities representing the State, the sciences, and consumer and producer grouns.

27. 1In sketching this frame, the problem of maintaining the institute is solved
in advance. Firstly, it is an obligation of the State to provide for the
uniformity of measurements in the ccountry and to use the beneficial efficacy of
the institute for the common weal of the country. Therefore "full payment" for
services of the institute shculd not be discussed, bt only "fees" which can be
easily adapted to changing needs and which reprecent a type of "payment of
acknowledgement", Of course, this does not exclude the possibility that in cases
of bulk articles which are dispatched in a routine way, small fees may recover
the expenditures of the institute.

Tasks of the institute

28. The tasks of the institute are those of a central institute that takes upon
itself scientific investigations, developing labours and testing tesks for industry,
as well as for other employers, concerning the fields of phyeics, chemistry and
techniques, and which exercises even governmental duties in these areas ir necessary.,
The title "Central Institute" has a dcuble meaning: in case of a large country,

it is the top institute to which smaller regional institutes may be subordinat.d.
If distances and industrial needs are more complicated, it could even be possible,
that under the top institute, institutes of medium range may follow, to which in
turn locel institutes are subordinated. Thus, there would be pyramidal structure
with the small institutes forming the base, the medium-sized institutes in the
middle level and the central institute at the top.

29, The problem of the simple services in the country can be briefly illustrated
by the example of the inspection service. 1In every developing country, technclogy
and industrialization serve as the means of providing the masses with roods that
need to increase even more rapidly than the population. Every citizen of the
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country is meetinz these great, and previously unknown, problems. Then it 1is
important that the sense of right and justice expands and that a corresponding ,
praiis makes way. How should such thoughts better intrude upon the conscience of :
all, than by dint ol correct measuring in trade and traffic and every-day life.
Therefore, next to the public schools, which should be given top priority, in

order to avoid illiteracy and to promote the spread of fundamental education, =
measuring and inspection system is most important. The central institute must
ensure the uniformity of this basic service and must perform all arising higher
duties. It is indispensable for the {ruitful development of the inspection service
that the orgarization does not grow torpid, but remains adaptable to respond to new,
scientific knowledges and to the constantly changing demands of industry and
economy .

Organization of the institute

30. The orsanization of the institute follows easily from the main groups of tasks:

(a) Department for fundamental magnitudes, units and constants. The sphere
of duties of this department covers the maintenance, presentation and development of
etalons to the pra:is of the inspection service. Divisions can be marked by the
main branches of physics: mechanics, electricity and magnetism, heat and pressure,
acoustics, optics and atomic physics. There need not at once be laboratories at
disposal for all these branches. But the whole should grow following the
requirements and possibilities;

L i e

T T

(v) Department for material testing. The general sphere of duties was
described sbove (paras. 13-16), and becomes clear by the following divisions or
laboratories: concerning materials for constructing, metallic materials,
non-metallic materials (organic, ceramic and others) and finally those concerning
safety tests, which deal with technical gases, in particular with compressed ones,
and further with inflammeble and explosive agents;

(c) Department for guarantee of quality. The neme was chosen to avoid the
ambiguity of the concept "standard". The objects were explained above
(paras. 17-19). Possible divisions are: guarantee of quality for amricultural
products, in particular, provisions; industrial products, e.g., textiles; for

-
]

implements Tor daily use; and for the products of mining and metallurgy, e.g., %

metals, ores, minerals; %

(d) Department for standards, testing rules, and documentation. The §

o necessity and tasks were, sketched above (paras. 20-25). Here the title indicates i
s the three divisions to be formed. Their mutual co-operation, as well as that with i

5%7 the previously mentioned departments, is decisive for success;

(e) Department for general services. For completion it shculd not be omitted
that for technically and experimentally working laboratories an efficient workshop
is a very great help. A well-organized energy supply also plays a dominant part in
the whole. Last, but not least, the institute needs an sdministration which serves
it best and which allows a frictionless functioning and the synthesis of official
affairs.
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Officiel position of the institute

31. With respect to the eminent importance of research, the rank of the institute
within the whole of the public organization has to be considered seriously. 1In
some highly industrielized countries, the orgzanization ol research was ot assigned
to an existing ministry - for example, to that ol economy - but there was created
either a special research ministry or some group which was placed directly under
the cabinet or the prime minister. 1In developing countries, also, a prominence of
such kind would prove useful, inesmuch as it corresponds to the superior services
which are expected of the research institute. Research means indeed to doubt what
was formerly valid and to advance to better solutions of a problem. It would be of
value to interest pupils in such ideas and their practical recalization, both at
1eant in the primary stages, to waken the first inclinations oy youth to research
and to create understanding for the efficiency of research to the advantage of all.

G. Summary

32. This paper attempts to describe organization and activities of a central
institute for industrial research and development in a developing country. The
institute is thought of as a combined one, to serve the manifold tasks of industry
as well as the public demands of the State itself, and vhose equipment in personnel
and apparatus therefore could be utilized to a high degree. Owing to the brevity
intended, it was impossible to go into details, all the more since the conception
of a developing country differs so very much by size, structure and needs. This
paper, therefore, outlines a loose frame that will in principle fit all. It is
adequate to the best experiences made in highly industrialized countries, both
large and small. The completion of the framework must be left to special studies
concerning practical exemples. Co-operation with expert consultants is alvays
recommendable in order to transform projects into useful actions.
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I. THE ROLE OF RECEARCH AND DEVELOFMENT INSTITUTES
IN APPLYING SCIENCC TO INLUSTRY

Prepared by B.R. Williams¥*

A. Definitions of terms

L. To reduce the risk of a misunderstanding of what will be said about industrial
research and development institutes, the writer will first attempt to make clear:

(a) Vhat is meant by such terms as science, research, technology, and”
development;

(b) The writer's attitude to their roles in economic growth.

2. By science is meant the sum total of systematic and formulated knowledge about
the natural world. Research is an activity directed towards extending this sum

- total of knowledge. Industrial research is an activity directed towards increasing
that part of scientific knowledge likely to have application to industry, whether
in the form of nev (or better) products or processes.

3. Sometimes the nev knowledge ylelded by industrial research can be applied
directly to industry. Thus, a manufacturing fault may be referred to the research
scientists who may be able to provide an explanation and a solution. For example,
in early grephite-moderated gas-cooled nuclear reactors, the graphite gave trouble
frem the cutset. In certain reactor conditions, distortion of the graphite's
crystal structure can seriously alter its dimensions and lead to internal stresses
which can be involuntarily released with evolution of heat. Once scientists ceme
to understand tihus phenomenon, it was possible to rearrange reactor design to avoid
the difficulty. 1/

4. Frequently, hovever, the results of research cannot be applied directly to
industry. A further example frcm the same graphite-moderated gas-cooled reactors
will meke this clear. At high temperstures and under neutron irradiation, graphite
{5 chemically attacked by the carbon dioxide used as a coolunt. The problem may be
solved by making the graphite moderator part of the fuel element, in vhich cese
the moderator would be replaced and renewed with the fuel, or by using heavy wvater
as the moderator. In both cases, research is involved, but the passage to
successTul application cennot be either direct or certain. Technical development
is the prccess of building and testing scaled-up models of processes used in
laboratory research, or prototypes based on design research. It is because the
application of science to industry often contains a strong empirical element (the
"suck it and see" approach, as engineers scmetimes call it), that one has to make
this distinction betveen research and development. In general, the greater the
extent to which "practice runs shead of theory", the greater the cost end time

#  Professor, University of Manchester.
1/ Sir Christopher Hinton, "Nuclear Power", Three Banks Reviev, 1961.
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involved in development. This is fairly obvicus in both aircraft and atomic
reactors. Of course, in these industries » Wwithcut a very strong basis ot
theoretical krcwledge, development scientists cnd engineers would have to guess
wildly about what to try, and the chance of getting a profitable technological
development would be small.

5. Technology is the sum total of formulated knowledge of the industrial arts.
Tevelopment, which adds to this vast stock of knowledge, has two aspects. The

first is purely technical. It consists of testing whether the technical performance
of something developed in a laboratory is affacted by "scaling up" and perhaps the
use of different materials; or whether something "built off the drawing-boari"
operates as predicted.

6. Eut development cannot be purely technical. Socme new ideas are not worth
getting ready for production, simply because no one but a commercial idiot would
want to invest in them. This would be so with a possible new product for which
there was too little demand, or a possible new process more costly than an existing
process. It is an important part of the development process to get a very much
better idea of market and cost conditions than is possible at the research or
design stage. Sometimes demand and cost studies make it clear that projects should
be dropped. Sometimes it will be thought that redesign is called for. Such
redesign as the facts become clearer is a typical part of an efficient development
process. Scmetimes redesign will entail further research; sometimes simply the use
of cheaper materials and components or a less ceuticus approach to capacity limits.
Neglect of the commercial aspect of development can lead to investment in projects
which have to te abandoned; or, at least, to premature » and therefore needlessly
costly, investment decisions.

T« An interesting example both of commercial pressure to adopt a less cautious
approach to design limits and of premature innovation, at least as judged by meny
economists, is provided by the United Kingdcm's nuclear power programme. In a
Government White Paper of 1955, it was argued that the costs of nuclear and
conventional power were about equal, and nuclear power-stations were commissioned
in the expectation that they would in time produce cheaper power than conventional
stations could. In fact, nucleer pcwer has proved to be more expensive. Because
the capitel cost per unit output is very much higher in nuclear stations, the
Government 's calculation was very sensitive to the assumed rate of interest. The
assumed rate of interest proved to be much too low. Furthermore, no allowance was
made for improvements in the design of conventional stations, whereas capital costs
per unit of "sent-out" capacity fell 50 per cent. In reaction to this (and helped,
of course, by continuing research and develorment work), capital costs in newly
designed nuclear stations have been reduced by the same percentage. Thic has
involved building reactors with an output capacity very much larger than those
which have been tested. According to Sir Christopher Hinton, these rapid advences
vere less supported by industrial experience than the wise engineer wculd wish,

and were not without hazard. y Put the competitive position of nuclear power could
only be maintaincd by accepting these risks.

B. Development geps

8. Obviously the use of science to change technology can be a very difficult and
complex matter., Vhen science is not used sufficiently to change technology it may
be said that there is a development gap. A development gap, as usually defined,
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exists when there ic a [ailure to develop usuable research discoveries (or when
une country's research results are developed in another). But since research is
cimply a process of adding to the vast stock of scientific knowledge, it is better
Le say that there is 2 development gap vhen the bridges from science to technology
ore inadequate,

9. Because it is possible for research institutes to increase the development gap,
an analysic of the possible reasons for development gaps should be a useful
introduction to the role o¢i such institutes.

10, Tevelopment, as discussed here, has two parts - technical and economic.
‘/hen, hcwever, the failure, or alleged failure, to apply science to industry is
explained in terms o a development gap, the discussion generally goes beyond the
relation of science to technology and introduces a new part of the problem -
namely, a decision to use a new technology. Development has been defined above
as a process of [inding out whether a proposed new technology is of technical and
economic value. The decision to adopt a development is another matter, which may
be defined as an innovation. It follows that the explanation of development gaps
is a matter both of development and of investment in innovation.

11. In highly developed countries, failure or slowness in applying science to
industry may be owing to:

(a) A shortage of qualified scientists or engineers engaged in development
relating to research. This shortage may be ceused by an actual shortage of
development scientists or engineers or by an unwillingness to invest resources ia
risky development projects. The cost of development is often very much greater
than the cost of research and there may be a shortage of risk capital available
for it;

(b) A failure to develop the right things. This may be owing to a
concentration on the technical aspects of development at the expense of the
econcmic. If the problems of development are not correctly stated, one cannot
expect develorment departments to produce proposals that the production and finance
departments will readily accept. Uhether the problems of development are likely
to be posed correctly depends in large measure on the comuunication network, in
this case between people in the development, production, marketing and finance
departments., g/ An efficient network generally requires the employment of
scientists and engineers ocutside research and development departments and of
sccial scientists within them. This will meke it more likely that the production,
marketing and financial problems will be put in the appropriate manner to the
development engineers, and that the development engineers will get the appropriate
answers to questions about production snd market conditions;

(¢) An inability to make use of promising, even successful, proved inventions.
This failure may be owing to the inability, or unwillingness, of existing managers
and workeirs to cope with the new technology. This in turn may be owing to the
absence of people with the required skills or to thelr employment in the wrong
places. There is now a good deal of evidence that in the United Kingdom economy
the application of science to industry could be increased by redeploying the
scientists and engineers. There are too many in research, in relation to
development in relation to production;

2/ See Carter and Villiams, Science in Industry, (London, Oxford University Press,
1959), Part I and particularly chapter 5.
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() A shortage of industrial risk capital. Tt shculd be made clear that
this may be closely related to (a), (b) and (¢). Amons othe. thin‘s, the
development nrocess should eliminate a larze number of unknowns and establish
with much greater certainty the technical and econcmic potential., I there is
under-investuent i uevelopment, if development is not concerned with both
technical and econouic solutions, if the firm is not manned and organiced to cope
with changing technoloies, then the risks of innovation will be needlessly hich,
The apparent shortage of risk capital may be largely a reflection of these other
factors. 3/

12. The less developed a country, the less likely there is to be a development-gap
problem, and the more is the problem of applying science to industry likely to
centre round the supply of scientists, enzineers and teclinicians. The key problem
is to introduce a knowledge of existing science and of technologies that have been
well and truly tried in richer countries. This does not mean that in making good
use of sclence in industry there will be no need for any researci and development.
Research may be needed to produce more appropriate flora and fauna, or to establish
the precise nature of local industrial materials. And development may be needed
to adapt technologies to different operating conditions. Different temperatures,
raw materials, relative prices of factors of production, ratios of skilled to
unskilled labour, etc., may call for skilled development or redesign work. But,

in the main, poor countries do not have to go to the expense 0. creating science
and technology. Vhat they most need already exists.

C. Priorities in the use cof skilled manpover

13. It should be obvious that scientists, engineers and technicians can be used
in different weys, and that making the best use of science and technology in
industry involves making the best use of scientists and technologists.

14. The best use varies with the supply of scientists and technologists, the
level of technology and (the partly dependent) industrial structure. 4/ 1f a
country vith a very short supply of scientists and technologists attempted to do
much research and development, it would be uneble to apply science to industry.
In any case, with a poor supply of scientists and technologists the level of
technology would almost certainly be lov, and it would be possible and cheaper

to advance by using technologies established in other countries. As the supply of
scientific manpover and the level of technology rose, it would become economic Lo
increase the proportion of scientists and engineers engaged in research and
development. Vithin the field, there would also be a similar shift in priorities.
The case for much research effort would first be weak, and then become stronger.

3/ The situation in the British economy is analysed in Carter and Williams,

Industry and Technical Progress (London, Oxford University Press, 1957).

4/ Compare in this respect the economies of Australia and the United Kingdom. If,
in 1961, Australia had spent on research and development the same over-all
percentage of net output as the United Kingdom, expenditure would have been
£70 million. But, on the basis of the same percentage of net output, industry
by industry, the expenditure would have becn only £40 million. The main resson
is that the aircraft, chemical, electrical and precision-instruments industries
are relatively less important in Australia. It is worth noting that the totsl
Australian supply of scientists and technologists was nowhere near sufficient to
manage a research and development effort of £40 million. The Australians have
made up for their poor scientific manpower position by attracting chemicel,
electrical and automobile manufacturers from the United Kingdom and the United

States of America. See B,R. Villiams, Eduatrial Regearch and Econamic Growth
in Australia (Adelaide, The Griffin Pre ’ .



15, In 19€0 the numbe» of qualified scientists and engineers per 1,000 employees
v industry was sbout tun'rty-four in the United States of America and twenty-six in
the United Kingdem. In the United States of America, 45 per cent of them were
enraseed in research and development; in the United Kingdom, 38 per cent. Thus,
the United Kingdoua, wvith its lecs favourable manpover position and lowver level of
technology, used a smaller part of its qualified personnel in research and
development, The Union of Soviet Socialist Rewoublics had o more favourable
wanpower position, lorty-three qualified scientists and engincers per 1,000
employees in industry, but a lower average level ol technology. It used only

35 per cent of its qualified personnel in research and development. 2/ This is
not the placc [or a detailed discussion of optimal distributions. Suffice to say
that there is & gcod deal of evidence that the United Kingdom could raise its
technological level faster with a smaller percentage of qualified scientists and
engineers in research and development. €/

16, In considering general research and development strategy, one needs to take
into account nore than the technological level and the percentage of qualified
personnel. The absolute size of the economy is also important.

17. There is a threshold-effect in both research and development. A certain
minimum scale ol expenditure, which in some industries (e.g., aircraft and atomic
energy) is very large indeed, is required for effective work. In a very large
econcmy, such as the United States of America, it is possible to take on a very
vide range ol research and development problems without running the danger of
spreading resources too thinly in them all. By contrast, the United Kingdom, the
Federal Republic of Germany and France, with their smaller economies, cannot
maintain an effective effort right acrcss the board without an inefficiently thin
spread of effort. In other words, the smaller the economy the more selective it
needs to be, unless its smallness is offset by a very high ratio of scientists and
technologists to the working population. The need for selectivity applies also
within a chcsen [ield. For example, if the United Kingdom tried to work in all the
potentially interesting fields of nuclear reactor development, the work would be so
diffused thiat results would probably not be obtained in any of them.

18, It follows thet there must be economic gains to be made from international
"trade" in science and technology. Most scientific results "trade" at very low
prices in jcurnal form. Much technology is traded in the form of new or improved
products and machines. But some is traded in the form of licences to produce or
recelve knov-hov, In 1961, for example, the Unitcd States of America received

frum the sale of technological rights and knowledge $USS577 million (equal to about
one third of the United Kingdom's research and development expenditure) and paid out
#US63 million. The Federel Republic of Germany, with its less [avourable manpower
pesition and lower level of technology, paid out about IM6CO million and received
IML50 million,

19, There is nothing inherently surprising in this, It is only to be expected that
the principles of division of labour and specialization should apply to research and
development, But the importance of international "trade" in science and technology
has 1ot received proper recognition. That economic nationalism is8 a significant

2/ Sume Factors in Economic Growth in Europe during the gl_.950's [1'961 Survey: Ig
{United Nations putlication, Sales No. OG.II.E.1).

é/ Cn the general possibility cof cxcessive research, see F, Machlup, The Production
and Distribution of Knowledge (Princeton, 1962), chapter 5.
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Lorce in research and develorment expenditures is owing partly to the tremendous
importance of "defence" research and development - 50 per cent o total research
and development in the United States of America in 1961 and Lo per cent in the
United Kingdem - and partly to the videly held belief in "scientific circles"
that the research and development rate determines the growth rate, It does not, _’(/
Given the distinctions that have Yad to be made betwveen science, technolory and
innovation, and the continuing di.rerences in industrial structures and levels of
technology, this is not surprising. In a general way, higher percentares of
qualified scientists and engineers and research and development rates become more
important conditions of growth as the gross national product per capita rises, but
the present great differences between countries with similar levels oI growth and

income per capita are likely to persist. 8/

D. The orgsnization of industrisl research and develorne.at

20, Expenditure on industrial research and development should be thought of as
inputs designed to produce useful cutputs. In so far as they are useful outputs,
they will beccme inputs in scme production process. Ncv given the time lags
involved, one should think of research tnd development as an investment prceess.,
Optimum allocation of rescurces therefore involves taking investment in resenrch
and develorment to.the point where the marginal yields from it cqual yields from
alternative investments. Various calculations of Yields to investnent in research
and develorment have been made. Almost ten years ago,R.H., Ewell estimated that for
the economy of the United States of America the net yield to resccreh and
development vas between 100 and 200 rer cent per annum. Evell's colculations were
very crude - he used bivariate analysis in a muItTvar%ate system and did not attempt
to calculate the marginal yields to investment in research and dcvelorment. g/ If
one assumes that businessmen equate private rates of return on investment in
research and development, and equipment from the known rates of return on capital
investment, one may be confident that marginal private returns on investment in
research and development are very much lower. A recent inquiry within Imperiel
Chemical Industries showed that for every £1 million invested in research,
assessable yields were averaging £2€0,C00 o year for ten years. _1_0/ With a

time lag of two years, this implies a 10 per cent internal rate of return. 11/

1/ See E.F. Dennison, The Sources of Economic Growvth in the United States (New

York, Committee for Economic Evelopment, 1962); B.R. '»iﬂﬁams, Investment and

Technology in Growth (Manchester, Manchester Statistical Society, 1 , an
cme Factors in Economic Growth in Eur during the 1950's (United Nations
publication, es No.: .II.E.1), chap. 5.

8/ In Science, Econcmic Growth and Government Policy (Paris, Organization for
Economic Co-operation and Evelopment, 1963), the relations between research
and development rates and per capita gross national product are plotted. In
Sweden, the Federal Republic of Germany, France and Australis - countries with
similar per cepita incomes, research and development, as percentages of gross
national product, in 1961 were 1.3, 1.1, 1.0 and 0.6, respectively,

9/ See Machlup, loc, cit.
10/ Sir Ronsld Halyroyd, Paper No. 637, Institute of Chemicsl Engineers, March
i1/

1664,
Using the discounted cash flow formula:

C""__EL__ + YQ + *essev e + Yn
(L+8) (1+R0E (1+ R)"

vhere C is the research outlsy, Y the annual yield and R the internal rate of
return, =153~
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2l. If one looks at research and development in this way, there may seem no reason
why it shculd be treated any differently than any other form of investment; no
reason, that is, why, in a market econcmy, research and development should not be
left to market forces.,

22, However, it is necessary to look at what is counted in a market economy.
Social yields to investment in research and development may be larger than the
yields that accrue to the firms making the outlay. Yields to investment in
research and development are not certain. Many projects do not pay off. Yields
to research and development pregrecues tre more certain, cet. par., the greater the
number of projects. But only large 1i:ms are able to reduce risk by having a large
basket of seemingly worth-while projects. Furthermore, it will generally not be
possible for firms with successful research and development outputs to make other
firms pay according to benefits received. There will, therefore, tend to be an
under-investment in research and development in market economies, which will be
greater the nearer one approaches the traditional model of perfect competition.

23+ Where firms in a market econcmy are already undertaking research and development
of the socially desirable kind, but simply not in sufficient volume, it is
conceptually possible to use subsidies to 1lift research and development expenditures
to the right levels. It is, however, difficult in practice to make subsidies
sensitive to differing size structures and powers to appropriate the social yields
from research and development. _l.g/ Vhere socially desirable forms of research

(for example, basic research) are just not undertaken, the subsidy method is quite
ineffective,

2k, It is worth considering whether one could achieve the appropriate levels of
research and development expenditure if the field were treated as a specialist
central function. If it were undertaken by a vast research and development
corporation with broad divisions reflecting the main fields of science and
application, the corporation would be able to spread risks in a way that individual
firms cannot. It would also be able to economize on scarce scientific manpower by
avoiding ccmpetitive duplication 13/ and be in a position to reap the suspected
econcmies of scale in research. 1 Eut such a corporation could not put optimal
research and development programmes on a self-financing basis. It would not be
able, by selling research and development results, to appropriaste the full yields
frem the work., For the research and development institute to work on anything like
a proper basis, it would be necessary to give subsidies based on detailed cost-
benefit analyses. Given the problems involved - the fact that current research
and development will produce its yields in the future (if at all), the difficulty
of determininy eppropriate time-discount rates to value contributions to yield in
the future, the difficulty of isolating the effects of research and development

in relation to education in relation to organization changes, etc. - it ‘would be
foolish to imply that one would be able to recognize the precise socially desirable

_l‘_a/ In both the United Kingdcm and the United States »f America, 350 large firme
account for over 85 per cent of total industrial expenditure on research and
development,

13/ Or, more realistically, "reducing competitive duplication”. There is often
secrecy and competitive duplication within firms and institutions.

14/ T. Marschak, "Strategy and Organization in s System Project Development", The
Rate and Direction of Inventive Activity, (Princeton University Press, 196§T:
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research and development programme even if one met it. 15/ The difficulty exists,
whatever the form of organization. But there are special difficulties relatin-
to the proposel to centralize research and develcpment. It vas sugested above
that there are economies of scale vhich such an institute could reap. This is
probably true. But given the possibility of diseconcmies of scale ror other
reasons, the real question is whether there would be net economies o, scule.

25. The distinction between basic research, epplied research and development is
not always clear-cut. Put often it does reflect differences in appropriate formg
of organization. It is often said that research needs to be free of any external
direction or organization, that the key to successful research is the unpredictuble
creativeness of individuals and that "in running a research establishment one is
really running a gambling concern and taking incalculable risks for unassessable
rewards". ;é/ It is true that in basic research there can seldum be any question
of organizing to create a particular result. This is s major explanation of the
eminence of universities in the fields of basic research. But as one moves
further through the stages of applied research and development, orzanization for
a particular result becomes not only possible but essential,

26, Efficiency in industrial research is largely a matter of choosing the right
problems, There are thousands upon thousands of possible research projects - the
crucial task is to choose those few projects wvhich are made relevant by the market
position, th= financial resources, the production problems and the management
skills of the firms and industries.

27. 1In development, vhich is frequently many times more expensive than the
preceding research, there is a still greater need to relate the choice of' projects
and the precise objectives of the development team to production problems,
available finance and the market opportunities of the firms or institutions for
which the invention is being developed., Here detailed tean-work and organization
are essential. "For Instance, it is often true in the chemical industry that at
the pilot-plant stage the main problems are already known, and the remaining
work can be foreseen in fair detail. This makes it possible to organize a
co-ordinated attack along several lines at once assigning vorkers their speciric
tasks. A tighter orgenization is also needed at the development stage to prevent
waste of time later., The technical solution coming forward from the scientists
has to be related to the production and marketing problems of the firm. Unless
the production and sales staff have a chance to express their views during
development, they may bring forward important new points when investment for
full-scale production is in progress. There is a temptation for production
engineers, if they have not been consulted earlier, to try to improve on the
fully developed design, and this is a frequent cause of delay in ccmmercial

operation. 17/

The difficulties come cut clearly in E.F. Dennison's attempt to put numbers to
the contributions of the various factors in econcmic growth, See Dennison,

EEC cit,

J.D. Bernal, in The Directicn of Research Establishments, (London HMSO, 1957)
rt A, p. 1; Mees and Leerma) rs, lhe Orgenization of Scientiflc Research,
?gew York, McGraw-Hill, 1950).

Carter and 'illiams, op. cit., p. 48,
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28, It is almost impossible for large research and development institutes to be
close enough to production and marketing problems to conduct final development
efficiently. Such institutes can very easily magnify the development gap problem.

29. Of course, vwhere research creates the possibility of an entire new industry,
the problem cannot be posed in this way. VWhen the United Kingdom Government set
up the Atomic Energy Authority it was entirely appropriate to ask it to take charge
of the research into and development of nuclear reactors. BEut now that nuclear
reactors have been put into commercial operation, the position has changed. To
continue to centralize reactor development in the Atomic Energy Authority could
lead to them spending vast sums on developinz types of reactor design which ere
not appropriate to the plans of the Central Electricity Generating Board.

30. There is no reason to believe that there ere net economies of centrally
organized research and development and there is particularly little reason to
believe so of development., Owing largely to problems of communication and
differing objectives, there are economies of specialization within this vast field.
But what of much more limited forms of specialization? This question will be
approached obliquely through a brief cutline and appraisal of the United Kingdom
organization of research and development.

E. The United Kingdom case

31. The United Kingdom is a wealthy country, with a large supply of scientists and
technologists and a distinguished record in scientific discovery. Yet, for the
last sixty years, there has been concern about the alleged failure of industry to
apply science. In 19C0, the Nationel Physical Laboratory was established "to bring
scientific knowledge to bear piractically upon our everyday industrial and
commercial 1ife, to break down the barrier between theory and practice, to effect
a union between science and commerce." The National Physical Laboratory is now
part of the Department of Scientific and Industrial Research (DSIR), which was
established in 1916. To match Germany in applying science to industry it was
thousht necessary to have state assistance to promote and organize scientific
research vith a view especially tu its application to trade and industry. At a
time when industrial research and development hardly e:isted in the United Kingdom,
DSIR was expected to: (a) encourage individuel firms in science-based industries
to do research; (b) help form and (until they were firmly established) subsidize
co-operative research associations on an industry basis, where (because firms

were too small to organize and finance a research department and/or the research
required was too long-term) research would not pay individual {irms but would

pay the industry; and (c) undertake socially useful research which would not pay
industry.

32. Thecre certainly has been a tremendous increase in research and development
conducted by individual firms - it now costs more than 3 per cent of industrial
net output. 1In 1961, the United Kingdom's total expenditure on research and
developument vas £034 million, of which 58 per cent vas spent by private industry.
Hovever, 40O per cent of industry's research and development was [inanced by the
Government, mostly by defence contracts of over £150 million. Private industry's
self-financed research end development was only 33 per cent of total research and
development, though 55 per cent of all that for civil purposes. As has been noted,
most of this research and development is conducted by 350 large firms in a few
modern industries,
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33. There are now abcut sixty co-operative research associations. Fifty-tyo
receive subsidies from DSIR, vhich, in total, provides 25 per cent of their income.
The original belief that DSIR wculd only need to "prime the pump" proved incorrect.
Grant aid is, however, given in proportion to the sums raised from industry.

3%. Co-operative research is not restricted to small-firm industries: there is
a Motor Industry research association, a Cement research association, an Iron and
Steel research association, and (until recently when it was amalgamated with
cotton and silk) a Rayon research association. But most are in the small-firm
industries, such as pottery, wool, linen, lace, felt, glue, cutlery, etc.

35. The research associations have done very valuable work, though they are now
responsible for only a very small part of industrial research and development -

3 per cent of civil research and development in industry, (compared to over

6 per cent in 1946)., tlhereas their expenditure increased 65 per cent betveen 1955
and 1961, private industry's (self-financed) research and development increased
over 200 per cent.

36. VWhy has co-operative research not grown faster? In 1961, on average, their
expenditure was divided as follows: 23 per cent basic research, 47 per cent
applied research, 18 per cent technical liaison, and 12 per cent library and
information. Research associations are most successful where they serve industries
with relatively large firms, for such firms employ scientists and engincers who can
develop the research association ideas for their own use, in contrast to many small
firms which cennot even understand the concepts and terminology used in technical
literature. Here the "communication loss" is a serious one. For the small firms »
the most importans thing is technical advice on the lines used successfully in
agriculture. Thi: underlines the points made earlier about the distribution of
scientific menpower and the close relations between final development and actual
production. But it should be emphasized that the research association movement

has played an important part in inducin; development work and, given that
development is generally more expensive than research, the more successful it is

in priming the pump in this w "» the more will its share in industrial research

and development fall. It should certainly not be thcught that the research
associations have Tailed because they have not helped to bring research and
development, as a percentage of net output in old established industries, up to
equality with the science-based industries. Equalization of marginal returns to
investment in different industries will alweys leave big differences in research

rates. 18/

37. DSIR now has fifteen research stations, which in 1961 spent, on basic and
applied research, about the same amcunt as the sixty research associations. Their
links with industry are less direct, but they are certainly concerned with the
application of science to industry. The National Physical Laboratory (which
conducts a wide range of basic and applied research in aerodynamics, metallurgy
radio, optics, mathematics, electronics, ship design and electrical engineerings,
and the Laboratory of the Government Chemist are older than DSIR., DSIR created the
Euilding Research Station, the Road Research Laboratory, and thc Yatc: Pollution

Research I.aborator{ between the First cnd Second 'orld Vars. Since 1945, 1t
has crected severanl new research stations, most of which are concerned

18/ For the sirilarity in the relative rcseorch rates in the main irductry greups in
tlhc United Kingdcm, the United States of /nericr 'nd Funrary s sec Cen Factors

in Eccnomic Grovth in iurope in the 1 20's, chapter 5. See nle, Y. Frozen,

" rends in Industrial Resccreh -1d Cevelorment™, Jcurnal of lusiners, Ju', Lot o,
cnd B.R. Villiams, "Variaticns por cceteur dans lleffort do rocherche-
Céveloppement en Grande-Bretagne", Economie urpliguée, 1961,
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with engineerin;. Some of the research vork has a very direct application to
industry - e.g. the work of the Forest Products Research Laloratory on kiln
seasoning, of tie Torry Research Station on freezing fish at sea, of the National
Physical Laboratory on the design of hulls and suspension bridges, of the
Hydraulics Research Station on the location and design of viaducts - and even
the measurable commercial yields to their work justify their existence. ;2/

38, DSIR recently placed three civil research and development contracts with
private firms making machine tools and electronics. This is an attempt to
stimulate innovation by subsidizing neglected types of research and development,
and getting them undertaken by firms with en interest in final production - a
method that has worked well in defence industries. However, it will be more
difficult to stimulate civil innovation in this way. In defence projects the
Government is the sole buyer; in civil fields it is not. However, it is a sign

of a further recognition of the need to keep final development close to production.

39. The National Research and Development Corporation (NRDC) - a public body
fcunded in 1949 to deal with discoveries made in government research establishments
and to secure the further development of new ideas coming to it - also gets
private firms to complete development, sometimes with the encouragement of a
development contract. It has so acted with electronic computers, fuel cells,
Hovercraft, Dracones and hecogenin extraction for the production »f cortisone.

40, The largest research and development institute is the Atomic Energy Authority,
which spends on civil research and development alone more than three times as

much as the research associations and DSIBR research stations together. The Atomic
Energy Authority put the United Kingdom first in the ficld in the commercial use
of nuclear power. But given the recent rapid innovations in conventional power
methods, design innovations are required to get nuclear power costs down. The
segregation of development in the Atomic Energy Authority, away from the
construction and use of power stations, is now beginning to be a serious problem.

L1, The general position in the United Kingdom then, is that specialist industrial
research bodies between them spend just under 20 per cent of total civil research
and development. The DSIR and the research association laboratories do important
work in applied research, some of which can be applied directly to industry.
Where development work is required it is left to industry, thouzh recently DSIR
has begun a trial run with civil research and development contracts on the lines
of defence contracts. Furthermore, both DSIR and the research associations
exercised a pump-priming effect on development work in industry. Apart from the
research institutes in agriculture (which have not been discussed here) the
Atomic Energy Authority is unusuel in that a high proportion of its expenditure
goes for producing pilot plants. As pioneere this was inevitable, but the
position is likely to change as the nuclear reactor industry becomes more skilled
and powerful.

F. Special role of research and development institutes in developing countries

42, Science is imported more easily than technology, but for developing countries
it 1s the technology that is crucial. The technology exists - it does not have to
be created by a native reseaich and development effort. But the form of the

19/ See Sir H. Melville, D.S,I.R. Does it Pay Offf (Manchester Statistical
Society, 1961).
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technology used in richer ccuntries - with their better supplies of administrators,
scientific and technical manpower and capital - may be inappropriate. Even the
Russians, who currently have a good supply of business administrators and
scientific manpower, do not copy the techniques used in the United States of
America, but take care to keep down capital cost per unit output. ‘Uhere business
administrators, technical manpower and capital are all in short supply, still
different techniques may be appropriate. In some cases, they mcy prove to be what
engineers would regard as very modern. But Mr. Lecntief's gereral prediction that
automatic factories will have a greater relevance in poor than in rich econcmies
irements per unit of output, leaves
out of account the crucial importance of the large markets and the complex
management skills required to make automatic factories economically viable.

k3. Skilled manpower will be in short supply. It will be needed for both the
adaptation and operation of technologies established in developed econc: ies. The
adaptation may require some applied research into the qualities of local materials,
the effects of different operating temperatures and so on. But for the most part
the need will be for development engineering. To ensure this, the essential
research and development institutes will need carefully defined terms of reference,
For, as has been said above, the main activity should not be research, but
engineering development and technical information services.

b, To keep the correct emphasis in the research and development institutes, it
would be wise to employ not only scientists and engineers to do technical
development and information, but alsoc social scientists to analyse costs and
markets and to find appropriate means of "selling" the research and development

outputs. Applying science for growth requires attention to the two faces of
innovation - technical and gocial,

45. For the same reason, it would be wise to think in terms of institutes to
serve (or create) particular industries. Because the range of outputs is vastly
less in wheat, wool, milk, etc., than in the engineering, electrical and chemical
industries (and the agricultural institutes can do satisfactory final development
on their own experimental farms), a higher degree of specialization is required
from research and development institutes in industry than in agriculture.

k6. The appropriate procedure is to identify the industries in which investment
in technological advince is likely to bring the greatest returns, and to creaste
institutes for them with facilities for constructing prototypes and pilot plants.
Once operational analysis, which would, of course, take into account the types of
manpower required for production, showed that investment in a new technology would
be sound, the institute would arrange for existing manufacturing firms (or firms
created for the purpose) to use it, The institute would assist in, sometimes in

fact run, the first production operations, and then continue in the role of
technical consultant.

47. In the course of time, development work would be taken on by the manufacturing
firms, but it might be generations before anything like the present United Kingdom
balance between the work of research and development institutes and departments in
firms emerged. The longer developing countries are in a position to adapt proven
foreign technologies, the less there is rapid technological obsolescence in luxury
industries; and the longer it takes for supplies of scientific and technical
manpower to catch up with increasing demand, the more will it pay to concentrate
research and development activities in institutes,
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4B, Research and development institutes are not the only wey of introducing new
technologies. Foreign subsidiary companies and branch factories play a very
important part in diffusing technology. Hitherto such diffusion from developed
to developed countries has been more important than diffusion frcm developed to
developing countries. 20/

49, For a developing country, this way of acquiring new technology has great
advantages. The foreign company relieves the state of excess demand for scarce
resources by supplying the new technology, managerial skills and (generally)
capital. However, if such firms rely entirely on the research and development
vwork of parent companies and continue to use imported labour for key technical
and managerial jobs, then they do little to create the conditions of self-
sustaining technological change. But this does not create a good case for
discouraging foreign subsidiary companies. Rather does it create a case for
associating foreign companies with training programmes and for attracting them
in those fields that will complement the work of the research and development
institutes, established or about to be established.

50. The point about complementing the work of these institutes is an important one.
Most of the developing countries are going to be short of high-qua’ity scientific
and technical manpower for scme time to come. In the United Kingdom the minimum
budget for an effective industrial research association is about £25,000 per "
and where industrial development work is involved it is considerably higher.

firms in the United Kingdam argue that the minimum cost of an effective research
and development department is £100,000 per annum. The position in developing
countries will, of course, be different, bu ey will certainly have to be very
highly selective in their research and development programmes, Co-operation with
rich countries and with other developing countries in the choice of research and
development projects and in the exchange of knowledge should therefore be
encouraged. At this Inter-Regionasl Seminar on Industrial Research and Development
Institutes, it should not be necessary to labour that point.

20/ e, for exanple, J.H. Dunning, Amer
lustry, (London, 1958), and Williem
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II. NETHERLANDS TECHNICAL CONSULTING SERVICE
Prepared by the Netherlands Development Centre » Delft
ntroduction

l. For centuries the Netherlands has been famous as a commercial and agricultural
country, yet there have also been industrial activities in the country ever since
the Middle Ages, rarticularly in shipbuilding and textiles. About 1900, there were
a number of large industries and a great many smaller industries and crafts., It

2. The Fibre Technical Centre, the Clay Technical Centre and others, which were
originally concerned mainly with providing information, with documentation,
carrying out check tests and developing check methods and apparatus, developed in
the years between 1935 and 1940 into applied research institutes which proceeded
to give more attention to applied research, too, with the object of inducing the
branches of industry concerned to bring their technologies, methods and products
up to date,

3« In 1914, e specific institute was sel up at Delft (close to the source of
technical knowledge, viz., the Technical University) to support the technical
advisers for the smaller industries scattered throughout the country; its primary
aim was to provide the regionsl consultants with documentation and information,
The laboratory of this institute - the Development Centre - had facilities for
testing tools and apparatuses manufactured by smell firms, for issuing reports on
performance and for demonstrating modern working methods and apparatuses. After
the Second World Viar, when the industrialization of the Netherlands was being
vigorously undertaken, both small and medium-sized firms felt the growing need for
facilities far carrying out such development work as the building of prototypes R
mechanization and automation,

k. This need for carrying out development work can be met in different vays. To
avoid overlapping between applied research institutes and the Develomment Centre,
this matter has been discussed at length in the Advisory Committee of the Centre,
This discussion can be camprised into the following considerations.

A, Ca,ns;deggtion of research and develgwnt
Com;l.der_a_tiaﬁ oi pure research, applied research and develgmnt

5. In his opening address at the Technicel University at Delft in 1948,
Professor Tellegen gave some definitions on pure and applied research. He gtated
that:
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(a) Pure research wanted to know, applied research wanted to perform;

(b) Pur. research led to discoveries, applied research led to inventions;

(c) The pure research worker wanted to understand: his task was an
analytical one and his mentality basically philosophical;

(d) The applied research worker wanted to create: his task was synthetical
and his mentality was related to that of an artist.

If one would like to add definitions on development work it could be put like this:
Development work wants the techno-economic results of what is already known and
invented, it leads to manufacturing. The development worker wants a practical
solution, his task is executive and his mentality is related to that of a
manufacturer.

6. When looking at the fields of action, the pure research worker is,generally
speaking, bound to a certain branch of science, for instance, chemistry or
electricity. The applied research worker is often bound to a specific material,
for instance, metals, wood or plastics.

7. For development work, boundaries are less clearly cut. Primarily, what is
needed 18 a collective approach on the part of experts in different fields:
metalworking, designing and electronics. Results may be of use in different
branches of industry with a possibility of grafting an idea in one branch of
industry to other distinct branches.

8. If one would like to define the type of people one needs for pure research,
applied research and development work, it could be tried as follows.

9. The pure physical researcher should be analytical, a good observer, with the
talent of discernment and a high orderliness in thinking. He should be systematic,
patient, objective and philosophical. It is accepted that he may not be interested
in the material aspects of this world.

10. The applied physical researcher should have talents of association and
combination. He should think synthetically with a creative mind, which should be
used systematically and with patience. It is allowed that his interest be more
drawn to the theoretical solution of a puzzle than to a practicel application in
manufacturing,

11. The develcpment worker should select one solution, out of different possible
ones, for application in manufacturing, based on a broad technical education and
practical experience. In thc firut place, he should be practical and, secondly,
have analytical insight and taleuts of association and inventiveness. He should
have sufficient techno-econcmic feeling to pick a choice subjectively out of
solutions which have been long known or which can be borrowed from results of
applied research. He should have the determination to put his approach into
actual use.

12, It is an advantage if there are good contacts between researchers and
development workers. There certainly is an overlapping in the fields of action.
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13. However, as development work may be based also on what has been known for a
long time, and, furthermore, the goal is directed entirely to the actual execution
in the plant, this type of work basically belongs to the plant rather than to the
laboratory.

14, For small and medium-sized industries, however, this development work is
hindered by the fact that staff members who could perform the work very well,

in so far as knowledge, experience and inclination are concerned, have no time

to spare to concentrate on it because the actual manufacturing takes all their
time or interrupts them continuously. It is supposed here that the industry is

of such a dimension that the plant cannot afford a separate development department.

15. From this point of view, an independent development centre on behalf of
small and medium-sized industries is of great importance. Such a centre has,
moreover, the advantage that it can use experiences in one branch of industry in
other branches of industry, as already mentioned.

16. It is advisable to be aware of the differences in mentality between workers
in these three fields of activities, for the group of workers in each of these
fields should be homogeneous as to inclination and mentality and should be
directed by a manager of the same type. As rerely as a technical managing
director of a plant can act as the leader “l' a team of researchers, so rarely
can a group o: development workers be led by the head of a research institute.

17. At the end of the discussions in the Advisory Committee of the Development
Centre, in which two top-level representatives of the applied research institutes
took part, it appeared to be impossible to give a clear-cut theoretical definition
of the field of action, but the Committee unanimously agreed on the following
description of the duties of the Centre.

B. Duties of the Development Centre
18. The duties of the Development Centre consist in:

(a) Building prototypes of machines snd appliarces;

(b) Developing mechanization and automation devices for industrial processes;

(c) Advising entrepreneurs on problems of mechanization and autometion in
their factories.

These duties are mainly in the field of mechanical engineering, electrical
engineering and electronics.

19. As a rule, this work is carried out on behalf of:
(a) Firme that do not possess their own development departments;
(b) Firms with development departments of their own that do not cover the

fields in question (for example, a chemical firm with its own chemical
development department that has an electronic problem to solve).
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C. Relationship between principals and the Developma2nt Centre

20. Before applying to the Centre for assistance, a principai who vishes to
introduce an improvement in his production apparatus and is not in a position
to carry it out in his own factory generally asks himself the {ollowing three
questions:

(a) Will the Institute be able to do the work properly?

(b) WVill my original idea and everything that comes to light in the course.
of its development be reserved exclusively for my firm?

(c) what will it cost?

2l. As regards the first question, the Centre fulfils the requirements for both
staff and equipment. The advantage of the comparative smallness of the
Development Centre is that it has at its disposal a team of specialists in various
branches (mechanical engineering, measurement engineering, machine-shop technique
and electronic engineering) who know each other well and desire to co-operate.
With the equipment, vhich is of a universal nature, almost any kind of prototype
can be made and tested, and practically any mechanization scheme carried out and
tested.

22. The principal's rights to his own invention are very effectively safeguarded
by the conditions governing the acceptance of commissions. The staff of the
Centre stands under an oath of secrecy. The Development Centre surrenders to the
principal all claims to possible patents, provided the principal fulfils his
financial oblisations. The regulation is based on the idea that the principal
must feel sale and must be able to make all his data available unreservedly, but
it has the disadvantage of making it virtually impossible for the Development
Centre to pass on later to third parties the knowledge thus acquired, This
disadvantage must be accepted, since otherwise principals would not be prepared
to place commissions at all.

23« A more difficult problem is that of expenditure on development work. Although
development vork is senerally less costly and more likely to produce favourable
results than does research, there is the difficulty of making estimates and the
risk of the results not being sufficiently worth while. It is practically
impossible to give an estimate of the cost while the plans or dravings are being
prepared. Not until the drawings are ready can the cost of production be even
roughly estimated. Again at the succeeding trial stage, during which modifications
often have to Le made so as to correct faults due to lack of experience, it is
hardly possible to anticipate the cost involved. However, the Development Centre
has no commercial aims. In fact, with a view to promoting the interests of small
and medium-sized industries, the charges for wage-hours, drawing-hours, machine-
hours and materials even include a concealed subsidy, the cost of providing
information and making buildings and equipment available not being charged in full.
Moreover, small firms can be allowed reductions to ensure that the Centre does not
defeat its own object. For the smaller the firm, tue less comprehension and
breadth of vision the entrepreneur can be expected to have with respect to the
actual cost of development work. If a small entrepreneur is faced with costs
exceeding the price vhich he himself charges his customers, he will very likely
decide to do the development work himself, thouth he has neither the time, the
knovledge nor the equipment to do such work.
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D. Relations with industry

24k, The Centre is a national institution; it constitutes part of the Govermment
Technical Consulting Service, which belongs to the Ministry of Econcmic Affairs.

25. It has three links with industry:

(a) An Advisory Committee consisting of five members, two being
representatives of medium-sized industries, one of whom acts as chairman and
the other as vice-chairman. The Committee's task iz two-fold. 1In the first place,
it assists the management of the Development Centre in its administration and its
co-operation with industry and other institutions 5 and, in the second place, it
advises the Mirister on matters of long-term policy in regard to the Centre:

(b) Contact with the category of firms with which the industrial consultants
maincain special relations (as a rule, they are industrial firms with staffs of
from 10 to 100) is established via those consultants;

(c) Direct contacts also spring from many of the Development Centre's own
long-standing business relations (the regional industrial consultant being kept
informed of those direct contacts and of the course they take),

26, The management attaches great importance to maintaining good relations with
industry, so as to avoid drifting into the habit of tackling problems from a
theoretical engle or engaging in activities that are of no value to industry.

E. Personnel

27, The Development Centre personnel currently comprises: 1 manager, 4 mechanical
engineers, 1 measurement engineer, 1 electronic engineer, 3 draftsmen, 1 workshop
manager, 1 electrical fitter, 2 fitters, 2 welders, U4 machine-tool operators,

1 store-room attendant and 2 clerks. To balance the team, it will be necessary to
add: 1 assistant manager for outside relations, 1 electronic engineer and

1 machine-tool operator.

28. Should interest grow and financial resources rermit, the staff could be
extended in the same proportions, the maximum being set roughly at forty, with a
vievw to maintaining the team spirit.

F. Commissions

29. The average time needed to make prototypes of any megnitude is from one-and-
one-half to two years. Normally, three or four orders of this kind are dealt with
concurrently,

30. In addition, there are usually ten to fifteen smaller orders for prototypes
taking up to a year in hend. There are also the tests requiring test equipment,
Two or three are carried out simultaneously; they entail little work, but may
occupy & long period. Other tests » taking as a rule only one or two days, are
also carried out regularly.

G. Space and equipment required

31. The present staff occupies: 1 board-room, 1 book-keeping office, 1 drawing
office, 7 rooms for the staff, 1 rocm for the workshop manager, 359 square metres
of factory space, 200 square metres of assembly and testing space, 50 square metres
of assembly and testing space for electronic work, 150 square metres of store-room
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space for nev roterials and implements, 1 dark room, 1 measuring and checking
room of 25 square metres (for this purpose, the centre uses a cellar, which is
little affected by the climaote and can be easily kept at a fairly constant level
of humidity and at a temperaturc varying only from 12 to 21 degrees Centigrade)
and 150 square metres of storage space for old testing equipment and for that in
current use,

2. Broadly speaking, the equipment consists of the workshop equipment,
mechanical engineering apparatus, electrical and electronic measuring apparatuses
end the braking equipment for power measurements,

53. It should be noted that there should be a plentiful supply of machine-tool
accessories, hand tools and measuring tools for use in the workshop and elsewhere.
Their purchase usually calls for considerably greater investment than is at first
expected,

34. Account should be taken of the fact that there will be fairly long periods
during which the machine tools, implements and measuring apparatuses are out of
use, since the work must not be held up while the staff wait for nachines and
implements to became available., The Centre believes also that in developing
countries, where the personnel problem is usually not so acute as it is in
industrialized countries, allowance will have to be made for certain periods of
"equipment inactivity", because it is important to make full use of the staff's °
capacities, and frequent waiting causes the general rate of working to drop
considerably.

H. Besults

35. According to the accountants' forecast, the Centre as it currently is
organized will have cost f 386,450.- in the year 1963, that figure being made

up of roughly f 275,000.- for wages and salaries, f T1,000.- for depreciation of
buildings, machines and implements, and f 40,000.- for general experditure. The
item "depreciation" would be considerably larger for any new buildings erected or
nev purchases made at the present level of prices.

36. This expenditure is offset by receipts for work carried out, amounting to

f 244,000.-. Giving information, which is not debited, and the keeping available
of certain personnel, rooms anu apparatuses call for approximately f 1U3 ,000,-.
The government subsidy, in the mode of calculation, is of the order of 35 to

40 per cent.
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III. SCIENTIFIC INFORMATION AND TECHNICAL ADVISORY SERVICES
TO UNITED KINGDOM INLUSTRY

Prepared by thc United Kingdom Cepartment of
Scientific and Industrial Research

Introduction

1. The effective use by countries in the process of development of the vast store
of scientific, technical and industrial knowledge which is avallable from the more

stimulate interest in technical progress, recognize specific problems and identiry
the best sources of information and advice require=d. This is a problem which grows
in direct proportion to industrial development and it is, in fa~t, more acute in
those countries which are highly industrialized.

2. The este::lishment of such services in any country requires, firstly, an
intimete knovledge of the social, economic, industrial and technological state of
the countrv concerned; secondly, a comprehensive programme of training is needed
for the staff who will man the service; and, thirdly, some fcrm of continucus
practical support should be arranged during at least the first three years of the
establishment of such news services. The Orzanisation for Econcmic Co-operstion
and Development (OECD) has had some experience in this field of work and has
assisted several countries in setting up industrial information services through
their National Liaison Officers Scientific and Technical Information Group.

3. The United Kingdom does not possess a highly co-ordinated technical
information service, but the Department of Scientific and Industrial Research (DSIR),
vhich vas formed in 1916, 1s charged by the Covernment with the responsibility for
undertaking and promoting industriasl research, and it attaches great importance to
the dissemination of scientific and technical information as one of the principsal

industrial production and development. The dissemination of information is
underteken by the Department's fifteen research establishments (paras. 8, 9), by
its headquarters office in London, and by fifty-one industrial research
assoclations supported jointly by DSIR and industry (para. 10). The methods used
include publications of all kinds, lectures, conferences and the mass media -
film, television and broadcasting. Industrial liaison activities and on-the-spot
technical advisory services are important additional methods used by the research
associations. An important new experiment is the creation of an industrial
liaison service for industry (para. 13) which is being built up on centres
established in colleges of sdvanced technology and in technical colleges,

A. The problem of communication

4. Technical information is the product of scientific research and development.
In its original form, i1t 1s written by scientists and technolugists I r scientists
and technologists and normally first appears as a report in a scientific Journal -
technical information in its origirnal state therefore usually requires further
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treatment before it can be assimilated by the majority of industrial firms

(para. 11). But technical information on its cwn, however well presented, is not
er.ough tc persuade tne smaller firm to embark on a new prcduct or technique. Such
decisions often require also financial, commercial and econcmic advice of varicus
kinds which the larger firm has available but which the smaller one may find more
difficult to obtain than the original technical idesz which attracted its attention.
A technical information or advisory service may therefore have to be prepared to
afford neneral managerial advice, assistance or suggestions cutside the purely
technical information fleld.

Se Another problem is the enormcus growth of scientific and technical literature.
At the beginning of this century there were no more than 2CO scientific and
technical journals published in the world. Today there are 25,000 and the number
is growing repidly. It has been established that the output of scientific and
technical literature is now doubling every fifteen years. Unless machinery exists
to geather ir this information, store it and make it readily available and, most
important of all, stimulate interest and demand, technical progress could even be
retarded. l/

6. The ability of the individual irdustrial firm to make use of scientific and
technical information depends on its internal organization. The acquisition of new
technical knowledge should not be left to randcm appraisal or chance observation
and information will not flow efficiently unless some system of information
processing exists. The attitude of management is of great importance, and the
existence of scientific and technical information services must be paralleled by

a disposition on the part of industrial management to take an active interest in
all sources of technical informetion and to keep abreast of events in and outside
its own industry and in the world at large.

7. Many surveys carried out to discover how industry obteins and uses technical
information have shown that personal contact is en important (and in the case of
small firms the most important) method of introducing technical information and a
significant change in a firm's outlcok. The acceptance of this has led to
increasing emphasis on industrial liaison activities by Government-sponsored and
-assisted research organizetions in the United Kingdom (paras. 10, 13). Selection,
presentation and timing are alsc important. Communicating the results of research
to industry is in a sense a selling operation - an objective approach is needed,
as is aiming at particular sectors and even at particular firms in industry.
Technical information must also be presented in the right form and at the right
level (para. 11) and it may be necessary for the scurce of technical information
to create in industry an awareness of the need for technical information, e.g.,

by publicity in the mass media (pere. 11), before attempting to distribute the
infcrmation.

B. The mesns of ccmmunication

8. DSIR has fifteen research stations underteking research which is in the
national interest and which cannot reasonably be done elsewhere. The stations
serve three purposes. Firstly, th:y assist centrsl and local authorities by

1/ A most important step taken by LSIR in this fleld in recent years was the
creation in 1962 of the Nationel Lendins Librery for Science and Technology.
Plans are nov also bein; made to establish a Naticonal Reference Library for
Science and Invention. See para. 1lk.
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conducting research into sych fields as road traffic and safety, ccastal erosicr,
fire protecticn, and the pclluticn of air and wvater. Secondly, they contribute t.
the efficiency or industry as a whole by their werk on such matters as metheds o)
mensurement and the properties of materinls, Thirdly, they work on specifie
problems, e.g. the vropagation of radio waves and the breservation of fish, which
could lead to nev developments of national importance in thege particular fields.

9. The stations éncourage their research vorkess to publish their results as
widely as possible through the journals of the Professional and learned societies
and by articles in the technical press and supplemer *. these individual activities
with specialist publications, reports and bulletins, 1issued through the Staticnery
Office, the Government's central publishing organizaticn. All the statinis
publish summaries of their current work in annual reports and undertake advisory
vork for industry by direct contacts through their research officers.

10. DSIR also supports fifty-one co-operative industrial research associations
in a very wide range of industries, including food, fuel, metals, textiles,
ceramics, leather, rubber and plastics, and engineering industries. The
Department provides funds in proportion to the amount of financial support each
association obtains from its industry - the DSIR subvention varying from

12 per cent to 50 per cent., The research associations undertake fundamental ancd
applied research directed towards the technologicel development of the industries
conceraed, but the associations also have an important technical information and
industrial liaison function. They adopt various methods, including lectures,
conferences, bulletins, reviews and abstracts, but one of the most effective means
adopted by many associations is industrial liaison activity. Some research
associations use mobile laboratories and demonstration units with accommodation
for lectures, including projection facilities for films and slides., Others have
laboratory and demonstration benches, These units can be taken into the factory
where specifiz production problems can be studied or new methods of processing
demonstrated to industry by operating them side by side with existing processes
in association members! factories. Special financial assistance is riven by DSIR
to the research associations for this kind of work, which is a potent method of
reducing the gap betwecn laboratory investigation and industrial practice.

11. The industrial information and advisory services offered to industry by the
stations and research associations are supplemented by the infurmation activities
of DSIR's headquartc:s office in London and three branch offices of the provinces.
For instance, a publicity group in London has sections dealins with the Press,

films and brcadcasting, ard cxhibitions. The first seeks wide publicity in the
general and technical press for new scientific and technical developments., The

technical information through the mass media of sound and television broadcasting,
but it is also responsible for a programme of documentary film production based

on the work of DSIR stations, Lo illustrate new technical methods to specialist
audiences. The exhibitions section publicizes the work of the stations and
recearch associations to specialist audiences. A most important activity referred
to in paragraph 4 is in relation to the treatment of scientific and technical
information. A group of the staff in Londcn prepares popular publications,
bulletins, leaflets, advisory notes, etc., to support basic research communicationg
and to render then intelligible to and applicable by industry. An example of one
of the last-mentioned activities is a series of free booklets dealins with
rarticular aspects of "low-cost automation". These describe simple or cheap
measures ¢r devices that are likely greatly tc improve productivity.
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12. Tae officers in charge of the DSIR branch offices referred to above also act
as field technical lialson officers cstablishing close contacts with local
industry, government departments, universities and technical colleges, etc.,

and an interesting development in these branch offices is the creation of mutual
ascistance schemes through which laboratories of all kinds - Government, academic
and industrial - can exchange information, experience, equipment and materials.

13, Recently DSIR and the Department of Education and Science and Local
Authorities in the United Kingdom begsn an entirely new development in the field
of industriel lisison. It is difficult, if not impossible, to dravw a line of
distinction between technical education and the dissemination of scientific and
technical information. The connexion is particulerly strong in the case of the
smaller firm and for this reason industrisl liaison centres in the United Kingdom
have been and are being established in colleges of advanced technology and in
technical colleges. These industrial liaison centres are manned by graduate
scientists or technologists with industrial® experience and their function is to
visit small local firms and assist them to identify their technicel problems and
encourage them to use the advisory information and educational services provided
by DSIR, the colleges and other organizations. Each industrial liaison centre

18 closely associated with the management training department in its own college
and the industrial liaison officer has the opportunity of lecturing to trainee
managers on the importance of technical innovation and technical information.

It seems likely, moreover, as the system develops, that it will provide for
agssistance to the smaller firm seeking advice on commercial and industrial problems
outside the purely technical information field but which are often inseparable
from the technical problems (para. L4).

1k, A special institution recently (1962) created by DSIR in the field of
scientific information for scientists and to deal with problems raised by the
growth of scientific literature (para. 4) is the National Lending Library for
Science and Technology. This institution, located on a large site at Boston Spa
in Yorkshire, covers the whole field of science and technology, including
agriculture and medicine. It acquires literature of value to practising
scientists and technologists and hes, in particular, a collection of technical
ond scientific literature in all languages, including an extensive collection of
Russian literature. It supplements the library resources of existing organizations
by providing a rapid lending service to “"approved borrowers", which include
{ndustrial firms, research associations, universities, colleges and the larger
public libraries. Plans are now being made to establish a National Reference
Library for Science and Technology - by amalgamating the Scientific and Technical
Department of the British Museum Library with the Patent Office Library. This
new library will be located in London.

15. Each of DSIR's fifteen stations and the fifty-one research associations

have many specialized collections of literature covering their own areas of
interest, and there are many local co-operative schemes in which the public,
specialized libraries, the libraries of private firms and educational institutions
combine to help cach other. There is also an Association of Special Libraries
and Information Bureaux (ASLIB), actually one of the fifty-one research
associations of DEIR, which stimulates and encourages co-operative effort in this
field and has a small research department in the field of library and
documentation techniques.
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C. Conclusion

16. There are over 5,000 sources of scientilic, technical and commercial
information in the United Kingdom. The majority of these are libraries covering
a wide field and stocking the riost commonly required books, periodicals and
reference material. The remainder - research institutes, professional institutes,
special libraries, etc. - cover one subject field or one industry in great depth.

17. The United Kingdom has no highly co-ordinated technicel information system
but DSIR is the government department primarily concerned with the dissemination
of scientific and technical information to industry. It seeks to stimulate and
encouraze all sources of scientific and technical information throughout the
United Kingdom and, particularly, its own stations and research ascociations to
ensure that such information arising from research is made available to industry
in an intelligible and applicable form. It seeks to do this objectively and
selectively as far as possible, by creating an awareness of the need for technical
information and directing it to particular sectors of industry or even particular
firms. Large firms normally have the means of assimilation built in but the
smaller firms need special attention and, above all, personal contact. The
importance of personal contact has led to increasing emphasis on industrial
lieison activities and centres. A new development is the establishment of such
centres in colleges of advanced technology and in technical colleges. Technical
information and industrial liaison are possibly the most impor.ant means of
stimulating innovation end technical progress, but no information services can
be effective unless industrial management also accepts the responsibility for
seeking out new knowledge and ideas.

18. 1In the field of scientist-to-scientist communication the DSIR has created
speciel instituti-ns to help in this field. The object here is not to increase
the amount of scientific and technical informastion but to organize it and provide
means of storage, retrieval and dissemination - in short, to make particular
scientific information available to the scientist who needs it. The DSIR both
undertakes and encourages research into the techniques of scientific information
and documentation,

«171-



IV. THL SCILNTIFIC AND TECHNICAL DOCUMENTATION CENTRES AND
THEIR UTILIZATICN FCR INFCRMATICN NEEDS OF INLUSTRY IN
DEVELUFING ARFAS

Prepared by the United Nations Educational,
Scientific and Cultural Orgenization

l. More than 50,000 scientific and technical periodicals are currently published
in the world. Inasmuch as periodicals provide the basic elements of the
documentation needed by research workers, professors, technicians and
industrialists, the above figure explains why the number of scientific and
technical documentation centres is increasing continuously. Thelr function is to
collect and classify the documents in their field and to distribute them to the
interested individuals and institutions.

Za In various countries, especially after the Second World War, an urgent need

wvas felt for such centres to help accelerate industrial, scientific and economic
progress. The help of the United Nations Educational, Scientific and Cultural
Organization (UNESCO) was requested, within the framework of the Technical

Assistance Programme for the establishment and operation of such centres in

developing areas. With the assistance of UNESCO, scientific and technical
documentation centres have been created and developed in Mexico, New Delhi, Cairo,
Belgrade, Rio de Janeiro, Karachi, Manila, Bengkok, Djakarta, Montevideo, Havana :
and Seoul. 1/ !

3. The general scheme of such assistance has been very similar in all the
countries concerned. UNESCO has provided a team of two to four experts: the

chief of the centre; a documentalist in charge of the publications of the centre,

a specialist in bibliogrsphy or translations; and an expert in document photo-
reproduction. The team stays in the country from three to five years, organizing
and running the centre and training the local staff that will replace the
international experts. The training of the local staff is supplemented by study
tours abroad through fellouships provided by UNESCO. Funde are also allocated for
purchesing part of the equipment, materials, books and subscriptions to periodicals.

L, The collection of periodicals is the basis of the documentation centre,
Toyether with books (as in Cairo and New Delhi) or withcut books (as in Mexico),
a collection of 1,000 or 1,500 well-selected periodicals is a good nucleus
containing the main publications from different countries in pure end applied
sciences (mathematics, astronomy and geophysics, geological sciences, biology,
physics, chemistry, nmedical sclences, agriculture and engineering). The number of
periodicals depends, obviously, on the funds available and on the periodicals
obtained throu:h exchange with local publications. In some of the centres,
3,000 to 3,500 current periodicals are received regularly. Of these,

8 to 18 per cent are devoted to engincering sciences. To this fipgure should

be added the periodicals on epplied sciences in such fields as chmistry, physics,
cte.,

L/ A detailcd description of these centres will be published in the booklet:
"UNESCC and the Development of Scientific and Technical Documentation Centres",
which iz under press.
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5. The photo-reproduction service helps to increase this basic and permanent
documentation by providing, through agreements with similar centres thrcughcut the
world, reproductions either on microfilm (they are very cheap, but they require
speclal reading apparatus) or on paper (directly readable, but morc expensive) of
articles published in any country, in any periodical, at any time,

6. The reception of Periodicals, books, etc, corresponds to the step: collection
of documents. Afterwards the material (titles of articles and abstracts) is
classified more or less thoroughly, depending on the meang and staff available,

The third step, distribution, has been developed by sending mimeographed or
microfilmed lists of titles of articles (very inexpensive system), or by
publishing a printed bulletin by offset, Xerography or conventional printing

(very effective, but very expensive). These publications are done in the

language of the country or in a language generally known by local scientists,
technicians and industrialists.

7. The reader who finds mention of an article in which he is interested might
consult it directly in the library of the documentation centre or obtain a
reproduction., In this way, documentation produced outside the region is made
available in it. But the centre is also useful in taking care of the floy of
documentation in the opposite direction: to make known outside the area the

8. The panel of technical translators working for the Publications edited by the
centre also provides on request translations of articles written in foreign
languages. The centres generally have a bibliographical service, which helps
interested individuals and institutions in preparing documentation needed to carry
out scientific or industrial research. It also prepares bibliographies, lists of
titles or abstracts on given subjects, when applicants are unable to prepare them
by themselves,

9. The users of the centres are more often scientists than industrinslists, Byt
it has been possible to show that the scheme described above may be well adapted
to fulfil the needs of industry. 1In Yugoslavia, it was stressed from Lhe
beginning that the need for information was mainly in the industrial ficld.  This
need was reflected in the Importance attached to the centre's holding:: f
collections of technical and engineering periodicals. The indexing und abstractin:
of articles is limited to applied sciences. This is carried out by a central stofy
with the help of engineers vorking mainly in factories. The result hus been the
regular publication of sixteen abstracting bulletins in the Serbo-Croat lanpua;c
in strictly industrial fields, namely: plant production, zootechnics, forestry
and wood industry, motor engines and machine parts, mechanical engineerins,
transport engineering, electrical engineering, mining and geology, metallurpy,
chemistry and chemical industry, focd industry, silicate industry, te:tile and
baper industries, fuel and lubricants, civil engineering and architecture, ond
transport,

10. The level of industries in the different countries in which the centres were
established varied greatly, Practically non-existent for some branches,
industries were well-developed in specific cases, But whatever the situation

in this respect, the general and common characteristic was the slight use made of
the different services offered by the centre. This meant that, besides the
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general publicity ermployed to make known the different services of the centre, a
special effort was required for the industrial field.

11. This wac carried out in different wvays. For instance, a bilingual Arabic-
English booklet was published under the title The first scientific and technical
documentation service in the Middle East in Calro and a similar one, in Spanish,
in Mexico. The 2,0C0 copies produced were distributed to all the industrialists
of the respective countries, with the collaboration of the corresponding Chambers
of Industry. The pocket size of the booklet facilitated rapid consultation:
either in one minute - summary, given in the last two pages, or in five minutes -
full text. After a very short historical introduction, a clear description was
glven of the available means and services at the centre and the best way of using
them for the industrialists. Special details were provided concerning the
different sections of the bulletin and their relation to specific industries.

12. Again, in both countries, the official journals of the Chambers eof Industry ;
published regularly, based on material provided by the centres, a technical
bibliographical section to help industrialists in the search for appropriate
information.,

15, The efficacy of this publication was reflected in the increase in the number
of subscriptions to the bulletins and in the requests for general information,
translations, bibliographies, etc., from industrial firms.

14, Under the title Technical Information for the Textile Indust , & monthly
Journal was published by the Cairo Centre. It was prepared Jjointly by a technical
specialist of the largest textile factory in Egypt and the UNESCO mission. Every
1ssue contained, in Enslish or French, abstracts of all the articles concerning
the textile industry received either in the factory's library or in the Centre.

At the beginning of 1959, when the UNESCO mission left the country, 250 abstracts
were being published monthly against 108 in the first issue in May 1958.

15. The abstracts were classified under the following headings:

I. Natural fibres;
II. Man-made fibres;
III. Yarm manufacturing;
l. Opening, picking;
2. Carding, counting;
3+ Spinning, twiating;
4., Yarns;
IV, Fabric manufacturing;
l. VWinding, warping;
2. Sizing;
3. Yeaving;
4, Knitting, lacemaking;
5. Fabrics;
. V. Finishing and chemical processing;
2 VI. Analysis, testing and quality control;
- VII. Engineering;
VIII. Industrial organizations;
IX. Miscellaneocus.

Thus, all aspects and branches of the textile irdustry were covered. The Journal
was distributed free of charge to all textile industrialists in the United Arad
Republic and to many others in Syria.
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16. The Manila Centre publishes, under the title "Pechnical information sheets",
a series of bibiliographical notes On specific subjects or interest to
industrialists in the country. Ceramics, coconut technology, plastics, pulp

and paper are some of the fields covered. These sheets "are forwarded to a
limited and well-selected group of individuals, organizations, schools and
factories which are deemed to be in actual need of the information they contain".
Their purpose is "to furnish a quick preliminary survey for a specialist op what
he has to read to keep abreast of the latest developments in his field",

17. Several centres have taken some action concerning patents, whoge importance

in the field of technical documentation is increasingly recognized. Probably the
most comprehensive action ig that taken by the Cairo Centre. In agreement with the
Ministry of Commerce and Industry, this centre undertook to hold and disseminate
information on some 200, 000 foreign patents received Yearly from the main industrial
countries, The patents were classified by subjects according to the classifications
adopted in the country originating the patent. The document reproduction service
provides, on request, microfilm or paper reproductions of the available patents,
which vere listed regularly, by country and by numbers, in the bulletin. One

might also consider for this specific type of reproduction, modern copying

devices Providing facsimile copies in one or two minutes.

18. A service of "technicel cards" was offered to laboratories and industrial
firms in Mexico. Its aim was to provide information on papers published
throughout the world, even if not received in the centre, on any technical subject
specified by the subscribers. Such a regular service allowed laboratories and
industries to obtain complete and up-to-date documentation on the subjects of
direct interest to them, At a reasonable price, information was provided,
gathered by a specialized staff from thousands of publications. The users saved
the cost of subscriptions to large numbers of periodicals and the salaries of
highly qualified staff. In gpite of all these advantages, this service did not,
in practice, meet with great success,

19. The existing scientific and technical documentation centres operate all the
basic services: publications, bibliographical services, documentary reproduction,
translations, information, etc., common to both scientific and technical
information. The examples described in the Preceding pages show that practically
all the centres are able to provide a good response to the challenge of furnishing
totally (Yugoslavia) or rartially (other centres) the type of special information
required by industry. 1In the areas where there are centres created either with
the assistance of UNESCO or, in very few Cases, through other means - the calls
for technical information are already increasing very substantially. It may be
expected that they will increase more and more in the future. It is obvious

that this demands a corresponding increase in the number of technical periodicals
and technical documentation in general, such as: know-how and technical digests
at all industrial levels, patents, special reports, industrial catalogues, etc,
This increased demand should be reflected also in the background and special
fields of knowledge of the technicel staff of the centres,

20. Activities and initiatives similar to those described above, as well as new
ones, should be multiplied, and co-operation with productivity centres, economic
commissions, industrial councils and similar bodies enlarged so as to attract the
industrial world in the developing areas into the field of action of the scientific
and technical documentation centres. Imagination and perseverance are escential in
the long-term action that 1s required if lasting results of real importance are

to be obtained in thig sphere,
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2l. At this point, taking into account the increase in the needs for technical
information, the question may be raised as to the advisability of creating in
developing areas technical documentation centres » limited to technological
information for industrial purposes. Socme reasons have already been given in
the foregoing pages, which permit a negative reply to this question. Others,

no less convincing, may be added in favour of the creation of scientific and
technical documentation centres, serving simultaneously scientists, technicians
and industrialists. This end must be reached, either by further developing
technical information in the already existing centres, or by combining scientific
and technical documentation in the centres to be created in the future.

22, Some of the main reasons in favour of the latter action are:

(a) Information centres are an expensive enterprise. In 1954 - and costs
have increased considerably since - for its first Yyear of existence ags an
exclusively national institution, the Scientific and Technical Documentation
Centre in Mexico was budgeted at $60,000. During the previous thirty-three-month
pericd, when this Centre was established and operated Jointly by the Mexican
Government and UNESCO, more than $220,000 was spent. This sum does not include
the value or rental of the building in which the centre was located. Such
1gures show that the establishment of these services may raise a number of
financial difficulties in small countries, even if they receive assistance from
UNESCO or some other international organization. A regional project, involving
several neighbouring countries, might, then, provide a convenient solution.

If the creation of a centre already engenders financial difficulties, it is
easy to see how unrealistic it would be to estesblish two separate information
centres, one devoted to scientific data and the other to technical inTormation;

(v) Even a small scientific and technical documentation centre requires a
specialized staff, vhich is not always easy to recruit. This especially concerns
the director and senior staff of the centres, who should be scientists or
engineers, or at least people with good scientific or technical backgrounds. 1In
areas vhere centres are created for the first time, collecting and distributing
scientific and technical information does not exist as a career; and scientists
and engineers, especially men, hesitate to choose & new specielization without
any clear indication of the future openings in what appears to them an unknown
profession. Furthermore, the salaries offered in these posts, particularly to
young scientists, are often inadequate; in some cases, administrative regulations,
and in others, the low estimation in which the new activity is held are
responsible for this. Senior scientists are still more reluctant to give up
well-established positions. The difficulties in recruiting staff for the
information centres are ;reat enough among scientists, but they are greater still
in the different engineering branches, where the shortage is almost general in
all countries.

2%, Ancther problem concerns staff training. The UNESCO missions have carried
out the training of the staff of the centres at all levels and in all the
specirlities. In general, this has been done by in-service training, plus, in
some cases, specially organized courses for the staff. As already said, this
training is completed for senior staff members by studies abroad, through
fellowships allocated by UNESCO.

24, Individual or collective training has also been organized for scientific
documentalists and sclience librarians, other than the staff of the centres. This
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activity has teen of special interest in countries where, owing to material and
financial difficulties » documentation or even librery training schools do not
exist. Regional intrcductory courses on scientific documentation have been useful
in awakening the interest of potential documentalists and showing the way for their
development and training through practical work. ‘

25. These courses continue to be organized in different areas, under the
direction of local and foreign experts, with the technical and financial
assistance of UNESCO. In 1963 courses were held at the Cairo and Nev Delhi
Centres; in November 1964 a course will be held in Buenos Aires. The centre in
Brazil regularly organizes general and specialized courses in scientific
documentation, open to trainees from Latin American countries,

26. Similar courses might be organized in ihe existing centres for training
technical information staff. The necessary equipment, publications , and
materials exist already in the centres. Supplementary specialized instructors
might be appointed according to needs.

27. Owing to the scarcity of engineers available for documentation tasks,
technical-industrial training for the documentalists and other specialized stafr
of new centres might be envisaged in some cases. Thie could be done in cloge
collaboration with appropriate national or international industrisl bodies.

Concuaion

28. If, at the end of this brief survey, some conclusions need to te drawn, they
might be put as follows:

(a) Governments and appropriate inetitutions in the developing areas should
be encouraged to establish and develop scientific and technical documentation
centres, either national or regional; 2/

(b) The already existing scientific and technical documentation centres
should serve as a basic nucleus for the subject of scientific end technological
information to industry;

(c) Centres to be created should be devoted to both scientific and technical
documentation; *

(d4) Close 1iaison should be maintained among national and international
bodies interested in these matters, especially in the creation of new institutions
and in the best possible utilization of the existing ones.

29, This seems the best way to ensure the judicious employment of talents, efforts
and funds, which are especially precious because they are rare, and still
insufficient, in face of ever-increasing needs.

2/ The International Conference on the Organization of Research and Training in
Africa in relation to the Study, Conservation and Utilization of Natural
Resources (CORPSA), organized by UNESCO in Lagos from 28 July to 6 August 1964,
recommended the creation of at least three regional scientific and technical
documentation centres in Africa,









