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INTRCruCTIÛN 

the aMsriA's ifiToiTLirdTjssn: °findustriai *cti^ * 
as in the more advanced ones, SstriaLzauä ìs ~• 7 ' „In thMe c••*°> 
to economic Growth and development   Alón" vítí ÍM "co8nlBf1 as a Prlmaiy avenue 
adoption of a development proTaÏÏe based^ ÎÏ        * •co«n1«^ and with the 
strengthen certain iSusLu^se^ices desWd'tf6S/he "eed to establish or 
the industrialization process.    SdustrS Search 1^'^ \herebsr eXpedlte> 
most important of these services. ai reeearcn and development arc amon- the 

in ^S^ and development 
through the Centre for Industrial Develo^íf Í framework, the United Nations, 
Technical Assistance Operations   anTa^f n^r^f100 Vith the Eureau °* 
technical assistance to ttadSiilSnToSiJ f "' -ontinulnß Programme of 
regional Seminar on Industrials rlh^f S'ioS^ut ^Vl^ 
Countries* to provide a forum for a careful exlmi^f Inf itutes in ¿evèlbping 
inter-regional scale, of the special nrlbíL«^^" má dlsCusß^«, on an 
organUation and operation of min instïtuS«     *     hef aßpects °f the 

developing countries par?Lïpa^d lî III t£V    Repre8entatlveô of twenty-five 
persons holding high ^TllllTof ¿^J^luï llZl ÎTT?*?*1• WW 

of their countries and many possessed i^h •*     ?     ? industrial activities 
Others in attendance- JTtLü^^lf^^^1 T* aC&demlc ^^ions. 
observers representing nineiniiïEÎ.V?   Ï   Proceedings included fourteen 
United Nations anfiS ^líS^ÍS^.0^"' BeVen rePreSentin6 the 

-vêlant,  LiudiVtt^r^ol T^^^^^l^^^^^ 

ïnto2lâ:cTZ l^TotVlZtllTr reprrnt a valuabie *»* °* 
related topics reÄfthl ÍS^^.T^A.íSelínnt lMtltu"' and 

economic development.    These documents consist T    (I)     T*"* 8taG68 °f 

by participants and dealing vicarious assets of   !H Tf P rep°rtE prepared 

development in their respective countries"fio ¡<      industrial research and 
expert consultants and observers    fc)Í^wi (~) di8cussiün P*^8 prepared by 
Industrial Development; anMdfreffLnof   g PaPeFS Prep*red by the Centre for 

Industrial Develowint   as well HÍT     •??" Pr6pared by the Centre for 
exopoent, as well as by participants and expert consultante. 

^4^t^y^mf tÎÎ1^^' thf K*-*°» -re orCanized under three 
instituted (b) indilla SS ? on" ert œ '"ndlc)^8^191,^68^11 

and problems.    The report of th/i-L\!      7    Í'..        ^ organizational concepts 
recommendations thaídeSneíte ^cSS?f       ^f * nUBber °f c^^^ns and 
by the United Nations?STîîîcSeîïw ***?*. °í fUrther actlon in thlß "»<*«• 
aa w.u. as by the Gove^t^ development, 
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I.     ORGANIZATION OF THE SEMINAR 

5. The United Nations Inter-regional Seminar on Industrial Research and 
Development Institutes in Developing Countries was held from 50 November tu 
11 December l()L>h at the Industry Institute,  Beirut, Lebanon.    The Seminar was 
attended by forty-eight participants and observers from Algeria, Argentina, Austria, 
Ceylon,  Colombia,   Czechoslovakia,  Federal Republic of Germany, France, Ghana, 
India,  Indonesia,   Iran, Iraq,  Italy, Lebanon, Libya, Madagascar, Malaysia, Mexico, 
Netherlands, Nigeria, Poland,  Pakistan,  Philippines,  Saudi Arabia,   Sudan, Syria, 
Thailand,  Union uf Soviet Socialist Republics, United Arab Republic,  United Kingdom 
of Great Britain and Northern Ireland, United Republic of Tanzania, Upper Volta and 
Zambia;  and frcm the Economic Commission for Africa, the United Nations Special 
Fund,  the International Labour Organisation, the Food and Agriculture Organization 
cf the United Nations,  the United Nations Educational,  Scientific and Cultural 
Organization, the Battelle Memorial Institute and Arthur D. Little,  Inc.   Eight 
expert consultants and three members of the United Nations Headquarters staff also 
were present, 1/ 

6. The welcoming addresB was given by the Honorary Chairman, H.E. Najib Salha, 
Minister of Planning of Lebanon.  2/ 

7. An opening statement was then read for I.H. Abdul.-Rahman, Commissioner of the 
United Nations Centre for Industrial Development, by Azmi Afifi, Special Technical 
Adviser,  Centre for Industrial Development, and Director of the Seminar. 3/ 

8. The Seminar unanimously elected the following officers: 

(a) E. Lartey (Ghana) as chairman, and M. Taslimi  (Iran) as rapporteur, 
iVr the discussion on the concept and objectives of industrial research institutes; 

(b) ü. Ciddiqui (Pakistan) as chaiiman, and I. Deschamps (Mexico) as 
rapporteur, for the discussion on industrial extension services; 

(c) S.M.A.  del Carril (Argentina) as chairman, and Ai-Kim Kiang (Malaysia) 
as rapporteur, for the discussion on organizational concepts and problems; 

(d) K.N. Saad (Lebanon) as chairman cf the Co-ordinating Committee, composed 
of E.  Lartey (Ghana),  Paldev Singh (India), M. Taslimi  (Iran), K.N.  Saad (Lebanon), 
Ai-Kiu Kian- (Malaysia),  I.  Deschamps (Mexico), G.G.  Ma-uel (Philippines) and 
[1. Halfavy  (United Arab Republic). 

l/    For details,   jee annex III. 

¿J    See annex I. 

2/    ^OQ anuc;; II • 
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9.     After adoption of its apenda   k/ +v,0 a«, A 

and discussion oí vorWna p^^'aäc^1^
n^r

pr°T'ied "lth "w Puntati• 
these papers  and reports  is Given in annJx Î. "* C0UntQ' ""°«*»-    A list of 

consultants and observers. lnstitute and ^ gratitude to all expert 

y   For details, see annex IV. 
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II.     DISCUGSIOHS OF MAJOR TOPICS 

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

11. Research, both scientific and technological, as well as socio-economic, is an 
essential instrument in developing the human and material resources of a nation. 
Industrial research is of basic significance in lavine the foundation for a sound 
industrial base and in acceleratine the economic growth 0f 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 ^raft indigenous research onto imported technology 
as soon as possible and to nurture such graft to full fruition to achieve increasing 
self-dependence. 

Ik.    It was agreed that the broad spectrum of industrial research should be 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 drawn a priori.    Perhaps this subject could best 
be looked at in the light of the expectation of short-term as against long-term 
benefits.    It was agreed that developing countries should emphasize applied 
research, but that fundamental 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 veil as private, using such different methods of approach as are necessary. 
It should further attempt to develop technologies best suited to local needs and 
conditions. 

17. The functions of industrial research and development include discovery of 
new products,  prospecting for and utilization of raw materials, development 
improvement or adaptation of production methods, techniques, processes or 
suitable equipment, pilot-plant trials, operational research,  formulation of 
standards,  quality control, marketing research,  feasibility studies, and désira 
and productivity studies. b 

18. The institutionalization of industrial research was considered to be one of 
the most effective means of promoting industrialization in the developing countries 
A clearer delineation of responsibilities for industrial research and development 
functions can thus be achieved. 

19. It was 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 on a rational and «„rale MM..      r, 
services included feasibility studies coveri,,.-    inZr £,„      'Ti.' """ •"h 

materials, plant location,  capital recuire.«! «   '   t,      r' "mríu!t!¡-  •" 
profitability.    They also'lncLed cSítí^cerv' ce"   f¡  -"""f. a"d !'uU"lt"1 

the most appropriate process and equipment and or a „Lnlf layout        ^ ' '' 

Sutati^rtí^:^ 
management V^>~.    tZ^^^1^^¿•• ?>* "W« -, 
on behair of industry. ' Urn'  lead io further research 

of tea, „or* and co-operate £££ aTalTtta^rpr^rveT"'   "" ^ 

STSÄ*-8toulú al6° " *-; ~ - SÄ SSS; r^sts 

developmln^Torär 70Z•T° «ZeV"• 1"*°"•° *» •h «- 
and to provide calibrât Mamies     rhTro•"?'t ° 'Ì* referen" lrtM,ta* 
and of codes or practice also « « ¿JìLnA for f/^^ "f '-»^ 
Accordingly, It was the consensus tw •„    \      Ì í r lnductriol development. 
have testing facilities to se•bo£h tte nS *? < ?evelo'»ent  ihr.titutes should 
and quality control. the needB of itB research and of production 

alt.    It was recognized that industrial research i„,>nf i 
significantly to the efforts In hoih tt.1      ?f V.        ltutes cculd contribute 
facilities and the wepith !f £nì£=-       ?        *"* thI"UU ;h tl,eir ^"oratory 
institutes.    Beseareh and devélete" îStîÎuS"^^1* *""" "*" 
the application of standards bvXdu.t•     M

utf =üuld al=° »«!=* lo Piotine 
where appropriate,  should be cLrÄby 5fSa^."*Uc,,tlon of SUCh '"*'*"'•. 

B#    Industrial extension services 

into IndustrLrprLtïce'lo"rid rìhe °»AndteCOn"1'; k•'le4';e -» be transferred 
development, and^he actuaï ÄS^ ÌTrZTZllì^^ *"« 

oonducteS Ä££* Z'Tn ïïKf'ttt
0n'  *'*»t'U1 r^"=» «*«" not be 

of industrial devtl•ent     íhe ret"„ .P""*1»1 •ed= and requirements 
responsibilities toXdtte nation bÎSeiT? nv^" ° f? f* "  Uc 

Industrial develonment rhiZt, Iy G fully associated ulth Its 
services „as therefore 2 Provide*-,,f '"""f"* funCtio" °f =uch «te"=1• 
production and the conduct o? ìndustw!, °      "^ ^tW<!e" th< 1>rûblens °f «"elal conduct ox  industrial research,  und to promoto the  closest 



co-operation and association between research groups all the way from laboratory 
bench-work through pilot-plant operations and those responsible for corrjnercial 
production. 

''7.    Particular attention was given to the role of industrial research institutes 
in connexion with: 

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

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

ü8.    It was generally agreed that industrial research institutes should give most 
serious attention to the processes of transmission of research and development 
results in  Drder for such results to find effective use in the country's 
industries.    Such institutes must also help accelerate the application of research 
results by industries in the developing 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 economic information;  and the second was between 
indigenous research organizations and the country's industries. 

3D.    In the attempt to reach the country's industries and to stimulate their 
interest in science and technology, -naximum use should be made of such tools as 
personal visits and contacts,   demonstrations,   training courses,  in-plant trials 
and pilot operations, films,  radio, exhibits and seminars.    Seminars naturally 
also served to bring research  institutes into close contact with similar 
organizations abroad. 

31. Library and documentation facilities were strongly emphasized, not only as a 
necessity in the day-tn-day research and development activities of the institutes 
but also for the provision of information services to industry.    It was considered 
important that such facilities should be made available for direct use by industry. 

32. Industrial information services might include: 

(a)    Technical inquiry services, which would offer answers to specific 
questions posed by industry on production methods,  industrial management matters 
general engineering problems,  types of equipment, marketing considerations 
patents,  etc.; ' 

(fc)    General industrial information, which often refers to trends and 
possibilities for using specific raw materials, premising industrial products and 
proceses,  industrial projects and programmes and a wide variety of matters of a 
general nature; 

(c) Technical digest servicer; 

(d) Training manuals for use by the technical staffs and by the management e of 
industries. ° 
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be available throuGh other institutes orartiUaUo^i7^ "^ **«> **** 

developing countries of assistant in the fieidnf-     f °P'frit inGtitut" 1» the 
from international organizations "spec aLed aVeLîf enf°" servi^^ a-n, other«, 

,        bilateral aid,  other research instiK^d S^'î^î^0?^^ ^ 

repeatedly considered.    It was arreed that • T ?    industrial development was 
which would automatically appL Snder Se v»•f ^ S?1UtÍÜn CCUld be devised 

prevailing in the developing counties and tZ    M^1 COnditions •* environment, 
would thus have to be varied. methodology of industrial extension 

:   &iÄ^\^^ tottsf^dT"and re*ui~ * ^ 
which the industrial research iLutute would I^n Í" "^ lnstances bv a system in 
of extension services in its own fieïd of acUvitv byfSp0n*ible ^r the provision 
for both research and extension within tne one ÌZlit ¡^tesra^ü" of responsibility 
effective operation. ne institute would often help to ensure 

C'    Organizational considerations and proh1«m« 

-; -e o^Chld^d ^^^r!^:^^10^in the advanced «*«**« 
;      following types of organisions: * ComMnation of sverai - of the 
t 

| (a)    Laboratories of individual factories or firms; 

<<* wifn gS:rnr^nr^ zs^^7^£ -"* 
(d) Departments or institutions under certain ministries of Governments; 

(e) Private consulting and research organizations operating for profit. 

SÄ  « (eT10toS
SeCOwh1Sehad°inm £1 TTT^^ *" «^^ione of under a variety of or^Latiolï      íniti^ed industrial research had done so 

(c) and (d), oï comSionr?heíeo?     Z' •B\o*•* ^ into categorie, (b), 
launched InstitutionalInd^ t^fr^ea^fínuL"8 ÎT^^ ^ nüt ** 
formulating plans for them as esBenïïaHîeSrîÎ În «Jf ^ T•^ 
industrial development programmes. eieraents in their national economi, and 
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38.    In the choice of organizational patterns for the institutes,  consideration 
must be given to a number of factors,   such as: 

(a) The level of economic and industria], development and the expected scale 
of growth: 

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

(c) The administrative set-up in the country; 

(d) Special needs of any predominant raw materials; 

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

59.    It was felt that a major benefit deriving from the Seminar was ample 
discussion of such topics as mulU-purpoco 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. 

ho.    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-purpose institute offered obvious advantages. 

kl.    As a useful romprcmise, some countries had situated numerous specialized 
institutes within one physical complex or "technological centre", which also 
permitted them to share the use of certain common facilities. 

k2.    Concerning regional or sub-regional 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,  their historic ties and concurrent programmes of economic integration or 
common markets. 

h?.    It was the general opinion that the industrial research institutes themselves 
should assume a leading role in the selection and initiation uf research projects 
relating to industrial development, since they were best equipped to identify 
these problems and to estimate their chances of solving them.' At the same time, 
such research projects,  other than those requested directly by industry,  should* 
be decided upon in collaboration with 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. 

hk.    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 allow for a certain amount of basic or background* 
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research.    It was also acknowledged as essentia  tw        ,     , 
pursue premising self-initiated projects    aotheîvi, an instlfute be ^e to 
generated by the reseaz.h men ^Lï^s^^^îJ^ V9lUable ldeaS 

^5.    While close co-operation between universi t-w      A 
be cultivated,  the primary responsioni^^ ^"^j::^ ^T"^ Sh"uld 

in the research institutes.    Such clos«. ii^L ,f        research jhould he vested 
and cross-fertilization of id^AÌ^^ ***? ab°ut *» Interchange 
in pure and applied science. P "Ge tne -aP between workers 

»üt£Ä -S"SS re^arTand^c^ Mlntal" ^ ^ foreign, as well as with I„ÍMÍ?<        technical organizations,  local and 

S^th^^ 

also nade on the manufacturing "dusses to «„ <  ,Countrlea' i"'« «re 
irrespective of whether they «vXTt^se^efsT:het"ïc:1orn:rh* 

^t^f^es'^^o^ract'Inc^SrneTdf^.r^ °f gOVe•*"t <*«*• «•• 
For a new Institute, tS latteria Tkelv £l?Vîh"U<* °e"1CeE t0 *•*••*«». 
had learned the value of such sericea «S íí   ?   ïf BmaUer Share unt11 industry 
through demonstrated perforce!   ín anfevent    »""'' ""* Cal"ed lta •«<*-e 
research Institute to eteree for its woí£ •      '   í "?" V1•1*11* Preferable for a 
appreciation of the services tou,!   T       Ï f•" taEi6' both for ProI*r 

realistically tcvardTactual needHÍ £££* "» *""*•"• «*«*- 

^er^nS^r^'re^MSy^roSf S ^ deVel°P^ C°U"tr1«' th* 
support on a long-tern Cis to tLtr ¿Ì   ??'?" t0 grantee adequate financial 
continuity i„ thfir wor "nd tl ^^^^^^^1^ 

St äss'SjsÄs avaiu^^t^r6? ~.be stafred •"" *- 
successfully with a staff Inferiorto that^í l?     I    *" lnstltute «•ot function 
Thus,  such an institute must be Z ! •«£<      t     enterPris" " «I*«, to advise, 
large „umber of the instates report^ t" Ite^^ Í.T U* l0St ^    In a 

the chief problems.    In •rtJ„i.;   Il B Sminar,  this appeared as one of 
limitation? were^pertencî• Sîîïî    ÏÎ" f"»»*1"« •»<*« civil service salary 
and in retaining SISSl^íS^^^«^»1« «» «' *Ue '*" 
-search Institutes should 1»» «W ^^S "f0^^^.""* ^ 

u- 



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

'yk.    Geme countries had experienced difficulty in obtaining experts of the types 
and with the qualifications  required,  or in obtaining them within a reasonable 
time to meet the demands of the programme.    Tho staffing problem continued  to be 
the greatest common difficulty of industrial research 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 should 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. 
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III. RECOMMENDATIONS AND CONCLUSIONE 

58.    The following recommendations and conclusions were set forth: 

in D^ggg'sBff^ •• • ^""*rial »-»„„ .., ^,-r ,   T|   , ^ 

elemen¥f&^ *"d ^elop.ent as an e8sential 

the cluirie^ socio-economic conditionE uf 

this role most effectively in each case" lnstruments required to perform 

Becodmends and conclude that: 

to ^^g&srss^^^.zrr8tepe as °°°* » *••«*• 
strength.» existing ones on Unes mo" .^L^?.^?*"6'* fteI«««« cr to 
and national développent goals" «WUc»U« to the practical re,uire«nts 

or «£. "^¿^^vsrs^ basi° *~' th= «***• 
programs fuUy oriented toward the LeTA^r^ and «"«««-•* 

oreat^t pcsX ^ton^to ^SlirS2^St,1•S*at?- Should be <*«» the 
without the inhlbltive Influence of oraZ,• t0" ln the most «Sclent manner; 
generally incomible with t^neea^^cfsIfT-sV1'0^" 8nd «"*<*l°¿ Ui  "uccessiui research operation; 

scalettata"a^'XVe'na'bîeT ZL"??** Sh0uld be •"<"d « a 
the hest donnei to he ^l^t•^Z£ll Ä^Ä- 

to their industrial research institut« Ï«. financial support on a long-term basis 
enable them to fulfil thS^1^^8"" C°ntlnUlty in their work ^ to 

shculd'oe eELUXntf"m
d c^oms68^1 ^ "** f°r industrial •h 

restrictions oí linage, and s^ouïdb   ÏÏoîSî' f ^ ^ * SUbJeCt tü imPort 
cases; ' ana Bn0{Xia be allocated adequate foreign exchange in all 

counties toeS^/?^ tt^ ^S? ltS Pr°grarane to assiEt developing 
development organizado!   or'neeL'ï   Síid °í ^Tf ** rMMrch &nd 

establishing and/or strength*"?! individual countries with a view to 
with industryrCbrthrSmentftinf má disperatine links 
equipping «S'o^íatSgT^ÍSÍStSíiS;? "IT'l  lnClUding the ^^shment, research personnel; institutions and the training of industrial 
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8. The United Kations 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 facilitatine 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 chculd 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, a« well as upon the 
Centre for Industrial Development, to take the necessary steps to further the 
implementation of these recommendations; 

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

ADDRESS HT H.E. NAJIB SALKA, MINISTER OP PLANNE   LEBANON 
AT FIRST SESSION CP THE SEGNAR LEBANON, 

I aa particularly glad to be able to welcome v«> .M >„ , , 
stay in Lebanon and every success in t^^ZolT^l 2£¡£ * Ple&8Änt 

M ^Ä between «ti«, aB ^ 
knowledge, based on reason and buttressed ^ •SÏÏÏÏS' *? *£"«*»* scientific 
who are most involved in the accumulation of SSTÎS!î^    °r " ls the «dentists 
»odesty.   Truth and modesty arf Sh7baí?s oí ^tï^*??' Which i8 also 

since mutual understanding is impossiSÍÍ w£n ïo^i• beneficial ^-operation, 
modesty - the necessary prereauisite ttl SîL*?8   Jji f8 ^ to P*SBion, and «y prerequisite for objective knowledge - to pride and egoism. 

ve arfprouS Zi &*£££ 0? ^ *2£ * ^ *» «* in our country, 
of scientific research^"sea^Tíníuíat^ Z? "? U t0 8tudy th* contribution 
industry in the developing o^îrlesî   S ÏÎeLfo^^f &nd to the S*0**« of 
most sincere thanks fo? havinTacceSied Jt ?^f??<0ff!r the United Katl0»« our 
country. WMg accePte* our invitation to hold this Seminar iiTour 

and ££^£ÏÏ^J?J£»*Z <«« -ed atrial develop 
of industry and the lack of 52uS1^2SS'a?

,i?8 t0 î* ~c6nt W*r£T 
allowed to take its course without »lLnf•   ^ development there cannot be 
and experience constituí« Se^rtïïïïSS îS ^ PUnûine based °» Knowledge 
foundations. 8t WBpart »* próvidas the most solid 

recent d^^SstleSy^L8 ìa^a^V* itß *•*»* «* »^ 
knowledge and its devotion Ä SrtncîSe oV^ "^ ¡îlch 8h0Wß itB love °f «en. ° •e Principle of co-operation and brotherhood among 

mutuafu^dema^diSr^n^ SJT ^V*1" ***»* under <*. banner c^ 
may benefit ftTSi ÍtÍ^.Í25l2 ^^íí* to°Wle<ige *» *** «•*. 
extended to you by LebSoTÏ? ïtlSSTÏÏTJÎ îf *?* °%her8' the W#icoa» 
traditions of this country's ve^c^hîsîorf        •*"•** is rooted in the 
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AMNEX II 

MESSAGE FROM THE COMMISSIONER FOR INIUSTRIAL DEVELOPMENT-' 

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, 
economists, engineers and social scientists to work simultaneously 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 large variety 
of industrial activities. 

It has been only in the last two decades that developing countries have 
established research organizations in one or another form. Some of these 
organizations are still facing many problems in serving the actual needs of 
industry, and there is admittedly room for improvement in co-ordination and 
optimum utilization of local research facilities to make of the existing 
institutions a recognized element of support in the process of industrial 
development. Further, some developing countries as yet have no such 
facilities to serv* industry. 

In this sense, the Inter-regional Seminar on Industrial Research and 
Development Institutes in Developing Countries can be viewed as properly 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 of industrialization 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 facilities in the developing country be co-ordinated, utilized to 
the fullest extent possible and geared towards the real needs of industrial 
development? 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 

?îî Î? ,    HoV Can l0cal research organizations strengthen their relationship 
with otner organizations and private consultants in the countiy and abroad? 

I hope from your examination and discussion of these questions ycu will be 
able to draw conclusions and recommendations which will benefit the process of 
industrialization in developing countries and at the same time offerGuidelines 
for further United Nations activities in the field of industrLÍresear^ anS 
development. a"u 

a/ Read by Dr. Azmi A. Afifi, Director of the Seminar. 
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grau^gt srtïtis ïL:ïï S^V- r*«^ 
i* combined with a wide geographirSreße^tfof   MPantE.at the Seminar 

papers prepared by the partLipants rSÌecf Se w,f ^ ?f*the out8t«^inC 
prevailing in their respective countries      TÎÎ    

lar^Variety of conditions 
of ideas and information and maíe ?of a betïer unSt T* ^ 6XChance 

requirements of research prograrmnea! understanding of the perticai 

hold S.1^^^^?^^^^ ^ted the Unlted Nati0- to 
industrial establishments - tieIndusírv ¿ttu  ^ T °f itß eucces*•- 
authorities accept my gratitud ïïïtS^^ J^*ì• 
discuss common problems in such a friendly afmospte«! *       "'"* ^ 

Unite^fï^ ^encies of the 
active -PPon^nf co^oS^^ have ^•* *• 

To all participants, may I extend my best wishes for a successful meeting. 
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ANNEX III 

PARTICIPANTS AND OBSERVERS ATTENDING THE SEMINAR 

Honorary Chairman: H.E. Najib SaUia 
Minister of Planning of Lebanon 

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

PARTICIPANTS 

Mme. fraina Heuumcutene Official in the Division of 
Industrialization 

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

Post-office Box 803, R.P. 
Algiers, Algeria 

Ing. Salvador M.A. tel Carril Presidente, Instituto Nacional de 
Tecnología Industrial 

Libertad 1255 
Buenos Aires, Argentina 

Mr. A.S, Navaratnarajah Director, Industrial Development 
Division, Ministry of Rural and 
Industrial Development 

k& Oinaratna Road 
GolosJtoo - ?, Ceylon 

Colombia 

Mr* H« Franco Bravo Gerente del Instituto de Fomento 
Industrial 

Avenida Jiménez No. 8-1+9 
Piso 9 
Apartado Aereo k222 
Bogotá, Colombia 
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PARTICIPANTS (continued) 

Ghana 

Mr. E. Lartey 

India 

Mr. Baldev Singh 

Mr* M. Tahar 

Iran 

Cr. M. Taglimi 

lug 
Dr- F.J, sukkar 

M*. K. Saad 

^fííf °ï 0f Inàustr1^ ^search and Director of Building %Bearch 
institute.    Ghana Academy of 
Sciences 

foat-offlce Box M32 
Accra, ©lana 

»•••arch Coordinator, Induttrlal 
Liaison and Extension Offiear 

c/o fhe Dlrector-Oeneral 

°°ZâÎrtÎ Scientlfic "* ******* 
tett Marg 
»•* Delhi, India 

Quêtai, Btfartaent of BMìC 
Induatry 

Djalan Oadjah Mata 8 
Djakarta, Indonesia 

frofiaaor, Teheran University 
o Diba Street 
Meykadeh    Boulevard 
ítiwraa, Iran 

fa*A, Specifications Centre 

FWnÎOJr mmmX °f im§%^1 

teghdad# Iraq. 

Feat-office Box 2806 
Beirut, Iiabanon 
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PARTICIPANTS (continued) 

Libya 

Mr. S.I. Al-Lishani 

Madagascar 

Mr. 0. Ramalanjaona 

Dr. Al-Kim Klang 

Mexico 

Mr. I* Deschampe 

itela 
Mr. C, Ezeji-Okoye 

Pakistan 

Dr. S, Slddiqul 

Philippines 

"Br^ Canuto G. Manuel 

Head of Finance, Economic Section 
in Industrial Development 
Organization 

Post-office Box 2297 
Tripoli, Libya 

Secrétaire-General du Ccrráté de la 
Recherche Scientifique et 
Technique 

Vice Présidence 
Tananarive, Malagasy Republic 

Professor of Chemistry, University 
of Singapore 

Singapore - 10, Malaysia 

Technical Director, Mexican Institute 
of Technological Research 

Legarla 6$k 
Mexico 10, D.F., Mexico 

Principal Industrial Officer 
Ministry of Commerce and Industry 
Lagos, Nigeria 

Chairman, Pakistan 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 
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PARTICIPANTS (continued) 

Saudi Arabia 

Mr. M.A. Taiba 

Sudan 

Mr. A.M. Fadlalla 

Syria 

Dr. A. S«Uottta 

Thailand 

Dr. C. Suraslti 

United Arab Republic 

Dr. Mhd. mitwy 

United Republic of iw»^« 

Mr« J.B. Mkon%a 

Upper Volt> 

Mr. P. lakoure 

Director-General, Power and Industry 
Ministry of Commerce and Industry 
Riyadh, Saudi Arabia ^ 

Senior Inspector, Ministry of 
Commerce, Industry and Supply 

Post-office Box 194 
Khartoum,  Sudan 

Assistant Secretary-General 
Ministry of Industry 
Daaascus, Syria 

Head, Research Division, Department 
of Science, Ministry of Industry 

Bangkok, Thailand 

Director-General, Industrialization 
Organization 

6 Khalil Agha Street 
Garden City 
Cairo,, United Arab Republic 

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

Post-office Pox 234 
Dar-es-Salaam, Tanzania 

Chef du Bureau des Programmes à 
la direction du Plan 

Boite Postale 365 
Ouagadougou, Haute  Volta 
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PARTICIPANTS (continued) 

Zambia 

Mr. J.P. Allchin Project Manager, Northern Rhodesia 
Industrial Development Corporation 

Post-office Box 1935 
Lusaka, Zambia 

EXPERT CONSULTANTS 

Ing. J, Dittert 

Dr. Francig Godwin 

fir. Louis M. Henry 

Ing. 1, Leuschner 

Df * Manuel Noriega-Morales 

Cr* A* Sundralingam 

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

Velflikova k 
Prague, Czechoslovakia 

Project Manager designate and 
Director, Sudan Industrial 
Research Institute 

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

Post-office Box 913 
Khartoum, Sudan 

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

6 rue de Craves 
Brussels - 5, Belgium 

Consultant on Technological Research 
for Industry, Economic Commission 
for Latin America 

Avenida Providencia 871 
Santiago, Chile 

Director, Central American 
Technological Research Institute 
for Industry 

Apartado Postal 1552 
Guatemala City, Guatemala 

Director, Ceylon Institute of 
Scientific and Industrial Research 

363 Bullere Road 
Colombo, Ceylon 
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EXPERT CONSULTANTS (continued) 

Dr. E. Staley 

Mr. Tun Thein 

sÊÊSÊMt 

Br. K. Efcttelbacher 

Czechoslovak 

Ing. M. Hniido 

Federal Bembllc of 

Br. K. Billerbeck 

Dr. K. Schone 

France 

Mr. Ph. de la Roussiere 

Director of Basic Research 
International Development Centre 

of Stanford Research Institute 
Menlo Park, California, 
United Ctatee of America 

Industries Division of the Economic 
Cowaiesion for Asia and the 
far East 

Sala Santitham 
Bangkok, Thailand 

OBSERVERS 

Industrial ana Market Research 
Department, Voest 

Lint, Austria 

Stat« CoamiSFion for th« Development 
and Co-ordination of Sciane« and 
Technology 

ileseka - 7 
Prague - 2, Csaehoalovakia 

Director, German Develojuent Institute 
1 Berlin 30 
Stauffenbargstrasee Ik 
Sideral Republic of Germany 

Attorney 
Post-office Box 603 
53 Bonn 
Argenlanderstrasse 59 
Federal Republic of Germany 

Association national« de la recherche 
technique 

W* rue Copernic 
Paris XVI, Prance 
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OBSERVERS  (continued) 

Italy 

Mr, B, Bruniera Commercial Counsellor 
Embassy of Italy 
Beirut, Lebanon 

Netherlands 

Mr. E.E.S. de Jongh Counsellor 
Royal Netherlands Etabasey 
Beirut, Lebanon 

Poland 

Dr. I, Malecki 

Union of Soviet Socialist Rtmbliet 

Prof, N, Oznobin 

Mr, V, Kuzin 

Deputy Secretary-General of the 
Presidium and Council of the 
Polish Academy of Sciences and 
Professor of Technical University, 
Warsaw, and Vlcti-President of 
Interr.atlor.al Ccur.cil of Scientific 
Unions (ICSU) 

Warzawa (Poland) 
Nawowiejska 22 

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

Moscow 

Adviser, State Committee on 
Co-ordination of Scientific Works 
of the USSR 

H Gorky Street 
Moscow 

United Klngctai of Grast IritfAa and »orthtm Ireland 

Mr, P.C.D» Archer 

Mr, H. Qrehan 

Mr, E.S, Hiscocks 

Mr, P.P. Howell 
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Labour Counsellor, British Qabassy 
Beirut, Lebanon 

Engineering Adviser, Middle last 
Development Division, British Sabassy 
Beirut, Lebanon 

Director, Tropical Products Institute 
of the United Kingdom 

London, United Kingdom 

Head, Middle East Development Division 
British Qnbassy 
Beirut, Lebanon 



Mr. R.R, Adams 

Mr. S.J, Langley 

OBSERVERS FROM PRIVATE INEUSTRIAL INSTITUTIONS 

Batteile Memorial Institute 
505 King Avenue 
Columbus, Ohio 
United States of America 

Arthur D. Little Inc. 
630 Fifth Avenue 
New York 20, N.Y. 
United States of America 

OBSERVERS FROM ORGANIZATIONS 

Sconcie CosplMlon for Af><„. 

Mr. T. Gedamu 

International Labour Qfpaniaatfon 

Mr. N.K. Franklin 

Dr. Y. de Hempfcinne 

-r. R. Vieweg 

Iconomlst, Industrial Division 
Economic Commission for Africa 
Post-office Box 5001 
Addis Ababa, Ethiopia 

technical Officer (industrialization) 
Office of the Assistant Director 

General 
Technical Department 
Pood and Agriculture Organization 
Viale delle Terme di Carcalla 
Reme, Italy 

Economic Adviser 
International Labour Office 
15^ rue de Lausanne 
Geneva, Switzerland 

CMef, Science Policy Unit 
unisco 
Place de Fontenoy 
Paris Vile, France 

Consultant and Chairman of 
International Committee of 
Weights and Measures 

UNESCO 
Place de Fontenoy 
Paris Vile, France 
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OBSERVERS FRCM ORGANIZATIONS (continued) 

United Nations Educational. Scientific 
and Cultural Organization (continued) 

Prof. D. Zanobetti Director, Division of Engineering 
and Technology 

UNESCO 
Place de Fontenoy 
Paris Vue, France 

United Nation» Succiai Fund 

Mr. A.A. Osman e/o The Resident Représentative of 
the United Nations Technical 
Assistance Board 

Poet-office Box 962 
Cairo, United Arab Republic 

UNITED NATIONS HEADQUARTERS STAFF 

Dr. Assai A. Aflfl 
(Director of the Seminar) 

Mr. A. Fedorov 

Miss Indira A. Kriehnan 
(Conference Officer) 

Special Technical Adviser 
Centre for Industrial Development 
Room 3205 
United Nations Secretariat 
New York, N.Y. 
United States of America 

Senior Economic Affairs Officer 
Centre for Industrial Development 
United Nations Secretariat 
Nev York, N.Y. 
United States of America 

Administrative Secretary 
Centre for Industrial Developaent 
Room 3202 
United Nations Secretariat 
Nev York, N.Y. 
United States of America 

D, Herts 

S.R. Williams 

Plot of those vho contributed parers 
but did not attend the Seminar! 

- Organizing integrated industrial research and development institutes 

" ^to'äoustrT86111,011 "* deVelopBient iMtlt^es 1» applying science 

F. Schippers   - Project-vis* management of an institute eervir-g industry 

J.L.M. Davson - The psychological effects of industrialization and organization in 
Sierra Leene 
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2. 

3. 

k. 

6. 

7. 

ANNEX IV 

AGENDA OP THE SEMINAR 

Opening addresses 

Election of officers 

Adoption of the agenda 

Ih. c^ept „i OJ.0UV. of tata.HU B1<mh and ^^^ lMtttutM¡ 

1,11   í^íS;.r,l0!"nt "4 PraK>ti0n «"*«•• t0 •*"*•». «„ufacturtn« 

».8   ürp« of t.chnologle.1 „4 .ocio-oonolc „„„eh Mrnns lndul>tlJr. 

4.3   Feasibility studies; 

k.k   Laboratory testing and standards. 

Industrial extension services: 

5.1 ÄäÄ£^ lMtltut« ** "» -PPactlon of „.uxt. of 

5.2 Scop, of tatataui Bt,»l« „.d „hoi,.. of ext.Mlon Mth0d<1. 

5.3 Consultancy services; 

5.*   Prob!«, of .d»pt.tlon »d t»B»tMl<« of Indurfrlal iaformtlon. 

Orgml«»ticn«l eon.l<tor»tion» im probl««¡ 

«.I   Hultl-purpc«, .p.ol.1, nation, „g!»«!, privat. »4 pfcUc i„.t«ut.,. 

S. c^rTÄritdt   0th" or"»l»M°<» •* «WMM-*. in' 

6.3 Financial policies; 

6.4 Froblens of staffing; 

6.5 Exaaple« of organisational structure of ease institutes; 

6.6 Bilateral aid; 

6.7 United Hâtions technical assistance. 

Adoption of recommendations. 
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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 objectives of industrial research 
institutes, taking into consideration the varying conditions and levels of 
development in developing countries. 

A. Research, development and promotion activities to strengthen manufacturing!; 
industries 

2. Discussion will concentrate on the institutional approach to research and 
development as 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. The importance 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. 

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

5. The 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 may include pilot projects,  processes 
or product design, economic 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 
development, un the one hand, and manufacturing on the other;   strengthening 
relationships with local industrialists and providing them with various consultative 
and technical assistance services. 

7. The effect of environment on research, and vice versa, will also be discussed. 

B. Types of technological and socio-economic research serving industry 

8, The integrated approach to technological and socio-economic research will be 
emphasized during the discussion.    Also,  research operations will be taken into 
consideration and attention will be given to team-work and the  collective approach 
tu the solution of problems. 
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t. ín?US*rla^ resefrch mfly take the fo• of discovery and utilization of raw 
material,  development  or improvement of production methods and techniques 
development or improvement of suitable equipment, operational researT quality 
control    marketing research, cost and economic profitability,  adaptation of 
production techniques  and processes to the local workers a/d'^ Iblens 
of absenteeism and labour turnover as affected by type of technology ufed   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. ' requirements 

C.    Feasibility studies 

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

Í2* ,Ííf^f0l\°Lthe  indu8trial ^search and development institute in undertaking feasibility studies vili be investigated. unaertaKing 

D. Laboratory testing and standards 

ì-ìi J?*** fr°m th! 1fb0rat0IV testing needed for research, the institute may be 
called upon to conduct ordinary laboratory testing to assist local industry^ 

ÍTÍS2„Í?SS2; **sme of their needs- How much of thiE 

ìt it* *? imf ríant  re!farch activity the institute may assist the Government or 
the industry in formulating standards of identity and quality for industrial 
products and materials.   This service, in some countries, is^one on an advisory 
basis and the regulatory activities are left to other public bodies to carry oui. 

15.   The possible activities of the institute in laboratory testing and 
formulating standards will be reviewed. 

II.   Industrial extension services 

It'•!** f[econVtem on th* agenda will include the discussion of the practical 
aspects of services provided by the institutes to the manufacturing industry. 

A. Responsibility of the institute for the application of results 
of industrie»! research "~"—  "  

\l\il   majy instances, the rates at which research results are applied by industry 
« 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 methods 

19. Industrial extension serves as a two-way channel between the institutes and 
industry.   While it assints 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 choice of a particular 
type will be influenced by the prevailing conditions.    Individual and/or group 
contact methods will be used by the institute.   These methods may 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 also be an important activity included in 
extension services in order to raise the productivity of local industry.   Such 
assistance embodies arrangements 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 problems on the spot.    The consultants are 
either members of the institute or may be engaged specifically to perform a 
short-term 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.     Problemi 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, equipment, marketing, etc.; 
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(b) General industrial information service which provides industrii 
information of a general technical nature which is of »ertönt .in?ustrJai 
industrialists.      Such information Z ïnc^ftrLds ^ÄÄ   ° ^ 

píeles0: etc• -ttrUUi 0PeratÌng ^-"^  industSaTXìis and 

technical fnio^ion;868* *'****' "** WltW aV*ilable llterat-e «* tracts 

manage«. Trainin8 •"""^ f°r the "** °f 8kUled tech^cians and industrial 

?^'(S.tS;Linf0nnRîu0n.needed by indu8tjy °«y * available in the country or abroad 
Uritì     C&6V.the institute *ül seek to accumulate it, adapt itTOBVII loca! 
conditions and transmit it to users.    The institute will establish contacts lit 
various sources of information locally and abroad. •*«>"»»• contacts with 

of'eaSerdírUfL10? S" ^vlth a8**ct8 of Priems, techniques and machinery 

111 • OrgaPlg&tlonal considérations and problems 

27.   The third item on the agenda will deal with the over-all organisational 
problems of institutes and will consider ways and means of ^cuXfaf estive 
institute serving the purposes of industrialization. 8ecurxn- an effective 

A.     Multi-purpose, special, national, regional, private and public institutes 

»^JS,J3C2ïïiVl11 ìnCl^ i dl8CUBSion o* organization patterns of industrial 
^^Xä'^SSZiJt^^ Ín AfrlCa and the """^ Asia and%8heriftl 

^L l^"** conditions and stages of development in deve]opinr countries will 
undoubtedly influence the nature of the institute.   A review of the follia 

A- te^uíu ^ * ?*'    ?' **°Ci* ^tiÎutT^ïcf sertsT^Llar 
co^T•« «ÌKT«* ln8titute «Weh 8«rv« more than one industr^and 
a whÓL   fíTL Í acíivi\ie8¡ the national institute which serves the country as 
tZllil I   <**£?"?• in8titute «Weh serves more than one country in the region- 
^A¡ byn1LtUStea^Ch 0PerateB ^»^ «* the publíc in^Äih 

B. Relationship with uni varai ties,  industry, development corpo», tin»,, 
private consultants and oth»r organizations and establishlentsTT" 
the country and abroad   

lo al^rîo«ÏL^•MÏ í?8tltutes «• not expected to function in isolation from 
exist SySTÌE or^niz;ti°n8. a system of co-operation and co-ordination should 
iSstrv TlÌÌLÌnìtitUte •"* ÄUt^ organizations, such as universities, 
ÎArlA^ — •*«~ • representatives 
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31. Possible ways and means of strengthening the relationship between the 
institutes and various organizations will be studied. 

C Financial policies 

y¿.    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 combination of two systems, 
such as contracts and grants? 

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

D. Problems of staffing 

3^. 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? What type of training of nationals on the job and abroad 
is 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 a 
specialist 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 industrial extension officer's training in methods and techniques of 
extension services will be given attention. 

E.  Examples of organizational structure of some institutes 

37» 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 

39. The policies and programmes of the United Nations to assist the developing 
countries in the establishment and running of industrial research and development 
institutes will be reviewed. 

.32- 



Iv*    Adoption of recommendations 

hO.    The reconraendations which will be adopted w +Ka o» 4 
of the various papere submitted and K^^^tZ^•^"• 
the recommendations, the participants will t.vl Í«? Place.    In drawinG 

possibility of i^l^rtl^tSTíAÍ?^ SÎÎÏSÎ10? the   « concerned. s ana Dy international organizations 
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I.    THE ROLE OF RESEARCH AND DEVELOPMENT FUNCTIONS IN  SUPPORTING 
INDUSTRIALIZATION IN DEVELOPING COUNTRIES 

Prepared by the United Nations Centre for 
Industrial Development 

Summary 

Industrial 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 durine 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, whether technological or socio-economic;  decisions from a 
proper authority, whether 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-utilizati on of such facilities because of the  lack or 
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 research and development 
establishments 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 needs of local environment and nre based on 
facts and knowledge. 

It is important to examine each situation on the spot in each country in 
order to identify the most suitable industrial research organization.    In some 
countries, provinces or a specific branch of industry, it may be necessary to 
strengthen the existing research centres or units by linking them more closely 
11^:\        ,   al devel°Praent needs *»d by completing their functions vith the 

addition of supporting units.    In other countries,  the need may be   for the 
establishment of a multipurpose industrial research and development   institute. 

In ! rlì   * iï%COl    ,ÌnRti^n and UaiSOn betueen lnflustl* and «»«arch - adapted 
needed?     8uitable to the sit^ion and authority structure in the  country - may be 

Introduction 

1. The process of industrialization requires many interrelated activity« 

"rc^hln Tr t0lf^ COntribUte •«**£* to tZ «*££££ of indu     lai 
growth.    These activities encompass such elements as industrial planning and 
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policies,    creation of favourable industrial environment,  development of industri m 
projects, implementation of decisions,  finance, trainine,  managed• ^^ndu!,trlBl- 

2.     The purpose  of this paper is to illustrate the role of research ,,.,. J„„ , 
functions in supports industrialization in developing countries ^^P'^t 

*•   ga^g.g.T"''"* "« **•*•»"*• Wti^n.supgrt^f 

c5
TÇv?wL^S 

ZAlZX%tìlTTZZt^lì7i^. - —" • to 

ïndusUiaUzaîïon e«?"0" °f indU°trlSl -"reb and *^°P«* 1„ support of 

(a) To survey,  study, and develop local raw material; 

(b) To develop new processes and improve existing ones; 

(c) To develop new products or new uses for existing products; 

(d) To improve industrial productivity; 

(£)   ^oJîcS;the teChn0l0gicsl and socio-economic feasibility of industrial 

(f)   Redevelopment of standards and specifications, 

(fi)   The choice of technology and study of scale of operation; 

(h)   The study of industrial locetion and site; 

(i)   To conduct marketing research and development. 

?uncJ2nsf°U0WinS are illustratiüns of »«V of these research and development 

Adaptation of foreign technology to suit l0cai conditions 

Un utiUze^^o?1^ ÌS îîU!Îanî'   and in devel°PinS countries local industries 
the TrZi     T^     Í    he available techniques and information.    However, much of 
-hicfÄ adaptation to suit each local environment - «fact 
ievelo^en^ iiluStrotes the need for on-the-spot organized research and 

Processes to suit local conditions 

i'e pîoce^nf^i°Î rmt,Bhl* CBïmim iS Widely taovn>  8nd ^ ^portant step is 
-ss na8'c^t± ZrìZB SM1"8 *£ ß68led Can at a hl3h ^-P-ature unir tor a certain period of time.    The processing temperature and time depend 
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upon certain factors, among which are the rate of heat penetration in the food 
beine canned, as well as the micro-organisms contaminating the fresh food before 
the can is sealed.    Local varieties of vegetables and sanitary conditions do not 
necessarily correspond from one country to another.    One of the crucial questions 
facing the manager of a cannery in a developing country 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 different country.    If he follows this method he may be under- 
processing the local food and causing food spoilage to occur, which,  in turn will 
affect the health of the population as well as the economics o£ 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 prolonged 
heating.    In order to eliminate guess-work, possible hazards or economic losses° 
such as these, investigation and research on the spot would be required to 
determine the suitable processing time for various canned foods and to establish 
national standards. 

Development and use of local materials 

8. One of the functions of research and development is to survey the local raw 
materials in order to find substitutes for expensive imported ones,  as well as to 
pllow for the full exploitation of natural resources and agricultural materials. 
For example,  through an on-the-spot study in Ceylon,  it was possible to ascertain 
the possibility of producing citric acia from local molasses.    The catalytic 
oxidation of alcohol from fermented molasses yielded the needed citric acid at a 
lower cost than the imported one.  1/ 

9. Although the technique of making artificial fibres is generally known, 
on-the-spot industrial research was still needed,  for example, in the United Arab 
Republic    in order to properly utilize bagasse in the manufacture of viscose reyon. 
The local bagasse was investigated and was found to include 25 per cent pith 
which is lower in cellulose and higher in ash content than the fibrous part/ 
Early investigations indicated that about 40-50 per cent of the pith had to be 
removed to produce pulp suitable for viscose.    Ac research continued in the 
National Research Centre,  it was discovered that it was only necessary to remove 
3 Per cent of the pre-hydratyzed material in order to reduce the ash content to a     Ï 
suitable level.    This research also resulted in producing 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 was a superior quality and 
a less costly product derived through the proper utilization of local material.  2/ 

¡J   Briefing en United Nations Affairs,  vol. V, No.  10 (Nov. 1957). 

II «    £   îîî0n?. £?"**""* <» the Application of Science and Technolog for 
the Benefit oi   the Less Developed Areas,  '»Possibilities of Producing Viscose 
Rayon and Nylon from Available Local Raw Materials and Blends with Natural 
Fibres , by H.M.  ¿1-Behery (United Nations document £/CONF.59/D/l*6), 
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Efficient use of equipment 

10.    Through research,   industrialists can obtain knowledge whieh n«v 1= * • 
efficient use of equipment.     For example,  investirti• .„*l\   *      * ì?        ° more 

be needed to assure that „aste is reduced,   Uff Ò? » tS'rl•J"Vi* "* 
hiuh rate of production is maintained, „„ich In turn raises woducífív,     M 
factory.    An e::ampl= from India Ulusirates ho„ an on-the    ,ot »w.v'í^        Í 

^    C        were rejected,   wing to the presence of air oockets in the castin-a 
which could not be discovered until the costings were'machined      ThlT^rlf ' 
owing to the air intake  in the cupola being insuffLLnt t ^duce^ ToíTstTnl 
suitable temperature,  thus causing blowholes in the casting.' It was discovered 
that the teuperature control was malfunctioning and the cupola was  improne III 
aesigned,  and that the air intake had been allowed to clo ,.    Correct ion was Lde 
and the capacity of the cupola was trebled. "    n° mnde 

11.    Much information is known about the efficiency of equipment manufactured 
dx^rentVI ^^^ -"étions.    However,  ukng the Le equipe under 
Product vi trraie1al COnditions ra«y res^ in frequent breakdowns^ lower 
productivity, a snorter span of life or hi ;her cost of production      For inst•> 
working conditions in local factories, the level of educalo     f persoLr or    ' 

Íd litri?• H°f Sand °LàliGt Ìn the area may haVe  an adverce efLct  on the weör rnd tear of machinery.    Through research and development in developing countri! 
solutions may be obtained to adapt equipment to local environment or vice versa? 

Laboratory testing and standards 

For eïtiT1?*1 fandardization accelerates industrial development in many ways. 
InLt^r^V*    !1PS conserve labour ont' materials,   it improves the output 
quantitatively and qualitatively;  provides a basis  for comparison,   inspection 
and settling industrial disputes,  and simplifies training of personne!? 

M?M JhroufT
1"dufrial research, advice and assistance can be given to the 

ttM^v,      Industry,  chambers of commerce,  trade associations, or individual 
standirdfn" J\^ ^f^*10"' application,  review and dissemination of 
°n£nt£ï•    t    TI* T1Ìty f0r inà»3tri«1 Products,  manufocturin - and 
engineering standards,  purchase specifications and the use of standard marks. 

1Í*    f1S° throußh the laboratory testing facilities of seme of the research 
organizations,  assistance can be given to local industry or government 
apartments to satisfy some of their needs.    For instance,   it may be necessary 

tt3 "T.      raly?e  the  Clay dep0Sit in order to ta• "s properties and to ^termine what extra elements are needed to obtain ceramic products of ~oud 

S»f^ Nn     £ J?V?I  *»o*"*lvltfr  Bulletin No.   J (United Notions  publication, 
•le@ No.:  W.II.B.U,   "Use of Statistical   Quality Control in the  Industry of 
Under-developed Countries" by Villiam R.  Pabst,  Jr.,  p. 1*8. 
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Marketing studies and development 

15. There are i.iany market ine functions which can be investigated,  studied and 
developed through research  for the industrial sector in  general,  a grouo of 
manufneturers,  or a Given factory.    Thus,   assistance can be  given to determine 
the potential market.    L'ho is the potentini consumer,  what and whe.i will 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 manufacture if answered scientifically. 

16. One of the functions 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 given  products. 

17. It is important to create the confidence and interest of consumers in 
national products,  and buying habits can be changed through an effective consumer- 
education programme.    The Government, the chamber of commerce,  or trade 
associations may seek the advisory and consultative services of one of the 
industrial research organizations  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 aost suitable location and site for the 
industrial plant.    The importance of proper plant location can be illustrated by 
rn example in which the choice of a chemical plant locación alone showed a 
variation in operation cost of $US400,OCO every year,  k/    After deciding on the 
general location of an industrial plant,  the choice of~the site can also affect 
the costs of building, equipment and operation.    For example,   the general grading 
and soil conditions affect the decision on the foundation needed for the building 
-./hich in turn influences the cost of construction.    Thus,  industrial research can* 
be of assistance even before a factory is built. 

Suitable technique of production and pilot-plant studies 

19. A new or improved .procesa may result in a better product,  the more efficient 
use of by-products or better waste recovery.    A suitable quality-control programme 
will ensure unifom quality,  increased output and lover-cost products.    Good 
production methods will simplify work and result in the efficient flow of 
material. 

20. une important function of research and development is to assist the country 
or individual establishments in improving or developing efficient production 
techniques and methods as well as engineering development.    An example frcm 
Nidria shows that the Federal Institute of Industrial Research was successful in 
achlevln5 mechanized ¿ari production in the country for the first time. ¿/   One of 

y   gg^igerln^ir. ^Process Industrie^,  Cecil H.  Chilton,(ed.), (New York, 

Ä/   va?U;ílS¿.RÍ8(Í9fó)Ín Nißeria' DeVelcpments at °8ho<""'  Nigeria Trade Journal. 
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the first major projects of the institute was the conversion of ty. *<+<      , 
cottage industry to production on an industrial scale        Aft.J traditionaL £§£1 
basic research to understand the scientific process involili    "T"1" °Ut Boaà 

from cassava roots,  enough information wa    obtained irS^P^-r?^^ 
capable of producing one ton daily.    The new process    víich Hvíi     P\      plnnt 

special techniques and locally desi-ned enuinmenÌ    iL  Vi   ,  4
involves the use of 

fflä Product prepare* un.er ¿*e^^^¿^^^^ 

Raising industrial productivity 

protection is not -iven      For initílnt'        * T    faCG a comPet"ive market where 

JLir^r^! i866" *?* high Productiv"y Plays an important role in a successful 
industrial development programme.    Higher productivity not only provides 

""ScSEiST ST** at 1Wer COStS' bUt al8° resultsl^ro'd 
;, '  hiSher WaßeS and an i^reased return on invested capital 

t^Äi£hl*"r productivity are shared bet— «» -^Ä 

S^St^TtiiSS^ i-:rs which lnfluence the seneral level of 

(a) Environment:    social tradition, human relations and attitudes,  natural 
IZTT'  CÎîfîtlC COnditionE> education,  level of nutrition sanitary conditions, etc., 

(b) lelì^lOCy:, faCwny loc^i°n,  layout and size;  equipment desifm, 
handling and application, and maintenance, product - technique 'of 

SsedTetc?;  deSÌgn and by_products' P°wer - tyP«.  source,  raw materials 

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

-o««,^ «iviB ùtiiex, ine Textile Industry - A Case study oi Industrial 
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(d) Labour adaptability,  attitude to job,  stability on job,  attitude toward 
co workers,  aptitude  for work,  ambition and willingness for improvement, 
wo'jes and effectiveness of labour organizations, 

(e) Availability of capital. 

2k. Tiv: various elements of increased productivity involve collection and analysis 
of data, research, factory surveys, training, legislation and the proper execution 
of ? programme ciecign-d tu raise productivity. Research and development functions 
can play o key rola in strengthening the working of policy- and decision-making 
organizations which are concerned with raising industrial productivity, whether on 
a national, local, or factory level, since institutional research can approach the 
problem in its entirety and in a comprehensive manner. 

25. For 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 standards to measure industrial 
productivity.    Through this measurement,  all concerned parties are in a position 
to effect improvements.    It may currently be an accepted practice in many 
countries to measure productivity in terms of labour productivity.    If the 
concept of productivity is thus limited,  the tendency to blame labour for 
inefficient industry may stand in the way of diagnosing the real interrelated 
factors which hinder progress,  and may also place labour in an unfair situation 
that might lead to unnecessary conflicts.    Various measures for raisin.;; industrial 
productivity can be studied and kept under constant review. 

26. The measure .lent 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 
problem in the community, while the real reason for the high cost of production was 
probably inefficient utilization of raw materials or the adoption of an inefficient 
process by management.    Research can play an important role in devising a system of 
industrial accounting which would be suitable for a given industry under local 
conditions and in disseminating this information throughout the industrial sector. 

27. Another possible function of research is to survey,  investigate,  study and 
analyse industrial workers' adaptability to and attitude towards jobs.    It may be 
discovered that such items as absenteeism,  labour turnover and lack of interest, 
which contribute to lew 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 workers' general attitude towards employment.    Programmes 
for improvement can be established when systematic studies reveal the nature and 
causes ox  the workers' varying attitudes towards industrial work. 

Pre-investment studies 

28. Industrial research may assist the planning authorities or industry itself 
in conducting specific pre-investment studies to determine the most suitable 
programme of industrialization,  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. 
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T 
29. One of the functions  of research and development mny also be th.- auüict-xrve te 
both the public and private sectors in the preparation of desi ;uo,   lechnlcn!   "^ 
specifications and schedules for industrial plants,   end in the 'subsequent 
technical and commercial evaluation of tenders. 

Other supporting functions 

30. Organised research can play an important role in strengthening tho 
comprehensive and institutional approach to industrial development.    The mere  fnct 
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 lonj run,  effect the attitude of industrialists towards investments.     For 
instance,  investors ir. developing countries need incentives to invest in 
manufacturing industries rather than in the surely successful and relatively 
easy business of real estate. 

32. The national authorities may undertake measures to promote industriel 
development through government purchase and procurement, industrial zoning and 
sites, facilities for hire or hire-purchase of buildings and equipment,  regulation 
of patents and industrial property, industrial extension service,  etc.    In this 
connexion, Guidance through research can be given to the national authorities. 

B.   Hov the functions of.' research and development can be implemented 

33«    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 establishment of a project may vary from one 
industry, locality or country to another.    Industry,  for example, may be 
established for the purpose of investment and profit making;  for the utilization 
of local material that is being under-utilized at present,  thereby increasing the 
value of natural or agricultural resources,   for the production of goods to replece 
importation and to save hard currency;   for the satisfaction of consumers'  needs 
in the area;  for the provision of employment opportunities;  for the fulfilment of 
defence needs, etc.    These varying reasons affect the decisions of the industrial 
planner and investor, and influence vhatever studies and research are to be 
undertaken. 

3^.    Policy-making, as well as decision-implementation organizations, and the 
management of production should take advantage of whatever research facilities 
are available in the country.    These facilities may be in the form of a 
multipurpose industrial research institute, a research institute for a specific 
industry, the research department of the Ministry of Industry or the industrial 
development corporation,  the national institute for standards, management 
development centre or institute,  the productivity centre or institute, the 
university,  the national board or council of scientific and industrial research, 
management or engineering consulting offices,  private research laboratories, etc. 
These various organisations are discussed at length in many of the papers submitted 
for    this Seminar. 
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>5«    In seme developing countries where many of these different  organizations 
e;:let,  a bacie  need for co-ordination end optimum utilization is required. 
In other coses,   a need is perhaps greater for one or more additional units 
to strengthen the existing organization linking  it to the industrial development 
needs.     In still other countries,  a ccupaign may be needed to convince policy- 
or decision-making authorities  regarding the  importance of institutional 
industrial  research.    Some countries may currently require the establishment of 
only a multipurpose industrial research and development institute. 

36.    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.     In conclusion, it seems that the 
question is not whether developing countries should or should not organize 
institutional industrial research, but rather whether these countries can afford 
not to establish such activities, regardless of what their form may be. 
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II.     THE ROLE OF IlIEUCTRIAL RESEARCH INSTITUTED IH DEVELOPING  CCUKTRII- 

Prepared by I. Malecki* 

Sumnary 

*        T!i?U!h!f &8SUineS that the SCOpe °f themes of the Würks of institutes would 
be established on the basis of detailed analysis of the tconcmlc and scientific« 
needs of the country, which have been set by the average and lon^-term plans. 

The reasons for which it is necessary to develop basic,  as well as applied 
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 tn adviser to 
the Government, as well as to national or private industry, are presented. 
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 Renerai 
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 'far.    Those 
examples are based on the author's personal observations in some developinr 
countries. r 

A.    Grounds for analyses 

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

(a)   Activities of industrial research centers in Poland, especially those 
taking place after the Second World War.   Working conditions ana 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: 

(i)    During the Nazi occupation and hostilities, about 60 per cent 
of the technical contrivances were damaged so that work had to 
be started on an insufficient technical basis; 

*   Deputy Secretary-General, Presidium and Council of the Polish Academy of 
Science. 
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(ii)    After the war,  industrialization of the country vas undertaken, 
vith the result that the  industrial production increased 3-73 times 
i.i the years between 1950 and 196I;   during that time some sections, 
like the shipbuilding industry and the industry of coal-mining 
machinery and large (up to 200 Kw) energetical units were 
established; 

(iii)    In 19^5,  Poland experienced a pronounced shortage of experts, 
owing to humai losses during the war and German occupation,  and 
to the six-year period in which the academic schools were totally 
inactive; 

(iv)    In 19^5,  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 
were already thirty-eight; the number has increased to a current 
total or eighty; 

(b) The co-operation 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 of the Institute 
for Basic Technical Problems of the Polish Academy of Sciences, and in his 
activities on the international field. 

2. The monograph is concerned with the main points of the daily sessions in 
Beirut (December, I96U) 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 and 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 
exploitation of natural resources is the chief economic basis; 

(b) The level and number of the body of industrial experts and of the 
academic staff.    This is an essential factor which limits research.   On the other 
har.d, one must remember that rapid changes are characteristic of developing 
countries.    In planning future research centres, therefore, a gradual 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 uony developing countries, there exist traditional and established forms of 
co-operation between science and national economics.    In planning research 
programmes for the ne\/ly organized or e:cpanded institutes,  si:, these factors 
should be considered; 
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(d)    Ine  institute's territorial sphere of activity.     Research centres   fallow 
n different scheme in small countries and work in a different manner in Lar-e" 
countries or in regions including several countries.    In African countries  '' 
particularly,   it  is essential to agree upon the region where  an institute is  to 
exert  its scientific  activities. 

h.       In spite of these multifarious requirements, there  is a  certain fixd 
standard of work for a research institute  in an average  developing country 
In this  case,  a mean level of advancement  is conventionally agreed upon when 
the economic,  social and cultural position of the country provides sufficient 
grounds for industriel research.    There need to be at least some be^innin-s of 
local industry, mining or efficient agriculture;  the country -lust possessi group 
of persons able to be^in (if not continue) research; the country's economy should 
provide for a certain allowance for the erection, equipment and maintenance of a 
research centre. 

5. On the other hand, up-to-date industry based on a native staff nnd an 
organized network of scientific and industrial research centres capable of 
fulfilling the demands of technical advancement are still missing in tue country. 

6. For the determination of specific features of the activities of a future 
institute,  it is essential to assume beforehand the economic and social conditions 
of the given country.    In general,  it is a mistake to transfer unchanged 
organizational institutions from the advanced to developing countries, os the 
money expenditure is unwarranted and the centres lack a discernment of the actual 
needs of the country.    Unfortunately, one must realize the enormous difference in 
the actual expenditures on scientific investigations in the developing countries 
and thoge with advanced industrialization.    Estimativi   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 onnual 
outlay per capita on scientific investigations amounts  co &JS78.I* 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 majority of developing countries tn,- 
respective sum is equal to $US0.1-0.3.    Even assuming the greatest possible efforts 
on the part of their Governments, this striking lack of proportion will continue 
to exist for a long time.    For this reason,  it is highly important to economize 
the existing resources by a judicious choice of the lines of research, which 
'..'ill be discussed in the following pages,  and by a well-proportioned disbursement 
on housing,  fittings and maintenance of the institutes,  and - what is perhaps 
most essential - by a Ion--range, considerate educational 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 
manufactured goods 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 introduction of an element of novelty which renders the products marketable 
and excludes the necessity of imitating foreign designs.    The sphere of original 
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activity of the industrial institutes is largely dependent on the field represented 
by the centre. Accordine to Polish experience, institutes concerned with technical 
fi'.-Ids ./herein progress is most dynamic (electronics, aircraft industry) carry 
uit original research in 30 to kO  per cent of the total working capacity, while 
for centres concerned with traditional industry (food, textile) the respective 
index is no higher than lu per cent, the remaining competency being limited to 
advisory, adaptational and designing work. 

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 work alone. Nevertheless, the original findings of an industrial 
institute are hardly to be expected to have an immediate bearing on the country's 
economy. In the developing countries, it is never possible to eetablish 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 some of the advanced countries. In the 
less developed countries, there is a certain disproportion between the peak 
achievements of scientific activities and the actual possibility of their 
incorporation, which cannot be dismissed from.day to day. This does not imply, 
however, that institutes of less developed countries should not undertake 
original studies, on the contrary, there exist important and pressing reasons 
for their performance. These repsons stem from the political and economic 
premises discussed below. 

10. Scientific policy in the less developed countries is even more difficult 
and responsible than in advanced States where the developmental processes are 
defined and settled. In the less developed countries, the** processes are 
barely perceptible and require careful protection and long-range anticipation of 
future demands. This is most e:qplicit in the sphere of original scientific 
research, which requires more tine than the erection of industrial plants; 
the largest of these can be built in three to five years, whereas the education 
and training of a team of research workers requires no less than ten years. 
The essential reason for undertaking original scientific investigations are the 
future ne^dc of the country. Hence, the research programme is a function of a 
perspective developmental scheme designed frcm five to ten years in advance. 
There is obviously no use in undertaking research on the construction of 
aeroplanes in a country without any grounds for establishing an aircraft industry. 
On the other hand, investigations in the field of petrochemistry in a country 
possessing plentiful resources of mineral oil are fully justified. 

11. OriginaJ scientific investigations are an indispensable provision for the 
education of an enterprising academic staff, a prerequisite to the attainment 
oi the level of current world standards. Frcm the psychological point of view, 
it is rather essential for the r-turning scientific workers to find in their 
country not only means of applying their knowledge, but also possibilities for    ' 
further study. It is a vell-kncwn fact that about 25 per cent of the fellowship 
holders frcm developing countries remain in the foreign educational centres, one 
oi the reasons - especiclly for the most promising of them - being the lack of 
prospects for creative work. In this case, at leant partial precautionary 
measures are essential for the scientific progress of the native country. 
Only when an industrial institute executes its own programme of research can it 
become an invigorating scientific centre. 
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7, IÌGT scientific research within an industriel instituto i- -Urtb-r 
advisable for educational purposes. Institutes of this type ni lit t^ to 
01  the qualifications of universities,  chiefly the condurci ' Í¿\ ^ 
stupes and providing the means for wirk towards do tor"    th .es'itM "h^ 
institute's competence. MH oe^ ;,itnih tiu- 

äot^r«^0^^^^^^^ l-tltutes or develop^ 
exclusive* for the use of ad•Î edd stri^ =   în„ uTu" "'"^ 
paradoxical, cvl„B to their independence f• pra » ¡1 de^df "„££",, 

institutes is based on fundamental studies cabled cut in í^tl ^lndustrial 

necelt/tV^ ££ SS"^'^^^..?-;!^.^!: t 

PurX^^eVth^f"S*1 faCUUUE has " " 3a=ri^f        h"   UUte' 

of industrial laboratories on basTre^rt'sr " i"   ftf Ä ^'W"" 
total; yet, for one thing,  the global sum Is substantial,  and Toi the otí T 

T¿ ttnÄtntTti: 22ici.r"-itS- ^ï: -"— 
eco„oiï\sAconceernercehïenriiïh1b/r?fh f•1"6 "" ^OEO °f ""»o-1 

Encoura^nÄthe 111 ìr ^ ^^ * ^^ aS an eß^ntial problem. 
necessaä to wLÍ«1?    ï*    ï T*•11 ln the industrial institutes,  it is 
vitran^nsumcLnf IT V?"?^' n°tiCed in flouri^ing scientific centrée 
oractical ZIÌÀ ?    financ*aJ ^ckground,  of a withdrawal of researchers from 
exDWatioS «£   ¿   m0re abSíraCt 8tudleS-    A certain ^nt"* of speculate 
• T ! ShCUld necessarily be carried out; however, the appropriate 
competence for this type of work should belong to the universmes! 

Conclusions 

CESASTE sfasassi"« ~——- 
cases)^    MreCt applicatlon in the Processes of production (rarely encountered 

scopeCbLessarînThrïktt0 ef ab"sh a basis ^r investigations of a greater bcope, necessary in the future for the country's econcny; 

-57- 



(c) Organization of o í'ield of activity for creative research on the part 
of highest-grade experts, 

(d) Tuition and training of specialists by promoting work for scientific 
degrees and post-graduate studies. 

15. Original research should be oriented by: 

(a) i-resent 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 necessity of organizing a substantial base for future studies 
and the requirements involved in the specialized education of a scientific staff. 
Hence, an institute should be encaged 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 countriesj 

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

D* Role of industrial Institutes in the adoption of foreign achievements 

16. In the developing countries, this function of an institute is of prime 
importance. Industry in a less developed country can be modernized by several 
means. The easiest way is to work on a full foreign licence, in which case 
the erected plant is entirely under the control of foreign experts and the 
exploitation follows exact instructions. There is no need to emphasize the 
numerous 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 local means, \/ritten solutions requiring a highly-qualified staff. 

IT. The indirect way consists in an adoption of foreign achievements with the aid 
of foreign experts who co-operate with the local staff. Polish experience in 
these matters has revealed that in the early post-war period 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 
production, usually on a greater scale and exemplifying a subsequent stage of 
development. In some cases (e.g., the construction of a 2,000-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 situations wherein the assumption, on one's own account, of 
the designing and construction work creates a better position in purchasing a 
licence, so that the economic effects are highly favourable. 

18. Among the many institutional forms of activity concerned with adaptation, 
the folloving are the most typical. 
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19. In the engineering industry,  these activities include: 

(treailtHrocetreV' "" U^0l°^ >—  chiefly the dressy 

(c)   Adaptation of the produced wares to requirements of the local users. 

20. In the buildlnc Industry, there are: 

needed t^HTrlT " C°nStrUCti°n 8Oluti0ns t0 *** cl^ic conditions , .d 

(b) Application of local building materials and their improvement; 

(c) Designing of buildings and machinery. 

21. The exploitation of mineral deposits includes: 

*¿SL£2£¡££local con41tlons of -tbed*for 8eo1^1"1 - 
(b) Geological reconnaissance; 

(c) Adaptation to local conditions of drafts of mines and winding sear. 

22. In the chamical industry, the activities inelude: 

(a)   Acquiring knowledge of technological processes on a laboratory level; 

scaled p^ion! * 3äbon%^ ^perience to a pilot-plant (serai-commercial) 

23. The schedule given above portrays the adaptive role of institutes   which 
simultaneously perform designing, constructive and technological work     Tn elfect 
a typical research institute and a designing office become merged. ' 

2k<lu POli8h *u*horities »eve recently decided to unite several designin- offices 
with research institutes of the same branch.   Many other centres al£o& InlllZ 
such design bureaux.    Institutes of this kind are usually o success.    Main 

tSnSL?í°f   b?&• t0/ïe incIuBion in «* waking scheme of institutes of 
Ív2     11 It T?lemf COfistinS in the •<*»«« of questions o. the know-how 
JKL 5   ï   Ï     V tracing, or an adaptation of a machinery design or of a 
tre»t ,nî ^e?îr0niî ayP"ances' is *uch e«ier than reproducing the heat 
treatment oi the material or preparing sub-assemblies. 

^nJff» ^f'8 ^erlence Provided the following example.    Soon after the 
ofSliï!î coar'    f^ radí° enSineerin3 reached a high level of construction 
ox wireless sets and television receivers; yet, a fairly long time passed before 

io Zh««ÎL°Îv,SUï"a8S!mblieS Wa8 Under ful1 COntro1'    There is sti11 * necessity 
ÌìJMÌ*   t ^Portance of the engineering aspect of production, which is 
liable to be overlooked within institutes preoccupied with the ipore effective and 
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le-s troublesome assembly and construction problems.    Engagement in the matters 
oí adaptation requires from an institute highly-qualified personnel,   substantial 
technical background and thorough training.    Hence, the necessity for detailed 
specialization and continuous employment on the part of such institutes, which 
ara\/ heavily m the  financial resources. 

26.    In making decisions, special attention should be given 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 

SíÜh íü íffb0Urínf COuntries could co-operate in organizing a regional institute, 
which could be certain of obtaining 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 country'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 
^l^Ü       eTr in,a solution "»supported 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 tTe projeT 
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 ou? semi-serialized 
manufacture (low-volume production), especially in the institutes lacking 

8cal?ewhich ZJSl P¡TeS8 ?í Pr°duction could be c^d m a quarter-commercial scale, which permits the verification of premature designs. 

27.    When intensive development of the industrial base is carried out by domestic 
means,  errors are inevitable;  at the same time,  however,  these fallacies «TS» 
source of useful experience, provided it is noi too expensive.    Eurîng the peaf 

TftoSlI ^?ftmentE in i°lanî> When in fiVe yearS* "« Plants of agtoïalPvaïue 
tondini ¡rîoï? *"" Subßtantiated' ^^ ^signers usually committed the 

th.    (îi    Uînfce8?apily furious "casing" of industrial establishments, which made 
the ratio of housing expenses to the costs of machinery too high; ' 

futaie    Exce88l!e "•"«•»mg" of the production engineering, which rendered 
future improvement and renewal of individual elements difficult; renaerea 

electrïc power?" C°"Sideratlon for the economic »** of materials, fuel and 

The pa*t errors are mentioned here because of their frequent reappearance in 
similar aituations in other developing countries. appearance in 
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Conclusions 

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

29. The scope of adaptive work is related to the industrial branch.    As a rule 
hoyever, the  institute is encaged 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. l n" 

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 can be largely diversified and 
responsible;  in the developing countries they are exceptionally important in 
VACW    vi • 

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

A    *  ib)   M?n*Sement Personnel often being inccapetent   and unable to make 
decisions without the aid of experts; 

«*    ^(C]   ^e techl\lçal Btaff of industrial centres having a low educational 
standard and requirinc advice to cope with the every-day, simple working problems. 

33Z /íVí,ory functione va*y in dependence on the recipient institutions, as noted below. ' 

Counsel for governmental agencies 

34. In*»£i;l institutes of developing countries are usually State-owned, or, 
at least, State-subsidized,  so that counsel for the Government is one of the 
habitual functions of these centres and includes the following affairs. 

Estimates of the actuality 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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1 
Teams oí  expert::   represent those who can provide the ,iost authoritative advice 
and are much more  competent than techniciens who are permanently on the planning 
staff. ° 

36. The engagement  of experts in the institutes  instead of in offices has 
another aspect of importance in the developing countries.    Several times  it was 
emphasized that most  of the Graduates of foreiGn universities work  in the State 
odininistration and make no effective use of their acquired knowled-e,  which 
gradually becomes obsolete.    Apparently some 60 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 technical  activity constitutes an antidote against 
the assumption of a clerk-like attitude by worthy experts.    In some cases,  a 
rotation between production plants,  institutes and offices might be possible, 
yet it is difficult to perform on a broad ran :e, especially in respect to older 
persons. 

Supervision over the performance of engineering tasks by country or foreicn 
associations '"" * "" 

37. Institutes may carry out a preliminary appraisal of the necessity and ran^e 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 
receiving procedures on behalf of the user of the object.    These are not only 
fornai administrative functions.    Millions can be lost or saved,  depending on the 
quality of their performance.    Likew.se,  it should be considered that the ' 
advisory, and, at the same time,  supervisory,  staff of the institute can learn 
much from the fore i-n company.    It has been noticed that often this is the sole 
opportunity of gaining a thorough knowledge of the technological processes,  or of 
gaining experience which 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 transfer of the works to regular exploration? 

Counsel in non-technical problems 

38. In discussing the foregoing functions, it is sometimes hard to distinguish 
economic and social problems from the technical matters. One must realize that ¡ 
while an institute carries out its own projects or supervises foreign ones it 
encounters several economic and social points, the solution of which is beyond j 
its competence. On the other hand, institutes are entitled, and even obliged, ! 
to call the uoyernment's attention to the economic and social consequences • 
following particular resolutions in the sphere of technicalities. In Poland ' 
the introduction of econome evaluation into the activities of industrial ' 
institutes was greatly emphasized during the last five years. It is not only a 
mrtter of orGani,xn^ bodies of economic calculation at the institutes the point 
lies in training the scientific and technical staff to take a critical view of 
the economic, as well as the technical, aspect of their work. Among others, 
research centres of the building industry, where each new material or building 
element is closely scrutinized fÄm this standpoint,  can serve as examples. 

39. In the developing countries,  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;  an 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 phenomena. 

• tf- 



hO.     Some lar»e  industriai plants  and several smallrr p,ui,Hci 

¡sss¿¡?¿ss r& =r: ~ li??—bum in 

has  alreody succeeded in accumula-i „7T o  *-   ?    Z,   , Acnde.riy   of Sciences 
sociologi ctan^ÄSES 1 ,S" £    f TX"'oft i ^ °T* 
such centres of developing countries seem toi «¿hlv Sr,hí„      !    yPe ln °U 

cnrried out by country means     T„ „,=„,, „ V   !!      !   ^ lesirnbLe and con only be 
institute of the •£Z ZZusÌLT? hey Can be tatrUSte<1 to • i"*"rtrt"l 

Counsel for industrial institutes 

conceL"t:^erroeo^%nf1iffLh^0:\n0ftfH T^T^ l°•* * »»«««f involved with the necessity S?Ä       technoloEical processes;   problems 

and their U.^l^S.TcÍSíAA;  ^"st^ ** 'W1UM
" 

likely to occur in poorly industrialized regions'. SeqUenCe Se•s 

factories"^•?. ^ ÎA^^A^Î^1^'1 "*"»~»t »» 
worked out in an institute ¿S^L• „ Í"   f the lntr°<^tion of improvements 
established their mm iSorZrLT iñstSL ** ?f V'   *E the plants 

duty of simple advice ontnT2^^^¿ZZ.'ZT¿Z ^ 

bulletins, „hieh caí b^^L^aVínfo^uirse1"""!"0"0 "' lnf«-tl" 

»elsu^t'provin^o^rïn^t1^2 T7 *?* °' «^rtl»' '"« 
factory and its laboratori, = i"*ustry>  „"» LesB efficient the equipment of a 

instate ì'L: tws10^"; «euyr
0f
,Sithfr ?Q

T? 
to CMSUU

 
the 

is an important function     It em ÎZ ÎÏ «   institutes  in the developinG countries 
be able to provide all ïhose sZlcL    íí ^ recfmended «><* »" institute should 
measurements' or the dan'e, to h«UhM ,    i ^ f 'V' PreClSl°n <"' 
isotopes) recuire the „¿ o   . ! (e.a- handlins of uncovered radio active 

nicroslope) or^ne^r 2 ¡AAÏ ¡S».•" ("8" ^^ 

Conclusions 

and fï LlXt^Íe^Le8^1' ^ "* ^^  fUnCti°nß *>' th« *•t 

oi\n2:ssi
1^ä2is.1,i,w4,v the institute shouM c-tribute *° «" «*~* 

íc7oncminÍda!ÍM   f an in8tltute 8hould include a universal scrutinizin, of the -eoncmic 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. 

^9.    While providing expertises and measurements for the industry, an institute 
Ghould 5ive priority  to orders requiring the use of unique,  costly apparatuses 
r>nd to those where inefficient measurements may result in a performance harmful to 
the personnel's health. 

F. Education and training of the body of employees 

50.   There is currently a world-wide tendency to transfer partially the function 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 where there is a permanent shortage of teaching personnel,     nevertheless, 
education should by no means range 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 often 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; 

*u     (b>    c°urses> exhibitions, lectures,  etc. to inform the body of technicians on 
the new findings in the institute's competence.    It is primarily 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 
scn6rncs 1 

(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 recent^,  the e ' 
activities were in the sole competence of colleges, yet the experience of several 
countries proved that,  in nay cases, an 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 îhe practical! 
technical problems;  frequently, the  technical equipment was superior to thai of 
the university      Projects of large investments, or studies of new technological 
processes   can be an excellent starting point for post-graduate studïes   in 
SÍÍÍH       1° ^J^eoretical "P"t, they ere of practical use.    Likewise" the 

Polisón! on So T f f1" tOWard an aCadeffliC degree 8hould be mentioned.    The 
Ir ttu Í     ? f f d!SreeS 8CCepts elaboration, wherein the various parts 
of work can be carried out by individual post-graduate students.   In practice    such 

iZ^eZTe Lfsft0ïï:t:
re

h
United a1 T StUdied t0piCS included irS'^serï pro0ramme oí the institute, have already been carried out; 

(d) In countries where the academic personnel is limited in number   the few 
available experts need to be fully occupied in research and educate.    TheÍefírl, 
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iSÄÄSiviZ\ trr
v r l:„:° corne the «««-""o - - 

che t„o centres is not too ,r at âïd the faultv tL\Pr°Viäid the di!it="- »««e» 
j     -ope or eaucational active „r the SsÄtst ^esto^^0"'   "'" 

j     Conclusions 

51.   An industrial institute should be en•-^ <„ ^ 
training on a „10, level,   of . ï^eYSer o" ^sonT      " """ "í"1"""« 

äate-s Är.tP
i^rair«:^Ttri„xiieVlth ' r-"1^if - - hish level, it can teach nosWr-d»!^   Í institute's expert staff is on a 

theses,    ¿nent Lm^rs EîïSï» Sers*?* ^^ d°Ct°raL ^ maSters' 

in¿usÍ?L°A^ • social type, public by 
field.    Only too frequent^    the ex!LÍ¡ îlî Î    .ÍS8Ue a regular P«"i<*ical in its 
publishing ti^-coSn^ou^iríflíf ^    8ire/0r di8tincti°n ^ds to 
publications of an industria?TSiStf!Ü ÏÏT?00* *** °n a lw level*    AU 

requirements of readers and ahc^îd !ïV ^ Î! br°Ught lnto line ""« the 
activities.   ft.'SSÄ^ SöSSS Índ S" * '^ ln ***** 
publication should first be considered     ?n ^L* ^ nfcessa^ for its 
applying "small polygranhv" i•tl»l J'n Í +     Ï Ca8e8'  the8e rea80ns stand for 
thest institutes^LLTaoîc   Ld K^lJSSS^' "£<"* *M **** °f 

findings.    Experience in the Union of SïSîlSîSîîî L °" Jheif own «nd foreign 
advantage of this type of nubile• b0£et Socialist Republics has shown the 

servicing of „aching 2ÄT^^Ï^•t£
t;Il;SÎTtl0B,•?l "" 

ascription cTÄ^ESS ^S^^^i^^ 

information cards abeut problems stuSLdîSî   inforf*i°n-    In8titutes work out 
end then popularized by t^CentraÏ institute ?*"? Ì"'8^ ^ CardS are »°°led 

system has its merits and   auîï       t Information and DesiSn.    The 
countries,  ovin- to the ii»îSÎ :   Î       ?' however> that in the developing 
estabUtó«n¿te«i£ n^rk „?? f ^.ï86"'  *""* iS USUally no r^ •<* to 
only l^«"ïf etSSSaï SfTSttiS SScT" *" ^ ^ 

o^P^SSS2?1SîrîS1îS2.ïî^; hr "indirect effect on the technicai sta^ 
thePconïrol 2f qualÍÍv      S^íí ï??•' 8l8° P°88lble * standardization and ontroi or quality.    These activities are unjustly regarded with contempt, 
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whereas they are or great  importance for industrial progress and the acquiring of 
so-called "technical culture" by the personnel.     A few unified systems of standards 
are currently a reed upon.    There  is no necessity of establishing s  discrete system 
of standards  in each country.    Usually the developing countries recent the standards 
of advanced countries with which th-y are in contact.    The actual  introduction of 
technical standards  requires co-operation among; experts;  it is not  recommended that 
foreign standards be  popularized by purely administrative means. 

58.    In countries with a centre for problems of standardization (e.g.,  office of 
standards or board of normalization),  there is  no need to expand the centre into a 
large agency.     Centres of this type ca.. easily charge institutes with the 
standardization operations.    The functions of institutes in this field may include: 

(a) Choice of future standards.    Under conditions prevailing in the 
developing countries,  it is not necessary to introduce a rigorous standardization 
similar to that in great industrial centres.    It is sufficient to select a certain 
number of standards most essential for the country industry, 

(b) Adaptation of generally-accepted standards to local needs.    For example, 
several standards are based on climatic conditions of the temperate region and 
require adaptation to tropical conditions.    In some cases, it is permissible to 
admit a higher tolerance of production within the local range; 

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

(d) The application for domestic industry of various standards established 
for the internax use of large industrial plants and trusts; 

.. iîL,00^1"01 0Vei the aPPlicatl°n of industrial standards presents one of the 
most difficult problems.    Legally acknowledged standards need to be established 
judiciously,  as in the event of difficulties in their application and supervision 
they remain vague, thus detracting from the standardizing authority.    The 
industrial serviceableness of a standard is the best warrant of its actual use and 
therefore standardization may gradually become customary. 

59.    Standardization includes, to a certain er.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 factories.    The letter bein^ 
most numerous  in developing countries, an introduction of the quality symbol       ° 
appears to be advisable.    On the other hand,  it seems unwise to burden industrial 
institutes with these administrative functions;   an institute's role should be 
limited to co-operation in establishing technical conditions of qualified wares. 

Conclusions 

ÓO.    An industrial institute should assume editorial activities to the degree 
required for the readership of the country. 

61.    Institute publications should furnish quick information compatible with the 
level of readers. 
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02.    Within its competence,  an industrial in<-ti*-,,+*>  »u~ ^ i 

conditions for products marked with the ¿Ut^o! hl"    tICi",lc"1 

H«    Final remarks 

64.    Observations and conclusions discussed in +v,<e »**•.«  , 
part, to view, of the or^lzelTot the £tat Ls.tôf ^MtT•'^" 2* mUUt 

In opinion, on the scope of an ln.tltut.USLf?•.   ¿. î   P       of the dl"e»nce. 

however, tuition .hould not be ccSïned vî?h" ïSîïï. -.IZ^t   ?" the whoU- 

"' are expected to assume a permanent status. 
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III.    ORGANIZING INTEGRATED INEUSTRIAL RESEARCH 
AND DEVELOPMENT INSTITUTES 

Prepared by David B. Hertz* 

Introduction 

1. There is provine awareness ou the part of Government policy makers of the 
importance of industrial research to economic development.    But the undertaking 
of industrial research requires economic and social resources.    The developing 
countries simply cannot afford to vaste any ox their usually very scarce supply of 
technically trained manpower.    These resources and the needs of specific nations 
must therefore be carefully considered if attempts to encourage the establishment 
oí industrio 1 research organizations,  either in industry or Government,  are to be 
successful.    It is Generally acreed that the integrated institute approach to 
industrial research holds great promise for tli3 developing countries, because it 
offers a means that might not otherwise exist for them to co-ordinate their 
industrial research vith their needs and resources,  and thus achieve results that 
could not othe n/ise be accomplished. 

2. The advantages of integrated research institutes come through the economies 
they offer in the co-ordinated utilization of the three key limited resources of 
the developing nations:     trained people, money and time.    The financial economies 
achieved by consolidating research efforts in a central institute often make it 
possible to provide better research facilities than could be provided through 
specialized institutes or individual industrial laboratories, since costly 
duplication of xecilities can be avoided.    The economies of consolidation should 
also allow the institute to undertake research projects beyond the financial and 
technical 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 
scientists 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 manpower and financial 
resources to those projects that uould be of greatest benefit to the entire country. 

k.      As permanent organizations,  research institutes also make possible the 
gradual building up of a valuable reservoir of knot/ledge on the industrial 
problems specifically related to the developing nation's progress.    This is 
especially true of the integrated research institute, where experts in many 
disciplines - technical,  economic and scientific - bring their knowledge and 
experience to bear on the solution of industrial problems.    The reservoir of 
knowledge and experience 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 potential relationship of 
an industrial institute in a developing economy to resource development and social 
and economic requirements, and indicates the types of technologies that  such an 
institute  could o^fer to meet the national needs. 

*    McKinsey  and Company,   Inc.,  New York City. 
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5.       Providinc an institutional framework will not,  in itself,  hen/ever      u—t • 
suitable  econcnlc de ve logent  results.    Research undertake by ou h n ^in"utu " 
would be worth while only ir  it helped to  solve si-nifie-nt irduËt   'Vi'  V,"t^tut- 
probes      Research institutes must  thererorc be or"an zed n    ^n n^     ^" 
opecifically to meet the industrial development needs of tho cno rorin      *\ , 
essential to the  success of the inteGrated institute,      d      ;¡      t      "t        !"' 
alture of the developing countries,   is UK   joining tether 'ínoío Central Lv   H 
practical economics and practical technology.    The proper „i    „S a    ì n    

bVtlj.°1
I 

development requires the skills of en.ineerLa,  seien fand ecönö ii^    ^well " 
broad and specific knowledge  and understanding^ technologyproucUo^osS 
alternative processes,   and potential and actual raw materials.    The är^e   - t^ 
oaper is to review the role of research institutes in solvin, indwt H^roMc^ 

Sîat SiU^ °S,OrSniZati0n COnCeptS  and **»ini»tratiVe  policies      'procedure that will enable the research institute to  function effectively. proccaure" 

A. Iiegulrements for effective research 

6.      If industrial research institutes in developing nations are to be effective 
n^onrf /     HtW° TC^i^nts'    Firstly,   theymust concentrée aîl the ' 

appropriate and necessary technical skills on solving specific problenf of 

¿oÄ :ctnrrnSlaíÍng theSe S0lUtiOnS int° ^«tions that"; Î    lend to positive action anc  improvement in the industrial sector.    Secondly   thov It 
focus their research on the critical problems of industry  in ïi"h 'of the specific 
technological   economic  and social conditions in the devkopL "nation      that is 
they must use the integrated approach to research. '" ' 

oolvlnn the nationrl problems of industrial development 

Is «elflL^M^ ff ¥** °f reSearch instit"te conaidercd here is to serve new 
tereforïo solve cHtrr-    5* ttP,t "***««* of a research instate 

roJCetU eîniu:te:rh
t
af w^ are Iikely t0 be a^lied research or devest 

invests  or finanei!l   f"    T  "^  °r at the reqUCSt  «^Potential entrepreneurs, in-essors  or financial supporters of nevi industries. 

J*  T.e
Sin<;e *he/"Stitute   •?ould J«»tify its existence as the research it   -erfornr 

esour es tllll ïf ^ F*•*1«* °f the natÌOn' a *** ^ <* istituto 
Txne ïLîïîSî ï    U ?f ?    Ually imPlementinS research recommendations, 
ork o? Se 12?iï V'T^ USefUl re8earCh reSults-    Therefore, the early 
Ü   i?      instiíuíe should be planned to rely as heavily as possible on 
hîst^ fnerated technology; the role of the institute would"   to apply 

this technoloay to specific internal problems.    Thus, the  proper choice of 

-ct^ïc^îSStÎ^«." TiV? indUStry mlSht PresentaPSLm\tondfthe 
;,;     Í1 * afac "y OI * local manufacturer, but be well within the 

Í leased i?s LnLrrrCh lTtÍtUte Staff•    AS the Staff of the i^titute 
nteïï'ted ILT    *noulfiäee and " the nation began to recognize the value of 

"seaí Í direc e
arï^ T+T* ^ C°Uld begin t0 Wrk on bropder Polens and 

*w and oíd Un qUe pr0blems  of th" country's industries,  both 
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Using the integrated approach to research 

9. The Goc-ind requirement Tor the industrial research institute is that in doing 
its research it snculd take i ito account the dynamic process oí economic 
develop^-Tit. Industrio! and economic development means that unusual and dramatic 
eh- nges are takin ; place in many sectors of an economy. The existing economic 
structure is being modified .;>nd aujne..ted; a new structure is being built. 

10. Development is not a single process, but the result of many interdependent 
economic, social and technical forces within a country. These interdependent 
forces must be considered if industrial research is to support the development 
process effectively.  It is pointless, for example, to develop an industrial 
process that industry cannot use because of social or technical limitations. 
An integrated approach to research, which combines the talents of researchers 
with various technical backgrounds, can make possible the careful consideration 
of the ruiltifnriouc forces at work in a developing nation. 

11. This balanced approach to problem solving could be provided by staffing the 
research institute with economists, scientists, engineers and technicians, and 
co-ordinatine their chills on individual projects through team-work. This would 
give the research teams o broad perspective on hot; specific problems relate to 
other phases of industrial development. The need for detailed technological and 
economic studies prior to any intense research cannot be over-emphasized. It is 
essential, if industrial research is to prove effective, that potential projects 
be scrutinized with the greatest of care before any hard research is undertaken. 
Further, it is equally imperative that the researcn teems examine the industrial 
potential of their nation or region in te;T.is of already developed activities in 
other countries. To a large extent, their job would be to adapt the vast 
technologies of the rest of the v/orld to their particular sector - not to 
re-invent the wheel. The job of these team would be to find analogies in the 
industrial complex of the world economy to specific raw material, process and 
uarlut situations in their own country. In the established research institutes 
ox the developing countries, such an approach has been the most fruitful. 
Communication among the various disciplines in such teams would provide a 
stimulating environment in which to work and should result in more creative 
solutions to nrobleras. 

B. Organizing for effective research 

12. The organization, administration and staffing of a research institute must be 
designed specifically to help the institute meet the requirements for effective 
inoustriol research in - developing economy. This must take into account 
available resources, economic needs and longer run training requirements. The 
integrated-tean approach to industrial research has already been mentioned. To 
set the stage xor the way the institute should be organized, the specific kinds 
oi tacks such an organization could undertake will be described. Thus by 
unaerstanùing the end results expected from a research institute, it becomes 
possible to develop an ideal organization. 

'.'hat the research institute does 

13. There are three critical activities in any research laboratory: project 
selection, problem solving and the translation bf problem solutions into economic 
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results.     IJaeh ceo ;e 'voulu  ix •nefit  r.oi.i the   iiitcr.nL 

-i 

Î 

i.;ure II  illudete* the  critierl Btcps   in i^lo^te, 

Gclectiiv; nro.icctr; 

eu a  rroch  Lo  reni 
reseco!! act« vi o;. 

1':.     Frojeet  screenin    a>ic   nelertinn   >no+   %„ .   , 
the objective, o.   ,, „lion'ÌT^ iniíi    teT^ ToZ^ntV'^^   > 
should be  tac responsibility o, the director of the"i ¿iltlì',     I       ^^'^ 
objectives must primarily reflect the needs  of\iinU '  GtncC  t,:e:"e 

available  to the institute.    In detemi îr* 1        J«»ntiy,   in te,u, of r^oureen 
director of the institute should work'   loselv" ' i?^  °r ^ C0Untry'   the 

industry.     Once objectives ore de ermineti    ìt       !      u Govern'-1'"* •: «iti, 
to hat; «ell they 8¿rve the c^nSJ^u'tSíT8 ^ ** evaluated —iin, 
they utilize the institute's ôwn^e ouït      In cLT.ti.'l    ° ^ ^ elVec"^ 
screening is the evaluation n-r aH-Q„    I essential part of project 

those prisais seLS• píoj8 ^Le^SS ?"*   ,      prlurlt» """"''    "' 
are scarce in develooin? nation«    th»   •?      ? ^^nlcoL and scientific rescur.,»; 

putti„s those rescurœs^se vherf tïS°5ûto „^V °" Sh°Uld * Elv*" tu 

to the specific industry and to ïh!î „Son as a vle      (Sem- P°"Í?B I*'"• 
in over-all evaluate of project proposals are dUcLeo. loTdl^¿TZ)'""" 

Solving problems 

^¿^^ lllZiTT o-      Tee, 
££ Sä. SäTE ^erc" n--:^:f ä~,, 
helping industry to use rísilts      ÍSiSí/6""0*1 °? the Pr°Ject'  bufc sIso f'^ 
in its contacts with iLístrÍThfte^rorn8Gem,ef WULi W°rk Wlth thc team 

implementing new techniqueHnoJd exteM tolTiï^Vf * infust^ iri 

r^e^^^ 
consulting assistance? a^   veil a^hïrr"      ^ educational and menaient 
A problem'cannot be considered solved untiì ÏST* ?° "* nati0n'B lnd«Bt*«- results. nsxaerea solved until industry is actually usina research 

Transferrin/; results to industry 

'ede,sannn:r:::f trruíwpse:!!ire£uit ^r1•1 cha^e - ^— ^ 
review and intention T£^£^^t£ *»*"*»? «*•*"* would be . 
industry to ensure effectif imíwntn^      VfJr0per transfer of results to 
able to communicate th^nlfÍS o7ïïfírr,'    ì\ft "*?'  the ÌnStitute VOuLd be 

just the results of one s^ec fL pro ect      ^A^•1^ ^ <*****«<* " not 
accomplish these criticáoste^iHne Íesearcí eci7i't, ^^T" %° 
institute would be able to use the resoles S the in/tU T ?1Pf5torB °*  an 

advantage for the nation's industry institute to the greatest 

Ideal organization for a research institute 
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through the institute from the time it is first suggested to the time when, if 
undertaken, it is finally implemented. Figure III presents an ideal organization 
deci ;ned to fulfil these needs. This plan of organization includes: 

(a) The director of the research institute, who vould have over-all 
responsibility for the institute; 

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

(c) Four major research groups, organized according to the technical skills 
required for industry research in developing nations. These are the research 
firoup, the development group, the economic analysis group and the operations 
research group. 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 
emphasis should be on development work or research designed for imirediate 
application in industry. The development, operations research and economic 
analysis groups would be concerned with these industrial application problems. 
The fourth group - research - would be concerned with basic research and applied 
research relating to specific problems unique to the country's industry; 

(d) 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 a nd financially feasible to have a centralized technical support 
services group. Adequate support services promote efficient research activity. 
The other staff 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 
work and adaptations of proven technology, 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 external support services for the 
institute. This would include responsibility for manpower planning and 
utilization within the institute and such key personnel responsibilities as 
recruiting, staffing, and developing and motivating personnel within the institute. 

19. Since the key to the success of a research institute lies in effectively 
performing the right projects, projects should be evaluated and selected with car*. 
Each project should be considered from three points of view: (a) its effect on 
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the national economy; (b) its effect on the particular company or industry and 
(c) its effect on the research institute. Both lonr.-term and short term effect 
should be considered. ' u' 

Effect on the national economy 

20. How does the project rank with others in importance to national economic 
development plans? Is there a reasonable choice between developing local 
industrial production and importine the goods, and what are the relative on.t, 
^nfL ^V^ Pr0jeCt increase or ^crease employment of nationals? "„hat 
skills and training are required? Do the supporting industries required to carrv 
out the project exist? Will the project stimulate related and support^ 
industries? How long will the project take? I/hat guarantee or othS fLncial 
commitments may be required? mianciax 

Effect on the company or industry 

^'.^í?*?0 e?ected ^creases in productivity compare to expected costs and 
xeasibility of carrying out the project? This question entails those given below: 

in out5!ttWSîîîy;»,What !re.t?e ?°tential C08t 8avlnSS or the potential increases 
«LtnîrÎÎ ï111 ?" PrOJ!Ct lead t0 addltional possibilities in this or other sectors for improving productivity? 

(b) Secondly, what will institute services cost the industry? Will industrv 
have to invest additional capital to use research results? HoTto expenditure! Er 
new plant and equipment compare to expected profit from the new product or process 
envisioned? Hen; long will the payback period for these investments be? Soi much 

lÎZ.TÎ nMP?«B1V'11V* required t0 ensure the continuing implementation of research results transferred to industry? 

for ilîî1^'/8 *?? ff0jeCt feasible'< Are the necessary management skills 
lor carrying it out available in industry? If not, can they be developed? Are 
the needed resources - technical equipment, raw materials, supplies, skilled 
workers, power supply and transportation facilities - available? liât is the 
nT^/íwí   * P°tential deraand> level of competition, established channels 
oi distribution rnd consumer awareness? 

Effect on the institute 

22. Does the institute have the resources to carry out the project successfully? 
This involves the following questions: «¿u^i 

»n* J^   Firstly, does the institute have the scientific and technical knowledge 
and manpower necessary for the project? If not, can these capabilities be 
acquired through direct assistance or through co-operative work in esternal 
research organizations? What are the probable costs of carrying out the work? 

(b) Secondly, are the proposed methods of attacking the project feasible and 
practical, considering the scientific knowledge available to the institute? Are 

investi-ation?^1,6886*1 °learly en0Uah to 8US6est P0"ible avenues of scientific 
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(c) Thirdly, are the institute's facilities adequate, both in equipment and 
supporting services? 

(d) Fourthly, how does the , reject fit vitti the objectives of the institute 
and its current '-or-:? '.'ill projects already under way help the proposed project 
in teri.is of technicrl approach, equipment available, or specific skills developed? 
Are the facilities, time an«' manpower required actually available, or are they 
be in., iul.iy utilised on projects already in the programme? 

2'j.    Finally, in evaluating potential projects these three considerations - effect 
di the economy, effect on the company or industry and effect on the research 
institute - must be combined. The costs of the project in time, manpower and 
money must be weighed against the otential benefits to company or industry, the 
economy and the research institute. The time required to do the research and to 
realize the benefits is an especially important consideration in reaching a final 
judgement on the project. One other consideration should not be overlooked: the 
risk of the project or the chances of fully meeting the project's goals. It is 
critically important for a newly established research institution that the projects 
selected have as high a probability of both technical and practical success as 
possible. The institute must become an integral part of the nation's industrial 
complex. Its valuable contribution must be made evident to industrialists, 
entrepreneurs, financier? and Government planners. The key to this demonstration 
is, firstly, a careful selection of projects that can malee a contribution relative! 
quickly and, secondly, the careful development of effective working relationships 
in the key sectors Ox the industrial econo:r«y. 

Funding and financing group 

2h.    The funding and financing staff croup would have three key responsibilities. 
Firstly, it would be responsible for the development of financial plans ami fundin 
operations -  that is, for securing adequate operatine funds for the institute, 
predicting and budgeting the need for funds, und accounting for funds. Its 
second responsibility would be that of financial evaluation, which would require 
working with the policy and project plannin ; group on matters of economic and 
financial feasibility in project selection. Thirdly, it would be responsible 
for financial relations • that is, for maintaining relationships with existing 
and potential industry investors both within the country and in other countries. 
Thus, the fundin ; and financing group would co-ordinate financial planning and 
management of institute activities with the long-range and short-range plans of 
the policy and project planning group. 

¿5» Since even the most modest integrated institute would require a substantial 
income to maintain a satisfactory sealr- of operations and growth, careful financial 
planning is of the essence. Once the initial plans are developed - and they 
should include a budget for a five-year period showing proposed expenditures and 
expected and alternative sources of funds - the funding and financing group Bhould 
develop ways to make the institute's growth self-supporting. This could be done 
through proper charges to the Government, industry and external groups for 
services rendered, and through the expansion of demand for the institute's 
valuable services both internally and abroad. Judicious and careful establishment 
of fee structures for services rendered could do much to encourage and increase 
the utility of the institute to th : developing nation's economy." 
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Administration and non-t^hM „g serviceG  ,.roiin 

26.     The administration and non-technical servil  «tm<t- 
for the day-to-cl.y administration of the institute •   '^ ^üU b° "'«Ponaible 
services as accounting   personnel,  purcLin. íní í* P1^'1^. of cucll 

Accounting includes Seneral accounting fÄc^E?    f^ "'»**"•*. 
internal auditing,   and systems and procedures      ^ ont/inT'^ ^ bud'títi^ 
employment,  wage and salary admlnlstrption,   Lu^lT^M terraß °J 

Plannins and development,   and such employee service LrelBtlonf '  °rCP.,i3alion 
and protection and security.     Purchasenvotve"ci^T1 "TT'  ***«*> 
services and equipment required in the operation of Z T I ! maceri«ls> supplies, 
management includes the maintenance andTnllnleri nl «ln8titute-    General office 
Physical facilities as well as the manici    Ï n8 «^«6 required for the 
and miscellaneous services      Thu«    îf•8ement of «ateríais,  supplies,   security 
requirements of a research' ins^tut%f °UP W°Uld C°mpIete the "»nomment    * 
efficient operatioHcuíf be"f g^ WrS TT *"* * l^>  but its 

great importance to the over-all research activity. 

Research ^roup 

need., but would generailylEiíL^Í-S« ¡SiS°?" *" SUU°d t0 the countl*'s 

chemistry, physics,  eeoloiy and oîoîo^     ,"! rat°T rese<"'<* '" "uch fields aE 

county.   Appiied rese.rch^uUlizetnî'resX Tl T^" lmPOrtant t0 the 

specific conmerclal application« In tíLf research to provide 
specifications for «Ji^X^S.InSSSw^SL'l! "S**' group. v v-AiiC industrial problems by the development 

Development ^roup 

¿8.    The development group would be resDcnsibi*» frt*. .,.< , * • 
available from technologies of other^oS?«        Ï      í S existin« knowledge,  either 
group,  to create produceTor processednet to tZ ^^f wlthi" the research 
existing ones.    Such a group Zl?"evt°n 2j S£. ^"^ " t0 ^ 

ope Jit LÄ7LÄ       ¡sSSSf o? techni,r procesB designe or 
processes; wrong principles of prospective products or 

(b)    New product and process develonmpnt •     fh0 ^    , 
processes new to the nation's industri ÏÏI?Î'  •    Î      Sign °f Products and 
facilities), based on studies ITTJZ (raanufacturinS systems,  operations and 
manufacturing resource!¡in other ZuZ? *" •terUlB and ^cultural and 

rorth,(1f ^^oLTan^ *«"• *~f• - « 
problems of local manufacturers; n0Riy and to solve technical 

and ri^oT^ «>« «ductlcn:     the reappraisal 
of products, to reduce co t Tn Jv?%S£T af^nufact^in6 requirements 
ur internal needs; P 1U8lity»  and to meet export requirements 

•75- 



} 

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

(f) Industry  follow-up:     to provide the required engineering assistance  to 
industries and companies to eliminate manufecturing 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 group would   emphasize product and process 
development and improvement.    Specific studies on cost-reduction methods, better 
utilization of existin , facilities and ways to make economic use of by-products and 
local materials are the types of industrial research studies   that would benefit 
developing nations by increasing efficiency and creating new opportunities for 
further technical and economic growth.    Each economically successful technical step 
forward would 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 manpower. 

Economic analysis group 

30. Economic analysis should be responsible for conducting basic research on the    1 
nation's development needs and for contributing economic knowledge to the industrial 
research studies of the institute.    The economic analysis group would undertake the 
following types of studies: 

(a) Economic development planning, to study the critical factors required for 
national industrial development.    These studies would consider government 
development plens and the interaction of economic factors required for accelerating 
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 resources that offer economic potential and research opportunities, 
characteristics of the labour force and extent of managerial resources, 

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

• • <d]    *ndust*y sector anadio, to develop a framework for understanding the 
most critical problems facing the nation's major industries, including agriculture; 

i A   iei ,Foreicn trade and exchange,  to develop an understanding of the nation's 

ìltTZlì TT^  * r*elf í°í t0 the Wnrld eCOncray and to analy8e requirements of foreign trade ior industrial development; 

(f)   Money 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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development.    The research of +>,0        '"'^^icai requirements  in industrial 

infection re^LeTrStlÎÏ nf^T,«IntlT^l "" ^~ 

. project ^g^^rsr^: s^^^nrr4 to —* 
application of technological understandr^L ? !    ? Î ? lnstitute's successful 
close co-ordination with applied scÍentisL 1*^^ develoPme^-    "°rkinC in 
would aid in combining the^nderstanSn- of £Î   ?     ^ in Pr°Ject tems> thev 

alternative processesi pointStf'^uaí r^Ail^'10" C°St5' 
to provide national and internatinnoi   *M        ¡ ; material.,  £uid manpower resources 
as well as institute reseaící ní«nntÍ<,      f,  f *nstitutioßs «* individual investors, 
the confidence that pïojec£hSTeTaden,   î^îî*1 enter^rise directors, with 
The ability to underrate Seseiindfn? !2 f ^ ïh°Ught through and Planne<*- 
advantage of the inïegSteS institute a^e8 * PW*>P' the Greatest sin^e 

3perations research firoup 

Sit ÄTunS^ the kinds of activiti- 
developing nations      S»ttJ«\íí S *?    ^dustrial research institutes of 

the besPt ^tlr^°Sr^1S^^^T^h t0,Ííe ?r0blem °f Settin* 
the developing nations, the addition of       li    binCe thi8 is a key P«**» for 
institute scientific staff would •L?Î«. ? operations research group to the 
integrated approach? ^ COnetitute a ^nificant step forward in the 

management decisions with res^cTto în£ Î2 T tTm Vari°US alt^native 
industrial sectors of the whole econo^v      ^   »Jf «turine enterprises or 
or policy makers with inïnZ^«economy-    The results would provide the executives 

,ssLt ¿TS »SS     S Lcis^n::CÍTreeffeCtíVen,er "* ----^ionVto 
partial processing of an em rt      f !1 /?   example, the costs and benefits of 
^isht be studied by the 0^0^^!^'  ***! """ the deCÍSÍOn «"ernatives, 
with a clear indication o? Ihl •    re8earch S*0»* to provide the decision makers 
The distinctive opeÍa?íonf reL«^eqUenCe\0f the Vari°US cholces bei^ them. 
business «„¡¡eroHoUcy mateiwhoT ^ i8 îî "^ pr°blemS 0f the executive, 
distinct «^¿s«:î1s^^!%iLr:rï2rtiS in*eßrrn3 ^^^ examine all aspects of D •i,i        I    ^eams 01  scientists and engineers would 

#.    The operations research group would have three key functions: 

icrec«tin£Vel0Pin8 *"* impr0vinS met^ods of long-range and short-range industrial 

inteiaLdÌMentÌì?ioeChnÌCal>,lea?er8hlp and aS8i8t^e in the application of 
(UÄÄ^ fi    ^inventory controls• 
to production   t>ersonnt-1    ini      \ï^      6 declslon8^  (iv) allocation of resources 
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(c)    Developing and carrying out programmes designed to acquaint personnel in 
the  institute and in the industrial sector of the economy with the applications and 
potential of operations research and computer-based analyses and probler.i solving. 

55» In general, then, the studies of the operations research group would be 
concerned with maximizing the efficiency of the operations of the industrial 
sector, an industry,  or a firm within the framework of the national economy. 

Industry and government liaison group 

36. The industry and government liaison group would be responsible for ensuring 
that appropriate relations and liaisons were developed and maintained with 
scientific, technical and economic communities, both within the country and 
throughout tl.o vrarld.    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 
activity. 

Technical support services group 

37. This group would be responsible for providing appropriate staff services to 
the four research ¿roups of the institute.    Specific services required would vary 
with the needs of individual research institutes.    However, the following types of 
support would generally be required:    library research,  information retrieval, 
chemical ond physical analytical services, instrumentation development and 
maintenance, pilot »plant operations, and engineering 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 within the organization are designed to 
complement one another and to help the institute produce effective research. 
The organisation is intended to promote effective research activity in three ways- 
by gaining maximum research results from limited and expensive research people 
by gaining economies in financing the research effort; and by minimizing the time 
required for research benefits to be realized in the nation. 

Research personnel 

«oi,
eMÍt^l0pÍ^naÍi?nS

1
Sh0UldhaVe 8Cme means of trai»ins 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 
f^f1 industri*L ^search problems.    Experience indicates that the chances for 
effective research are enhanced by concentrating,  in a single location, the 

thl^lî6       •        ÍK1S
 

reqUired' rather than havln6 them scattered throughout 
SLÏS ï/*' +    ¿' ÎÎ6 centralized institute,  organized in the manner described, 
should be most effective.    It also would make support services possible, sincTthe 
research activities of the institute would be broad enough to warrant such servies. 
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Financing of research 

ï!î;nî1îînClnï industríal rese*rch activity in a centralized institute „voldo 
duplication of research facilities.    The organization, designed to enlr* 
concentration on the most critical problems of indusïryln dëveCin    nîti M 
and co-ordination of the various technical talent« to «nil tl    ^     ^   ijm 

foster the needed research „cri,    S^IX     Zll^rTna^llZlliT^ 

^oT^Ä^^f - —  - «"« results^ld^tT^L 

Bapid realization of benefits 

¡f íi ÏÏ6 °fti?ura,ufe of People, money and time made t>os«ible throi«h the 

technical benefits to developing countries. «**» 
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IV.    INDUSTRIAL RESEARCH AND DEVELOPMENT IN TIF 
UNITED KINGDOM 

Prepared by the United KinSdon Department or 
Scientific and Industrial Research 

A*    ^*"lbutlon of scientific effort ln tha ITnlt>d Kln„dom 

(a) Government laboratories; 

(b) Public corporations; 

(c) Private industry; 

(d) Co-operative research associations; 

(e) Universities and technical colleges, 

(f) Sponsored research institutes. 

expenditure, leaving ìm^ìu^oTìì Sf^rtJT ^^^ **•*• 
as the civil expenditure on research and de^l^!nf   Í! ^^ mtionnl Pro**ct» 
expenditure, escludine defence ^veen tn^ÄL V* ^"^ <* «*• «nnual 
is approximately as shown in tabl^T categories of research organisation 

TABLE 1 

feuffiu^i0" 8C1?ntlflc rtr^_^_A~) Lexcludlnfi acseneel m th» Qnited jtin^mTT 

(millions of pounds) 

«nt 

Research organization 

Fublic corporations 
Private industry 
Universities and technical colleges 
Co-operative research associations 
sponsored research institutes 

a/   Approximate figure. 
Totals 

Total Gove liment 
expenditure     expeMiture 

83 
20 

209 
32 
10 

356 

77 

20 
2T 
2 

126 

^development of SoñlSÜÍ U IgS at/?* CiVU «»«*"«" on research 
averment defence laboratories and^^L»!? "Î frora "°«-de^ expenditure in 
covered by the categorieTeSve.        * Government grants to research institutes not 

-83- 



3.      The work carried out in each of these organizations 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 Medical 
Research Council, the Agricultural Research Council,  the Nature Conservancy and 
the fifteen research stations of the Department of Scientific and Industrial 
Research (DSIR).    Tue 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.    Finally, 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-owned (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 groups:    the aircraft industry, electrical 
engineering and electronics, the chemical and oil industries, and mechanical and 
marine engineering,  including shipbuilding.   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; 

(d) Co-operative research associations.    More than fifty research 
associations, which ore co-operative research organizations carrying out work 
for individual industries, are in operation in the United Kingdom.    Most of these 
research associations were 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; 

(f) 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. 
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B-    Categories of industri»!  WM.Ml, 

k.      It is posuue to auu^sh three broad cotegorles of industriai re3earrt_ 

confidential basis elsewhere; laboratories or sponsored on a 

í- « ib)    Research and development that is of value to fln ^    * 
is only economical on a co-operative basis     ¿t?     Ï       industry as a whole but 
study of the materials or professes ueed by' an induTt^^ Ue in a **•ital 
comparative efficiency of production units in íÍSÍÍÍ^Í 

ln a SUrvey of tne 

in the formulation of standards    standard t»«^idUal comPanies in the industry 
the industry; the study of píobíemí co^on\finß PJoced^8 and instruments Tor 
effluent treatment, health a'nd s^tyTfwo kers    and"^ " * Wh0le " 8UCh » 
the evaluation of new materials available taSl'iï? ^ronm9*A <* productivity; 
automation techniques; available to the industry; and the application of 

OovJitfSSS Recluse8 ^iî^SLï?^« " •*•^«y of the 
safety of the population as a wnoïe    llScTZ ?? ? !he,health> w«^e or 
interests wider than any indivìdua!' industry" * fundamental to a range of 

5.      The research work that is larcelv .ilmi«t^ v.   *,_ 
united Kingdom has already been cStSed ïw r" thC °?vernn*nt ±B the 
industries are Btate-owS^^i1^^^; 3, (.) and (.#.   Unless 
getting research results arolied in i^.,.*     toT

whicl> a Government can go in 
Research Development Corporation &££"£?L ** ^ United ***** a national 
support, develop and ^^¡¡Zfí¿!^ "* UP * th* Oov—t to 

te J? wÄ^ ¡A^tTS^t^^ ^î an indu^ *•• the 
On the other hand,  industries that aïfmiïniv^ou   research and development work, 
difficult to carry out sufficient rîHJïS^ COmposed of ^ units may find it 
United Kingdom Oo^ernmeni ; hafXr^Ztin?t ** * 1°'^*^ ba8i*'    T*e 

co-operative research by industry! c^SnaufIf?**'      ^^ Qnd encour«ß«d 

industry together,  and more recíntw to ensuíe Lì ***** ^brln*lnß «cience and 
-power and to brinS about t*£&Ä ^^¿?£%• $ %%£* 

^an^tÄ^^^ by definition, have few 
be a suitable one f£ e^dïng and Sevelopîn/tlei^ °í 'f?***11* research *** 
co-operative research in th* îiniïlï ¡J?    t°pin6 thelr industries.    The system of 
section. h in the United Kln«dom ifl ascribed in some detail in ?he next 

C. Co-operative research assort,,,,, ln the Unit(><, „n^ 

J-berT^^ ^each governed by a council whose 
these associations are non-profit •«•?< ^ the a880ciation.    Legally, 
taxation.    Membershi^^^s ?ïo£ HIT/"? thJiP inCOmes are «*"£ «*• 
associations derive the greX parí oí Sfií f*^ ì8 volunta^ *"d the research 
subscriptions.   However,  aTthe lîlLsl oï tÜTT^ **? voluntafy membership 
industrial income collected in the ?o^ 2 theÍVndustries> a few have their he f0rm 0f a natatory (i.e. legally enforced) levy 
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on all firms, whether members of the association or not,  in the industry served. 
Grants are paid by the Government, 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 association 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 1964, fifty research associations were serving industries in the United 
Kingdom and were receiving grants from the Government.    A list of these 
associations is given in annex I.    Most of the research associations were 
established by the trade association of the industry concerned, with 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 which, although similar in most 
respects to other research associations, have never become part of the government 
scheme. 

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

(a) Fundamental research on the raw materials processes or products of 
the industry; 

(b) Applied research on technical problems; 

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

(d) Studies of industrial operations to improve efficiency; 

(e) Library and technical information services; 

(f) Technical liaison and trouble-shooting for members. 

11. Many research associations also carry out contract work, which may be for 

EuïTï?" Îîed /Ï!ÎM 
0f AnßriCa 0r United »nota«), for the North Atlantic 

Treaty Organization (NATO), or on a confidential sponsored basis for industry. 

12. Membership in a research association was originally restricted to United 
S^afr

Cerf <?}?'    SlnCe 1952' however> research associations have been 
permitted to admit Commonwealth organizations into ordinary membership and there 
are currently about 5CO Commonwealth members; since ItfO^uSjertTo certain 

SÍÍKS*?       Pr0t:f Unitíd KinGd0m industly> ^eigrmanufaiturers have bien admitted to non-voting membership in those research associations who wish to 
ZftH Íhr¡ ^ty;fne re8earch aviations currently admît ïoreïgn members 
and the total membership by foreign companies is about 130 and is growins fairly 
rapidly, but mainly by applications from companies in th¡ more advanced c\>untr£s. 
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D. Gome ochievements of the -.search assnri.t^,, 

13.     The achievements of the reseTfh ,«„M„M 

would be expected îrau the ran foflnd '.^TanS S^b i^'  ** 
outstanding scientific achievements end resound in      l!Í/ b0th 

should be borne in mind that    in a^^V !    ^     ' comae rei al successes.     It 

which are clearlfv^h ^/ïh ¿^«¿^Z^TT* ^ bel•> 
made in industry through the iork o   tv vi!      Z      technical advances have bee.i 
steady unspectacular advance on a 2dî ÍÍS SÌÌ^"1^^' *"* lt iS thi8 

benefit of the co-operative research tllT    Î H'I        P^ably the Greatest 
associations may ^divided "tHeveraf caûcorLHSrîe? f ^ r68earCh 

are given) which are outlined belo*. cateß°ries (brief examples of the work 

Development of new processes 

continuous Sread-rtln' a•d c oÄSS' o?£L5L^Too-LV^10 *" 
the wool Research Association inventedVprocess foí ïL^       IV ^ years a-°> 
»hich doubled its useful lif«      i„„i! Pr°Çes8 for the dry chlorinatlon of wool, 

is working with the^SS^S^ ^^^^^/^¿T^ »T*•" 
nuclear power to merchant ship propulsion. Authority in the application of 

Dr' M^f^rf e" «t»*«**^ scientific achievement is the work of 

SSrTsr5* *"'s « --•»•sraPÄir- 
Improvements to existing processes 

5 per cent of production was reJeclX- ¿"""0«.sàure    1¿"S,"! mUCh " 

rsà: ïSSHÎïïr^^ säss sia- 
.as saved .bou? «»^¿^^,,^^,2«^ Wc^T* CaW"' 

SucuS; ór^coSíorir^L01,08^,,ith their *—«« « «- mei consumption, leading in many esses to substantial economie». 

Improvements in health and safety 

v^:b^rinytneedereï''U 7«^°"^ ÄssoS ."ísV^a0" 
Association Ías devela80 and/""^ of •«'««* shoes.    The cotton Seseara 
prXc'd• SStïA IZt^VÌ^T^' *°°l 0t the ""» tat 
this has helr^fl +n •,I~!' ' f these systems "ave been installed and 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 processes of their industries, much of their work bein- openly 
published in scientific end technical journals.    Another important achievement 
01 retail associations hes been in the field of technical trainine of staff at 
all levels for industry.    Direct services to industry, which include library 
and information services for all research associations,  in many cases extend to 
n valuoble and effective trouble-shoot ine service which can solve an individual 
company's particular problems rapidly. 

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

E.   Summary and conclusions 

^.i^1" ïaper îh<?f8 *ïat' in the Unlted KinSdo»> the major 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- 
Ííüfn      f ri!S\ ? the °ther indu8trie8> Private research is supplemented to a 
significant extent by co-operative research, supported by the Government. 
tili «if ^rî?ti0nv.ff the r8ea^h a880ci~tio" *<*«»* has been given, together 
with some of its achievements.   The advantages of co-operative research may be 
summarized as follows: 

<„     ty* *î ca" brin2 the benefits of research and development to ell companies 
tt !?<,??   ^       a reJ-etivelv 8mal1 c08t to each company, and is an efficient way of utilizing scarce scientific resources; 

P     «ib*   Co-0**•**-• research institutes are well suited to provide training 
for the staffs of members to meet the special technical needs of their industries, 

(c)   Companies participating in co-operative research become more 

eíftcUvíÍy. *** * P°°Iinß ide8S ^ Pl<m ******** Programmes more 

SiJîS ?0vernmenî rttte United Kingdom assumes responsibility for a number of 
í^í^í   ir8TCh and ?ewl0*,-nt activities (in addition to defence, medical 
and agriculturrl research), where these are of fundamental interest or concern to 
£\Aï.a\î v*01*•^•*« *o °ne «Pacific industry.   An interesting case 
dîvîÏL ï ^ ïm kìmiC Enersy Authority, which is,  in effect, an attempt to 
sorted.neW ^       the natl0nal intereSt and l8 larse* Gemment 

?LtlZ Ír!Í0PÍ!SuCTtrieí,J
Ít iS su3Cested that co-operative research may be 

a method of strengthening and developing existing industries:    for the setting up 
of new industries it is likely that imported capital and know-how, or full 
government control, would be more effective. 
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ANNEX 

OOVE^fflíT-SÜPPOOTED CO-OPERATIVE RESEARCH 
ASSOCIATIONS IN THE UNITED KWMM 

Pood 

British Biking Industries Research Association 

British food Manufacturing Industries Research Association 
Research Association of British Flour-Miilers 

mit and Ve3etable Canning and TuicH Freezing Research Association 
British Industrial Biological Research Association 

Te:ctiles 

Cotton, Silk and Msm-Me.de Fibres Research Association 

British tat and Allied Pelt Makers Research Association 

Hosiery and Allied Trades Research Association 

British Jute Trade Research Association 
Lace Research Association 

British Uunderers Research Association 

Linen Industry Research Association 

Wool Industries Research Association 

Bnj&neerinfl 

Civil Engineering Research Council 
Pile Research Council« 

Heating and Ventilating Research Association 

British Hydrooechanics Research Association 

Machine Tool Industry Research Association 

Motor Industry Research Association 

Production Engineering Research Association 

British Scientific Instrument Research Association 
British Ship Research Association    '' 

Water Research Association 
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Metals 

British Cast Iron Research Association 

Drop Forcine; Research Association 

British Iron and Steel Research Association 

British Non-Ferrous Metals Research Association 

Spring Manufacturers Research Association 

British Steel Castin3S Research Association 

British Velding Research Association 

Materiali 

British Ceramic Research Association 

Coal Tar Research Association 

Gelatine and Glue Research Association 

British Glass Industry Research Association 

Research Association of British Paint, Colour and Varnish Manufacturers 

Rubber and Plastics Research Association of Great Britain 

Timber Research and Development Association 

Welvyn Hall Research Association (Chalk, Urne, Whiting and Allied Imtastries ) 

Energy 

British Coal Utilization Research Association 
British Coke Research Association 

Electrical Research Association 

Consumer Goods^ 

British Brush Manufacturers Research Association 

Cutlery and Allied Trades Research Association 

Furniture Industry Research Association 

British Leather Manufacturers1 Research Association 

British Paper and Board Industry Research Association 

Printing, Packagins and Allied Trades Research Association 

Shoe and Allied Trades Research Association 

Information and Industrial Psychology 

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

Commonwealth Mycological Institute 

a/    Some of the research associations listed under Materials are also concerned wit 
Consumer Goods and vice versa. concernea wit 
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V. 
mmmmtms RESEARCH ART» msmmx STODIES ä 

Mvmxmm COUNTRIES 

Fr#p»jred by H. Tanyolac* 

p«puln« „«.«h prîgrÎïin?^       ""*** "* the ""^ «"»"m««» in 

SuíJSISXSal'Sí SïïïS TJ'îî *-«**«»• *-*u* 

A*    ^ctoologlcfl research 

technical knowledge «M cîStiïT **° "^ *Mlc €l-BiBt> of *wlop»A ¿¡i 

both in toviloped ind In tevïïiw^Î^1!8 ^ï* n° limit and *«velop»e„t 
technological waeareh. tttÎH^tTl' l* ******* Mlnly on ^n""^ 
«ciance ¿nd technoïoS froî ïvî^ï     *> **«» capital and also to borrow 
resourceHf r&AS^Îîi^î ¿T"?'   ïî the b°rr0wed ca»itai and fc«e 
the count* iMieatÄ^^ in 

take car« of the total SLiiS^ieîaî^SÎTîf       * ^iC 80da plmnt to 

the development of thTwïïS? **** wlU hináftr rathtr than »»»P 

*   Director, Robert Gollete «eoearch Centra. 
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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 Development 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 industrial research institutes. 

8. Before defining the types of industrial research, a general definition of 
research will be given.    "Research is the application of human intelligence in a 
systematic manner to a problem whose solution is not immediately available." {/ 
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 economic 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. 
Developmental 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. In some developed countries,  large industrial companies 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 economic 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 Researc h±/ 

13.    Customer 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 plant with a product of very 
good quality, but without customers to buy the product or with a limited number of 
customers, has a real problem. 

Eugene U.  Scott,  ed., Applied Research in the United States.   (Uashington, 
National Academy of Sciences - National Research Council,  1952)    00 t> 
(Publication 210). «p '    ^ '•* ^ *' -92- 



ai^rSï^oLl^^0^^8^^ cons^ption m develooed 
!       of the peuple, and t^^S^^tÍSÍSrKS: °f ?* P6°ple> the «»*». 

country, „«y create sales difficul?ïes     ÏSÏMÏÎÎ î°5 and COnmuni^tion in the 
facts and publications dealing wïth ^ket ?esearíh th5,8' *"* °ther bac^ound 
developed countries may not be' available î„ deveï^in^' "^ ?vallable Ìn 

extensive field study and interviews might be verÄfT   ***'' Îïerefore> 
ZnlLrrarCh ^ —^- countries^shouirbT Änt *E £ «J 

Raw material re«^n^hj/ 

15.    The objective of raw materials research la    1« MM„ 1    *    , 
reduce the cost and increase the sourcTo? SUTOÍVVï! ^ t0 laprove the *»•"** 
industry.    Result of the research «Ï be theTwfí S* raï Mterials »••* in an 
cheaper source of material. substitution of a new, better and 

possible! ÄÄ industry might be 
Continuous research on prodícínf beUer^ìd SÏÏLî^11;^ °r ^ ***** i^rted. 
needed.    This could lead to ?he »olsìbmìv ^ea^cotto« «nd/or wool would be 
bringing a special breed of sheeHo SÌ II   Ï ^^^ better cotton and H" of 
the cotton and wool, or o?her syLÎetîï fÍES*«'  T 'i,?0• ln ^rkey'    »**"« 
materials research.    Raw mater?aTs ísearc^n',ín *!*"•' iS also P*** of • 
and ceramics requires locS geoîogicT^s    and llrfS'î T ì^**' Ule 

analyses.    Improving the quality and contStí«^/^   U8 femlcal an* Physical 
for the local or export marketsQuires cïïï•« Vrcdüctíon of canned food 
of the country.    Lo?al research Z$£ *•t TeZ rZ*TC\0" th* Tm ****** 
responsible for the establishment and allXl «? ^e glass industry has been Turkey. xianmenx; and success of a new window-glass plant in 

Product research^/ 

usually based on market research, íhlch^nal«t^^"" '    Pr0duct •SMr<:h *• 

would be the main function ofeLíllí! Tí!    ^œand 0n ,»»llty and quantity 
is not only quality aM dL^X alL^ AAS', ^^ °f >rcduct «k«* 
The competition of local oTïnartid Írod^í! f Í?    ln,the C08t of «"«i^cturlng. research. imported products is the main incentive for product 

Waste utilization reaep^hj/ 

S-. ^ei.e:i t°of «^.x^'r« »? ¡LS* 
usevor *-HMte »»*"*• 

cae«, th. disposai of vaste »S S co£lv or ?í   " ""* ?8 P°selble-    I» •«" 
social problems m the connonîS     T£!OL I,í   Z* eTO1 lnvolve some he<,lth •»* 
•uld be that which trsnXÄ ZlZt ^¡^Ä*10" •h 
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Z9,    Cwing to the lack of experience and training of the workers, the percentages 
of waste in industries recently established in developing countries are higher than 
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. 

hi/ Process researc 

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 requires highly qualified research workers. 
The result of process research is always great saving; either in material, in 
labour, or in improvement of quality. 

hi/ Operational researc 

22. Its 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, economic and financial experts. 

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

Industrial research laboratories 

21*. Industrial research laboratories in industry may be classified in three group 

si Testing and control laboratories- 

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

Development 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! 

2/ CE. Kenneth Mees and John A. Leermakers, The Organization of Industrial and 
Scientific Research (N.Y., McGraw-Hill, 1950), 303 p.   —  
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Iftis means that the new idea with applied research    tri   i      ,, 
investigation, may result in a new technicalmeínod Tr       T* ^rur>  •ú untine 
After this step, models and a pilot S  Ür be bun I Pr°ductlon «r 3 new product, 
the method in the plant or   he use of îhe ^    fc^L*"* I amU'*^* • of 
experimental scale tried.    The manufactur-Tnlu Vn l^Tl ? * 8mu11 

and/or process if the result is succès, ul      Practin!?ií   ^apted t0 the Product 

size and the large ones in developed Countries do 111 ^ ^companies of moderate 
attached to their research départants * 8U°h develo^nt laboratories 

Scientific research lahnr»».•.*-., 

possibilities for the development o^neS i„Z£rW ^iSÜ"? Which •* offe1, 

not produce any applicable i^or pï^ess^ foì "',.    Í,8 ^ °f research «^ 

äS issasr-c—=^ issrs: KäS.«-- 

&¿£¡T£ SCASSA SÄ"* 1either ccn— 
industrial laboratories are initiaUviL *? í*8'    In *eneral» •«»* of the 
research problems of the Z£w    ií III ^IVflf tyPe*    ^ work on ^ 
increase, they tend to becere íoníer^ní    and'! f ** ****** labo^oriea 
specific research laboratories uSer ?he diríctiSn of ST* ^ haVe several 

research centre. airection of their research department or 

or¡anLd^^^ to study the beginnin, of the 

but which were a^S ^ÄH?£ ¡£5 ZluT^ *S°^ 

after the First World War/Sse courriel ow ^ f U°nal "»OUPC...    Just 
technology among the nations and ÏS^ÎÎ ^TT* *? detail the ^ffterence. in 
They accepted the fact thaîonS scientifÎc^^rï ^ develo^t of a nation, 
the gap between the developed and deveSíí« technological research could close 
laboratories for agriculture f^cV^i^ V^17' M°St üf theffi ^anized 
research before esfablïshï• Wlfif Ä ^^^ mti°nal defence and *•! 
developing countries of the curant Lri^ial r6SearCh laboratorie8.    The 
initiate and accomplish SiïïSS JÎUS ïnThir•^ ï° that th^ can 

shorter time and with less 6ffí!fL research in their countries in a much 
is easier to trïln the* research WXT "T^ iflne twenty *eara aß°-    it 
and in their own counírLs    furtïemoï!   ¿ "V?entiStS in deve^P*d countries 
technological research lî LvïïSîîT'» ?* information on scientific and 
usually published and, in lZ ^stncef <** i8"°v

lo^r kept secret, but is 
research workers in toveîoSÏÏ ÎSUEÏÏ!'    S aVaiIable for the scientists and 
analysed and adjusted to 2£^Lo«    Í       I    However, these data have to be 
developing countit^t^ «-iti« or the 

count, and are -fficie^w^ -^nts 
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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 level of a developed nation Bimply through the process 
of borrowing technological information frcm other nations. 

51.    The immediate questions are to determine the basic problems in setting up 
organized industrial research institutes and, once set   rp, how they can perform 
their functions in developing countries.    The first step in establishing 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 be learned from other countries, but to apply them and to adapt 
the» 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«    It 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. 

31*.    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 way, 
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 developsient in a 
developing country.    The major functions of managers of research organizations 
are the selection uf research workers and their proper training, the provision of 
freedom for research workers to pursue their investigations to a practical 
conclusion without interference from any source, the provision of adequate 
facilities for research work and the provision of good compensation for their work. 

56.    Modern research involves the team-work of research workers with the same and 
with different scientific and technological education and training.    An individual 
worker in research is only one member of the team.    Scientific and technological 
development, and economic and social development are closely related.    Thus, it 
is not enough to have engineers, economists, and medical, social and legal 
research workers to work closely in the same research institutes.    Research 
institutes of different fields 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 research is a collective, 
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controlled.    Special management and •1?L«" "°í T* to be s"P^ised and 
research Institutes.    The co-ordinttíÓf^ Principles must be applied in 
institutes also requires a wrTmïci.? ^f„T°P.eratlon betwee" «»earch 
principles.    Thus, a co-ordSinTorganSt^0!•'1^"'^ «* °r2anization 
Ä°nly t0 Vrmote and co-ordinfte réseau acMvi??8"?1 lnstltut« should 
ÄeT^ " °~°" «"^ •er ^aSSTi^T" 

S-Stï^SS ìT^ll^TlllZltr,shwad be » *—-t educational Institutes, industry   earner•     ^"«"«ng the Government, 
Its budget should co^'direStiffroTThe ~«? ««*»»u»l organizations. 
ministry budget.   It should bTl^Sl.rSef!?' rother th=" ft• any one 
government department.  Its adminUtratlofií,í, ?* COntro1 of a Particular 
the salary .cale of research »rsonSl Z, ?     * T" freed°n ln establishing 
without the hindrance of bureaulra• red'*£?*^ eqUlP"*nt "'* -^•" 

and the programs « m^Attl^"?•1' «» «lure. 
evaluating the results of the research work. 

availability of eeui^nt Md ft^t^^Vî&S*^,,^. "" 

**0.    Research cannot be done bv aver 
Judgement, initiative, imaginative miS«"*?' 4

Xt "«u1»« «en of Independent 
responsibility for «ttJ3?2SiSoí ¡Till* *? *" abili* * acceP* 
beyond the known,   The number of quaïified ÏL !f ^ Pr°Jects and to Penetrate 
very lifted in every country.   The wa«e Lut Tit*•** reSearch ^^onnel is 
designed to attract and retain .rood ~?f P u ^ °f the *"«•«* institute must be 
institute is not an ÄS&'SLSSSS "it î* *" inßtltute'    If th" 
countries to establish salaries vhicb ÎÎÎ   XÍ     Ï B real probleiD ln developing 
persoci and be adequate to attrt^ a^tain LTtí^6 ? 0ther ^vern^en? 
and technology.    Many scientists and reseCoh 1 Ì   nation's best minds in science 
either going to other countries to vorToì Í T^f! °f deyel°Ping countries are 
jore highly paid ««plcyment"nis ialventÜ o "g F*** fields of *»"•«* *>" E*«>I*. 18 even th* ca8e l« soae developed countries in 

*1.    The usual red tace invai v»4 <„ *.u~ 

In th. procurw»nt of »w«»«'^ «change and the customary delays 
fnuHratlng to th. •cl.ntíATc^'C'TÍ1"' **!lodlc>ls a»d books .íe 
"HIO -. an in«,... ln th. ^^1^1 £ XV¿\•T.rT'"'' 

rrrof ,n%,m'1 "'""" "" * tion °f ~— 
Th. «»rtíoToV'M^tíSu'StrSSlíeiÍ fï!,!1??"8""""' 0f """"" Institut... 
^.tlon i. „ sumci.„t to h.v.T.^.f.f»t^^rAtiLte. 
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Firstly, the trained research personnel; and, secondly, a good programme are the 
factors which make an institute an efficient and a successful organization. The 
research scientists and engineers, v/ith the director of research, should initiate 
the programmes. One oí 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 
available 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. 

kk.    Short-terra projects related to the immediate needs of specific industries in 
the country should have priority. The percentage of long-term projects can be 
increased 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 v/ith their technical people about their 
problems. 

1*5. Regular meetings of the research personnel to discuss their projects, their 
ideas and the results obtained would provide opportunities to explore new 
possibilities ft>r projects and programmes. 

k6.    Proposals freni government organizations and from industries should be given 
priority in setting up the programmes. 

^7« A good short-term development project for inclusion in such a programme would 
be one for which the personnel, facilities and time requirements, as well as the 
total cost, could be reasonably well estimated. 

~L l\ÍS  dffíCult to have a ba8ic method for the rejection of a proposed 
£r££,?rJ  ¿ ^pecially when the P•P°sal is within the broad definition of 
the objectives of the research institute, or is a long-term project. 

Ï9' It is both important and difficult to decide when to stop a project  The 
specific personnel requirements, and the great difference betSeen^he time estimated 

theadecision!SUl S "* "^ **" ^ UP t0 that **• -* be •t°*  factors iT 

50. It would be advisable to review the research work with the chiefs of wolects 
at regular intervals and to have them prepare a brief written Lporfabout £he 
development up to the reporting date, and their ideas and «SrSch for the fÎL 
work and conclusion, indicating if the work is deveîopînr IZTlL  ÍL«« 
established by the proposed objectives. A regular conferenceatíendel bv reae^h 
workers would also be useful for evaluation nf il,î!    ,     î y researcn 

of ideas and infection beL^n ^«¿^^^Äi^i'SoS^^S 
experimental results and theoretical background and the direction of SeftatSe 
experimental programme could be presented and discussed. It is also Tola llZtin» 
to set up a special project evaluation committee, which would make ïhffînS 
recommendation to the director of research for final decision 



B. 
Industrial resent institutes ^n.^easiMU^tudies 

is an essential factor and the means for 1^ ^°pinü nationß that industrialist. n 
Agricultural development ^^J^BV^^J

1
^  

Standards of "vi J?   ^ 
desired level of economic development for     ! °°pe' Cannot "^ieve tue 
agricultural improvement concernen¿«Sot,^ 7' Industri*^ation 
the other. Industry and agriculture Wetíer o?2 a"e"lect *n either vili limit 
continuous advance in living standards?      ^ the best *rosPect of a 

52. It is also understood that indnstr-t^.».. *... 
income only when it 1. property carted out T°S T l°CreaM a »"«••• ».1 
selected and adapted to »¿nation»í?. . Industries that are not procerìv 
*«-.«- resource, requit t^'ecÒn^^'or"^ ï te• «^Stat 

At1 wa8te of «*""• - - -^-o-^rt-r^^t^'to 
53.    It is possible to have son*» M«* „* 
countries involving figures in^hfmnií " T°n0aic devel°P*ent plan for develop 

such .tudle« ,re defied bel«,: ]/ íunct"n of research Institutions ln,, 

^"^'ÌS^V^T^^l^ • * bussed only for the 

— - closely related and i-Ä« SSTSS^J^sa5 

?dfTor"reÄ SS 1^^* ^^^ "-^Ä*. 
studies are usually requested to »SS iSST•?" °f the count^> the local 
«P a specific industry in their city?       inve8t»«t sroups who would like to set 

hm&ZZ^Z &£Z£T£jr*of *-"•*— '» 

xo select the proper^ta-^ £ ÍCSSifS*10? '" ^^^"Z. 
developing countries than in devêlorel S',"" Ìs """* »°• l"Port.nt in 

than an investment in a fertllizerTw    "aembly P1«* might be more profitable 
acricultural equipment and tract" pÎânÎl "" Ole0,nI,raarl"e f««°ry, or an 

-^mcuy, to MTiXrZr;xiz ii ^r1 econ- 
ÏS.£*î^; 5ï ^"'du'strîÏÏ'L»' •'"•»'t.lMurla.h «e«,.- „..,... 
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58. A basic policy to help establish the priority list for investments is 
necessary in developing countries,  kj    This means that experts must undertake 
feasibility studies  for every investment.    Engineers,  economists,  sales experts, 
and financial and le-al experts have to v/ork together in conducting feasibility 
studies.    They must have up-to-date technological date, 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 national market and for export. 
They must be able to estimate the necessary fixed capital and workin- capital, to 
indicate the possible sources of capital and to calculate the net return of the 
capital.    They must know 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 foreign 
countries should also be considered. 

61. It is important to indicate that the general requirements in a country for 
any industrial development, that is, utilities and services, development of 
natural resources and development of human resources, may not be sufficient to 
justify a manufacturins 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 minimum economical production based on the experience in a 
developed country.    This also should not be considered a major criterion for the 
iinal decision. 

Si«1? ? f MÍWUJy «Mr» the partial lack of general requirements, and the 
partial lack of market demand and resources should be used in setting up a priority 
list of manufacturée industries, rather than as final criteria for rejection or 
recommendation of an industry in developing countries. 

63.   The following additional factors have to be evaluated before final decisions 
11 ¿0 itmcL©x 

(a) Jet return in terms of national product and in terns of the profit to 
the investor; 

(b) Its outlook for long-range   expansion; 

(9)   Its contribution to the total development plan of the country; 

(d) It« effects on the balance of payments in the country; 

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

y   N. Temyolaç,  "Where and what industryT". 
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methods and techniques, and ^ciS^^Ling TeTeltT IT?1* °f SP6Cial 

ïïïïîiï^out an effective and effici- £^'¿^£E^ 

^^^.r^xs äT^ 
fíms speciaiizi- *» 

firms experienced in feasibilitv^tudieT «ÏÎh ' Î^T6*' d° n0t have co^ulting 
people who can work as a member 0? a ìea^ 1ÌÌTI thfy„USUally h*ve experienced 
local consultine firms for SaïiSlîtv Ï..Î?. *«    Udy*    ^ devel°Pment of 
depends on the attitude of í^^t^XS^^"^1* tirae and 

government agencies for suchstudies      i>f«íilff ínvestors and even on the 
resources, manufacturing ïaciîmer^d^s^ciflîv ^í^ °n national and ^al 
and investments is not usuali^ made available S^.2 "" ^^nts, **»nds 
or foreign. ^ available to private consultants, either local 

66.    A national or local institute recognized hv th» „ 
out the feasibility studies in genera fnd   wiX It i°ÌTT1* aS6nCieE can Cari* 
consulting companies, can carry out Se f^JÍÍL*   ^ìì °f sPeclaüzed foreign 
detailed data.    It is imoorS îw -    *ea8ibility studies with all technical 
from the political Äc^ff S^^^^*?*? Sì ^^^"tloth 
manufacturing companies.    Such anûZS m the influe«ce of existing 
the writer li 195L    n   he U L n ^í       V" organized and administered by 
Exchange in Turiey     ^r£^ and Commodity" 
commission, carries out loe«f•?î ? '      ì1 d the ind<«trial assistance 
trained perso^t wit StaS^SS ctmÄ 8tüdieS WUh "« Specia^ 
industry and with the help of arSm^•2TÎS%? ^^^ *"* Chambers of 

for their detailed final feasibiïÎïf «ÎSÎ       î"? î°reign con»ultlng companies 
is large and is on .^Si^ÄÄ SÄ2T ^ "" ^^ 

trends in production tÍ£S£f£ príce^^l' í^r^^^^ the new 

very valuable for feasibility stSieï     S^cLíiv tTí   í    industries, which are 
consulting engineers, economise   market Zl\lJí     ^ ***** ^^ting of 
experts and legal experts couíd beT^dT^   Í i*1** eXperts> transportation 
an independent grou^r fe^sibiSt^Judies « i£?"trlS "T^ inStitute' aE 

scale.    They should have all the in?«««;;     T ??th a "«"on811 *»d a regional 
institute an4 also thTteSn'iÏat aSÎicToî T^1"16! °f the industri*>- "search 
Planning organization is a^Uabletit tl^Li?*•* engineer8-    " * national 
Planning organization shouTS worìin close co Su ff•"* ln8titUte and the 

the basic investment policy oHhe count£ C°'01peration' e«P«cially in setting up 

C. laboratory testing and «t,^.^. 

associations or private ir«i»J.»ï- Î       products;, the laboratories of trade 
laboratories are^rLít Í^Tof tT^T^l ? g0Vernment tC8ti^ 
help to maintain thThiï\lTllv it ÌLlndui!*Vn developed countries.    They 
fair competition aM heS to ììttll éfT Mnufafured P«*"*» «* to encourage *~ n ana neip 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 personnel are not fully 
utilized. 

70. In developinß 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 testine laboratories of universities and higher technical institutes in 
developing countries.   This type of test, if carried too far, would be very 
dangerous for the research programme of the industrial research institutes. 
Industrial research institute testing laboratories can be used to train technicians 
for the regular testing laboratories of the industry. 

Standards 

71. Classical publications on industrial standards indicate that, directly or 
indirectly, 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 utilization 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 comment s about the 
possible activities of industrial research institutes in preparing standards, it 
is appropriate to indicate the distinguishable types of standardization work and 
some of the very important aspects in preparation of national standards in 
developing countries.   There are basically four different kinds of standardization 
work: 

(a) Manufacturers1 (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) National standards:    standards made for use throughout the country ay a 
national standard organization; 

(d) International standards:     standards made by the International 
Organization for Standardization (IOS) or the International 
Electrotechnical Commission (IEC). 

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

7k.    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 comea frnm +** < 
acceptance of the standard* ^he^rTf• ÏÏTT "Î* they fKÍ" «* 

^:^rn^/^L:zTÄ?S 
«-, in tne count. „ ~1S'^Ä'tlS^«?aÄÄÄ,. 
76.    The recommended practice for n»H•.i  „+    J    ^ 
with a general council and b^oTSíSoíSStí' "S"*»««* *««**. 
government representatives, one third ^ "ien?ifS «n/í T*•** frora 

and one third from commerce and industry^ llTntlll    5 ^f0*1 institutions 
compulsory and should be improved in time «¡ •£ ! * \standards should be non- 
standards of safety and health can oe c^Lor^.^ deVel°P8*    However* 

II de^fo^^ in8titUtM « •«* «••*•• to be studied by 

¡Lstts^i St'Sis sti„Lh^rsrDeof p,^ring ^ *•« <* 
institute of the country.    If speciaï^LÎT<    be ******** * the special 
standard and if the laílratorieToíthe^M«» í" ¡T?!1" &•»*** « national 
handle it, the industrial ^^iSïlSS^Ï??lîrtîfc

0r8*,,1,Atlon Cannot 

research institute should be represented X\5     *     ? ***"•    *** ind«trial 
standards institute,  and eoJSTS ÍÍÍl2L!?l"X*1 C0UnCU °f the national 

of industrial research inst^tTsSo^ of 8t««*"** 
institute. "noma œ available to the national standards 

should follow their publication Lidïn ¡wciîïc^12? Î^' both aitate, 
others. ana ln 8P*cific work use the expert advice of tne 

80.   Industrial research institutes may be •«• K.I  #•> 1 k   «... 
in preparing their company standarl^8ïcÎ^Tv ^^IJ0 !** *P#Clfic in*«triea 
product development research %TT¿ ÎÏÏCfÎÎÎ1* "**" th#y *•** *one 8I*C^ product development research for that industry. 

1. 

2. 

3. 

5. 
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VI. 

A. 

FORMULATION AND SELECTION OP PROJECTS FOR A NATIONAL 
INSTITUTE OF IKDUSTRIÄL RESEARCH M'I0NAL 

Prepared by A. Sundralinsam* 

Industrial Research in the Tinlted states nf tmoy.<_ 

tterlVrt fìlli ^^^L^S^^T" 5" 8•1 <*" * llttle" 
industry employinG o^aí? a , ïu^op^^e 1^^^/° \** W biUi°n 

expanding economy and meetinc aueh « „hoiiT  rt?°ßnlzinS the challenGe of an 
amounts of mone/on enîargej6research tit** * v°luntarlly »Pendine large 
has paid «^ tìvidìST^S S^1?!?^8;     iollows t0°that this p°licy 
their immediate or long-formXelo^ení   Í     Sï fnd neV products which «-ve met 
to are parts of industriWon^í^f P   ?!'    M08t of the laboratories referred 

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

(b) To create the needed technology; 

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

(4)   prXlfaiî £\TT*ti0\? the C0Bipany * *uali* c°n*rol of its product. «M by the prevention and solving of its production problems. 

B.    Europe follows 

ä. Altars' g^Sllm LV^TT*1 S•** 0f lndu8trial «-«* ^ 
indivisible!». ^sírtaf c^•f ií ôLTr^î Tí lndU8trlal progre88 • 
exaaple of the United ItTt!«   !?£!*.?».other <teveloPed countries followed the 
B^Lnt TJ^Tlr^ll^TlTw?" Wr al8° 8eVeral ^veiCity and «r.n institutes in the basic sciences, which had been established 

Director, Ceylon Institute of Scientific and Industrial Research. 

9th £Ä^ COnSUning ",MWh lÄboratorie8- 
»•tlonal Industrial Research Conference, 1956, sponsored by the Armour 
*..arch Kaution of the Illinois Institute of^chnoLg? (Siî^i^,. 
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many many years earlier.     In this context,   industrial  research was thought  of as 
an essential complement to fundamental or basic research and as an indispensable 
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 
knowledge,  and this had resulted in economic development and higher standards of 
living in the eighteenth and nineteenth centuries,  but the application of the 
results of research to production had been slow during  one twentieth century, 
while the newer countries had forged ahead in this particular field. 

C.    The emerging nations 

3.      The emerging nations which have become politically independent have watched 
the spectacular strides made by the developed nations in their economic development 
and have cerne to associate this rapid development with their successful 
industrialization based on the results of industrial research.    They also have 
noted that nations which only recently were under-developed have beccme 
industrialized nations in a period of twenty to forty years.    Both the Union of 
Soviet Socialist Republics and Japan are examples of countries which 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 a 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 

k.      This paper deals with the formulation and selection of projects for a 
national institute  in a developing country, with poor resources of scientific 
manpower and no tradition of industry.    The assumption is also made that the 
capacity of such a country to find the financial resources 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 technological needs and the 
adaptation of existing technological requirements would also be larger by 
comparison with company-oriented research establishments.    The last 'condition 
would require for its rapid solution the harnessing of extensive resources in 
manpower 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 follow are 
an attempt at bridging this inexorable gap between requirements in development 
and the severely limited means available to the developing countries. 

E»    Pre-conditions for formulation and selection 

5.      It is necessary to state (a)  the functions of industrial research for a 
national institute;   (b) the objectives in relation to national economic plans; 
(c) the mineral, agricultural and power resources available;  and (d) the 
identifiable needs of technology to meet the industrial plans of the country 
before formulating the projects which would form the programme. 
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ß.      The ne::t step would be a consideration or the li-iit-tinn- <•„••,      ,  , 
and manpower and the ¿riorlties already -et bv t! ~       '•      Í emo'wd h'  -In-,« 
The final selection „f projects 1Mtt sS   fpr^¿Aríí ""  -T^' 
pothers, the technoloeical recrements or iZ^^^'^' 

F*    Functions of industrial research 

7.      The functions of industrial research nrp -t-n ,,».,=„.,     *.i 
to adapt existtnc technolorar to a particSlaíaet 7    ,    Í "<=«==<"* Welmolo-y, 
chosen or createï technolo^ a? SS c   1    B * * Iti" m°intai" the 

includes basi- and allied resesmh      *o«.<í f ,' research component 

temperature      A «Zt  L í    Ífí-       different seasons,   altitude, humidity and 

applied research,  but because we know so little nrlÌìu\J ÌB 

involved in th*> tr*n<nrJÎ\ little of the mechanism of reactions 

^^X^HLAn^S^VìT f •»»*-»«» that opti«,« 
processes,  and ?he che^nS MocSist^o ^m oH    if r^rcf   u" 

Í5T5 n"~ 
pr^de^"i»ïï£2t"ÏÏA' """"^ 8tUdleS'  eC°MlC St^"' 

ÎLrtïî f1X íe aF?arent that industrtaX research is no test-tube affair but „ 
ÄÄ 'TS índ?f i'"1 d"el°^ *hrc,.Eh all phases e cepf 
moceas mcMnerftf >,.      "?     * be able t0 pr0Vide fuU information on the W   °°   machinery to be employed and the technique of manufactures. 
!>/   IblTTT 

y   ïnstani ïef n^f !clenîlflc and Industrial Research, The Manufacture of 
Instant Tea Directly from fire.n iw   by A. Sundralingam (Colcmbo).  

^    NaÎura/Reînu^i^TÎ0 CoBBll;Bi°n for Afric^  Standin, Committee on Industry, 
S•ï~ Re!0ur^es and Transport,  "A report on institutes of industrial 
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10.    Technolo,:ry  i~ öfter, thcu ht oi   as a primary  recource  fcr the reason that it 
has  no value unless  it  is used.    The   creation of a technology produces a potential, 
but the realization of this potential only comes through effective exploitation. 
There is  a  fallacy th.-t  once  a new technology has been announced,   industrialists 
will hasten lo use it.     On the  contrary,   there  is a normal reaction to charge and 
a new technology has  to be sold even in the  industrialized countries.     In the 
developing countries vith little or no entrepreneurial talent,   the task of selling 
presents  creator difficulty and involves added assurance of continuous and direct 
assistance.    This area of assistance would include industrial testing,  quality 
control,  efficient maintenance,  trouble»shooting,   industrial engineering,   etc. 
These are essential elements of service if research results in the developing 
country ore to be extended to production and accelerated industrial development 
generated within the country. ¿/ 

G.    Research in relation to economic development 

il.    The role of 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 play only if 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 ruust be in the hub and counsel of planning and development. 
It cannot operate in an ivory tower apart from the country's policy makers -snd 
planners.  6/    Research  is an integral part  of plenning and development.    The 
research organization can only meet  its responsibilities towards the nation by 
being fully associated with the industrial development objectives and plans of the 
country.    To this extent,  its programme should reflect the co-ordinated thinking 
on the country's  needs  of the planning departments,  government agencies connected 
with industrial policy and the scientists. 

H.    Resources 

12.    The resources of a country and their optimum utilization in industry are key 
factors in development.    They are consequently of vital importance in research and 
in determining the programme.    There are two distinct ways in which the subject of 
resources and industries can be handled.    One is the descriptive method, which is a 
description of the mineral,  agricultural,  and energy resources known and available, 
and the other is the  functional method. J/    The descriptive method gives a detailed 
picture ol  the nature,   quality and quantity of a resource.    The functional method 
places the emphasis on analysis, correlation and appraisal.    Fcr the purpose of 
project formulation,  it is necessary to vse both methods.    One would therefore 
catalogue the resources tu the extent that  such information is available through 
theological and other surveys,  and would also applv  the technique of analysis and 
questioning in order to elicit the problems associated with the resources. 

6/    Ceylon,  Institute of Scientific and Industrial Research,  A Review of the Applied 
Research Problems in Ceylon and a Research Frogramme for the CISIR, by 
A. Sundralingam (Celante). 

7/    Erich Walter Zlimonai;an,  World Resource^, and Industries:     A Functional Appraisal 
of the Availability of Agricultural and Industrial Resources, rev. ed. 
(N.Y., Harper ¿1951'). """""" 
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13. It is necessaiy to knew the quality of the  resource te determine -M-th-r 
beneficiation is  likely to enhance the quality to the extent desired lor" 
within the country or for export,    tne would question why 0 particular rezurce 
either not exploited or under-exploited,  either unutilized or under-uti li-ed    "A 
material similar to a local resource in use in a process or industry «lre-vlv* 
existing would suggest an Investition into that resource.    Lweri'n- oV nullity 
in the final product by use of the local resource would again su.-est  n  rro'iect on 
the pre-processing of the resource or adaptation of the technole.-y used  in the 
particular industry or process.    Seme minerals and most of the a"ricultur-il 
resources provide by-products often going to waste because no immediate use is 
found in the area;  investigation into finding uses for these can be rewording and 
XI*UXuxUi.f 

14. Tue developing countries of Asia, Africa and Latin America have primary 
product economies 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 oil seeds and palms, besides 
primarily industrial raw materials such as fibres, rubber, essential oils 
cinchona, pyrethrum and forest products. These agricultural economies 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, if only for preservation and storage, in aln-oot plvr,vs MPr-ccs-ir- 
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, sh-Ll duct, 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 cleaned, femerited and 
dried for the market. Rubber is extracted from the tree as late:; and either 
concentrated or processed into sheets, crepe or other special forms.  Cassava is 
made into starch n-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 board. This interdependence between 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 
present problems of beneficiation, refining, purification and preliminary precessine 
if the country is to obtain maximum value for them. Such energy resources as coal, 
petroleum and peat would suggest a number of chemical processes and by-products 
for investigation. The water resources ere modest in most countries, but are 
essential for agriculture and the source of hydroelectric power. The optimum 
utilization and conservation of water is therefore of vital importance to the 
economy. 

!• The industrial plans and identifiable 
needs of technology 

17« A new country passes through three stages of economic development:  the 
exploitive stage, the stage of industrial development and the stage of industrial 
maturity. Most of the developing countries were until recently exporters of the 
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producta oí' agriculture, mining, fisheries and forestry. Ihcy have, however, a 
Ion;; tradition and experience i:. the processing of their primary products for 
export,  [iinc*j the Second '.,'orld :.ar, many countries have embarked on planned 
industriel development and if those plans have been based on sound economic 
decisions, each country ./ill have built its industry largely on the strength of 
its basic resources - agriculture or mining. 8/ Easic industries for the 
manufacture of fertilizer will have evolved from the availability of oil or 
large reserves of forests, plywood and newsprint from forest timber, iron and 
steel from iron-ore deposits, chemicals from salt and other deposits, aluminium 
from bauxite, copper wire and plate from ores of copper sulphide or oxide, cement 
from limeston.: end cloy, etc. 

18. Eesides these basic industries, which are generally planned and have specified 
targets of completion and initial production, there is a large area of secondary 
industries producing consumer goods. The secondary industries are mentioned only 
briefly in most 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 sector are not so provided for and entrepreneurs are expected 
to obtain such assistance as they can within the country. 

19. Added to tnis disadvantage is *he lack of specific information in most plans of 
the number and nature of these secondary industries. The countries' industrial 
policy statement, together with the approvals already granted for new industries, 
would then have to be studied in order to determine the adaptation of technology, 
the row material substitution and the processing problems of these industries. 

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

J' Over-all programme to preliminary selection 
of projects 

,.'l. The over-all programme would be an inventory of projects resulting from an 
analysis and appraisal of the needs of technology end technical services necessary 
for enhancing the rescurces and developing the existing and planned industries of 
a eountry. These projects could then be subdivided into basic and applied, and 
long-term and short-term, projects under product or subject headings. 

?2,    At this stage, it would be necessary to consider the major short-term and 
long-term objectives of development of the country in relation to the financial 
and manpower rescurces available to the research organization. 

K. Scientific manpower for industrial research 

O. Stanley F. Teele Btated, "I think that the premium on imagination, on 
flexibility, on the capacity to deal with questions that have never been asked 

¡¿/ Murroy D. Bryce. Industrial Development (New York, McGraw-Hill, i960). 
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think 

i-rimi-iat 

before, will be very much more substantial th• it u . v, 
that the capacity to deal with new knowî dge •r    U ¡if  lr\ t,u\*¡ct-    I 
Piling up at a rate that is hard to exagérate    I    n?   Ï'   T Kno"ll'a-^  L'"'1    - 
demands the capacity not oniv tn a^    f^eif-e>   x° of utmost  consequence.     It 
carefully with'respect to what does'not neM ^ ^^ but "^ to aiB,rl,... 
avoided».  9/    The manpower for industr al reser?? T"^ ""* W'm ßhu,ld be 

qualities ¿id it woul? be wroíg to ¡Lune" tZt      1 Ì      M ^^  ti,u ^^ 
research man.    The type of scientLt  TZ l ÎÎ a science badante  ir, „ potenti^ 
graduate in those disIipîLmosLuS*^ ior/e—h would be an huneur, 
engineering, with a postgraduate dHïïÎ^ ' — ' chemistl^ Phy*ica nnd 
field and ai least o        0   ,    years fn    „ Í fT^ ln *" applied "ientific 
or an industrial research Ïnstïtute. ^^ °f dete•^d epocialization 

-a•Ä Ration or time, 
normally expect that a scientist tr»^?    ?ï      °f/esearch> and one would 
acquired techniques t^lS^^1^^A^:•^** t 

disappointing^ mo^of t" isTth't tw Î£ ÌTì' ^^ m°St 

the specialized abstruse fieSs whicí etLed ïhet?t** pera"ted t0 V°rk in 

and in which a school of research existef fnlí a^ention at *he university 
project assignment with indussi assocLuons iV?    í°f f profess^'    Any 
materialistic and against the unWr^t,    ÍÍ?       ! l°°ked d°Wn upon as beil^ 
sake.  10/   Applied «Srchdlîîî• ÎÎÎy f^080^ of Pledge for knowledge's 
method-tnd tS applied scîent^       SoSTh víÍ TT0"1 in lntent rather *»n *» 
research methods and techníoíes     ïïï L&Z    f J^or university training in 
atmosphere is itself a bSer ' if oveÎcome\1ïf i^L^"" *" * ""^^ 
scientist to the industrial dl-clpU^^^^^0^;/0 Mp0Be W» 

laboratory will caus'e inceraci£ffiTultillf   Z£^ 'f^f' reS68rCh 

necessary for applied research c«nn«í îf      Î /ality and the richt attitude 
qualifications and traininTand S?f ÏÎ    * f/P by «uant"/ «"h lower 
One of the means of    "ercominf tÏÏscare! tT 7 1°^ be &V°ided at a11 cosfc*- 
extensive programme of overas ÏrainÎniIt?        "J611'1"0 manp0»er *« to have an 
five years included i i the ÏÏÏn,Î2? ?    °        graduates for periods of four to 
«anpoïer is U.^1^^^^^ ^enization's capital budget,  for 

Finance 

^   ggffi °f Ina"atrlal »-"•• »„n^nt,  Carl Heyel,  ed.   (,.,., fclnllold 
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facilities, o nil Tor the cost of onerrtion.  Most developed countries are 
trending as mu Ci a:; P  nor cent of their national income on research -nel almost 
cT.5 Tier "cent on industriel research. The developing countries tend, however, 
towards the belief that research is an idle luxury to be had only for prestige 
reasons. Recently the Governments of South African countries considered an 
expenditure on industrial research of 0.01 per cent of the gross notional product 
per annum too hi ;h. Ceylon spends Rs. 1 million per year of a gross national 
product of Rs. 6,000 million, and this is considered inadequate to maintain the 
existing organization without expansion and without expenditure on overseas 
training for its staff. For developins countries, therefore, finance is likely 
to present as large 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 

e:rpected time. 

L. Preliminary evluation and screening 

27. The over-all procrearne derived from a study of the resources and plans of the 
country would, as stated earlier, have to be classified according to resources and 
industry, and further subdivided into basic research, applied research and 
development. Because the institute serves an entire nation, which includes the 
private and public sectors of industry, the spectrum of disciplines and the 
possible number of projects would be extremely large. 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 and ministry officials, would consider the relative importance 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 effort, those which 
required technologies that were scarce or unobtainable, those for which existing 
technology 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 
adapted at lower cost. 

M. Information content of project proposals 
for final selection 

29. Even for the projects submitted in the over-all programme, a certain amount of 
preliminary work must be done before the idea is reduced to writing. After the 
preliminary screening has been made, the projects remaining and therefore 
considered to hrve some merit or purpose would have to be prepared in some detail 
for the final 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 literature search mode on the particular subjects and the gaps in knowledge 
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 index of 
work the laboratory has previously undertaken, so as to exclude experiments which 
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have been macie previously, li/ It ecu lei sis-, as part ->i' it:; :;. rv iv jr¡t-,¡ 
similar cross-referenced inde;: of papers, journalr-'or rntont i-/ /'it f ' ,,'.,,. 
and subjects in wnich the institute is likely co be interested." Í'K \- H.' 'e •"' ' "' 
adequate literature and patent search cannot be over-enphusi ;eü.  lì u-'u •- ',—.,,• 
that lack of library information has led to pro OCIE which .'>utoi--,pteJ to ix < :'--ê v-'.'r 
what was already known nnd published. Apart fror, the r-nvin s i:;'cr<^ M !•"•,.••" 
even more in valuable manpower. •-•,-.. 

31. The utility Tactor should be presented next. A bacie rese-nvh rroieet t > 
provide new knowledge towards the solution or other applied probier,-' h-r; utiLii' 
even though it would be difficult to estimate in advance the time required • V' 
completion of such a project and hence the cost. In aoplied ret; rrc' tlir utmty 
factor can be more specifically stated as a new or better raw u-teri:>L, an ir rovec' 
product or process or operation or a new product. At best, ih.' tine, cost ¿1 
magnitude cf the attack on such a problem can only be an intelligent'prediction 
based on previous experience with similar problems. Research is"essentially in 
exploration into uncharted areas and therefore defies more definite ostir-atee 
ITiat is presented as time and costs are notional probabilities. 

32. In the case of development projects which involve pilot-plant operation 
determination of unit costs, market research and evaluation of final product' it 
would be possible to determine more closely the utility and usability factors and 
to predict within close limits the results that would be achieved, in a particular 
time and at a particular cost. 

33. In addition, certain other factors, such as specialized equipment and 
specialized skills and their availability or probability, should be stated. 
Also of creat importance in the selection would be the considered view of the 
director and technical staff of the chances of successful attainment of the 
objectives of the project and whether the project was or importance to e-cistin- 
industrial plans. "    J 

N. Final projects - selection and priorities 

3k.    ;/hen 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 -roup to select the final projects, establish 
priorities and determine the projects for implementation over a period of five 
years. * 

35- There are two approaches to selection - one is the systematic formula method 
and the other is based on individual or committee judgement with weights"e Given to 
service and the person or persons involved in execution of the project. Blake 
favours the informal committee approach because a grouo can malu. two important 
contributions: (a) the establishment of technical chances of success- nnd 
[b)  a review of the literature and other information contained in the proposal, li 

11/ R.N. Anthony, Management Controls in Industrial Research Organizations (Boston, 
Harvard University, Graduate School of Eusiness Administration, Division of 
Research, 1952). 

12/ Walter T. Blake, Project Selection.(Madison, university of Wisconsin, 
Engineering Institute's Industrial Research Organization, I956). 
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36.    The ¡simplest formula devised by an industrial research institute,  as an index 
of n<-t  probable return on investment,  is I = M,  where I =» inde;: of relative worth, 

P - over-all probability  of attainment of goal,  N = estimated net  return for an 
arbitrary five year period and C = estimated research cost.    The organization which 
developed this formula  ;;ives priority and emphasis to projects with larger indices. 

•y\.    The ideal approach vculd probably be a combination of botli and the  final 
selection would 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 
specified period of,  say,  five years. 

Research capacity 

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

39»    If existing personnel are insufficient to carry the priority projects 
selected,  the following steps should be taken: 

(a) Seek outside organizations within the country, such as universities, 
departments of the Government, etc., which employ scientific research trsined 
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 
of tin». 

kO,    While this approach can be made to overcome manpower shortage,  it is only 
possible if sufficient funds are made available.    Finance is therefore a critical 
factor,  nnd it is urged that developing countries which are establishing institutes 
should Make adequate provision for recurrent expenditure.    At this late stage in 
the race for technology,   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. 

LIST OF REFERENCES 

1.     Anthony,  Robert Newton.    Management controls in industrial research 
orcanisatione.    toston, Harvard University, Graduate School of Business 
Administration, Division of Research,  I952.    537 p. 

?.      Blake,  '.'alter T.     Project selection.    Madison, University of Uisconsin, 
Lntrineerln ~ Institute's Industrial Research Organization, 
December 1?-1^,  19$6. 

-116- 



3.      Bryee, Murray D.    Industrial development.    N.Y., McGraw-Hill,  i960.    iñ¿ p. 

h. Ceylon. Institute of Scientific and Industrial Research. A review of the 

SsS6 SSrr?nf°^era8 Ín ney,l0n  and a reSearCh Pr°s•nme for the LIoIR. 3y A. Sundralingam. Colombo. 

5-  T-T-\  Tí? manufafure of estant tea directly frcm Green leaf. By A. Sundralingam. Colombo. 

6.  Conference of Technological Planning on the Corporate Level. Technological 
planning on the corporate level; proceedings of a Conference sponsored bv 
the Associates of the Harvard Business School, September 8-9, Ï961 
Cambridge, Mass., Harvard university, Division of Research, Í962. '253 p. 

T"  m9\Tli^ti95ff^°l0t indU8trial research ma^e-nt- •**«*, 
8. National Industrial Research Conference, 1956. Sponsored by the Armour 

Research Foundation of the Illinois Institute of Technology. 
Chicago, 1956. 1 v. 

9. National Research Council. Industrial research laboratories of the 
united States, including consulting research laboratories. 9th ed. 
Washington, 1950. kkk p. (Bulletin, 120). 

10. United Nations. Economic Commission for Africa. Standing Committee on 
Industry, Natural Resources and Transport. A report on institutes of 
industrial development and research on sub-regional basis for Africa. 
¿By A. Sundralingham/ Doc. E/CN.lV&NR/lH, 27 November I963. /J5of p. 

11. Zimmermann, Erich Walter. World resources and industries; a functional 
appraisal of the availability of agricultural and industrial resources. 
R§v. ed. N.Y., Harper ¿1951/ 832 p. 

•117- 



VII. APPLIED RESEARCH, DEVELOPMENT, TESTS AND 
STANDARDS IN THE DEVELOPING COUNTRIES 

Prepared by D. Zanobetti* 

A« Research and Development 

1. The Centre for Industrial Development of the Economic and Social Department 
of the United Nations should be complimented on its timely decision to hold the 
Inter-regional Seminar on Industrial Research and Development Institutes in 
Developing Countries, since it has been proved that these institutes are the 
fundamental instruments for the industrial development of all countries, whatever 
the stage 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 instrumentation and the need for a concentration 
of material and human resources. 

3. A confirmation of the usefulness of concentrating 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 laboratories are established jointly by corporations which, moreover, may 
even be extremely competitive. 

k.      The United Kingdom i6 perhaps the country in which this pattern has reached 
the greatest generalization, and in which one can also see the very interesting 
process by which large research associations, that were at the outset purely 
private enterprises, have gradually become of interest to the governmental 
agencies and have grown into semi-governmental bodies. 

5. Examples of governmental 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, i.e., the one best adapted to its particular case. 
Whatever the formal organization, the basic elements - the laboratories - should 
be studied first, and in this, one may find the complete range, of which it may 
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 
political independence. 

7. 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 commercial activity. 

* United Nations Educational, Scientific and Cultural Organization. 
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form of advic«,  nnd   -enrml  facilities. UL1"hLU «'-tivitiec may  in,,   helr i:, th 

9. A chemicnl laboratory should provide merma  of epoetin- ,,.„„.,      - 
Purposes;  a building laboratory should heir, th* rrlvaíe- a d •   v ^ VartlH,B 

activities and provide means or testinr mater hin                and public-varier 
laboretory should por,:it measurement  of alertan'proct7        *\ ?"" '^^ 
calibration of Measuring instruments,  et  .    I       i,^:    l'i Rnd t,u; r'^ • 
bodies - the Customs,   the Post-office    the MinLt•    r* ^ ? 8erve b°th ""venant 
private enterprises,'fomers, -dne^'^r^S/et^ "^  ^  " awl 

10. A problem is, of course, to select th#»  rnr.-n-n-<      ^ 
primae requirements and Unea o? dîvrtomeÎt    ¿ut •rh„" TH"

0
" Í" "" COU"t"'a 

is that of staffln,:. development, but perhaps the most serious problem 

in general,  the best coïution^d one^'fua "»reini'"?,^ '""'    '"* S' 
industrialized eountries up to very recent Unes! currently 

uLu!Xhir:^n:r^\u\o\^\^7r^:îirL:hri r riem is 

abroad should prepare ínf ¿ecnn'lcìns and'the^T^V^• t0 be carrled «* 
laboratories and Co repîace Írel'n• ostale!      *""        """ *'* *Ch°°l a"" "« 

UNCSAT   deals with the oroblem «Í iS> i•    !.? Benefit of the Less Developed Areas 

-oratories, and »l^n^^Tt^S^^^.'^rîrtïï: ST 

s^seVSLTo^ent^rre'änarcV'ndle" f ^^ ""* '»» » -•«* 
hi6h level or s^ciaíilatr0„ Ser th"e rZï s^0"4^" """ rt"Cht"1 8 
denominator to all thi* activltv^^i ?!      ff•1»6 the problem of a common 

laboratory for £ exe^ut    n o 'ihfhlgh st   -r    IsiT 2i" i•"0^ ^"^ 

^n^uTred.^^ '"^^JÄ -' A^iZc•'"' 

^sT^tef SÄ." ^räf r* ** fc"•1 *"» °f 

described In annex I!,  by A.V. Asto,  its"director """' ' Ubm">* l° 

lÎL,M.ÏÏ?y ? \nstl°ral laboratory exists more or less in all the 
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18.    In annex III,  L. Ragey gives a description ef the activity of the National 
Testing Laboratory of France,  together with its historical background.    This shows 
very clearly how a national laboratory was involved in the industrial development 
of the country,  from the start of the industrial revolution up to the present, 
adapting itself to the national necessities and always providing those services 
which other organizations with more limited or more specific interests could not 
provide. 

P.    Tests and standards 

19. Standardization goes hand in hand with progress and development.    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. 

20. However,  standards may have many meanings and include many concepts: 

(a) A common definition of measurement units; 

(b) a 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 the most important industrial activities 
concerning public use  (construction, erection of electrical lines, 
food conservation, etc.). 

21. These activities are acuite distinct from one another but they have in common a 
specialized knowledge and the necessity for instrumentation and, as 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 become much easier than it was in the past. 
Relatively moderate-priced standards of good precision are available and transport 
has reached such a high degree of speed 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 te le coupled with the maintenance of national standards. 

23. The standardization 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 the 
fact that it will take a considerable number of years before it is universally 
adopted, * 

2k.    Much more complicated 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 
cannot 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 spécification« fw*       v, 
joint activities permitting the preparation of «íw •,    Í    î       Ch country> «»ugh preferred. Preparation of regional standards are often much 

25.    îhe same consideration applies to codes of practice and in wv,     +<  <*< 

establishing co-operation aaong the Crested countries tTîsstcolon dolents. 

ffl*«??* if ^ Y1*11*7«1, 0D« »Peaks of industrial research and develot^nt 
institutes in developing countries, one should always incluí   L ! ^f^\ , 
part of their activity, "tests and standards"   «2L ,Ä f *. «»taawtal 
also be u«d for the 2tt*ti.i te.S¡£^ ' ^ ^ faciliti*8 8hou^ 
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ANNEX I 

EXCERPTS FROM ROLE OF A PESEARCH INSTITUTE 

by Ralph A.  Kr<?use* 

I.    INTROIUCTICN 

1. Developing countries have a shorto ,e of scientific and technical personnel at 
a time when the need for them in   ;overnment,  industry and education is critical. 
Scientific, engineering and testine facilities are needed for instrucción, 
industry development and Government functions.    Facilities are expensive and 
should be available on a basis ensuring efficient use.    Often, industrial and 
governmental leaders lack staff assistance with the technical and scientific 
background and experience  so essential to realistic planning for the use of 
research relevant both to managerial decisions  end materiel development. 

2. Gome assistance can be provided by the technical staff of the university or 
technical school and by such local consultants as may be available.    Assistance 
con be given by foreign experts or organizations.    Such assistance, while important, 
is difficult to arrange,  is not continuous,  lacks local laboratory facilities, is 
often quite expensive,  and does not serve to build a strong scientific and technical 
resource for a country. 

5,      A central organization desi-ned to provide technical ossistence to each 
segment of the economy,  staffed with scientific and technical personnel,  adequately 
equipped with laboratory and supporting facilities and suitable directed or 
motivated toward serving the government,  industry and business of the country, 
can be a major asset in the development programme.    Such an organization - a 
research institute -  can have several important functions.    It will emphasize one 
or more of these functions in accordance with the need of the country, the 
particular abilities of the staff and the direction of its leadership. 

9, In additior to conducting research into new products or endeavours for 
industry,  the research institute provides many technical services.     It makes its 
staff available for visits to industry to discuss technical operating problems,  to 
conduct on the spot "trouble shooting"  and testing,  or to advise on suitable 
materials or processes to improve the production of the industry.    In a more 
formal manner the research institute establishes technical standards for industry, 
distributes suitable standards for industry use and provides a standards checking 
service.    Similarly, it works with industry in establishing testing procedures and 
provides materials testing facilities  and service at its own laboratory.    It may, 
in addition, at 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 manpower and facility 
resource which can be called upon as needed and which can, because of the 
interests of the staff,  keep industry abreast of new developments and assist in 
their adaptation. 

*    Associate Director,  Stanford Research Institute,  Menlo Park,  California. 
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11. Certain additional services  given to industry,  such as the tr- ir.in • o. 
personnel who eventually ere employed by industry,  the up.radin,^ oi   iruusUy 
personnel,   and liaison with the uorla's technology na, with   .orci  a e::;.citr- vali 
be mentioned later. 

12. There are :nrny examples of research organizations  provi din- th.;  -ibove servicer 
to industry,   such as the  Instituto Mexicano de  Investigaciones Teohnologieas "nd 
the Industry Institute of Lebanon.    The Instituto de Investigaciones y l'usane 
Materiales  associated vith the University of Chile provides  such  services vita 
emphasis on industry standards,  testing and quality control. 

IIl(C).    Improving the Scientific and Technical Manpower Resource 

IT«    A less easily recognized role of a research institute concerns the development 
of an adequate resource of scientists and technical personnel and the facilities to 
make them effective.    The  institute calls on the staff of universities and technical 
schools for assistance,in its studies.    Tais malíes the services of such personnel 
available,  011 a part-time basis,  to the development programme and,  at the cam- time, 
enhances their income and provides research facilities and technical challenges to 
them.    By providing a source of employment for technically trained personnel, it 
establishes a motivation for students to undertake scientific and technical careers. 
It can assist in the training of students by providing facilities  for graduate 
research and by providing fellowships for studies in foreign research organisations. 

18. Many of the staff of the research institute eventually become attracted tr 
technical positions in the industries of the country or are called upon to curve 
in technical or administrative positions in government.    This turnover provides 
experienced,  technically educated, personnel to the industrial development 
programme or to government policy positions and at the same time opens up 
opportunities for younger personnel to join the institute for research and training. 
The research institute encourages industry to send its technical personnel to 
participate in the research project undertaken by the industry in order tu assure 
efficient transfer of the research results to the industry and to previde training 
for the participants.    In addition to this technical upgrading of industry 
personnel,  the research institute conducts formal meetings,  seminars or special 
courses for the education and training of industry personnel either through a 
formal productivity programme or in connexion with its research activities. 

19. The research institute gathers scientific and technical publications of the 
world and maintains a library available to its staff and to members of industry 
and government.    It has library exchange relationships with the foreign sources 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 government,  industry, and educational organizations through 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 meetings and seminars which are 
attended by interested persons from all segments of tn-_ community and in which 
local and foreign experts participate.    Conversely,  the members of 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 academic community, in 
its trainine 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 technical self-sufficiency 
of the future and the prestige of the nation in the scientific community of the 
world. 
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ANNEX II 

EXCERPTS FROM THE ROLE OF THE NATIONAL LABORATORY 

by A.V. Aatin* 

The Founding of Battona! Laboratories 

6. Concurrently with the growth of firm ties between science and technology, 
technological 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 accord on a world-wide 
system of measurement.    Such a system would be particularly important if scientific 
data were to be reliably exchanged among 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 signing of the Treaty of 
the Meter in 1875 which in turn provided for the establishment of a permanent 
International Bureau of Weights and Measures at Sèvres, near Paris. 

7. Although the creation of the International Bureau of Weights and Measures was 
a significant step in international scientific co-operation, and in providin ' a 
logical and physical basis for scientific, technological, and commercial exchange, 
it was only a beginning.    Means had to be provided for the dissemination of 
standards within nations including standards 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 materials 
would facilitate the work of scientists and technologists generally.    These 
multiple needs first crystallized into a practical plan in Germany.    Thp 
Physikalische Technische Reichsanstalt (PTR) was established in I887 to provide 
instrument calibration and research and testing on standards, instruments and 
materials important to the science and industry of Germany. 

8.      The immediate acceptance of the PTR 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 I9OO and the National Bureau of Standards (NBS) established in the 
United States of America in I901.   The prescribed functions of each of these three 
national laboratories were remarkably similar.    Ail were charged with (l) 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. 
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and (3) reseerch on problems of a major nature that required the availability of 
nationally furnished*facilities and resources. In addition, these laboratories and 
similar ones established in other countries have provided focal points for the 
co-ordination oí' nrecision measurement activities among nations, primarily through 
the International'Eureou of Weights and Measures, but frequently through direct 

exchange. 

9.  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 
enlarge and a better appreciation has evolved concerning the nature and importance 
of the' original measurement functions. Ue shall proceed next to examine in some 
detail these functions. 

Modern Functions of a National Laboratory 

3.0. Standards for Physical Measurement. A major purpose in providing standards for 
physical measurement is to assure uniformity and compatibility in all activities 
in commerce, industry, and science that involve physical measurement processes. 
In the exchange of 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 stability from 
place to place and from time to time. Measurement standards thus provide a 
cornerstone upon which basic scientific information can be applied to useful 
purposes. 

11. The traditional role of measurement standards, in the area familiarly known as 
"weights and measures", has been primarily concerned with assuring reliability and 
fairness in commercial exchange. In the buying and selling of commodities, mutual 
agreement on the actual amount of a commodity that is exchanged depends upon 
accurate, stable, and honest weights and measures. The function of establishing 
and disseminating reliable standards for weights and measures has long been a 
responsibility of government. 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. Although this can be done by direct bilateral 
negotiation between governments, it has proved much more effective to have 
national laboratories work through the International Bureau of Heights and Measures. 

12. Measurement standards also provide a basis for the exchange of components 
within an industrial system. The importance of 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 techniques for different types of properties that must be 
controlled vithin a single assembly be consistently related through a logical 
measurement system, ¿md finally that the standards upon which the system of 
measurement is based be adequate to the range and tolerance requirements for 
interchangeability. 
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13. In its simplest form interchangeability requires only o measurement stnrdard 
applicable to a sinGle production line. In the next stane the Measurement standard. 
are applied to different production lines within a sin-le plant. Fron, this phan, 
we go to the need to assemble components ¡nade in different plnnts, .-irst in 
different parts of one nation and then in different nartc of the vorld. In order 
to assure interchangeability under these expanding and more extensive conditions 
measurement standards must be increasinßly available and on ar. i<iip,-nation->l ba-i- 
Increasing the accuracy of measurement raises the level of sophistication of the "' 
interchangeable parts concept. The reliability and efficiency with which parts 
can be mated through controlling dimensions by a standard increases only ac 
dimensional control itself becomes more accurate. Modern industrial efficiency 

onntün? ¡Sì *" ?Pprfiable extent upon the Phenomenal increases in our ability to 
control dimensional accuracy. J w 

lU. A still hi-her degree of sophistication in the evolution of interchangeable 
parts involves the measurement of properties other than dimensional, such ns 
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 reaches its most 
advanced stage in the assembly of devices for space exploration. Here, the 
requirements for interchangeability may be imposed on hundreds of thousands of 
components or many thousand distinctive types, with scores of different controlled 
properties. Measurement standards for all of these properties 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 Ion- life is 
desired. Maintenance frequently requires that measuring instruments to determine 
critical Properties be available, and that there be a supply of replacement 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 
which 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 where the most complex 
technological devices are fabricated in a few countries but where their use is 
world wide. 

^-    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 manufacturing processes, 
and in technological and commercial exchange. In the building construction 
industry, for example, the availability of standard sizes for such thin-s as 
masonry units and lumber facilitates substantially the design of structures, 
the erection of structures, and their maintenance. Similarly, in the meche  ical 
industry, standard sizes for nuts, bolts, screws, pipe, sheet raetel and many other 
items facilitate all aspects of commerce in these products. 
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!<•.     Vi'cr  production inductrice with their extensive  dependence upon interchon ;eable 
pr'rtp require not only reliable measurement standards but also standard sizes, 
nodules, sub-assemblies and performance characteristics.    In this area,  as ^s the 

rue- i.«  the measurement standards area,  the ran;;;e of applicability  of standards of 
nr-c'.ice  increases the ran ;e  of usefulness of tlv; interchangeable concept.     _ 
Standards applicable  to o  single plant will permit internal production efficiency 
but  if products  are to be used in conjunction with other products,   if the 
maintenance and repair of equipment is to be facilitated,  then engineering 
standards must be widely accepted and used. 

00.    In cenerai the  importance of engineering standards increases as technology 
becomes more widespread and as the diversity and complexity of technological 
products expand,    "ithout a reasonably high decree of standardization of sizes, 
varieties and oneratine characteristics,  modern technological economies would 
collapse. 

21. A systematic concern with engineering standards is extremely important in 
extending technology from the more advanced nations to less developed areas. 
Although "standards applicable within a single country or even a single firm may 
take care of all major problems of internal production efficiency,  the exportation 
oí  technological products to other countries where they must be operated and 
maintained requires the availability of standards accepted and understood in the 
importing countries.    The development of international standards,  so important to 
international trade and commerce,  is centred in the International Standards 

•Ornan!nation (IGO).    There must, however, be affiliating organizations within 
ench member nation of IGO.    These affiliating organizations are frequently 
governmental organizations,  sometimes private organizations and sometimes 
quasi-governmental organizations.    Sometimes a national laboratory or its 
equivalent may assume full responsibility for the engineering standards work 
within a country but this is by no means essential.    There are many ways, however, 
in which a national laboratory can ard does contribute to the advancement of 
engineering standards activities.    Let us examine a few of these briefly. 

22. Most meaningful safety codes require some quantitative knowledge of the 
properties of materials and the limits of operating conditions to which a material 
or device may be subjected.    Building codes,  for example, require a knowledge of 
the strength oí" building materials and a knowledge of the range of loads to which 
the building is apt to be subjected.    From such quantitative information meaningful 
building codes  can b3 developed. 

23. In the development of specifications for the purchase of materials or 
devices for specific application it is again necessary to have available relative 
nnd quantitative information about the materials and devices, as well as about 
anticipated operating or use requirements.    In addition, it is essential that 
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 measurement techniques have made substantial contributions to the 
development of standard test methods as well as in providing data on the properties 
of materials essential to the development of a useful specification. 

dh.    In nations which depend extensively upon the importation or exportation of 
fabricated 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 
confidence in the value of commodities purchased or in the fairness of reimbursement 
lur ccrrrcdities that are sold.    National laboratories can exercise one of their most 
useful  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 Testine Laboratory was founded in Paris in 1901 at the 

?Z!íJf 0ire/?S/ItS,ei MétierE'  SinCe " WaS here that the «"t measures or inspection and industrial output had been studied and here too that the 
International Metric Commission had been based, under the leadership of 
General Morin. F 

As long ago as 1863,  the engineer Tresca - Assistant Director of the 
Conservatoire des Arts et Metiers - set up a small polyvalent laboratory where, 
for the benefit of inventors, he measured the performances of very widely varvin" 
S   nf;i    hf air ""hines,  gas driven motors,  fans, various steam machines/    " 
hydraulic motors, automatic steam pumps, machines 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 of 
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 I862 and l879 in the 
ìwÌYf the Conservatoire - one of the rare scientific and technical journals of 

ÏÏEtîX?'tJSE'        I ^SeC??d half °f the nineteenth <*<*ury, the basic idea of 
£ÎTZ S G I      Ï      r " 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 the 
experience gained in the metrological work at the Prototype Office of the Decimal 
Metric bystem. 

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 other, 
centres open to anyone desiring the most exact measurement possible, in order to 
testify to the quality 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 predominate.    Here, we give a description of the French National 
Testing Laboratory. 

At the time of its foundation in I9OI, the role of the Testing Laboratory 
was confined to measurements of properties and to "physical, chemical and machine" 
characteristics.   Therefore, everything to do with biological properties 
(toxicology,  etc.) wes implicitly excluded. 

It was only in I925, 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 191*3 
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onwards,  it yac  designated national Laboratory,  and wan entrusted with 
representing Fronce in all international metrologicnl commissions. 

Durine the  first thirty-odd years of this  century,  the  Laboratoiy equipped 
itself to deal with requests  for tests of the most varied nature,   sent in by 
manufacturers  and public services.    Chemical analyses,  particularly those to do 
with minerrls,   including fuels,  together with the measurement  of the usual 
properties of metals and materials  (resilience,   elasticity etc.),   constituted the 
mein activity.     Special installations permitted the observation of the breaking- 
strength of cables,  the ultimate strength of ceilings and building materials, 
and the resistance of vails to the transmission of noise or heat. 

It was natural that, at a time when industry, with the exception of heavy 
industry,  still retained 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 of the products ueed. 
Fortunately, however, industrial development was to point out to the manufacturers 
the fundamental importance of these data,  and recourse to the Testing Laboratory 
gradually stimulated business to set up measurement sections.    Thus the incoming 
work 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 measures - physical, mechanical 
or chemical - that are required in an industriel country.    In spite of the 
exclusion of biological measures, the field is iimnense.    It is extended still 
further by the institution of a label indicating conformity vitti standards 
established by the State and entrusted to the French Standards Association, which 
calls in the Testing Laboratory in the event of disputes with those requesting 
this label. 

The exceedingly wide range of measures naturally led to seeking the 
collaboration of the large specialized laboratories which, in the field of their 
particular specialization, could delegate 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 
01 Optics, the Institute of 0;:y-acetylene Uelding, the Central Electricity 
Laboratory,  etc. 

There is nn agreement with 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 Laboratory (which 
will be described at a later point),  it would undoubtedly be worth while 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 for the study of standards. 

At the same time, the experience acquired by these specialists, the 
ingenuity and the sense of precision applied to the realization of measures to 
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which they are accustomed,  has nntnrniiv  i„t 

Moratory .or the solution or MS^'V'T'*
01

'
11
'"

8
 

t0 •* ^ the 
f .tins or m nether or control a" î„3po;u•.PrOMe!',i; conceral"^ «««*> o." 

The Rt.udV Q-f i-Vi^wi«  -i     •! uo,,   o.  th.raw-clt,Btic constraint on the casini nr 
i-ne casinc of a nuclear reactor 

"   The study of the mechanical properties nr ^     * 
P    P      ieS °r COncrete for pelear application; 

- Tests of anti-condensinC materials, 

- GauGins, under an outside pressure of 5 ono »-• 
of ocean depths; P °f 5'°°° metres of water, for the study 

- The measurement or inertia-time of a jet blast-pipe; 

- Investition of the rubbing factor on underGround pipln,; 

- Studies of air poUution in the vicinity of peer stations; 

"   A!0" 0f the ""*« 0f —te by dryine out (for underground 

to sefuT^tt^í^í"SS^^^1^; has *"«" the Laboratory 
France, a section for the measurement of r^L lì* At0mic fner^ Commission of 
and titrating of radio-element)? radioactive power (calibration of sources 

Thus, 
Î^Laboratory offers to industry: 

«*    J*l    The meane of measuîemën^^nd instarti• »»«    A, 
standards, especula „hen litiSatiorÄ^r&ÍA££.nt • 

the prìl Z£%r« i^SST***"*- ""' ""«- « «* involvin, 

instaurai!,'and ^"winrSimenî1t!;„rZS,HUf°eturera from hnvl"R to 
"quired in the usual wa7 and off^f îh f14 brin;: ln n0 Profits, not beinr 
resulting fro the edvlc^'o? the ScíenímoT'1 °f 1»««I«*-»>1= .ciortittc ,£my. 
Metiers and ft» the «*«i^.?lAÌrSAu^•W" -» Arts eï* 

the fo!Sns
nBs.°?tío„.rtUre' WOrk "•"•»•« fr« *• "*«*», la alWed t O 
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PHYSICS 

Acoustics 

Electro-acoustics:    Study of transmitting equipment, receivers and 
sound recorders. 

Architectural acoustics:    Study of levels of noise and vibration, of 
reverberation in rooms, of transmission factors 
through walls and floors. 

Supersonic s :    Industrial applications. 

Badloactivlty:    Logging of radioactive sources and titrating of radio elements. 

Heat: 

Colorirnetry. 

Measures of thermal eonductteility. 

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. 

Badioerystallography:    X diagrams of powders. 

Industrial dusts and air pollution: 

Tests of dust filters. 

Analyses of industrial atmospheres. 

Aerosols and very fine granulome try. 

Study of pollution in the vicinity of factories. 

Plastics 

Measurement of mechanical and thermal properties, in particular for the 
^lality Label department.   This department work» in close co-operation 
with the Plastics Besearch Centre. 

Miscellaneous measurements 

Barometry, manometry. 

Analogue computation 
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METALLURG* 

Industrie dy^o^etry; st.ndardiz.tlon .„d calibration of ^^ 

V.rlou. «chMlctì test, of aetals.   Measures of hardness. 

Non-destructive inspection. 

Optical and electronic metallography. 

MATERIALS 

Mechanical, thermal and technological teats on: 

"   A^lLS^^^ÎT' ^ Cea*nt* •«*,**, Poster, cricKB, refractory materiali, glass, etc.) i*»»w, 

- organic material» (wood, cork, paper, leather, rubber) 

- paints and varnishes 

- products for heat and sound inaulation 

- protective garments (helmets, aprons etc) 

*•*• of behaviour at high temperature and to withstand fire. 

Climatic tests. 

Photo-elasticiaetry. 

Oranulcmetry. 

Acceptance teats (buildinga aaâ vMU mUh 

MACHINES 

Various testa on motors and machines, in particulars 

- Internal combustion engines 

- brakes 

- transmission gear 

Extensometric measures* 

Tool tests. 

wind tunnel). esreernai pressure, etc.   Aerodynamic tests (in 
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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, mtntral oils) 

- solvents 

- various paints and varnishes 

Standardization of branded liquor. 

Corrosion tests. 

It should be noted that tests concerning radio-electricity and electrical 
properties of materials are passed on to the Central Electrical Industrial 
Laboratory,  in accordance 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 Welding. 

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 who made the request and ealoy 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 which, 
next year, will represent about kO 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 away that a metrological section is at the 
service ot  industry for high precision standards: 

- measuring rulers, gauges, not-go-gauges 

- sets of weights 

- calibrated glass 

- liquid 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 devila 
(e.g. reflectors) used In road signals. optical devices 

 "  should be added that French law has entrusted the Laboratory with th* 
compulsory inspection of medical thermometers    aleohm•*»!•*«     ! ^      / 
However, the main role of the Labora^in the fïeîd of lit °f defimeters- 
that of the big national laboratories^«SoÏÏ^olSïïA ^ "" " 
International Bureau of Weights and Measures.    T^us, ?he SoÍtoS tìt •„ • * 
£££¿£ T*,^*1?"8 UBlt- 0f —cement rt^%£^j£ %,** 

=r:nr^?;reL^ ssssiii2Är c~ 2£* 

obtain in other sections.    In spite oAhe Leas ng e îorfofthf ¡2d of the* 
metrology section, the participation of the French Laboratory L ÎÎL ,, V       \    , 
by the International Bureau during the last fíw yeart Zl nS ÎLÎ   .    **   ^ni2*« 
**t well have expected from Reentry which S^tït?oÄLT^S ^ 

i« ^TSl?°'Trraaenî\Under the S»"«*» of the Conservatoire des Arts et Máti*• 
is at present examining a reorganization of the Laboratory th«t ,nfi  i    * *     "' 
expansion of the metrologica! activity, with ^ïïï^f^ïïflî?*   ° " 
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Vili. SOME ASPECTS ON RESEARCH AND TESTING 
LABORATORIES AND STANDARDS 

Prepared by R. Vieweg* 

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 meant 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 should 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 
given rise to the research. 

Development 

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 
developaent usually indicates suae 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. 

k.      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.    In every field of economy and techniques the results of research are 
present,   from the large plant dovn to the small,  simple part.    In every bit of 
provisions, one will find some application of botany, physiology, and agricultural 
chemistry; every piece of metal requires some knowledge of scientific metallurgy, 

*    Consultant and Chairman of the International Committee of heights and Measures, 
United Nations Educational, Scientific and Cultural Organization. 
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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 to 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 étalons.    In the United States of America,  for 
example, the name of the National Bureau of Standards hints at such "standards", 
without 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 its name an 
example of such tasks.    V/hen 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.     Standard« and testing 

6. When 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, i.e., to express some magnitude by measure and 
nuaber, is a basic part of all exact sciences and of techniques which 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. 

7. 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 permit 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/lOCO 
millimetre.    In 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 l/lCOO millimetre. 
It is quite obvious also that the cylinders for motors in cars are now produced 
with a tolerance of less than l/lOO millimetres.    In electro-industry, capacitors 
must be constructed with l/lO,CCOof the capacity value; and in frequency,  there 
are even more rigid requirements.    With the modern elements of amplifiers, 
dimensions of l/lOOO 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 is 
possible, techniques of high precision measurements are more and more necessary. 

9. It is obvious that measuring also is very important in every day life. 
At the filling-station,  gasoline must be measured accurately up to fractions of a 
litre;  a clinical thermometer must be exsct within the  scale of l/lO degree.    Of 
all goods for which one has 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 methods. 

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 law 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 development 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. V/here there is special need for protection of citizens,  for example,  against 
being cheated in economy,  or against risks of health,  or where - for instance, 
among economic 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 orders ' exactness and official 
testing of certain measuring instruments and methods.    These are chiefly 
instruments^that are 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 seme measuring instruments for medical inquiries,  for 
purposes of revenue offices, and for traffic control are due to official testing 
and inspection. 

C.    Material testing and laboratory techniques 

13. As previously mentioned, a special testing task concerns all problems 
connected with materials.    Architecture furnishes an instructive example.    Safety 
and durability of constructions 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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Ik.    Cutside the field of architecture, qualities of material are e-tre-ely 
important for technical constructions. Beyond mechanical .vnliti-s clerical 
compounds and structure of materials are of consequence. Protection against 
corrosion and other attacks influencing the duration of objects is o ' the rreatc-t 
economic Importance. Seeking faults often is an urgent task- in order ^   suive 
this problem, methods of non-destructive testine have been widely introduced  As 
an example of this application, one may mention the safety cf boilers. The tn*k of 
non-destructive testing currently entails very different rroeedures:  for example 
irradiating with X-rays, especially for metallic nprt.R> a^d m^,-^^ - tlc d'; ^'-tri- 
losses of insulating materials, which has becche very helpful in the'area vV  ^ ''  ^ 
electrical high voltages. 

15. It is quite evident that for those problems uniform procedures and clear 
demands are important conditions. Testine 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 situation.      ' 

16. Modern testing machines, which are highly developed and often are furnished 
with recording apparatus and automatic controls, are used to their full extent when 
the samples to be tested are conditioned in a suitable manner. The components of 
climate, temperature and humidity, and often pressure also, must be available in 
«pecial chambers variable within a wide range to guarantee complete 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\  Tï! ?UalÌty °f technical objects of all kinds, as well as provisions and other 
goods that are offered to customers in the market - be it a market in the nnrro^ 
sense or a commercial action in the wider sense - is often unsatisfactorily 
otter^; t

ThVurc*aser ha* t0 have confidence and to trust; disappointment, 
often occur too late for amends to be requested, especially when the aamare cannot 
be clearly defined for lack of distinct demands. In recent years, thiu widespread 
situation has brought about fixed quality claims in several areas often by unions 

illTTnT/l  anVfte" Wi,th the Participation of judicious and villin, producer 
UlllT  £v ^nM n *uite „^^ Ws: by describing determination, by testing 
2 tréndî K   ? a Tk aS a SiGn °f Certain tests-  II ic characteristic lor ail such trends to arrive at a guarantee of quality, that they do nut depend so nurh 
upon measuring exactly in numbers and constants as upon statements of the ,eneral 
a^^Ce,wÍCÍCOnv!rn f0m' COlOUr ond Practical behaviour. To be sure, it Is 
ïhe ZtZ   î T*    JefS be exPedlently desired and manufactured ,-ithoui fault, 
dealt f*th L ¡L toBlíd8i;

rÍ¿ 0f CÜUrSe' thüSe eXaCt »*«*»•«tC wl.ich have L,. , 
fSurïîÏÏ   ^graphs 13-15. Their results only indirectly enter the evaluation 
summarized as "guaranties of quality". 

ÎS^viïîïL'ÎÏÏ Sîafdards are often cited and the meaning is, for instar, -e, with 
certain «ií ifter' ^f the delive^ Peckaße must correspond in every way to a 
e   wïtÎ fruita T  qUfÌty; U  iS mUCh the aSmC  wlth «the/acrlcultural product,, 
absent o/î%re demandS are made acCÜI"di«e to size, colour, taste, and 
?or ent1r^P.^r   /reSfre and rottenness- Analogous consider, tions are valid 
i or 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 materials is the field of the engineer and the fundamental magnitudes 
belong to the physicist.    The reason why this question of competency is touched 
only now is that,  considered as a whole,  the co-operation of all disciplines counts 
most.    When guaranteeing 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 which occupies many machines would prove quite irrational if its 
elements of construction deviated from one 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. 

21. 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 (ISO), 
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 course, 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 important assistance to the exportation and importation of    I 
soods. 

25.    For units and fundamental magnitudes and for the public inspection service 
there are international arrangements, which are regulated by treaties of the States. 
In 1075 the International Meter Convention was concluded;  forty countries currently 
belong to it.    The aim of the convention is to define the fundamental metric units, 
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 light.    The International Bureau of heights and Measures at Sèvres,  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. 

2k.    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 (OIML), was founded in I956 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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under different gauging rules in different countries " M  CCLlid nriso 

25.    Measuring and testing have gained such significance    r.H•.n 
internationally,  that the reference of competenfliterature Î- ° i    '   ** WeU aS 

the very numerous periodicals pertaining to the service   but tZn <?' 1 
the documentation needed to answer quickly and correctlv *n ,í        °Uld obtain 

the tasks of the Institute. q      ^ correctly all questione concernine 

F.    Scheme for an institute 

££ttS^ 

originate from the fields of labour of the institute itself, or they may be Piven 

tL Ìnsule    theLPtn?,°í:ganS.0r by ^^    *«* f• the Cloriti IT the institute, there should be a board of trustees,  consistinr of prominent 
personalities representing the State, the sciences,' and consumer and procer gro^ 

27.    In 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 
SÎ^SSuï measurements in the country and to use the beneficial efficacy of 
the institute for the common weal of the country.    Therefore "full •vmPnt» ml 

Tasks of the institute 

?t¡ei?LÍaní?ff îhe ^f "f e are th08e of » antral institute that takes upon 
as weíl as ?or othír    íSatl0n8' develoeinS labours and testing tasks for inLtry, 
tlJZÌi II ^Y^f/mployers, concerning the fields of physics, chemistry and 
Îhe StDw^ï ? îïî1:1!6; eVen ß°ver•ent«l duties in these areas ir „e,,U8ary. 
2 lî 2Ï •? î^ï"?*1^ haS a dCUble meanin2:     ln case of a lar«e country, 
If dî.Îïîeî?.SSî ÎU J ï°iWhiC5 Smaller reSÍOnal institutes »ay be oubordinatld. 
ELÎ^ÎE    îv    ? indu8*rial needß are more implicated,  it could even be possila, 
l»il ïï Í fe*OP *"•****•> institutes of medium range may follow,  to which in 
wïÎh ìhfì   îf!îî! !re Subordinated-    Ihua, 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. 

lî\ Jh! Pr°?lem °fu
th? simPle services in the country can be briefly illustrated 

«L ÏL «r? ?,° *î      ln*Pectl0B service.    In every developing country,  technology 
and industrialization serve as the means of providing the masses with floods that 
need to increase even more rapidly than the population.    Every citizen"of the 
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1 
country is meetinj these great, and previously unknown, problems. Then it is 
important that the sense of right and justice expands and that a corresponding 
praxis makes way. How should such thoughts better intrude upon the conscience of 
all, than by dint of 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, a 
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 fruitful development of the inspection service 
that the organization 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 organization 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 
étalons to the praxis 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; 

(b) Department for material testing. The general sphere of duties was 
described above (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 Inflammable and explosive agents; 

(c) Department for guarantee of quality. The name 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 agricultural 
products, in particular, provisions; industrial products, e.g., textiles; for 
implements for daily use; and for the products of mining and metallurgy, e.g.,      \ 
metals, ores, minerals; 

f 
(d) Department for standards, testing rules, and documentation. The 

necessity and tasks were, sketched above (paras. 20-25). Here the title indicates 
the three divisions to be formed. Their mutual co-operation, as well as that with   J 
the previously mentioned departments, is decisive for success; 

(e) Department for general services. For completion it should 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 administration which serves 
it best and which allows a frictionless functioning and the synthesis of official 
affairs. 
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Official 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  In 
some highly industrialized countries, the organization of research vas aoVassi^ed 
to an existins ministry - for example, to that of economy - but there was created 
either a special research ministry or some group which was placed directlv under 

^Vï1?* °fJ
the Prime minister- In developing countries, also, a prominence of 

such kind would prove useful, inasmuch 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 realization, both at 
i-««t in the primary stages, to waken the first inclinations of youth to research 
and to create understanding for the efficiency of research to the advantaSe of all. 

0. Summary 

32. This paper attempts to describe organization and activities of a central 
institute for induatrial 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 whose equipment in personnel 
and apparatus therefore could be utilized to a high degree.    Owing\o the brevttT 
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 
concernine practical examples.    Co-operation with expert consultants is always 
recomaendable in order to transform projects into useful actions. 
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I.    THE ROLE OF RESEARCH AND DEVELOPMENT INSTITUTES 
IN APPLYING SCIENCE TO INEUSTRY 

Prepared by B.R. Williams* 

A.    Definitions of terms 

1. 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) What 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 new knowledge yielded 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 graphite-moderated gas-cooled nuclear reactors, the graphite gave trouble 
from the outset.    In certain reactor conditions,  distortion of the graphite's 
crystal structure can seriously alter its dimensions and lead to internal stresses 
vihich can be involuntarily released with evolution of heat.    Once scientists came 
to understand fms phenomenon, it was possible to rearrange reactor design to avoid 
the difficulty,  l/ 

k.      Frequently, however,  the results of research cannot be applied directly to 
industry.   A further example frcm the same graphite-moderated gas-cooled reactors 
will make this clear.    At hi¿;h temperatures and under neutron irradiation,  graphite 
is chemically attacked by the carbon dioxide used as a coolant.    The problem may be 
solved by making the graphite moderator part of the fuel element,  in which case 
the moderator would be replaced and renewed with the fuel, or by using heavy water 
as the moderator.    In both cases, research is involved, but the passage to 
successful application cannot be either direct or certain.    Technical development 
is the process 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 sometimes call it), that one has to make 
this distinction between research and development.    In general, the greater the 
extent to which "practice runs ahead of theory",  the greater the cost and time 

*   Professor, University of Manchester. 

y Sir Christopher Hinton, "Nuclear Power", Three Banks Review, 1961. 
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involved in development.    This is fairly obvious in both aircraft and atomic 
reactors.    Of course,   in these industries, without a very stron- basis of 
theoretical knowledge,   development scientists ;,nd engineers would have to guess 
wildly about what to try, and the chance of getting a profitable technolorical 
development would be small. 

5. Technology is the sum total of formulated knowledge of the industrial arts 
Development, 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 affected by "scaling up" and perhaps the 
use of different materials;  or whether something "built off the drawing-boar J" 
operates as predicted. 

6. Eut development cannot be purely technical.    Some 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.    Sometimes 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 be abandoned; or, at least, to premature,  and therefore needlessly 
costly, investment decisions. 

7. 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 many 
economists, is provided by the united Kingdom's nuclear power programme.    In a 
Government White Paper of I955, 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, nuclear power has proved to be more expensive.    Because 
the capital 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 development work),  capital costs in newly 
designed nuclear stations have been reduced by the same percentage.   This has 
involved building reactors with an output capacity very much larger than those 
which have been tested.    According to Sir Christopher Hinton, these rapid advances 
were less supported by industrial experience than the wise engineer would wish, 
and were not without hazard. 1/   Put the competitive position of nuclear power could 
only be maintained by accepting these risks. 

B.    Development gaps 

8. Obviously the use of science to change technology can be a very difficult and 
complex matter. When 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  failure to develop usuable research discoveries  (or when 
one  country's research results  are developed in another).     But since research is 
simply a  process of adding to the vast stock of scientific knowledge,  it is better 
cc  say that there is e development gap vrhen the bridges from science to technology 
ere  inadequate. 

9. Because it is possible for research institutes to increase the development gap, 
an analysis of the possible reasons for development gaps  should be a useful 
introduction to the role of such institutes. 

10. Development, as discussed here, has two parts - technical and economic. 
'./hen,  however, the failure,  or alleged failure, to apply science to industry is 
explained in terms of 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 finding 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 caused by an actual shortage of 
development scientists or engineers or by an unwillingness to invest resources la 
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 
economic.    If the problems of development are not correctly stated, one cannot 
expect development departments to produce proposals that the production and finance 
departments will readily accept.    Whether the problems of development are likely 
to be posed correctly depends in large measure on the communication network,  in 
this case betveen people in the development, production, marketing and finance 
departments. 2/   An efficient network generally requires the employment of 
scientists and engineers outside research and development departments and of 
social scientists within them.    This will make 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 and market conditions; 

(c) 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 workers to cope with the new technology.    This in turn may be owing to the 
absence of people with the required skills or to their 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 Williams, Science in Industry, (London, Oxford university Press, 
1959), Part I and particularly chapter 5. 
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(d)    A shortage of  industrial risk capital.     It should be made clear that 
this may be closely related to (a),  (b) ani   (c).    Amon- other thin V  the 
development process should eliminate a lar3e number of unknowns and establish 
with much greater certainty the technical and economic potentini.    If there V 
under-investment in development, if development  is not  concerned with both 
technical and economic  solutions, if the firm is  not manned and organised to cope 
with chan-ins technologies,  then the risks of innovation will be needlessly hi-h 
The apparent shortage of risk capital may be largely a reflection or these other' 
factors. j5/ 

12. The less developed a country, the less likely there is to be a development-rnp 
problem, and the more is the problem of applying science to industry likely to 
centre round the supply of scientists, engineers and technicians.    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 makinp Food 
use of science in industry there will be no need for any research 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 So to the expense or creatine science 
and technology.   What they most need already exists. 

C.    Priorities in the use cf skilled manpower 

13. It should be obvious that scientists, engineers and technicians can be used 
in different ways, and that making the best use of science and technology in 
industry involves making the best use of scientists and technologists. 

Ik.    The best use varies with the supply of scientists and technologists, the 
level of technology and (the partly dependent) industrial structure, kl   If a 
country with a very short supply of scientists and technologists attempted to do 
much research and development, it would be unable to apply science to industry. 
In any case, with a poor supply of scientists and technologists the level of 
technology would almost certainly be low, and it vould be possible and cheaper 
to advance by using technologies established in other countries.   As the supply of 
scientific manpower and the level of technology rose, it would become economic to 
increase the proportion of scientists and engineers engaged in research and 
development.   Within 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. 

¿/    The situation in the British economy is analysed in Carter and Williams, 
Industry and Technical Progress (London, Oxford University Press, 1957). 

h/    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.   Bat, on the basis of the same percentage of net output, industry 
by industry, the expenditure would have been only £U0 million.   The main reason 
is that the aircraft,  chemical, electrical and precision-instruments industries 
are relatively less important in Australia.    It is worth noting that the total 
Australian supply of scientists and technologists was nowhere near sufficient to 
manage a research and development effort of £1*0 million.   The Australians have 
made up for their poor scientific manpower position by attracting chemical, 
electrical and automobile manufacturers from the United Kingdom and the United 

umätai^r ftiegsrkicw """""• *nd Eco^c oroyth 
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l'j.     In i960 the number of qualified scientists and engineers per 1,000 employees 
in industry vos about tn.'.rty-four in the United States of America and twenty-six in 
the United Kingdcm.    In the United States of America,  1+5 per cent of them were 
enya:;ed in research and development;  in the United Kingdom, 38 per cent.   Thus, 
the United Kingdom,  with its lern  favourable manpower position and lauer level of 
technology,  used a smaller part of its qualified personnel in research and 
development.    The Union of Soviet Socialist  Republics had r more favourable 
iuanpower position,   forty-three qualified scientists and engineers per 1,0C0 
employees in industry,  but a lover average level of technology.    It used only 
35 pe-r cent of its qualified personnel in research and development. ¿/    This is 
not the piace for a detailed discussion of optimal distributions.    Suffice to say 
that there is a good 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. 6/ 

16. In considerine general research and development strategy, one needs to take 
into account more 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 oí" expenditure, which in some industries (e.g., aircraft and atomic 
energy) is very large indeed,  is required for effective work.   In a very large 
economy, such as the United States of America,  it is possible to take  on a very 
wide ranee of research and development problems without running the danger of 
spreading resources too thinly in them all.    l|y contrast,  the United Kingdom, the 
Federal Republic of Germany and France, with their smaller economies,   cannot 
maintain an effective effort right across 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 tu the working population.    The need for selectivity applies also 
within a chosen field.    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 that results would probably not be obtained in any of them. 

18. It follows that there must be economic gains to be made from international 
"trade" in science and technology.    Most scientific results "trade" at very low 
prices in journal 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 
receive  knov-hew.      In I961,  for example, the Unitsd States of America received 
frca the uale of technological rights and knowledge $US5?7 million (equal to about 
one third oí' the United Kingdom's research and development expenditure) and paid out 
itîSoJ million.   The Federal Republic of Germany, with its less favourable manpower 
position ana lower level of technology, paid out about DtéOO million and received 
EM15Ü 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 
hoe not received proper recognition.    That economic nationalism is a significant 

¿/   gune Factors in Economic Growth in Europe during the 1950's /T961 Survey:    IlJ 
(United Nations publication,  Sales ko. cft.XX.E.l). 

6/   On the general possibility of excessive research,  see F, Machlup,  The Production 
and Distribution of Knowledge (Princeton,  1962), chapter 5. 
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Torce in research and development expenditures  is owinp rartlv tn t\,* f„a,     A 
importance of «defence- research and development -Tper*Tent a   r^el^h 

Un?t.r^°Tnt  ln T U?^ted StateS °f AmeriCa   in 196' and  ^ Per cen    in IZ United Kingdom - and partly to the widely held belief in "scientific circles" 
that the research and development rate determines the growth rate.    It does not    7/ 
Given the distinctions that have had to be made between science, iechnoloZ and' V 

innovation, and the continuing d^rtrences in industrial structures Z levels of 

auaSLTécïentl Ln0t,SUrPrSinS-    ? a Seneral Wa>-> hi*her Pe-entape    of qualified scientists and engineers and research and development rates become more 
important conditions of growth as the gross national product per capita rìse s    but 
the present great differences between countries with similar ?evels

P
0   Gro^h'and 

income per capita are likely to persist. 8/ b ano 

D-    The organization of industrial research and develóme. 

20.    Expenditure on industrial research and development should be thought of as 

îhev win wcV? Pr°dUr U8efUl CUtPUt8*    In S° far aS the- Q1'e useful outputs, they will become inputs in seme production process.    New Given the time la-s 

£S2 illT S?0UlVhink 0f re8earch «* development as^n invest«* Îrïcess. 
fnî ZL?       aî i" ?í rescurces therefore involves takinS investment in research 
and development to. the point where the marginal yields from it equal yields fío" 
alternative investments. Various calculations of yields to investment in rese^ch 
and development 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 research and 
development vas between 100 and 200 per cent per annum. Ewell's calculations were 

S^-fÍSÍV ìt ""^Wvartjte «alani! ln a ¿aitWate aystem and did not attempt 
to calculate the marginal yields to investment in research and development. 9/    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 inay be confident that marginal private returns on investment in 
research and development are very much lower.    A recent inquiry within Imperial 
Chemical Industries showed that for every £1 million invested in research, 
assessable yields were averaging £200,COO a year for ten years. 10/   With a 
time lag of two years,, this implies a 10 per cent internal rate of return.  U/ 

2/    See E.F. Dennison, The Sources of Economic Growth in the United States (New 
York, Committee for Economic Development, 19o¿); B.R. Williams, investment and 
Technology in Growth (Manchester, Manchester Statistical Society¡ 1964)/ and 
Seme factors in Economic Growth in Europe during the 1^0' s (United Nations 
publication, Sales Ho.: o^.II.E.l), chap. 5.         "  

§/    ln Science.  Economic Growth and Government Policy (Paris,  Organization for 
Economic Co-operation and Development, 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 Australia - countries with 
similar per capita incomes,  research and development, as percentages of prose 
national product,  in 1961 were 1.3, l.l, l.o and 0.6, respectively. 

2/    See Machlup, loc, cit. 

10/ Sir   Ronald Halyroyd, Paper No. 637, Institute of Chemical Engineers, torch 
J 9t**. 

11/ Using the discounted cash flow formula; 

C +     Yl + Y2 * *« 

h    n (i + R)      (TTÏf jTTTf 
where C is the research outlay, Ï the annual yield and R !the internal rote of 
return. .l55. 
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21. If one looks at research and development in this way, there may seem no reason 
why it should be treated any differently than any other form of investment  no 
reason, that is, why, in a market economy,  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 prcgrtcaee <:re more certain, cet, par., the greater the 
number of projects.    But only large mius 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. 

2J.   Where firms in a market economy 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 lift 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. 12/   Where 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 competitive duplication 13/ and be in a position to reap the suspected 
économies of scale in research.  l|/    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 appropriate the full yields 
from 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 determinins appropriate 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 

12/ In both the United Kingdom and the United States of America, 350 large firms 
account for over 85 per cent of total industrial expenditure on research and 
development. 

1¿/   Or, more realistically,  "reducing competitive duplication".    There is often 
secrecy and competitive duplication within firms and institutions. 

¡M/   T. Marschak,  "Strategy and Organization in e System Project Development", The 
Rate and Direction of Inventive Activity.   (Princeton University Pr«ss,  I96ÌÌT 
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research and development programme even if one met it    is/   vh* rm><-    ,* 
whatever the form of organization.    But there are scendi m/í.f1      ^ QXi^' 
to the proposal to centralize research anH^eícpS      ïf Í *, r^latln ' 
that there are economies of scale which such In institi.      Z SU^eGted above 

probably true.    But given the possibility^ dLÎconÏÏe    TlLlT*'    ^ ^ 
reasons, the real gestion is whether thL .ollTTeTt^oZlll Ï7^ 

no5; *Zftli:i^^^^ development is 

of organization. It is often said that research needs tTZ í" apPrPri&te f°ms 

direction or organization, that the key to success^ research H tí "* ^^ 
creativeness of individuals and that »í« «,!„?„ research is the unpredictable 
really running a gambUnf con^ nd   a\ïnÄcSSETl^T*^ ** iS 

rewards". 16/    It in tr.,» +*„*•  <    v    4        
% incalculable risks for unassessable 

27.    In development, which is frequently many times more expensive than the 

ATS ^^^^ -^SSSS. ^ 
£ SrS't T°r ^^  " i-ften^ln1^ ^T^¿£?^T 
wSrkPcìn b"^      •*«• the Baln Pr0blemS are alrea¿y »»own, and the reÏÏnÎnf 
work can be foreseen in fair detail.    This makes it possible to orralTze 7 

ZTTttTeTo alT ::veral llnes at once assi^ ^rssr.««*^ 
lilt'attîÎfî Ï organization is also needed at the development stage to'prevent 

Zito be reLtefi; tf îïï^f1 S°luti°n COming ^rward from the scientists 
the SoSeS« It « î     Pr^Cîi0n and marketinS Problems of the firm.    Unless 
the production and sales staff have a chance to express their views during 

ÎEAAX i*?8 f0IVard ^^ nW poi"« In::3
StmeUnt    or 

eïÎimeri   ÎTÎÏ     Kn 1S *? pr0ßre88-    There iß a station for production 

apewtiom ¡2/ S » hi8 U a frequent cause of delay in cc«ercial 

^   Se coítÍíbíÍíors0^^ ^"V" E'P' Dennlso«^ «tt^t to put numbers to tnecontributions of the various factors in economic growth.    See Dennison, 

*&   ü frnal' in. The Dlrecticn of Research Establishments.  (London HMÜO, 1957) 

!£ fe¿; J^HS'^SP"'    
6*"*"ti•0f &*«»""« *^ch, 

¿2/   Carter and Uilliams, 
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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, where research creates the possibility of an entire new industry, 
the problem cannot be posed in this way. When the United Kinsdom 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. But 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 developing 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 are 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 outline 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 I9CO, the National Physical Laboratory was established "to bring 
scientific knowledge to bear practically upon our everyday industrial and 
coranercial life, 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 I916. To match Germany in applying science to industry it was 
thought necessary to have state assistance to promote and organize scientific 
research with a view especially to its application to trade and industry. At a 
time when industrial research and development hardly existed in the United Kingdom, 
DSIR was expected to: (a) encourage individual 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 firms but would 
pay the industry; and (c) undertake socially useful research which would not pay 
industry. 

32. There 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. In I961,  the United Kingdom's total expenditure on research and 
development vras Zojk million, of which 58 per cent was spent by private industry. 
However, 40 per cent of industry's research and development was financed by the 
Government, mostly by defence contracts of over £150 million. Private industry's 
self-financed research and 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 35O large firms in a few 
modem Industries. 
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Gritas "h116' ** ** «^ <*» <"¿ Î^ÎS« thf^A   Incorp- orant aid is, however, Siven in proportion to the sums raised from industri 

y*ù •C0"rPîraíÍVe research is not restricted to small-firm industries-    there is 
a Motor Industry research association, a Cement research association 'anìron and 
Steel research association, and (until recently when it was amalgamated with 
cotton and silk)  a Rayon   research association.    But most are in Se small-firm 
industries,  such as pottery, wool,  linen,  lace, felt,  glue,  cutlery* etc 

35. The research associations have done very valuable work, thou-h thev are now 
responsible for only a very small part of industrial research an^velLment ! 
3 per cent of civil research and development in industry, (compared io over 

rînJÎ1* in 19k6)-    "*"*•, «>eir expenditure increased 65 per cent beïween 1QSS 
:ver1

2^p^rictte.lndU8tIy,8 ^^'V —arch and de^mení ÌTelleì^ 

36. Why has co-operative research not grown faster?   In 1961,  on average   their 

2A¡L•i "5** a8 f0llOW8:    25 Per Cent ba8ic research^? pe   cent applied research,  18 per cent technical liaison, and 12 per cent library and 

SvSiÏTÎÏÎ    ^        ! '  f0r 8UCh flrmS emplov scientists and engineers who can 
ÍSÍThS¡ *****?    aS80Ciation idea8 f°r their own use, in contrast to man£smaïï 
firms which cannot even understand the concepts and terminology used in technical 
literature.    Here the "communication loss" is a serious one.    For the small     • 
the most importan, thing is technical advice on the lines used access Sy "• ' 
ÏÏ5Î2ÎÎT'    Thi£ ^f11"68 the P<*«ts made earlier about the distribution of 
P^d^Uon "***% and M

6
,
01086

 Jel*tiQ• *et^ f^al development and actual 
Sas DwS'an^lort8r     ?<"f^sUe* that the research association movement 
SaL?^   * ? imPortant Part in inducin3 development work and,  given that 
iHrïïnf th8 generallïi,r

t- «P—*• than research, the more^uccess? 1 it is 
andP^e^entT?iln ÎÏV^ *** •°re WiU itS Share in industrial research and development fall.    It should certainly not be thought that the research 
¡¡£££2? ÌT failed

t
beca*8e •«y **• not helped to brine Stelli   and 

ÍuaS wîih th! r/iCentT °l f Ï °UtpUt in °ld «tablished industries, up to 
ÎnvesîmLf Îï d^r^r^V^8^168'    E»«"»«« of marginal reíurns to 
raies! ¡8/       different Stries will always leave big differences in research 

^lieflZríh8 fíft!e"research stations, which in I961 spent,  on bnsio and 
uSs ÌS íiT¿Z m   îhe *T ",0U,It aS the 8ixtv research associations.    Their 
inïîîniÎÎS in?i8t

4
ïy are le8s «**«*. ** they are certainly concerned with the 

condii       ?í 8ClenCe t0 indu8trv-    ^e Clonal Risicai Laboratory (which 
rlltl   LîJ        ^ S ^^ and applied research in aerodynamics, metallurgy, 
and äe^wVr      f ÎÎC8^ electronic8>  sl*P dea^" «* electrical encineeriSo, 
ÎSÎiî? Itb0rat0fy

o
0f the Gemment Chemist are older than D6IR.    DSIR created the 

Euilding Research Station, the Road Research Laboratory, and the »atei- Pollution 
«asearen Laboratory between the First rr.d Second Vorld Mara. Since 194 S   it 
haa created several new research stations, most of which are concerned ' 

m tT U^LÌrtìarfy *" ** rel»tive rese.reh rates in the main  Lnduclry gnup.  in 
ÏÎ^UÎ1"!?.^"^•'.*11? Unlted Stat^ of Aneric- • nd Hungry,  see fcnT  Factors 
in Eccnomic Groifth in Europe in the 1950»a.' chapter 5. 
Trends   in   Tnrhiß+Hol    x£¿.,.l u   "l'i   Klf.lT— . «      -      y 

•ÏTÏ\   „ï??î    rla¿ He8^rch ''-<* Ceveíopment«, Jçurrol of Einers, JuV  l-> <>, 
end B.R. Willi«««, "Variations por c, ctcur dans TCrroF tl..  r^h-r-ho- 
uwtìloHfemant en Grande-Bretagne", Economie ut uliveti. 1961. 
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with enßineerins.    Some of the research work has  a very direct application to 
industry - e.g. the work of the Forest Products Research Laboratory on kiln 
seasoning,  of the 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. 12/ 

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 an 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 (NREC) - a public body 
founded in 19^9 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 of cortisone. 

kO.    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 DSIB research stations together.    The Atomic 
Energy Authority put the United Kingdom first in the field 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. 

kl.    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, though recently DSIR 
has begun a trial run with civil research and development contracts on the lineB 
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 unusual in that a high proportion of its expenditure 
goes for producing pilot plants.    As pioneers 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 

k2. Science is imported more easily than technology, but for developing countries 
it is the technology that is crucial. The technology exists - it does not have to 
be created by a native research and development effort.    But the form of the 

¿2/    See Sir H. Melville, D.S.I.R.   Does it Pay Offt    (Manchester Statistical 
Society, 1961). 

-15Ö- 
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ssskciisr? T • -^ * Ä" ä- £; .srthe 
scientific manpower, do not copy the techniques used in the United ILV1« ftf 

¡¡ss ssÄÄ-^yasr -¿nH¿ : r-7- ^ ^ 
automatic  factories «Hl haveV«re«er «iJí^f .fr0•1 P"<»="°n that 
because of louer cenital and .knES , ,, ? ln p00r th8n tn rlch economies 

mandent  8kills reouired to «*, .„tctic Aîe.^conXaÎ^vT^. 

.^0^0^^ s nte • «- 
the »Äfcf for^Ä»e^SnTTe^h,*'^ the n0" PBrt 

engineering development and technical information services     ^^^ but 

Ï^d^ïLto 2SStJ7,*?li *? the re8earCh and d«velopment institutes,  it wHixa œ wise to employ not only scientists and engineers to do terhnwi 

£rÄ£ SSSTSrS ï* ,UO "°°nUl -ien^t^tV.0^" c^.nd 

teU^oîSLTàdv.ïer^l.i,8 \° 'if"* ** lndu8trt" 1» »»ich investment 
institute,  ftirthÜ ¿T¿ ì    ìf?!^ t0 brlng th* 6«atest returns,  and to create -£"tîo^A^^ 
manpower required for production   *hnJ>A ^.* <       I.    \ ?     account tne types oí 
be sound    the wíf»*     ^ì      ' d that invest^nt in a new technology would 
crei^f kr LÍ ^Tld arrange f0r e*i8t*«6 manufacturing firms (or firms 
tet rtn   Lf nPUfP08!i *? U8e "•    ^ inst"ute would assist in, sometimes• 
llllrZí consíÍtr:nt!r0dUCtÍOn ^^^ *"* ^ •«• in ^ -le of 

ÏLsInbiteir•^,°Î tilBe, d!vei°Pnent •*k would be taken on by the manufacturing 
Sunce b^tw^en Sî       f nfation* **°re anything like the present United Kin£o¡" 
HrT Le^eT   í£í To      ^"í"? and development institutes and departments  in 
fbÎTî-TîrS    i    Ï       rßer devel°Pinß countries are in a position to adopt proven 
industries    «nd°tleSi the *" the" is »Pi* technological obsolescent in^urV 
¡in^r to £l£ iff." take8 f0r SUpplies 0f •ci.ntlfie and technical 
restai and JîvVP Wiïh i•,*Mln« deB»nd> «» •«•• will  it pay to concentrate research and development activities in institutes. 
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kQ.    Research and development institutes are not the only way 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 from developed to 
developing countries. 20/ 

49. Por 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 
work 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. nie 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 some time to come.    In the United Kingdom the minimum 
budget for an effective industrial research association is about £25,000 per annum» 
and where industrial development work is involved it is considerably higher.    Some 
firms in the United Kingdom argue that the minimum cost of an affectiv« research 
and development department is £100,000 per annum.    The position in developing 
countries will, of course, be different, but they 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 tails Inter-Regional Seminar oti Industrial Research and Development 
Institutes, it should not be necessary to labour that point. 

^   JJustr^.^^on/i^h^ii^^f i?VoltIWtt *" ¥im ^'TCftPWBI 
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II.    NETHERLANDS TECHNICAL CONSULTING SERVICE 

Prepared by the Netherlands Development Centre, Delft 

Introduction 

th. HUU. Age., particular*   ".Äu^aÄ ^.".^„^"ÎSo'•'^"• 

lnt.r«t of tAï^eet^ey
A^

a
nïfï

it
t'!"«';!"«d ¡H* «*«*« 1» ¿he 

branches of industry concerned to h*?«!Hi*    • ' v   ? ?   °bJect of inducinS the up to date. inaU8i;ry concerned to feeing their technologies, aethods end products 

ai« was to provide the Li^i e°att«red throughout the country; its primary 
Thï ïatora^ of t£Î! ÏSMSL    í£tSt,,wlth documentation and information, 
testing toolfanl a^^tnuf^ - had facilities for 
performance and tw«S^At1^mS^t^^ï^$ *     i88Uing reports on 

the Second World War   when ¿hlîL^ÎÎÎ ,T ¡S"* fflethodB Md apparatuses.   After 
vifiorottX uSirtlff«   WK       JffcotrialUation of the Netherlands was beine 

»eehan^ati^ <i*velop»ent work as the building of prototypes, 

Ïvoid^«^^^^1118 °f **•**•«* «ork can be »et in different ways.    To 
ÎÏ?.   °^rl»pin« between applied research institutes and the Development CentU 
Sí. ïatlî? ^V1-6«"* * length in the Advisory cZiull JSe Centra 
This discussion can be coaprised into the following considerations. 

A*    Consideration of research and development 

Consideration oi pure »—• »a», aimlled •Bearch &nd develan*. 

LfeïîofîeSS^vf B^
aL^4Î!

CtolCal Unlver8lty * *Wt in 1<*8. rroiessor Tellegen gave some definition« on pure and applied research.    He stated 
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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 is 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. Ha 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 practical application in 
manufacturing. 

11. The development worker should select one solution, out of different possible 
ones, for application in manufacturing, based on a broad technical education and 
practical experience. In the firut place, he should be practical and, secondly, 
have analytical insight and talents of association and inventiveness. He should 
have sufficient techno-economic 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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w Sü^rf /^ 9PMnt ï?rK may be baSed al8° °n What has been kno• for a long time, and, furthermore, the goal is directed entirely to the actual execution 

ÎaboÏatSy? '    ^ °f ^ ^^^  belo^s to the plant rather than teine 

lì'*  P°ï í.maív a*d medium-sized industries, however, this development work is 
hindered by the fact that staff members who could perform the work veri well 
in so far as knowledge, experience and inclination are concerned, have no time 
Um!P^%n?^°nCr îfe °n ÎÎ beCaU8e the actual «nufteturtns takes all their 
time or interrupts them continuously. It is supposed here that the iñdii«tw Í« 
of such a dimension that the plant cannot afforfa separaL^e^tX^ent. 

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 
SüiT' T  adrf aSVhat U Can U8e e*Pe^« in one branch ÔÎ inlustry in other branches of industry, as already mentioned. «"«try in 

4«'thïLi8>,îîViî:îb^ ^J" T" °f the differenoe!» m mentality between workers 
S.S!^h2î!-J1îldi 0f actlvitie8' for *»  S'oup of workers ¿ each of these 
AiJ^t ! ?    homogeneous as to inclination and mentality and should be 
£?££ S * ^nTT 0t th:e 8aJne typ6- As rarely " a technical managing director of a plant can act as the leader or a team of researchers, so rarely 
can a group ox  development workers be led by the head of a research institute. 

£nt,f ^JJïiw th! di8CU88ions in the Advisory Committee of the Development 
SS^li £      ÎT1!^ ^"»«nt^ives of the applied research institutes 
It íhf ?',i ;ppe;fed *? be iaposBible to give a clear-cut theoretical definition 
dLîïîJÎ• S *a î°ïi bUt.the Coœmitte« 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) Raiding prototypes of machines and appliances; 

(b) Developing mechanization and automation devices for industrial processes; 

(c) Advising entrepreneurs on problems of mechanization and automation 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) Firms that do not possess their own development departments; 

(b) Firns 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 Development Centre 

20. Before applying to the Centre for assistance, a principal who wishes 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 following three 
questions: 

(a) Will the Institute be able to do the work properly? 

(b) Villi 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? 

21. 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, which 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 obligations.    The regulation is based on the idea that the principal 
must feel safe 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 generally 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 drawings 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 be 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 commercia]  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,  the 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 which he himself charges his customers, he will very likely 
decide to do the development work himself,  though he has neither the time, the 
knovledge  nor the equipment to do su:h work. 
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D-     Relations with  Industry 

24. The Centre is a national institution;  it constitutes twrt nr ^    n 
Technical Consulting Service, vhlch „lai to ÄS.t',T?r V^liTl•. 

25. It has three links with industry: 

(a)    An Advisory Committee consisting of five members,  two beinn 
ttelZl*tiVe? °f ??ium-si2ed industries, one of whom acts « chafan and 
the other as vice-chairman.    The Committee's task i* two-fold     T„ ÎÎT •    ?   , 
it assists the management of the Development Centre i^M   *\  *" * * iirst P^co, 

informed of those direct contacts and of the course they take). ß    P 

26. The management attaches great importance to maintaining «ood relation vHt-h 
industry, so as to avoid drifting into the habit of tactil^ problems from a 
theoretical angle or engaging in activities that are of no ?aïïe to inSrJ. 

E.   Personnel 

27. The Development Centre personnel currently comprises:    1 manager   li mech»nt,.-i 

îtch^t'ArtîT f0r "^ "tatl— 1 '•¿** «¿-«"ST* 
frt.nS^a í"tere,t W» »nd «1M11CU1 resources permit, the staff could be 

F.   Commissions 

»-h3f îTSîf vlÏÏÎ neídÜÍ? "S! prot0t^8 of a*y ••«nitude is from one-and- 
concuîrenÎîy?     * Normally, three or four orders of this kind are dealt with 

l°»Mnln^ti0n' th?re
u
ar! usually ten to fifteen smaller orders for prototypes 

Sfï ä£ LTcLrL5and; ?*i!are also the teBts re^iri^test **«• nT„•     Î! carried out simultaneously; they entail little work, but may 

SSü^oSríílarT ^ ^ " * ^ ^ « °' tWO *"" « 
G#    Space and equipment required 

ftÍ«í,Í
he7PrCSent*Stafí 0CCUPies:     1 board-room,  1 book-keeping office, 1 drawing 

of f^LLr00mB f°^he Staff* X r00m f0r the work8h°P ^ 359 square Setrfa 
of IMSL

BV
*?Í    S? SqUare metreS 0f 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 neu n-terials 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 climate and can be easily kept at a fairly constant level 
of humidity and at a temperature 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. 

32.    Broadly speaking, the equipment consists of the workshop equipment, 
mechanical engineering apparatus,  electrical and electronic measuring apparatuses 
and the braking equipment  for power measurements. 

33«    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. 

3**.   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 machines and 
implements to become 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.    Results 

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 71,000.-  for depreciation of 
buildings, machines and implements, and f 1*0,000.- for general experditure.    The 
item "depreciation" would be considerably larger for any new buildings erected or 
new purchases made at the present level of prices. 

36. This expenditure is offset by receipts for work carried out, amounting to 
f 2W*,000.-.    Giving information, which is not debited,  and the keeping available 
of certain personnel, rooms ana apparatuses call for approximately f 1^3,000.-. 
The government subsidy, in the mode of calculation, is of the order of 35 to 
hO per cent. 
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III.    SCIENTIFIC INFORMATION AND TECHNICAL ADVISORY SERVICES 
TO UNITED KINGDOM INDUSTRY *^WICES 

Prepare* by the United Kingdom Department of 
Scientific and Industrial Research 

Introduction 

li .^«rT^cafann^ T •l •*« 

In direct proportion to l„Su.tri.l tevelo^Jn? ^ ¿t Ï , VT   M "Mch ErOWS 

tho.« countries vhich are highly industrie-I ' in ***' "°re acute ln 

?'»4 *?• fst,;;U»h«nt of »uch services In any country reauires    fir«M« 

for thT^rSh^ui zs?;Aisrsr SLE^S. ^r^ì8 ^ 
ÎSÏÏSLïïPT 6h

h
0Uld * ""^ ^ -* ^*the «rstrat:L y"   rHf the establishment of such news services     Th« ir-f6nH..H.   *     t.        ue   years oí the 

snd Development (OECD) ha. W ^',¿rïï     £lf ¡A^yr»1" 

the dissemination of iclentiftî .«î fÜ! ***' «* " attaches great importance to 
means of reccing Se gíp beíveeSlcíent?í^    inforafio* «* «* of the principal 

ï^ ^SîSÎ^JÏÏtîî ? T* and ln¿t* <"«•  i").    ThT:e
hthodS used 

fV?¿   • J    ì cations of all kinds, lectures, conferences and the mass media - 
Saniï^    aï• and br0adcastinß«    Industrial liaison activities and on-the-spot 
ÎÎ25 «   advi8

A
OIy/ervices •" important additional methods used b^the reseat 

îiaîson      "IIcrTfT T ***??" iS the Creati0n °f » inLÏria     a 

es?abïLhed ín ,Í?L      USîIy,(para- 15) Which is bei"S »«Ht up on centres established in colleges of advanced technology and in technical colleges. 

A.    The problem of communication 

In itf oî^Vf ^ÎÎ0? Í8 the Pr0duct 0f scientific research and development. 
and ÍLhnifí"? V **'* lt iE Written by •«**>«•*» and technologists f r scientist 
tech^rínfoStion r^lly "f^ffrs « « »Port in a scientific Journal secnnical information in its original 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 
enough to persuade the smaller firm to embark on a new product or technique. Such 
decisions often require also financial, commercial and economic advice of various 
kinds which the larger firm has available but which the smaller one may find more 
difficult to obtain than the original technical idea which attracted its attention. 
A technical information or advisory service may therefore have to be prepared to 
afford general managerial advice, assistance or suggestions outside the purely 
technical information field. 

5. Another problem is the enormous growth of scientific and technical literature. 
At the beginning of this century there were no more than 2C0 scientific and 
technical journals published in the world. Today there are 25,000 and the number 
is growing rapidly. It has been established that the output of scientific and 
technical literature is now doubling every fifteen years. Unless machinery exists 
to gather in 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 industrial firm to make use of scientific and 
technical information depends on itö internal organization. The acquisition of new 
technical knowledge should not be left to random 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 information 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 obtains 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 outlook. The acceptance of this has led to 
increasing emphasis on industrial liaison activities by Government-sponsored and 
-assisted research organizations in the United Kingdom (paras. 10, 13). Selection, 
presentation and timing are also 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 source of technical information 
to create in industry an awareness of the need for technical information, e.g., 
by publicity in the mass media (para. 11), before attempting to distribute the 
information. 

B. The means of communication 

8. DüIR has fifteen research stations undertaking research which is in the 
national interest and which cannot reasonably be done elsewhere. The stations 
serve three purposes. Firstly, they assist central and local authorities by 

l/ A most important step taken by DSIR in this field in recent years was the 
~  creation in I962 of the National Lending Library for Science and Technology. 

Plans are now also beine made to establish a National Reference Library for 
Science and Invention. See para. lU. 
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conducting research into such fields as  TMA +„are- 
tire protection, and the pollut on of air   nd water" %    **%*'   ^^ *•U^> 
the efficiency of industry^ as a whole by"  tiel v^'on    IT V^ ^ih^ *• 
measurement and the properties of materials     ThirÍiv    t ^  8G methGds  01 

problems,  e.g.   the propagation of radio wave^ !nd    h^        Y ^ °n Specillc 

could lead to new developments of natî^H^rÎa^ ^^^^^ 

l^~1^^£?¿£?$ r:;:f
to r\ish their — - 

and by articles in the technical ^7.ní fissionai and learned societies 
with specialist publica ion^reportanÌA?"*' \**'" individ^ activities 
Office,  the GoveLenfs cení«7^5 ishin^^¡tícT m^ f*8*»«»«"* 
publish summaries of their current vnrv T« o°

rßa"lzaticn-    AU the statics 
•rk for industry by dire^Sal^ advisor. 

ceramics,  leather, rubber and Àlititi        ^ ^  fUe1' metals> textiles, 
Department provides Ami Î^S^Sî!'  *nd en8ineerinS industries.    The 
association'obtains from its Sstry " the D^T °f/inancial suPP-t each 
12 per cent to SO per cent      •*117     t IR subventi°n varying from 

applied research dfrect f iowa^L "LLthnX f'î°r f*'1" *"*•**•! and 
concerned,  but the association««! «.\ technoloe ^^ development of the industries 
industriai Uaison Soí     Thll JT *\imVort*nt technical information and 
conferences, buUetins    reîievf and IbS/?^ f^*' includlnß ^ures, 
adopted by many associate   i" •Uaison ZlultT ?" ^^ ^ 
associations use mobile labor»*•^*      Î   , il«s°n activity.    Some research 
for lectures,  incïudijg ^£ÌS kïïîi^* **%? U"ÌtS WÌth ac<«°dation 
laboratory and demonstraron benched^     Sese UML    ^Vf í11*"'    °therS have 

where specific production r^nhT^r       ^    ! f * S Can be taken into the factory 
demonstrated to^^j^S^^^J « ~ »f hods of processing^ 

in association member s ^f actúes!    Lecíal filnM 1      " *î **iBtinr' Processe« 
to the research associations for ¡hi! kÍS S       I    \f"istance is given by DGIR 
reducing the gap -tween^^«^ "< 

ìLi^i UT ii:t:itní:^Tio:T rdvisoiTservices offered ^ *»*»^ * the of DSIR's headouartc  S  o??ííf Í    T   T suWlemen^d by the information activities 
For iístLceffpuíncitf JrLÍ\nTn°,n ^ ^ branCh °ffices of the Provinces. «im.      ^ v      ^ publicity group in London has sections dealin- with th*» PFPRR 
fiüas and broadcasting, and exhibitions.    The first seeks wide •M\Î?Î Til 
general and technical -orees fnr „«» «, *    ^tT, seeKs wide publicity in the 
film and broadcasts SetïJT. T SCien*if*c and technical developments.    The 
technical indorsation thrî.^h It COncerned with disseminating scientific and 
but it is Î^^ÎS^Tr^^ï1^ SOUnVnd teleVÍCÍOn ^-stlng, 
nn the worv of P<;TR =* ?7 .    pf°Sramme of documentary film production based 
audiences      Se filiti        '   »-o illustrate new technical methods to specialist 
research ¡SsoM»tííínS T"0" Publiclzes the work of the stationfand 
tT^r^^î^^S^f ff1!--'   A most important activity referred 
information     A  'roup of tíe îïïfîV ? treatot <* scientific and technical 
bulletins     i*„?w° P ?V &ff in L°ndon PrePares popular publications, 
^Î«^SeîBî1»S2;S;,n0îe8'  V0"   tOSUPPOrt  baSi•-h communication 
of the ïastl^?nn^      Ì" 8í^e t0 and aPPllcable by industry.    An example oi' one 
particular as^ctfof ^tlVitif is a series of free booklets dealing with 
particular aspects of    low-cost automation".   These describe simpl- ur chean 
measures cr devices that are likely greatly to improve pîoducUvity. ? 
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12. Tie officers in charce of the DSIF branch offices referred to above also act 
as field technical liaison officers establishing 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 
assistance 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 began an entirely new development in the field 
of industrial liaison. It is difficult, if not impossible, to draw a line of 
distinction between technical education and the dissemination of scientific and 
technical information. The connexion is particularly strong in «« «¡aje of the 
smaller firn and for this reason industrial 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 technical problems and 
encourage them to use the advisory information and educational services provided 
by DSIR, the colleges and other organizations. Each industrial liaison centre 
is 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 develop«, that it will provide for 
assistance 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, k), 

Ik.   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, k)  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 has, in particular, a collection of technical 
and 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 
industrial 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 libiaries, the libraries of private firms and educational institutions 
combine to help each other. There is also an Association of Special Libraries 
ajnd Information Bureaux (ASLIB), actually one of the fifty-one research 
associations of DSIR, 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 3,000 sources of scientific, technical and commercial 
information in the United Kingdom. The majority of these- are libraries covering 
a wide field and stocking the most commonly required books, periodicals and 
reference material. The remainder - research institutes, professional institute?. 
special libraries, etc. - cover one subject field or one industry in great depth. 

i7! JBt ?nited Kinßacm has n0 hi^^  co-ordinated technical information system 
Dut DSIR is the government department primarily concerned with the dissemination 
of scientific and technical information to industry. It seeks to stimulate and 
encoura-e all sources of scientific and technical information throughout the 
united Kingdom and, particularly, its own stations and research associations 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 
soulier firms need special attention and, above all, personal contact. The 
importance of personal contact has led to increasing emphasis on industrial 
liaison 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 imporant means of 
stimulating innovation and technical progress, but no information services can 
be effective unless industrial management also accepts the responsibility for 
seeking out new knowledge and ideas. 

10. In the field of scientist-to-scientist communication the DSIR has created 
special institutions to help in this field. The object here is not to increase 
the amount of scientific and technical information 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. 
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IV. THE SCIENTIFIC AND TECHNICAL DOCUMENTATION CENTRES AND 
THEIR UTILIZATION FOR INFORMATION NEEDS OF INIUSTRY IN 

DEVELOPING AREAS 

Prepared by the United Nations Educational, 
Scientific and Cultural Organization 

1.  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. Their function is to 
collect and classify the documents in their field and to distribute them to the 
interested individuals and institutions. 

¿.  In various countries, especially after the Second World War, an urgent need 
was 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, Bangkok, Djakarta, Montevideo, Havana 
and Seoul. 1/ 

5.  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 bibliography 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 fellowships provided by UNESCO. Funds are also allocated for 
purchasing part of the equipment, materials, books and subscriptions to periodicals. 

k.      The collection of periodicals is the basis of the documentation centre. 
Together with books (as in Cairo and New Delhi) or without 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 and applied 
sciences (mathematics, astronomy and geophysics, geological sciences, biology, 
physics, chemistry, medical sciences, agriculture and engineering). The number of 
periodicals depends, obviously, on the funds available and on the periodicals 
obtained through 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 engineering sciences. To this figure should 
be added the periodicaLs on applied sciences in such fields as chmistry, physics, 

1/ A detailed description of these centres will be published in the booklet: 
UNESCO and the Development of Scientific and Technical Documentation Centres", 

which is under press. 
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5.      The photo-reproduction service nei• *« *«„ 
documentation by providing,  through agreement\JT\  ^ baCÌC and Planent 
world,  reproductions either on micronTuhev Se" J      "f C6ntr°S «»W.hcut the 
special reading apparatus) or on paper (direcïlv reliai    T' bUt they ref^ 
articles published in any country? I ^iSäl«^^^ CSpe"8lve> üf 

of ^S^^^^^J^^  •onds to ,he step:    collection 
classified more or less thorouAlv    dtinìÌ        of articles and abstracts) io 

The third step,  aÌMtrirJ^^{J^^Z to   T "* Staff aVa*lable' 
microfilmed lists of titles of articles ?v!^P?     y    Sndins raimeocraphed or 
publishing a printed bulletin by oîfset    nZ^ZS?**1" SyStem)' °r by 

(very effective, but very expensive)     •ïf    S *??y °r conventional printinC 
language of tb, country^ Sa ÌIIÌL^       Publications are done in the 
technicians and indîsÎïiaïisL?       8   S    generally known by local scientists, 

LsulwHSc^ Sterra0" VZZT* *? ^^ >* ls ^•^ -«* 
reproduction.    In this wav   doS2n?Î*ï      doc<fnation centre or obtain a 

available in it.    B^hTcentTs^uT.ll^Tn SS** *" ^ lB ^ 
documentation in the opposite direction      Í«     t

in,.taklng care of the fl°w of 
scientific and technical researcí pa~rs ¿li^A

iT^JMtBiäe the area the 

This has been done by producinTÄÄ the "<**• 
of those papers. p       or Printed lists of titles or abstráete 

^xÎLïTSa^^^Tî^tr^ f0r the ^»"°• edited by the 
languages.    The centres general have 1 MM?* ^t*1** Witten in foreicn 
interested individuals anr^stÎïution, ^       °SrfPhiCaI Service> whlch helP* 
cut scientific or industrial research     ít «Ï?*     " doc*"e«tation needed to carry 
titles or abstracts on given subieots' Jl alsoPreP«res bibliographies,  lists of 
by themselves. ß subjects, when applicants are unable to prépare them 

n harLTP"ss1bÍeetoesÍrtharte thT T• fientis^ than industrialist«.    But 
to fulfil the neìds oí inSuTtS      In YTÂTJ^I^ 

ab0Ve *** be V6il *daPted 
beginning that the need fo? InTorJ^    ß *?'  " WaS stres^d from the 
need was'reflected iT^hf Lpo^! a^d^V" ^ i?du8trlal "<**•    This 
collections of technical and ZJZ    ftached to the centre's holdinr,   >,f 

of articles is ^So'SSS^Î^r'îSî'i'-    ^ í^^ ¿nd ^^ra.tm, 
with the help of engineers workin/m^n?! ;    I   ? la Carried out ** a cen*•J- «tnrr 
regular publication of sixteen^bftr^?^ *5 í&c*ories-    •e result hüü bfee« «-he 
in strictly industrial tteîds   ntmelv£w ^H^Í" 

the Serbo"c^ ^ua;;e 
and wood industry   motor f„„fi namety'    Planfc Production, zootechnie,  forestry 
transport engreíring    ílecSic«! ^   T^f P8rtS' »«Manicai engineering 
chemistry an! Äi ÎA^fïïfSSS "ííííf J»*«**"*, -tallur^y, 
paper industries, fuel and lubricants    îîï?î^'  filicate ^ustry,  textile and transport. lubricants,  civil engineering and architecture, ond 

e^abïL\e1V^d1reUSeS P^i/ÌP*^ T"^ in Vhich the "*• "« industries were weuS   Practically non-existent for some branches, 
in this result "í?-*•*0** ln specific cases.    But whatever the situation 
thVS ffereTerîîIToSS^ST* <*««*•*•"« • the slight uTe Ze of rent services offered by the centre.    This meant that, besides the 
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General publicity employed to make known the different services of the centre    a 
special effort was required for the industrial field. ' 

11.    This was carried out in different ways.    For instance, a bilingual Arabic- 
Enelisn booklet was published under the title The first scientific and technical 
documentation service in the Middle East in Cairo and a similar one, in Spanish, 
in Mexico.    The ¿,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 
given of the available means and services at the centre and the best way of using 
SS foi\the industrialists.    Special details were provided concerning the 
different sections of the bulletin and their relation to specific industries. 

^¿i4*5*1"' in b0th countries> the official journals of the Chambers ef Industry 
published regularly, based on material provided by the centres, a technical 
infìr^uSn        section t0 helP industrialists in the search for appropriate 

13.   The efficacy of this publication was reflected in the increase in the number 
tLn¡¡í^ripti\n<\í<° the bulletins «4 i« the requests for generai infoimûoT translations, bibliographies, etc.  from industrial firms. «»**«»# 

Ik.   Under the title Technical Information for the Textile Indu.t•. « monthlv 

^•si£^t¥J^j*?"-•^»»^ TO »rìdici specialist of the largest textile factory in Egypt and the UHESCO mission.    Every 
thTlv^^l' ln En3llSh °r French' •»»•trMti of all the artici« concern^ 
the textile industry received either in the factory's library or in the Centra 
At the beginning of 1959, when the UNESCO mission Vît tl??oZJf, 2* absîîaet. 
were being published monthly against 106 in the first issue £ Mai' 1958. 

15.   The abstracts were classified under the following headings: 

I.    Natural fibres; 
II.   Man-made fibres) 

III.   Yarn manufacturing; 
1. Opening, picking; 
2. Carding,  counting; 
3. Spinning, twisting; 
k.   Yarns; 

IV.    Fabric manufacturing; 
1. V7inding, warping; 
2. Sizing; 
ò>   Weaving; 
h,   Knitting, lacemaking; 
5t   Fabrics; 

V.    Finishing and chemical processing; 
VI.   Analysis, testing and quality control- 

VII.    Engineering; 
VIII.    Industrial organizations; 

IX.    Miscellaneous. 

Republic and to ££ othe» ?' %£ *"*"* ln*»tri«11'f »» ">• «W An* 



16.    The Manila Centre publishes, under the titi* »TWI   <    ,  , 
a series of bibiliographical notes on specifîc ÌLilT    Ti info•^ion sheets", 
industrialists in the country.    Ceramics    lili SffecJs of interest to 
and paper are some of the fíelds covered'    Se«f Jt^0®' pla8tiC8> ^ 
limited and well-selected group of inSivin,,^ heetS    are fo•*rded to a 
factories which are deemedTL in actual need oïï^f ^  ECh0°l8 and 

Their purpose is «to furni.h a quick prelL?n»lf information they contain". 
he has to read to keep abreast Ä^ on what 

i"ier£ 3-ÍSÜS l^lZZT^TZrtpatents'wh08e **~ 
moat comprehensive action is that taten bv IZ n ? n6íy recoßni2e^    Probably the 
Ministry of Commerce and Industry, S   cení- Sí*0*06?•'    In a3reement with the 
information on some 200,000 Tox7ign patenta Zïï   f °°k ï° h°ld and ^^eminate 
countries.    The patents'were cWfieí by sveltì J^îï *?" the min atrial 
adopted in the country originating the paLnf   Sf ?¿       ^ t0 the claB8lfications 
provides,  on request, microfilm o? paw? reS^,,^ document production service 
which were listed regularly, by countïv\l?^     1°• °f the avai^le patents, 
might also consider for this I ^ 0^

r8i/n the buUeti"'    One    ' 
devices providing facsimile «SÄ 2Tof tTOSÍ!0' ^ ^^ 

&-AiTEÄor ÄwaVÄ ^~- and industrial 
throughout the world, even if not ~Àu,À í *? i0n °n ****** Polished 
.peeified by the subsets!   Suc^re^ Hl ^i °R *"* teChnical 8ubJect 

industries to obtain complete anorto £Sf £       t ì}1•* laborat^ies and 
direct interest to them7 At a^e««^f     .  ^T"^10" on the subjects of 
gathered by a specialized staïf^rT^Î   P"íCe',infonnatio* vas provided, 
the cost oí subscriptions to UrS^umWs^8 0î^Uc^^    The users saved 
highly qualified staff .In spitTo?Tu lv>     Periodicals and the salaries of 
in practice, meet wUh great ¡mccesl. ** advanta*e8> **• service did not, 

&ic^^ centres cerate all the 
translations, infonnation, etc     c^oTt^ w^T^?8' docu*entary reproduction, 
information.    The examples d^rib^dT the 2^*"^*C "f t6Chnical 

all the centres are able to provide a Led J~•     "f *!?" 8hW that VnctieéLìy 
totally (Yugoslavia) or partially (o?hfr lnt2Tf** the challenge of furnishing 
required by industry.    iHhe arías wîeïe tSe^^ **" *?* °f 8pecial inf°•ation 
the assistance of MESCO or, in very^ alìll   S* ^'f8 created eithe' with 
for technical information are alieadv ZrlllJ' thr0urfl °ther meana " fche caU* 
expected that they^U wl*. *!^ inf ea8inS very substantially.    It may be 
that this to^.^SÄ^^s^SiTti; the

h
futT-xt i8 °bViS 

and technical documentation in «fne«rTÌ !u-b,r °f technical Periodicals 
at all industrial leveís! •ten?s    s^i.T    "L. ^^"^ ^ tech«i<>al digests 
This increased toJT^^^^J^^1»*»^ catalogues, ite. 
fields of knowledge of ^tJS.SS^^^^ cttresT•* "* ^^ 

1,AÄ muuïpnuef ^ T£*l°± 
th• de8Crlbed ab0Ve' as -11 a8 ~ 

commissions,  industrial coincUs anf!^i      ?î? Prod«^ivity centres, economic 
industrial world in the dev^Î?«!       ^í b°dieS *nl*r&* so as to attract the 
and technical dSc^t^c^.'TLÏ^ÎÏ ^ °f *CUon 0f the -stifle 
the long-term action that L require ^llstînf ~f ! ^T^T* ar* esBential i» 
to be obtained in this sphere. lasting results of real importance are 
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21. 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.    Some 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 I95U -  and costs 
have increased considerably since - for its first year of existence as an 
exclusively national institution, the Scientific and Technical Documentation 
Centre in Mexico was budgeted at $60,000.    Luring the previous thirty-three-month 
period, 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 
figures 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 establish two separate information 
centres, one devoted to scientific data and the other to technical information; 

(b) Even a small scientific and technical documentation centre requires a 
specialized staff, which 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.    In 
areas where 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 a new specialization 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 great enough among scientists, but they are greater still 
in the different engineering branches, where the shortage is almost general in 
all countries. 

23.    Another problem concerns staff training.    The UNESCO missions have carried 
uut the training of the staff of the centres at all levels and in all the 
specialities, 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. 

2k.    Individual or collective training has also been organized for scientific 
documentalists and science librarians, other than the staff of the centres.    This 
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development and training throughprat^a^o^ * *"* Sh°Ving the Way for thei' 

25.    These courses continue to be organized in ^ff.» «. 
direction of local and foreign IMTSJWV^ 

area8' under thc 

assistance of UNESCO.    In 196? cTZl'lì \*?! technic«l and financial 
Centres; in November 196k Icliï^^^?""* Cairo and Ne» *lhi 
Brazil regularly organizes Jneía! and Jl? î? *S Buen°8 Aires*    The cet^ in 

SLJStr^1^ AcelîrVT TS\inS Ce-ntreS te *•**« 
materials exist already in the c*n?~!   T e?uiP°ent' Plications, and 
might be TOolatîï^SrSaî to neels?    Supplementa^ ^cialized instructors 

Siu^lÎLSiS'^ï A*! aVailfble f0r d—tation tasRs, 
of new centreï mïgnt ÍTe^UagÍÍ ^-STT^•"1* °ther •!«***** *.«• 
collaboration witrapSoprtaÄionf^ î^!*    ï?i8 f°Uld be done ln cloße 

appropriate national or international industrial bodies. 

Conclusion 
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