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Autrodustien

1. The governmsnts of developin, countries are today engaged inm
the difficult task of industrialising their coumtrics as a vitul msans
of improviy, tie social and economic well-being of ti.eir pecples.
Industrialisdion a» & eontinuing ;xccess is dependent on a great wariety
of fastors, one of wiich 1s the establishmit ad proper prosecution of
& sultable ;ro . renne of indistrial research.

2. The United Nativme Literregional seminury on Indistrial Researsh
and Uewelopment institutes in Levelopin: Coumrics, which was lwld in
Beirut, Lebanon, in Novumber/!scmmber 1ub4, ax' was attended by numerous
expezt participant® and observers frou toth the deweloped ax: the deweloping
oumries, attested to the crucial role of inlustrial researc:. institutes
in the industrialisat ion process weu it recoamended as follows,

AULAr alla!

Developing caintries shauld take the neeessary
steps as soon as possgible to establish sppropriste
industrial resesrch and dewslopment facilities...on
linss st applicadble to the practical requirenents
and nat ional deveiopmet goals.

3. It is germrally agresd that institutional industrial researeh,
as opposed to the lone~researcher appruuch, offers special advantages
that are appropos to the peculiar nseds of developin; ecumtries. Not
swrprisingly ti.en tlie number of suth institutes in developing ecumtries
has increased steadily if slowly in the past five years.
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L. Considerin trat most if nt all developin_ countries would
like to establish at least ons industrial research institute cash, one
can ruadily appreciate thul the hesitanc, with wilch many of them
view the problem is duc directly to tiie prastical difficulties inherent
in it. HNot the least of ~hese difficuities is the question of detur=
minin, the feasildlity of such an institute and its chances of a viallie
ot useful life if established.

5. The establistment of an industrial research institute, liies that
of an incustrial manuf acturing project, calls for careful pre-investrcat
or feasibility study. Answors rust be sought Lo an asortcant of ocomplex
questions inoludin, an appraisal of the countries resources—h.mii,

. finencial, raw material and otherwise —— a8 well as the state of techmology
and other social and eoonomic variahlee.

6. The purpose of this ,aper is to provide as ;istance and jraciical
guidelines in the ilent.ification and evaluaticn of these feusibllity
cetermants or "considerations.” ln We chapters tuut follow individual
attetion is  iven to the various oongl derstions wiich properly shwild
precede ths decision on the part of the governmert of a developing eountry
as to whether or not tie time is rijht, given the sot of socio-economic
ciroumstances prevailing in ths oountry, to set up amd operate an industrial
researel. institute.

7. This paper deals primarily witi. Ue mltieprpose typs of institute,
that is, ons wiidh i3 capabls of dealin: with problems in & diversity
of intustrial branches or scientific Zisciplines. while it is recognised
that a rusber of syecialised institutes exist and nave proven highly
walusble in some developi:. dcuutries, it is felt (and tie Beirut
Seminar supported thils view) that tre smulti-purposs institute offers

obvious sdvantagss that are especially appropos to W.e needs of developing
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Ihe Concevt of sn lndustrial iiessarel luatihuke

te The lLiustrial hesearch Institute is a relatively resent
innovation stemming from the needs of modern techm.oy. The concept
has evolved out .f tle nesd to provide cuitral, co~ordinated Lodies of
sciemtifie knowledgce, facilities, ad personnel cupable of mesting the
broad research requircaente for attaining techik logi.ally-based econusdes.

9. In the ceveloped couniries, the traditional researc: instituts
ie the ou.growth of ieseurch nesds recopnized by the coutry 's industries.
In this case, the institute is set up to serve alruady existing teciuvlogy
and is usually rinancially supported by projec.s sponsared by coupaiies
or the governmnt. The spunsore normally come to the institute with
specific prollems to Le solved. The Institute in turn mekes use of ite
store of information, psrson.el and facilitiee in see«ing the desired
solut lons.

W. 1n a developing soumtry, however, whe: s the teshnological
bass of tis economy is geu:rully insdequate, tie task :alls on tie
institute not ouly to sesk solutions to roblems brought to it froa
without but also, and perhaps more importantly, to take initiastives in
the choice of areas of research operations tueciely steering tlhe sconmy
in the direction favoured in the national developeent  ro ramms. Thus,
to soms extent, the lmstitute in a developing nutdon fulfille a norastive
as well as scimniific rols,

1l. Thece in a oertain lewei in tie tac.no-ecoromic ovolutivn of
a developing country W.en the establishment of inuustrial researsh
institute bLccomes desirable. And this level can be determined bty
evaluating many interrelated eeoncmic, geogrephic, industrial snd population
fustors.
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Por istanse, there siould be at lesst a begiming of losal industries,
minirng aud/or agriculture, as wall as ewugh native or im.orted talent
capable of at least startin, researchj also the ewnomiss of srecting
the institute and conductin, ressearch should bear a reasonabls relaticvn~
ship to the couniry's financial capabilities. On the cther hand, the
prumture cstablishes:t of an institute oculd lsad to misdirection of
tsohnical effort ad finmnces and wasted years. suoch s pregipitute
action muy be due to lack of experience and of s.itable uata concwming
the nation's sconoaic factors as well as 2 poor assessaent of resaurces
and their possilble uses., DBackground infermation ad careful judgment
are prims pre-requisites for ths success of & national reseaureh imstitute.
In other words, the inopportuns establishment of a rescarch institute

can move as detrimental as the abeance of an institute wien the time i
right.
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Orjeised research and developmert plays 8 srucial rols both in
ereating new knowlecge leadin. to a broadendng of teshwological
horisons, and in tie adaytation of salentific innovations to practical
use.

16. 5o far as tesinological change is concerned, the incdustrial
reseur:!. instituts in a devaloping eountry shauld roperl)y emphasize
the iate sive application of its scientufie ~nowledgead technical
axpertise to tae robleis of raleing the productivity of inuts as well
ss ovsra.l efficiengy of production,

1/s (he fomrulation and application of industrial standards amd
specifications, an essential requirewent in the iniust rialization schems
of any country, is aucther function wich tue research institute in a
develoying eountry can jruvide. The instituts Wil require swe.ial
laboratour, facilities necessary W conduct studies and ocuntinuing
testing of materials axd produsts to susure their cuformity with
establist.ed standards.

18. In a sonewhat rslated urea, the instituts can also assist in
instituting quality comtrol within the various factoriss thruugh te
systamatis uss of analstical methods and ins ection procedwes designed
to snsure adhersncs to proper standards. l1t my also provide an equipment
valuation service for tis benefit of industry as well as undertake
ted.nical trouble-shooting on a adhos or standby basis.

19. The oarrying out of research on & wariety of subjects is
of course oms of the primary functions of the research inetitute.

This line of activity wdll of oourse acsount for the righest proportion
of its finaicial outlay and oecupy most of ths time of its tectinieal

person.sl.



20, T.e ressarct Instit.te is the place to which iaddviduals, smaller
companies .t s pporting teir own laborilorius, and sofae gOV.ridwent
amcies can g & have researc work performed. Indeed, even soms
compaiies thut do hawe tleir own resvarch laborutories often wiah %o
at.lise tis facilities of a researci. ins.itute %o gain perspective on
Wieir wrk or to perfoin malier short-terz projests for which they do mot
Wish to add f.li-time sta(f mebers.

21, . researci; lnstitute provides mmy benefits to the poteitial
sponsor of research, b the lcest of which is an unbiused and completely
oujective view. 1his ob'eotive view ca: e malitained because tie lastitute's
goala are 1ot linked in any othur way to those of the sponsoring orga isation
ather than to do the best possib.e jJob of resvaro:. In other words, the
institut e functions as the resem-ch axi developmeut am: of Lic sponsoring
orgwia gativa will. all e advantages of an in=house _roup, inc..ding the
fact that te propriotar; inter:sts of tie sporsoring orgmiszstion are served.

2. T.s imtit.te's ressarch PIoLrafie Euy .nalude euali activities
as i@ introduction and adajtution of forelgn tech0loy, tne dovw ojsent
of com.ercial applications for local ruw aderials and tie perfecting of
production ocesses. Attention Lay also be given to developing uses for
waste material as well as improving the quality and usefulness of by=-
products.

23. Arother phase of the work of an inustrial researeh institute
is that geasrally roferred o a8 "develo ment®. :(ris phase embruces the
long axi expensive stages of work betwsen the concetion of au ides and the
sstual translation of thut ides inko a tan ible proto-type produst or
prosses. In the dewloped couniries, it 1s not unusual to finmd that
the developmet phase of an institate's work aoccounts for tw-thirds
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2. In addition to perfoming .o teohnisal survices just deserided,
the institute normally carriss awther set of functiovns wiich may be
described ss techmo-eeonamic. Jhe distinstion Letwesn this (roup of
activities aud the other, purely teshnically .roup of activities 1s
mainl; one of coivenience as these swrvioss are essent.ally similar in
gharacter. among tie:e are feasibility studies for the establishmnt
and op0: «tion of industrial enter,rises. o.uch studies ma wabrece
o,erstions rescureh w.ich is a cor ariscvnaf alternutive areduction
processes in ..t ocoubinsticns, av well as problous ralating to rew nulerials
utilization, envirovnms tal coniiticrs, estimation of mar«st “anand, cost
agoount ing ~d 80 on.

25. The institute ma; also undertake rurketin, st.lles for the
purpose of develuping and improving We Larketing practices of a
particular witerprise or  roups of enterprises. It may assist the
iaageents of eter,rises by providing them with farecuasting data that
will enaile them to plan production ad cun also cfrfer expsrt advice on
e matters as jackaging, labelin,, storage, trenspurtation, in.iustrial
locton, sic.

26. 5till snother group of services wh:ch are mainly routine in
nasture, can help to iiprove the overall sconomis envirvime . In this
category saybe inciuded such services as establishing a technical library
megescary not onl, for ths work of the imstitute itself but also as a
refurence centre of infarmation for local industry amdl ou.vr interested
gows. The institute may carry out, in adiution, an information service
designed to answer toeh.nicsl inquiries on speseific .rodustion, msnasuent
ad gneral enginvering problems, on investment possibilities, nmarket trends,
industrial jruduots and procesess anxd simllar matters.
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As its competence grows, Lie institute should ewintually be in a position
%0 prepare treining maturial for the technical and nmagsssnt staff of
industry.

27. Anther im.ortant area in whish the institute could materially
aseist local industry is that of ti.e developuwent and iice.sing of pstentis.
This is of course a funwtiva that tne instituve can ltake on oniy after
asquiring t:es necessar; sx.erisnce. 3ince its :escareh activities wiil
consist of both self-in.tiated and sponscred work, .Jie institute sooner
or later Wdli find it necessar; to urganize a systei: for the randling
and liocensing of patents. In tids way it muy develop lito the ocunirs's
first recognised a sucy in this field as well a3 a point of contast for
the transfer of information on patented jp'ucesses and products, bath
domestic and fureign.

e If the institute is to ,srform its assigned functions with
mximun offectiveness, it should have a rcasonable de ree of stonomy
to infi.unce th.e line of ressareh, always of course within the bounds
of national development oblectives. While its initial finansing oay
almos t oertainly have to be provided by the government —— and even if this
support must continue = tns institute should Le [res of political pressure.

2. lu the developing ocountry, the formulation of secientific and
teciniecal policies is considershly more difiicult tran it is in a developed
ountry, where thors is a solid bagse of technology and & history of
teshnological progress to guide the policies. Teshmological progrese
in the devaloping oountry may be barely discernible and ite direction,
therefore, alwaye requir s careful consideration and plapning. This
is extremely important in the fisld of a,,.1lied researeh.
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30. Because of tie institute's Lrvad spectrum of seietifie
capabilities and the fact that in a developing nation, it will prodebly
be t:.e onl, such central scientifio body, it is well s.ited to play
the rols of scientific advisor to the overnmem.
31e ln s.mar;, then, the Industrial iesearct. Institute is a
vitul abional asset for bringing about rapid ad efficient .ndustrialisation.

1i1. Natwmd hescurce odowent of o Det. IRANDE

34. Natural resources may be defined as tle non-renswable and
renswable occu rences of nature wiich charscterise and differeatiste a
given area of land a:d whiich can be exploited far the benefit of man. They
ingl.de both physical ocourrences s.ch as ninersls, furests, scils, water,
cresslands and gams, and intangibie and qua.itative phenomena such as land
fertility and sce.ic beauty ana climste.

33. In a given country the aggrecate of sush natural pruperties my
be quite lurge. Tney are not, however, comsteit with resard to yuantity
end quality. Hoth t's degres and comioaition of nitural resources wary
cuonelicderubly from eauntry tw counmty and from tims to time within the
individual country.

e e types of inustries which a country pursies are determined to
s major extent by tie types of u«tural resources it posseses. For example,
if a ns.den 23 rieh in oil, then a petrochemical industry is a logical
ehoice. It .s sssential, Lherefore, thiat the nation's n.tural re¢sowross be
examined carefully prior to meking recommsndations far or against the
establismiment of an imustrial rescardh inetituse.. «hile the abundmoe
or latk of natural resources may not bLe the detwrminiug lfactor in whether

of not to establish an institute, the typs of availatle rescuroes will

esrtainly help distate tie typs of institute that might be established.
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35, Lxamining raw materials and other elemerts of production (eeg.,
hydroelectrie power) in the light of quality and ;Tice, may unoover
opportunities for coupetitive production for the domestic and export
markets. Another fuotor is to re-exmsine old, known rescuroes utilising
eurrent scientific and techrdcal knowledge with a viex to discovering
new .nastrial possinilities. Moreover, it is genarally e.visable to
keep under constant review older, developed but never completely implesmsnted
projects which ma; suddealy prove feasible when markeis or related incustries
have ctan ed. FPossibiiitise of new opporta.nities springing from old ideas
ornetimes .nfuld wien a.un,es vecwr in Y.e economic env.ronment.

36. 1f a Iairly cumpretsnsive su:vey of tis oountry's natural
reSOUrces !as not been undertaxen ;rior to tie feasibiidty study for an
iniustrial researcl. institute, it is stro:igly recamended that ons bLe
carried cut. Guch a surve, should attenyl t answe. questions Like: (1)
+hat are the country's xnown resources: (2) Is the eConomy domin.ted by
one ,rincips. nstural resource? (3) ihat are tue relative strengths of
the mineral aml ve etabls resources uf the country? (4) what are Wie power
resurces’ uva they be, or are Lneg being, tup,ed for tie benefit of induetry”

37. :fter this iafomaticn has been compiled, it is very instrustive
to look at currert inoustrial developmsnts in the countries or regions with
somswhat simdlar conditions or in neighbouring countriss whoss industrial
output might affeot local demand. Yy observing successf..l resouwrce
utilizsation as axperisnced elsewhere, ,)onibilitino of new projects may
suggeet thenselves. It is cozmon «xperisnos for arch ad develojmert
ostiotetea to discooen ft:\&w-uaw‘} wiial Aesreloprae " -
projects based on loeal natural rces aff to smit Lhen to selected
mebers of the business community for spensorship. The direction of research

siould thus aim at the maximum utiliisation of the oountry's natural resources.
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38. It must be noted that in a country somewhat devold of the eo-
called "richer" natural resow ces (eil, iron ore, etc.), a central re-
search institute may be an even greater necessity than in a country where
the direction of indistrialisation is cleerly indicated by tie presence
of such resources. For example,acountry with an abundance of oil resources
wuld st logically gravitate toward a petrociiemical base. lowever, a
sountry whose natural rcsources are leee basic will nesd techmological
help in many varied areas to get tue most from them.

39. The geographical location of raw materials or natural resources
may or may not influence tiie location of the institute. Raw materiuls sources
may infiuence institute location indirectly through their influence on t..e
location of industries { emselvee. Frequently industries are located in
close proximity witi. sources of raw materials. Tiere are of course several
factore other t..an sources of raw materials wich influence industrial locatlon
— power, fuel, markets, labour, transportaton, stc. It is rare tnat an
industry finds all tne factors favourable in one place. To maximumise ti.e
utility of theee fastors an industry must find a location at which the highest
number of ti.em are favourable.

40.To the extent then t:.at thie researc. institute is located near the

centre of industrial activity, wiich in turn is situated neqr the sources
of raw materiale, the location of tie instit.te may be eaid to be influsnced
by the location of raw msterials. whetiier the eetublisiment of the institute
precedee the eetting up of the industrial enterprisee which 1t is sxpectud
to serve, or is preceded by it, the need for proximity Letween the institute
and the enterprises is m important conaideration at the feasibility etudy
stage.
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4l. HResearch aimed at converting the courtry's raw materials or
natural resources intuv prodiced goods wil. constitute a fair amount of
the institute's work., Therefore, some at least of tne types of equlpment
which will be required will depend on tiw types of reso.rces Lo be rocessed.
It is unlikely that all or even most of the ocountry's naural resources will
be known prior to the establishment of the institute. isut some advance idea
of what exists will bs helpful in deteridning ti.e reqirements of the institute
in terus of types of equipment ard financial capitai. This is amther
reason wry it is beneficial to tie cauntry to carry out as soon as practicable
a survey of ite natural resources even if the guestion of setting up an
imustrial researah insticute were not baing considered.

42, In sumary, then, it may be said th & while the abunuance or lack
of naturul resources will not in itself dictate the feasibility of a research
institute in a given developing country, it will help aictate the _eneral
direction and configuration of the institute, Lven tl.ough a coauntry has an
sbundance of a particular resourcs, peripheral or less abundant resairces
siould be cunsidered a3 a means of broadening the base of industrialisation
in the oauntry. Furtier, if the countrylucks a strong resource buse, this
may indicate that a broad industrial ressarch institute would be of great
valus in optimizing the use of the limited available resourcss. ilesources
or the lack thereof hold the key to tue type of ecovinomic develo ment and
industrialisation to be initiated. A lack of material wealth can poss
a stimulus to planners to make the best of an existing situation and o seek
emterprising innovations around whioh to build an indusetrial economy. The
typss of resources available should be torme in mind in planning the instituts

and espseially tle typss of equipment it will require.



v, DEUSTRIAL N SCLNTIFIC ¥ANPOWR

43. The availability of trained ocompetert personnsl has a crucial
bearing ot only on the feasibility of establimidng an indistrial research
institute, but also on the genaral breadth of activitiee the Institute can
undertuke. In order to deteruine whether froum the polnt of view of the
availability of suitable manpower a4 glven oountry cs. support an industrial
research institute, it is necessary to urmderstarxd the ty.es of persornel
required for both the institute and tlhe hopefully resulting industries.

Lis The ,srsoniel of a research institute may be bruken down inmto four
classifications — managenent, technical, udministrative sid support. Wwhen
viewed in terms of training and experience, tne mans; enent and technical
personnel claseificat ions are the moet critical. Aduinistrative people
such as secretaries, clerks, bookkeepers, etc, and support personnsl suchas
Janitorail, machinists, plant maintenance, etc. may usually be trained in
a fairly short order if necessary. However, researc: is a specialized business.
Kesearch mansgenient requires a knowledygeot business, economics, all technical
fislds encom assed by the institute, plus tiie abiliiiy and experience to deal
with professioiicl and subprofessional research jersonnel, This latter

capabllity is especially important in that dealing with highly competent and

trained scientific and enginsering personnel requires a completely different
oconoept Irom that required for managing, say, the labour force in a stesl
mill,

45. Institute managemsnt at all levels shauld be handled by person:el
who are either of technical background with sdministrative ability, or of
business adninistration background with exceptional understanding of researeh
and development ope:ations. /Particularly in the case of an institute in a
developing nativn, it 1s vital that the Director of the Institute and his

second echelon assistants should be highly experienced in rescarcn and

e (Ot e caent | —
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The parsons who constitute the top management of the inetitute should also
be knowledgeable and experisnced in general economic and technological
development as it applies to developing countries. This is sspecially
impartant when it is considered that the research institute is being es-
tabiished and ; dded mostly or perhaps solely from within the country and
will perfom a national advisury fuaction wdth regard te advancing technolog, .«
k6. It is not unlikely that top management persumel may not be found
within the confines of a developing eountry. The initial managerisl team
of trained and experisnced foreigh personnel my well have tw be brousnt
in to guide the institute through its infancy. Whils it is possible to
use local msnggerial person.el in conjunction with foreign management con-
sultants, this is far from being the Lost desirable route in the beginning.
47. It must be recognised that academio training alone, no matter how
thorough, is not suffielent for the efficient and effective operation of an
industriai researd: institute. There is no substitute for ractical ex-
perience which mey only be gained through years of applied effort. Here again
18 « reason that the initial direstion and menajement of tie institute as well
as the initial team of scientists and engineers will probably, of nscessity,
be brought in from abroad.
L8. 4ile foreign personnel would be used in the beginning and perhaps
for some time into the future, it is vital thatevery effort be made to
utilige available native talent quickly so that the institute iay muintain

& true sensitivity and perspective with regard to the sconomic needs and
desires of the country itself.
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L9. Tue principal person el performing research and development
funetions comprise a team of sngineers, scientific epecialists, axd
tesinicians. For purpoees of this study, Uese definiti.ns are provided:

An gginesr has a university level education (four years or mare) in an
suglneering study —- chemical, mechanical, metallurgical, civil, electrieal
or industrial. A tecipjcian has a technical education of at least two yeurs
beyond secondary school in some area of technology. Arbitrarily, onsmay
describe a gglentist as a psrson with university-lavel professionsl education
in a basic science suci ae chemistry, physics, geolog , mathemat ice, botany,
physiology, agronomy, stc. There will of course be soms overlap and some
deviation nct only in education but in capability.

50, The work of scientists or scientific specialists in the research
institute is mainly concentrated in research and to some degres, in
development and design. A univerasity education is neceesary, with experiense
in research and developuent. A soientist generally serves an apprenticeship
under a qualified and experisnced researdc.er.

51. The well educated engineer is normally flexible enowgl: to handle
a variety of job functions. Generally, however, engineers work in the
functions of design, develoment, applications, sd jrodu ctiun/construction.

52. Fogineers and scientists are rot trained and experienced overnight.
Their work is as demnanding of professional excellence ae tue practice of
medicine and surgery or the law. A soundly establ ished Lustitute wiil eet
reasonably high standurds of education and e«xperience that nust be met by
prospective employess. A series of examinations or the requirement of

licensin, are usthods cosmonly used in variais countries. Naturally,

qualifioatione can be raised as the supply of availahle talent lncreases.
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53, Skilled teshnicians are, by and largs, the operating bassbons
of an Lustitute. Their work is gmerslly in the service and operation,
produetion, and application aress. They are an impartant part of the team
and usually work undsr ths supervision of the scientists and engineers.
They are normally most familiar with the operation and maintenance of existing
equipmert and instrumentation. A technician may begin as an apprentice and
work his way "up the ladder" in much the same way &s members of varicus
skillsd labor unions or guilds maintain the high quality and standards of
their job functions.

54, In eahblilhing/,elemh instituts directed primarily toward
research for a manufacturing sconomy it is necessary to take into acoount
tne gansral availability of industrial andmsnufacturing personnel in the
country. liere the planning autlicrities must look bsyornd just the require-
ments for the institute and investigats the country labour force as a wwls.
Hand in hand with this goss the problen of education and trainin; which wdll
be discussed in more detail later. It must be realised that education and
training facilities are completsly aitwined with the jeneral problem of
supplying personnel for the institute and resulting industry.

55, It will be impractical to specify quantitatively the personnel
requiruwm s that will bs applicabls to evcry instituts. In each case the
number of men required in a partic.lar category or scientifie disciplime
will have to bs dstsrmined ascording to the envisaged initial sizs and
funotions of the groposed institute and may thien be modified as sppropriate

from time to time.
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30 far as professional tea.nical persons are concerned, the intitial
requirement of a new institute is likely to be small, perhaps bstween
six and ten. These will include au engineer, a cnemist, a chemical
engincer, a socio-economist and poseibly « few persons with special
sk ilis in the country's main inaustrise,

50, An important consideration at the planning stage then is whsthe
the above nucisus of pofe:sional techiicel staff can be fo.ud locally
and/or abroad for recruituwert and what the long-term prospects for additional
recruitment wuld be like., Linked with this considerstion is the question
of adequate remuneratioun of these professional men. Owing to the high
competitive demand for tleir servicss, rofessional tecinical people,
to the extent that they respond to higher salary and other incetives, ars
likely to bs attracted to the highest bidder. It is generally agreed that
the institute must ve able to attract and retain the bust talent availabls
if it 4is to fulfil t:r.e role of problem-solver for industry., It will not be
able to commund the respect an. win tue sonfidence and patrouage of industry
unlees it can dsmonstrate that the professional competence of its men is &t
lsust as high as, a:d preferably much Ligher than, that in industry.

57. The finuncial base of tie iustitute should,therefore, be such as
to enabls the institute to offer ite profsssional staff salary and other
benefits that are at least comp.rable to tis best in the ountry.

58, Finmcial incentives alons wmay not be sufficient to attract
certain types of rofessional staff to the field of applied research. In
developing countries a lurge proportion of the nationals to be recruited in

this category are liksly to be young university graduates. Lxperience has



-17-

indicated that university scisncs graduates tend to favour working on
"pure” research rather than “applied® research when they smter the
businsss world. 1t will Le well for the institute plunners to watch
for signs of such predisposition and to tuks educational measures to try
to counteract it. while doing sv they ehould be cureful to emphasicze
ti.at their action does not constitute a devaluation of "pure" research
but that the limited rescurces of a developing country are best devoted
to those linee of activity that are constrained by considerations of
esconomic returne in & reasonable period of time.

59, This question of attitude on the pait of tiie prospective resardch
personnel is of particular importace. Work in a researd: inetitute is
most emanding and calls for little less than complete dedicatiun and perse-
verance even when one's beet efforts are frustrated by nsgative results.

It will be a pitiful waste of time, energy and mongy for any country to
sink Lirie anounts of funds into and go through the painstaking process of
setting up an institute only to have it staffed by pecple who feel no sense
of commitment to its success and do littie mare than carry ou. perfunctory
experiments ad watch tlie clock.

60. Of all institute personnel, mone holds a more crucial position
tian the director. Finding the right person to occupy this position is a
matter that should receive the most careful consideration of thre institute
planners. He stiould be well qualified both as s sdministretor and in terms
of his conversance with scietific or engineering work. The view is widely
held t.at the director should hawe a dial qual ification, nmsly an
adninistret ive and a technical qualification., There haw been instances,

thaigh, of successful ingtit &t dircct rs wio ko bt poooiesn o toevnical

hersrrund,
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Nevertheless if a pereon can be found with this dual qualification so mueh
the better.

61l. In any event, it is esse.tial thut the prospective director
should hawe had many ye.rs of previovus practical experisnce as an institute
aduinistrator. 1f a director witi such experience cannot bs found within
the country, ths planners s.wuld not hesi.ate to look for one abroad. The
practice in some devslopin, countries of appointing an indigencus but
inexperienced director to head an institute or an industrial enterprise
msrely &8 a matter of national pride has very often proved both costly
and self-defeating in tie long run. If qualified and experisnced local
personnel are available, all other things being equal, theq should by all
means be givea priority. If none are immsdiately available, it would be
in the country's best imterest, as an interim measure, to look elsewhere arnd
to try to get tie bsst talent available. Local eounterpart staff should
then be attact.ed to the foreign personnsl as understudies and they should
replace the foreign personnel when and only when they have acyuired sufficient
experience. In the search for a director ami other nhigh-~lsvel staff, full
sdvantage should be taken of tie assistance avallable through internetional
co~oparation progremmes «s well as tirough bilaterul programwes.

62, Suu-profsssivial tecinical staff, too, are vital to any institute
of applied researsh, These are the laborstory assistants, machinists,
instrument minders, eleetricians, welders, carpenters, library staff, ete.
Like the professional technical men they, too, are often in short supply
in dewsioping counitries. The institute's prospsctive requirements for them

must be reslistically estimsted and a determinstion made as to the avail-

abllity of qualifisd candidates.




-19 -

Adequats provision should be made for on-the-job training to supplement the
formal training already sequired by these technicians and to orisnt them
specifically to the jobs that they will do ut the institute.

©3. The ratio of sub=professional technicians to professional tectnical
staff, sometimee calledtie support ratioc, varies from institute to institute
between one and three non-professional staff to one professional. This
range may Le used us & baeis for a rough estimite of eub-pruf essional technical
etaff requiramets.

&4, It should be emphasized that human resources, like raw muterials,
umst cutinually undergo & form of up-—grading if maxioum results areto be
achisved. All lsvele of institute personne will need and should be provided
opportunities for continudng self-improvementin their respectiwve epecialities.
{he means for actieving tids should ve carefully sxplored at the plaming stage.
This includes a ¢ reful appraisal of thie cauntry's edicational and technical
training facilities to determine whether or not they are adequate to rovide
the proposed institute with ths seiemtific stimulation ard teshnical support
that it will need.

65. Another important matter thut should be eonsidered at the planning
stage is t..e possible uee of cutside cunsultants by the institute. iardly
ary institute exists anywhsre that dose 1ot at one time or another find it
necessary or desirable to euwbmit a ressarch proble to another instituts,

a university research wing or to an individual consultant for possible
solution or verificution,

66. The reesarch institute in a developing country will be no exsept ion

to the msed for such external assistanse.
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On the contrary it wilil need it the mure. It is importamt therefore, to
ascertain whether or not the proposed institute, if and when estabhlished,
will be able to find elsewhere certain necessary skills and facilities that
vay be lackin; within its own organization. This need will be particularly
preseing during tie early stages of tne institute's life when its own
personnel , equi pment und exerisnce are likely to be inadequate to handlis
the country's multi-faceted industriaiisation problems.

67. Thare ar'e different tyLes of outside consultants. The; include
individuals who operste on a p.rt-time basis (e.g. university profeesors)
or as full-time professional consultants. In recent years, especially in
the developed countries, there has besn a merked trend towsrd the arganisation
of consulting firms. OSome of these firms specialise in a relatively narrow
area of activity; a few are capabls of operuting in many and varied areas
including for example, applied researct., engineering develo ment, marketing
studies, ecviomic investijations snd managemsnt studies,

68, Other sources of oconsultetive service inciude univerisities,
suppliers of equipment, suppliers of muwerials and sup;lisrs of proprietary
information. Local fuoilities of the kind memtionsd in tiis and the two
preceding paragrsphs sticuld be examined to determine whetnsr thq can meet
the needs of ti.e institute. To supplemsnt such local eervice, foreign
consultants may be sought md hired on an gd log basis or on fixed~-term

contracte as appropriste.

69. 4is the institute mutures, it will moet probably develop and expand

its personnel rescurces to the extent necessary for meeting most of its
ressarch needs. Zven sc, it will comtinue to find itadvant ageous under the

agprepriate ciroumstancee to utiiise the services of auteide consultants,




v. TRALNING

70. Cne feature of many developing countries is the overwhelming
reserve of uiskilled labour. Ths lack of technicul skills so essent.ial
to the exploitation uof available rescurces ax to the development of
industry uonstitutes one of the most ssriocus cbstacles to industrialisation.
Yocational traiuing programmss, even thuse designed to teach the simplest
of skills, are hampured and often well-ni,h impossible to implement in
areas where there is widss,read illiteracy.

71. is mentioned in the preceding cl.agtsr, tie Institute, as well
a8 industry, must have a source of native talent on wd ch to draw. it
will be extremely undesirable, to say the least, for ti.e lnstitute to
hire totally untrained personnel with the ides uf giving them a basic
education and molding them tofit a ,ob with tne lmstitute. Wwhils on-the=jod
tralning is necessur; and desirable, tie lnstitute's primary occupation
shuld be research and tesinical guidmnce — not basic sduaation.

T2. Tine existence of ons or more universities and ther institutions
of higher leurning, espssially in the technical and sciemtific disciplines,
is of special importance if t.e country is to be sble to mupply the
Qualified which the institute wi.l aocquire. Although initially ths university
may produce undergraduates in the liberul arts only, it should in time aim
at expanding its programes to higher levels and to incluie a suitabls
combinat ion of technical and seientifiec disciplinss, The lesearc: lnstitute
if «nd whien ustablished, should support and encvurage its staff to continue
advanced study, for instance, by pruviding study leave periods and fimancial
incentives, as sppropriate, to enable tiuem to participate in refresher and

self-improveme rt courses and elailar programmes.




It would also offer advice on request %o the ocountry's traiming institutions
wdth respect to the content of the technical courses on their currisula,

73, The technical institute is oms of the most effective instruments
for securing & technologi cal oriemtetion of a country's educat ional system.
The government should examine its existing tecinical institutes to determne
whether or ot they are adequate forsupplying the nseds of the instituts
and an expanding ecomomy for technicians at ths sub-prof essional categery.
If there are no such institutes, or if exisdtng ones are inadequate, con-
sider.tion should be given to their establishment or expansion and improve-
ment. It is often possible to turn out highly skilied teehnicians in two
to four years at such institutes and it would be advisable to formulate a
long-range technician training sciieme on that basis. 1n the beginning,
graduates from the technical schools may be utilized in & semi-ergineering
capacity under the direstion of university graduates.

The It is sometimes said -- ard no doubt this is an exaggerstion -=
thet R & D personnel differ from the population at large in intelligencs,
education, work habits, and busic psrsonulity patterns. It is true, however,
that to be affective as a rese.rcher, a person must develop an extens ive
body of inowledge in one or more tectinical fields. He must lsam a variety
of skiils and teehniques and be a.le to apply thau in tim systematic amd
exocting manner charscteristic of research work. Purthermore, he must

ooatinus to add to and imgrove his reservoir of knowledge throughout his

career.,
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75. As alieady suggested, the Institute should enco.rage advenced
education or a ocontinuing ed.cation of its psrsonnel through a progresmms
of finsncial assistance and imcentives. Norsally an institwte will
enter intc an arragemnt with the teainical sciools e universities
in the countr; to help culde tuem into olfering courses ad progremmes
which 1it both ;resent and pro ected needs cf the institute and industry.

76, It is alsv quite ocommon jor & research institute to have
arra_ex.ants wit!, a tedaical senocol or undversit, ailowlng its acp Loyees
to tuach tectnicul courses in the educ.tional institution in the evenings
or othor off dut; hours. In sowe cases, the institute rignt find it
desirable Lo crent & catain purcetage of ,arson.el lime toward thiis end.

77. The Institute will wat to have in-house ,.ro rumes for tralning
its own staff. A t pical progrwme mn, be oconsidered in three perts:
pre-esployment training, job—orientation and on-the=Job training.
Loe-mulerant Lrelnig.

78. The institute will inevitably find gaps even in the most
educated prospective maployee with respect to the level of expeotation

in his prospective job. For example, tlm newly gradusted engineer «r

special ist will probably be lacking in various writing ad speaking skills,

knowled, e of econamic and social matters peculiar to his situation,and
adrinistrstive capabilities. He may be lacking in such ascots as careful
plenning, job sxsc.tion, systems aml; sls, or opsruticns researd, and

the wormal cuabilities of toaiilclans und skiiled workers. The institute's
persomel, regardless of level, needs to learn the teamwurk approach to
problens. Teamwor: should be taught without stifling orestivity, originality,
enterprise, individiality, or personal rusponsibility. These aio ail basis
Jagks which the imstitute will face and rust deal wd th whenever & new

6. lo, e 'y Lared.
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79. The institute rust inmtroduse the new eap loyes, rogardless of

formal Lraining, tc ocompany policies, protoecl, history and traditiom,
location of physical facilities, ad cartain day~to-day maiters.
Orientation at ths outset will have bensficisl effects on loyalty,
soourit , work relatiouships and wrk abits.
Echhe-tob LInADK

80. At the begi .iing of t!e programe, the institute must plan
for tne personuel meds of its divislons, keeping in it the progress
sath inividual is caking. Certain professional employees must qualify
for the Job opsnings, sseting req.iremsnts in terms of education, training,
axperience, and backgroun.. Non=professional empioyees, s.ch as tochnisians,
me.inists, labourers, etc., mst o ther bet aught t.eir skills in the
{astitute or bs sent to wvhers sush treining can be acquired. (mes the

institute and tie varicus trein-programes are established, new eployese

san be trained on the job as needed.
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8l. It is important that at the planning stuge a r.asonably clear
sonception s formed of the particudar secwr ur sectors of the economy
to which tie services of the imstitute will ve geared. Dedre sn jndustriel
research institute, the institute will, o. ocourse, cevote a major proportion
of its sffort to serving the industrial (i.e. menufaoturing, swetor. J3ut
its survices will by no means be Limited to thut sector. Iis resc rces,
i1 terme of professional sxpertise and physic.l fuciiities, shuuld,therefors,
be planied in suct. a wa, as t enavle it tu sulve ,roblemo in tie ncn=-
manuf cturing sectors as well. Thess other sectors wdll include rining,
commerce, transportation, agriculture and services.

t2e The manufact.rin; eector is ths most versutile. Hawfacturing
establishment s, e.g. machine s.ops, textile ril 8, food prucessing plants,
de,end to a large extent on tis ;redual advancernst of reciology to
fulfil sao: functione us desigiing of prooesses, orvation of puitterns,
ad t.ec assambly of tools. Manufacturing, einply, is ts eollscticn of
raw products an! Lieir rfedbrication in desired new for.s and coutinations.
he snhancemert of namifacturing is commonly r<ferred to as *inuustriliasation,®
probably uecause uf tne sxpansion of almust all ty,es of suporting incustries.

83. Before the decision to establish an ini.strial research institute
is made, ons majur acitvity should Le to dstermine, from the viswpolnt of
eoomy, which indistries, existent or ,rv,osed, ave Lis ,ruspeets of being
of (g vaiue to e GuUMTy. (Lis ueterainat.on will help to define the
brsadth of tone institute.
\paldad i ! L vevel |

84,. Once trhe country's natural resources have been substantially
surveyed, some detorsdnct ion made as to tielr possidle uses, tis naxt

logical ste. is to attempt tu convert at least wre of then into finished

i3 A NSV
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It 4s gensrully undesirable for a cwkry to have to expart ite rav
materials cheaply and then import expensiw finished yroducts. However,
eertain mnufacturing industries, With their costly machine tools, high
power needs, large witer consuoption, md ski.ied labour requiresnts,
presert a major oostacls to many developing nstions. Theye forse, the
indust rial ressarch ingtitute, with emphasie on practicil a3 licatioms,
shwuld be organised a:d direeted toward:

l. Utiiisation .f the ndion's natural resowoces that can be spplied

to the menufaoture of profitable products, and

2. The production of goods for hume ecasum tien and/or export.

85. In many co.ntrics, the reliance of the eec.omy on a single erop
often results in chaoe when interistional market jrices fall. Moreover,
adv P8¢ weather conditions and other exigmcies beyond mman control tend
to affect sucu eeonomies rath er drsstically. i, plied researc. mud develop-

nent can help to develop new marketabls irocesses, techniques, ad rodicts

o serve us a buffer agaluet periods of such esoncmic adversity.




vi1. SRAZALLA
Saoacal isaxia

6. This ehajter on organisation is insluded mainiy %o give an
overvisw, lag:<gruund md . ewral philosophy of the industrial researeh
inatitute as an organisation. A proper wxerstanding of tie funstional
or ausativnal s.ructure ¢f tie ruoeed iLnstitute will e of assistanse
in deter inii; toe reasivility of establishing tiie institute. A review of
the vrganiz. tivnal structure will assist the planners in determinisg
wisthor ur not the rather involved services of sush an institute can be
effectively utiiised and wiether or avt e suntry is capable of supyerting
the institute from tie standpolit of needed personnel. It wdll also enahle
the: W relate existing teehno.iogy to tis nseds of the institute and of tie
eountey.

87. Lven in & cuntry tuat possesses an abundance of natural resourses
that ars convertibls to new and desired forms, t.¢ nversion proosss will
be either impussibie cr greatly hundicapped without a e.itable teehnoloegy.
Sesentially, teennology consiste of bLuth the human resources md med..snieal
fagilities necessary for transfurming rey saterials into produesd goods.
ihe facilities inciuds scimee, trade [ractices, craft skiils, machinery,
slectrical ax 186 anical power, patterns and designs, b.sinsss organisations,
tis finaneial etructurse, svcial driwe und incentives,

8L. A sountry's tecrmology may Le simple and inadequate, or adivemeed
ad efficient. In either cass, au improvement in technique, a new invetion,
oF an increase in knowledge of exi.l my affeet tis sugce.s of the coaversien
process.
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89, In the handling of resewrsi pro ects, Lie team approas. is
most cwadueive to s.occess. Its essence is tiat researe.ers with wmrious
professional backgrounds vring t:eir divers.fisc talents to bear on a
particuiar provlem. T.ids n.t only enhances the craness of suiving tie
problem Lut aasd Lriags & cubt a oross~fertiliigation of idess mmong tie
researchers the eby f .rilier imurovin: thdr f.ture research effectivensss,
dth this pasic orientatlon in aind we may; cow turn attention tc sous of
the fund sental urgaisaticnal ounsdde:.tions,

9Je Since tie uurnel  overument.l maehinery may bt suit the
organiz tivmal requirerms:nt for close wlioy direstion ad s.pervision of
the institute, t:ie procedure adcpted in many oc :utries istev ap.olmt a
governing body = whiich will be referred to in tris report as the Zoard
of ‘animant = to forr.late institute pol.s, a:d seeure ac su,ervise
its axeoution.

91e The Board mey be apyoint-d by and be responsible to a Govornmat
saisier o other senlor govarmnmer® official. lumally the researeh
policies that it foriilae.es will refleet nd be guided Ly the overall
deve io,eentl wims and vblectives enunciated by the goveriset.

9¢. The questiun of who s.ould serve on the Hoard of Hana_essnt 4s
of course of great importance and ;ractice on tie oLt varies from evuntry
- eountry. Uns oeonsiceration, and no doubt there areothsrs, that swuld
gulde tis selsstion is the needto have pecple wio will be effestive im
“sallding" the lustitute to industry, i.e. in seauring :ncustry's full

suppart of the imstitte turough sponsoring of ;eeewrch projeots and in a
maaber of AAhsr ways.
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93. 7The Board shauld alw be re,reseitative of the majur interests
dn thenation and especially those that are wet iikely to be affected by
the sxistence of tie inetitute., These wii. inciule for instunoces, represen~
tiives f ties ov-mme:t, le.ding indz.rialists, oiler anturprise
mnagers or «ministravors, lubcuir lesders, uelers of ;30 less ional
agsoci.ticns, reprusentutives of finwneial inst.tubions ad of the
scientific ax ucadeixic community. Tue nuab.r of oard mabers may te in
the neighbourhood of 10 t 15,

Yipe .ivrmally tihe Dosid would meet peridically .nder the chairmanship
of one of its members elected by it or desijnated uy the .elsvant “i.deter
or otlier official, to plan tus wrk of the instilute and revisw past setivities,
it wuld alsc fur dsh | S0gress rsports, wWorK AVEnanes and estimates of
financisl reul . sombies Lo Liie respuisibis “dnister for offieial action.
laahakuke Lirvet

95. xelerence wai made in an e.riier chapter to the imortanse of the
office of instit ute cireetor to the sueeess or .allure of the institute.
ihis ratter bears re-eaphasiging here. It 15 tie dircotors resporsibility
to see Lthul the puliss ceelisiune of ti.e Lwtitute's iourd of [lana s el are
translated into actiun., ile is rcsponeibls lor steeris  the interual every-
day «ctivities of tiie institute nfficdently ad harmuai.uely. ‘s the
institute's chilef ecxsontive he must be itsprineipal spokeuman in all its

relations with outside intervets. l!e must render a per.odic assout of

his stewurdship Vo the Hourd and vbtain its mandate fur future rojrause.




96e At is cbvious thet the effestiveusss of the institute in
realising the objectives {or wh.et it is .ain, created wil. depend to &
ver; large oxtert on the cumpetencs, jore-sight axi decision-smuking sbility
of the director.

y7. He mas be a,olnted fron aoiyg the oard nebers or {ron
elsevhere. JZ.ther wa, ‘s is n.maly a 0ad mmber, i stated larlii'.
1t is _eeraliy preferred thul his possess o technioal ua vu\. as an
admini strative buck_round a:md have several jeurs « «xsriexce in resexch
Lana szent. On .y wisu ev.ry effurt has been nade w:thout susoess to find
sueh an indivic..d swuld tie pluiars setiles for a less quaiified erson.
Lalarnad <a AMARAL

9d. ihe initial organ.3 t ional structure wdll depend largely on
the initial sise of t:e inst.tute ad the capabl.ities of its astaff,
wst institutes bugin on a rather modest scale of pernticus and witn: a
snall Stiff LI momewhere bitwesn six A tern goople. These would rommally
suelade, besiie the diroector, sn sgineer, a cheriat, u chenieal ungineer,
a 30Cl =80 omist ud Jerhaps a lew obtar inu b iduals with qualiicsticne
covering the ocountry's princi,al inustriul ~chivities.

99, &+t Lie buganndng, wion tie s.aff of tie institute is v.el., the
{nstitute dir otor wili be abis to exercise personal adi.rlstrative eontrol
of its cperations s no fumal oriaiu zatl.mmay be neceseary. As the
institute expands, voth in sise of staff axd nubur of pro. Yemmes, soas®
division of udministrative respunsibi.ity will be nesessary and the diresjor
Wil have to delegate some of his responsibliities to some of his more

sapable seuior offisials,.
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The outlines of divisions or sestions and sub-seetions may well apear
from this delegation of responsid lity.

100, No rigid or;anisutional form wdll fit imto every situation.
The direetor must rely on his .own diseretion, paying dae regard to the
views whier. the Board of lanagment may exyrsss on the matter, to ewolwe
anorgan. sa ional schema thut suits /e needs of Wie mvironmsnt. It siould
be flexible enough tv pemit modifieations whieh growth and changing
eireumstances may dictate and cohsrent enough to allow for easy sontact
and scammnication between the virious divisions.

101. The iniernal arganisation of an institute that has reashed a
fairly advanced and complex stage may be instituted ona funetional basis

or on & Lecinical one. The formmer typs of organisstion may have the follewiag
divisions:

(a) CGeneral Aduinistration

(b) Hesoursees Division

(s) Kesearen Livisiom

(d) Design ax Deve epment Livisiea

(e) Eeonomic and Seclal L.vision

(£) Advisory and Consultant Yervices Livisiom

(g) Library and Documeatation Unit
102, This organisation, in view of the rather large aumber of supervisery
pereomnel wish it Will require, may net be prastisal in cases were the
supply of such peronnel is very liamited.
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103, On tne other hand an o1 ganisation based on teshnical spseialisation

By cover the same funstional areas withi a smller mmber of supsrvisory
personnel. Juch a1 organisation mey consist of1

(a) General  dministration;

(b) Teennology Livisionj

(¢) Engineering Division;

(d) Leonumie Studies Division.
the functions of ti.e varicus divisions under the teshnisal form of
organisation are descrived below.
Ganeral Adaloistratien

104, This has to do with the general housekeeping activities of the
institute nd embraces such matters as budgeting, accourting, mintenarse
and servicing of facilities, libiary services, persounel adaiuistration,
ingluding staff training, inventory coatrol, seeretariat services, ete.
Iashookoky & |

105, This division will handle tuie teshnological probleas involved

in produst and process development, ineluding tesciunological researeh,

feasitdlit  studies, quality eontrol, produstion stund:rds and specificati ns,

oquipment vuluation amd techrdcal trouble-shooting.
Sacdneaxins bivisien

106. rungineering design and deve.opment researsh are two importard
functions of this division. The desdign funeticn covers a wide range o.

technical areas such a8 maliminary design, design malysis, etoc. Engineers

in preliminary design are responsible for generating the ideas and defining
the approuches to be applied to the designing and developmert of & new

produst, process or aystem.
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%0 determine the most desirable form for the product, precess of system
end recommend any changes in design likely to achieve that goal.

107. The function of applicetion engineering bridges the gap
betwesn research snd development on the one hand and actual production
on the other. It translates research and development prototypes into
prectical producible equipment, final goods or pProcesses.

108. /n upplication engineer preperes the plans and designs for
wtilising « product thet vill meet a specific need. Me may vork emtirely
ummmuuuorwtnumumumnmmw
in the results of its technicel research stwdies.

109. In & small institute the different engineering functions Just
“albd-yhtbmtbﬂi&ﬂm-ﬂwﬁthanllm
of supporting technicians.

110. Perhups after the institute has gained sufficient experience it
may decide to engage in eperstions research. This activity, if an vhen
mw,mmuwlm«mmuwwum.
mummumm«mmmnmun
productien procesees or irngut combimations wvith a view to sdopting thut
cambination yielding the highest retwurn per imgut unit. It 18 an important
%00l for aiding managment decision-a.king in determining optiwen costsbenefit
relationships.

Iasnsnie Swdlee Pivision

111. This division vill have prim.ry responsibility for variows

technoseconomic studies and mrketing surveys.
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Its run_e of astivities will inciude items such as raw materials peobiems
mrist estimation, pro-forma costin,, analysee of growth opportunities,
scsio~esonomie conditions, produstivity improvement and management roblenms.
Istndeal Infommatien and Conmltabien

112. Information services re an essential activit ' of every institute
ad often ome of the first activities to be orgaised. They should be backed
up by an up=-to-date library witii a qualified librarian (preferably one
having a technical orientstion) in charpe. TIhe usefulness of the lib ary
will be enlanced if it is made availuble for tiw use of the industrial
public. Teclnical di.est services an: trainin, ssnuals may aiso be provided
a8 part of the prosravme of iniformation services.

113. Supilying aud receiviig tec.nleal inforuation must be viewed as
the oollective responeiiilit amd privilsge of all teehnisal persomel and
all divisicns, although one eompetent individual should be dusignated to
spsarhead tls programue. MNot only uust tiere be consult:tion among the
teaiidcal and other staff, there must also be a chaiunel or channele for
sswering ou a consultative or standby basis, teshnical enquiries origi-
mating from sources outside the institute (see para./30).

1lk. The followdng orgmmieation Ghart illusirates the strusture
based on a tesinisal division of responeibiiities as wst desoribed.
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vIIl. EABANCE

93. At the buginuing, tne .ndistrial resesrch inst.it.te, like any
other arganisation, will re; dre a capital o.tlay cf two types — for
dAnitial bulldings, equimet, md _eneral facilities and for initial
opurating ex,enses. [‘he cupita. reguired to ut up the physical facli.ities
for the imstitute can .e handled in severi ways. It ould be z budgetary
provision made uy tie govermseat or it omld be raised tiroug. & special
tax ar assessmunt on the country's industry. It might bs possible in some
cascs Lo encourage tle ownership of the industrial researci. imstitute bty

the country's uxustry. In tiis case, the in.tial capital outlay oculd

De provided as a loau by tie soveriment to be ,.aic bacx over a loung pericd of

tim, per: 4» with paymsnts not beginnin, fur a number of years aftur the
operation of tre institute has begun., cCapital loans could wlsu be made by
te country's financial institutions ami gusrenteed by the governmant.

9%. 4 decision must be nade at tiw outset whether tre instit s is to

be operated on & prufit or non-profit basis. Thore are several considerwtions

ti:at enter into t.is decision, Hot L.e least .f Liese . the ossilility
that & e profit maning institute ie lixely to Le a bit more pructical in
its aproach. ‘ucause it is ralated to a profit rasdn, industry, it will
tend to be m:re cognisant of t.e sgunumic factors inwlved in research
development., It must be ersmbered, hawever, that nurmally 4.e nut ofit
shown by a researeh organiz.tion is msh levs than that wich one night
expeot from, say, a manufacturing or s.rvice orgadsation. At ai/ mts,
the utility of & sesearch imstitute in a developing eumtry, lies minly
in its capacity to serve axi stimulate industr, and little, if «t all,

on the state of its woufit-ani-loss account,.



Saahionios Iinancial Sueuert
95, Apart from tle funds required for the initial capital expenditure,

the maintenance and continuity of tne Institute wlll require a steady source
of financial support. This can ue estabiished in several ways: self-support,
suvsidies or graits, governmernt support, or a combination of thess.

96. The self-supporting structure siould be simed for, at least in
the long run. {lLis approach cumpels the institute to adopt a businese~like
outlook and provides it the impetus to seek out econtraects and meke its
reseuara and development capability known to industry. It msans that the
institute, 1like the industry it serves, will become competitive. However,
in many ocuntries, finaneial support for an institute by industry is
virtually im,ossible, vspscially at the owtset. Thus, the institute will
probably, of necessity, be supported mainly or even solely by goverument.

97. At the sams tims, towever, the gover.usent and the ir titute itself

shwld eucours.e t:s cauntry's .ndustrial mterprises to sponsor researd

and development uctivities at tne institute. Covernmental encowrsgemcnt may

take ti.e form of tax roncessions, matching funis or grents, or other
onmstary incentives., Also, it is imjortent that the results of the research
deriwed by un industrial s;ponsor be protected. No .ndustry or company will
want to pay for researeh, the res lts of which are to be made public and
available to all ctlLar companiss for their use. A good patents system,
then, is essential.
Resaladonn of Costa

98. Ths cuets of condueting researeh may be broken down inte
"direst” costs and "indirect" costs. Indireet costs, sometimes inown a8
"overhead” costs are thuse expenses uiat do nut rise or fall with inereasee
or decreases in the wlums of produstion.




Because of this characteristic, they are also known ss "fixed" dosts. Examples

are intsrest in borrowed capital, maintenance oosts, fireinmirance premiums

and &t least part of administrative salaries.

99. Indirect costs vary from institution to institution minly due
to diffsrences in accounting systems and operating prooedures. Accounting
systens are influenced by the institute's orgadsatimal structure, its

policies, and the laws estallished by the govumment as well as by ad-

ministrative and operuating procedures and existiug support services. 3Sudh

things as admindstrative expenses, cost of information servicss, and even

ti.e requirements for heat, pawer, iizht, and water affect overtsad costs.
In any event, t..e reviewing system used by the institute to evaluate a
research proposal will detamine tie value of tie projectin comparison with
its direot and indirect costs.

Exeirmpe Jponsorshin
100, The instituts, beside initiating a nuber of researsh projects

on its own, must xaks svery effort to seours sponsored projects from

industry and govermertal bodies. In executing researsh projects, including
sponsored projects, the institute must have proper mthority and autbnomy
to do its Job as a major contributor of researcn and developmnt tectnology

with as littie intsrvention us possible by the sponsor or any external agenoy.

Tiis is nt to say that the sponsor or other body concerned should not

participate in ths planning of ths project. For maximum effectivensse,

huwevsr, short-term adianges in the sstabl ished plan resulting from external
intervention should by kept at a minimum. Whensver circumstances warrant,
the institute should seek ocut additional sponsors 0 assume sponsorshlp

of newly diseovered prosssses o inventions.




lul. It asy be adwantageocus to encourage ths formationof industrial
eo-o,eratives or trade associations. These assoclations euld then sponsor
research projects tlie resulte of wiich may then be mude uvailable to all
asmber ovuparniss and would thus be proprietar; wilkidn the asecciation.
Tre trede associd jon may also provide funds for basic research by asseseing
eact. member company a perceitage of tie total cost uf t:s pyojest. In tils
wa; eash corpaay gets Lr.e bemfit of basic research and my spongor its own
projects at tue institute to further its uwn ropristury interests.

I&R. S50 far as guver mental financial s.;port is concerned, it amay be
a good ideu for tne goverument to appropriate an annual budget as well as
s long~term ,rovision coveriig a joriod of four or five ywars. The institute
shwld be required to submit a detailed budget at tne beginning of sash
appropriation year with projectione for the sussesding tiwee or four yours.
Owiousliy, o8 th.e institute begins Lo project vayad ans or two yeurs the
budgets wili, of neceseity bs somewhat _ eneral in mature.

1B3. 1ln eummury, the institute should maim every effort to beoons
self-supporting at tis earliest practicable tims by sarndag eufficiemt
reverue nainly from industry-sponsored research. It may be necssear; for
the gwvernment tov recain in the background fur some time by encuraging
incustr; to support reeeurocl work. Unseway in w.dch the governmemt oould
® tlis wuld be to naie it possible for indusirisl enter;rises %o obtain
losns, guarenteed by the governusit, to be used for sponsored researe:. work.

Uther sources of incame can, of course, include endowemits, bils erel finaneial

aid, wd intemational finaaclal aid.
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104. Supporting services to an Industrial Hesearch Instit.ute oan
take two forms ~— intemal ad external. External supporting services
will mainly be f.ruished by tle government, .. ls.st in the .egin.ing.

In this chapter we are mainly corncerned with internal s pporting sarvises.
Outeide of truining, the two major internal s.pporting services are those
of information and testing facilitles.

105. Mush of t.e world's t.dinological information s readily available
to anyone who desires it. This informatiom is, in fact, so extesive that
it has led 0 t! e development of a wiole new ind.stry — the imdi.stry ef
litersture research, acquisition, compilation, eocdification, disseminativn,
stc. ror example, ti.e Juited states alouw, there are over 1,000 information

suuroes pertaliing to the physical and biologi al sciences and engineering.

106, 18 industrial reessarci imtitute needs an informat ion faeility

to suppart the technological endeavours of its staff, to furnish ind.stiry
with the latest "state-of-the-arts® information, aud to provide an infore
aation retrieval capeldlity. Many developing countries do not have such
facilities. neocog dsing the need fur thexm, those dewlo,in, cwntries
which have inustriul research institutes have seen to it that their
inst.tutes develo, and maintain documen ation and library dvislons.

One such institute is tne regional institute <nown as tie Central ~erican
weseareh Institute for Industry (ICAITI) a United Ni.ons suypported institu-
tion located in Guatemala City, Cuatemala. ICIT] was fuwnded in 1956
for e purpose of improving and expandin;, Central America's industry by
modernisin; existing fagilities and helping to develoj nw industry.




107. A flexible organisetion simdlar to ICAITI's Documentation and
library Livision owld be adupted as tho besis four an infurmation divislon
by any industrial reseurch institute. ..e functionul units within the
Divielon :ay .eal wit: the foliowing:

(a) Recummitatipn - handles t.e compilaiion ad codific atdon of

books, periodicals, industrial cutalogues, orga.isational
doouments, along with such miscellanecus literature as reports,

privuce ovmmun.cativus, wooklets, patents, reprints, mups,
studies, etc,

(b)  igqussdlden snd AAborature search - almed at acquiring desired
information and docwents. Acquisition ray be handled by &
curmittee rus.unsible [ar screenli, requests and .roviding
overall advisur; authority. Lliterature seuarch 1s a cumplex
procedurs involvin, an extensive siftin, of tie worlu's massive
output of teetnical duta.

(¢) Pdacellanecus fugctions - Wese aie the inportant functions
of disseninating knowledge, ifomation, and data in the
form of bouk:, perivdical e, catalugues, articles, iata sheets
ond miscellaneous lesssr ratsrials.

(d) Lapdarss - collects ad :aintaina stand.rds of varivus cuuntries
of tis world.

(o) :aleusion scrvices - & grou, to aid outside industrial, joverns
ment and acadenic users of i1esearc. infor-ation or in comection
wilth any technicai or seonoaic problem.

Aalummatdon Laviaien

108, .l.le the infumiticn divieion .s normally inown as a supyort
divislon or _roup within the institute, it can nevurtieless act as a najor
teahnices division by the acquiring of projucte which dea. with the seardh,
collection, storuge md retrieval of information. For example, a purticular
industry may wishi to spunsor a lilerature search to detenine a state-of-thee
arte information ocovering a partiocular technigue that it is interested in.
In this case the infornstion division ucts as & 4im tecinical division

in the ha:xdling of tile projeet. The lustitute may aleo ald the yoveriment

in refining, updating and expanding its infomation gatherirg processes.




109. There are several arvae wheru extra consiceration mst be given
with respsct to tune omsratious of such a division:
Skaff - s.ployees in this Duvision should be ted.nically-oriented
and have expsrience in litrary-science. They shauld be able to
discriminat @ Detween useful literature and tlut which is of 1little
OF no consegquence,
Issindcal Jaiblicationg - as soon as racticable, the imstitute should
pablieh its nwn-confidential research findings in an.ual reports and
speelalized industrial pumphlets. lruject st.diss, various rcsearch pepers,
and feasibility reports s.vuld also dbe p blis.ed.
T.e Livision can alsu provide tec.nical writing, editorial, amd
reprod.ction .ely 0 s researc..er w o desires to publish !is res.lts.
Lahdds Jelatdons - tids function si:ould be handled by a competent staff
nmboer w.0 iz adiinistivtively cloee to tlw imstitute director. iie
shauld ve intinatoly ramili o with the tachmological ea ubilities of
the institute and with c.ment researc: devolopments wutside the irstitute.
Tis public relations activily would ,rovide the eesential service of
achisvin, wide disssmunition of ti.e results of the institute's studies
to faciiitute tim.ir use by iniustry.
In tins, as the fecilities of the imnstitute expand, & publis relat ione
section may be set up to sorve as liaiscn Letwesn the institute and
industry, the citizenry, ther research establishmmts end the nution's
oollegss and universitics.
Teakin. laberatorias
110. Testing lavorstaricvs are simply for the preetical application
of tach.wlogical and engineering “inow-how" at the pre-production stage.
These "labs" are necesesary in svery branch of industry.

111. The testing laburatory whi.e eonsfidered here as a .ivision,
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Like tne infcrmation division, tre testing laboretory will serve the

other divisions of t.e institute as well as external orgmizations.
Routims tests ard tackeheoks constitute an important part of its work.

1f the counhtry doss nt already have stand.d testing laborsories, the
institute's tésting labornstury should be made readily a cessible to the
eowitry'e industries and government. It must be pointed out, however, that
the testing lavorstory function st:o.ld ot he ;srmitted to get out of
balants with ths researd; function of the institute. If this begins to
happen it would be wise to spin-off tis tusting laboratory and run £ as
as a subsidiary etity or an entirely independent entity froam the researeh
institute itself. The resson in favour of such a step is that an overpowering
testing function tends w stifls research er.itivity.

12. The Jivision would analyse mining, petroleum, soil and soil
compustion samples of industrial produtts; tuke bacterliological studies
of lakes, waters, and seas; miuke land surveys, saocke w«xd pol.ution studies}
and hold respousibility over use of tne sountry's stam :rds of weights and
Beagures.

113. For industry, as an example, inslitute specialists could extruct
and study metal.urgical ad minin: samples. tletuls oould be tested for
tensils stren./th, fatigus stien th, nardness, or susce,tidbliity to corrosion
in the local climate. Textile [{ibers ocould be tested, along, with, for
aarple, dyes and weaving agosssories, ur could Le compured to new dewlo~
sente in the field of organic chemioal fibers.

L. The in-house support phase of the livision woull beto furndsh
oertain laboratory services for the institute. hese gervices oould ve
chemical and physical snaiyses, instrumentation dewlopme:l and ruinteraase,

pllot plant operations, md specia.ised ase.stunce and sons.lbation for the

various types of industry, ,soduct, or process being studied.




115. This Division demands 8 high-quality staff of spetialists
supuorted by a tean of well truined, prectical-minded techniciane. The
oq.d prent for such an undertaking wuld be expensive nd wauld require
a variety of facilitiee, and possible fisld offices for on-site amlyses
and sarpling.

1llo. It should be det @ined whether oF aot there are spesialy
oqui ped foredgn laboretories that eould ruceive and analyze samples
more economical.y than could be done locally, espsoially st the beginning
of the po,rame. Jso, there my be qualified foreiyn eonsultants who
owuld extend theis spocialized survices under contract. The institte would
find it advai .ageous to seex aid of such consultants or laborkioriss fer
several reasons!

(a) To furnish fresh approaches to Leer.nical problems.

(b) To menitor and provide liaison with the latest advanoces in

technolog .

(e) To keep the initial cepital outlay cown wgil services were

required to a.a. an extent as to support a local labo.atory scrvige.

117. Thus, the aiswers to muy Questions cun Le found in tie testing
laborstory. These answers ray .nvilve anly a simple ciemical amlysis,
or assa;, to detersine, for instance, whsther a plece of rook is mineral
laden, or stould ue laid down as rook=bed meterials; or, whether the
desert will yield oil and gas, or just castus.

118. Tis persomnel ad facllities wd.l nece ssarily be either spresd
quite thin a. the peginning, or will be set up o partieipute on the first
uajor studies to Le underteken. For wwmple, if minin; is the major effort
of tle nation, ti.e Uivision will first conomtrste on mining and its
sssociated industries, and W:m whaps catar Lo a proposed finished
produet inc..ding support faeilities or utilitise.



119. In time, appropriate persomnel, equiment, and facilities W
support all p.ases of industrial activity should be ,.vovided for in this
Division. An initial cost may prove tLie project expsnsive, but the
Division should plan to accomodate inyuiries froam every sector of the

economy, industrial and otlierwise.

x. BRlEARC POLICX

/26 }O‘f. In its early stages in a developing eoumtry, mish of the
inetitute's researc activity may be govermment gemsrated. This is
be expected since in many deve.opin; murntries tie goverrmsal is t e prim

nover of industrialization. i#here, !wwever, ther: 1is a private industrial

sector to be served, Liw institute's researc. polisy suould aim also at
@ uraging researei: sponsors.ip frox that seetor as soon and as fast as
possible. The institute s.ould at t.e sam tims pursue a viporous pro reame

of self-in.tiated .rojsctis.

V4 )ds It is impertant to cbtain pverment projests wiere osrtaln

answers oould have important comwreial overtonss. Thse would gonex:lly
bs ,rujests w.ich cosrercial enter,rises oould not afford %o explore on

their own ageouwt . Covernment wrk, in sums cases, can unocover and

sLultaneously develo, new am badly needed technologics for long—-range
sriv.ie sestor planning.
Iapeakch sid vevelocsant Yo, [redusklcn

/(,Ié;zyf It must be re-emphasised that it is ..ighly important in e
deve 1o, ment of new roducts md processes for heavy attention to be
devoted to development and prototype produstion. The situ ation oM
coneeivably arise in which a division of the institute oould dewelop 8

produst for whieh commeralal industry weuld not or could not assume produstiom.




If Ue need for t.e it in the eovruay is su.statial emugh, the researeh
division of the lnstitute itself could set up producticon af tie item wil
an outaide et erprise emld teke it over.

123. It is conoceivable tiat in s.ci a case the Institute slons may
have the technology and equi pmurt necessary to prod.ce the prod.ct} alm
if tre zuduct is a .igly camplex one it may be quite difficult to searate
the engineerin, amd producticn phases. Care s.ould be taken, however,
sapedially at the early ysars oI tis institute’e 1ifu, that sush work
is not permitted to overburden We institute and endanger its primary
nission of resecre. ax development .

124. + heavy com ercial orient:tion on tis astivities of the imstitute
is most desirmble. / mall jrofessicnal staff rejreseried by nesbers of
each division and tie Administra ion, constituting & ,0lley comit tes, would
ewluate new pru'ect ;xoposals ,rior to launddng axtensive researc: and
devalopmat, worx. Ti.is committes eould evaluate feasible idese in two stages:

(a) lew ideas s.culd be subjected W preliminury studies whid. should

include sarket research. and enginesring ancd fin.ncial appraisale.
Tis work st.ould ve co-ordinated by u team owwisting of tiw Leads
of tie vurious divisius.

(b) '@ new proposal — once ;reduated from piase cne — can tien

be considersd in ti:e light of long=range future developesat
plans. T...s sould be foliowed by & more intensive study of

the finnecial and competitive aspects of tiensw prodict, comany
(t.s sponsor, if suci is t.e cuse) cajabilitiss, t e currest
state of the art, ad tie state of murxet demand.

125. Recommsndations, based om the above studies, siould then go

to the mana emeit for a decision.




Mo ixedust cevelcomact

10, 15 e coent lecides W aprove tie new product, wudgets

are estatlisied and funal rsecra wk develo, mat begine @& the Insuitute.
T.e followiry ete s wre Lecessary:

(a)

LC80Lre. and Jjevalopment must . ave & fair.y free .and .n the

cully stuges. | e engc.nesrs and s, claiists shonld be en=

cvuraged Lo fuily excrcisu tslr ndividual capatilities tuwards
the realization of W.e common oL ective;

(b) te wolect, as it .oves along, shwiic flow nisturaliy into thre

desagn and yroduction sliye w.aretie resesra. ic tran.iated imo

&l eUNLLL Ll - Y TOudCible, and uoef. 1 pruticty

(c)

00d eud Twaly cuipeleal ad exper.aiced ersiieil, ing .ection

Akl Gadaaly o0 itrol wie of tre 'ligueat in urtace;

(d) Comoriun tion Wil Liaes0n U ween all inwlved == ..v.g.ons
]

a8t atiln oo the lastitute, spunsor, etc, — are esuent’ il

L ro.gout tie ruse.re. ad developmert .nd gvd.ction plases.

sacikst ysyelounag

L. Inadition o tuaudeal & teoinological research, the

Jast.itute alculc devole sone atientlon o economic or sucio-eournomic

recLurd. .neladlng maikel studies wnd trade analyaes. “hesec are es,ec.ally

aseful in  wadli, lon =rage resvard: dsveloments into arecs from which

'1te be rrreted some S=<U yuu 8 wwdy wd.l by deveigped. ihis

w Su carried on comcurreatl; with new=procuct developnmt.
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