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A

I, INTRCDUCTION

1¢ Within the context of national economies in the developing
countries the strenrthening of basic vroduction capabilities and
providirpg in the requirements of the larger rural communities of
these countries constitute major objectivess These objectives are
major focur arens for povernment policies adming at the strenptliee
ninr of nntional technological capahilitiess It is in this connec-
tion recopnized, that technology iirs an innovative, creative and
dynamic nature, which would rrovide to tie development procecs,

at nicro as well as macro econonic levels, a specific intrinsie
strengthe With respect to basic nroductior canabilities, it would
erntail the estnblishment, sustainment and further Jdevelovment of
teclinology-systems by which, for instance, natural resources can

be utilized in an optimal nmanrer, or by which on the basis of
imported supplies 'downstream-processes’ could be strengthened.
Meeting the requirements of rural communities wnich constitute

the major part of pooulatiorns nced a variety of tecrnological
abilities, P=rtly this nrelates to : modernization of existing
traditional skills, such as implement rroduction, home-spinaing

and -weaving, 2nd other craftse In addition, new forms of tcchnology,
eefes comunicntion-electronics, need introductiorn, and new forms of
organizairs the productive and dirtributive activities. This procens
is of a continuous nature, and in its evolution alsc 2 continuing
interchanpme in recosnizanle vetween human skill development and the
incorporation of techrnological functions in maclines and equipnent,
At a more aggregate level, thir interaction alio ‘akes pluce between
tecinoloysy anti societ;, creating the need for developmnent of suitable

institutional ard infrastructural facili<ies.







Il, BVOLVING "ol o TRALFWOU . v o TURM L ITIonnnyY
DEVELOPMENT,

2e¢ As indicated above, o broad range of technologles i3 needed

which in the early stages of development are introduced through
transfer of technologye. Such a transfor may include know=how
development through training, the import of machirery, the on-ti--
Job sharing of experiences in jointly cperatcd industriel cnterprises
with experienced foreipn perconnel and through information exchanges
in an institutisnal manner. Simvltsneously national educational
efforts are to be directod towarde a narallel stream of developing
technologienl capabilitiess On short term this would include
vocntional, technical and mangerinl training and on the longer term
the establieshment and evolution of a technolspical end ascientific
ayatem, capable of abaorbing and improving imported know-how an¢

of generating orisinal technological corntributions. The ability to

improve continuously on the exiating tochnological baaec should alen

be an intrinsic nanet of those directly enguged in the industrial

activities nnd would, in fact, have tc becoms a part of their way

of life; causing as n conecequence a fundamentel social chanpge. In
turn, society also exerts its infiuence on individual capabilitien
and performanceas, This interactfon requiret nurturing through a
unified conceptual approach, rather than a durlistic or pluraiistic
one. Such n unified coucept slould ancenpass ©ll clanientn, so thut
it can comprehensively coaduct the stienm of changen into an evn-
lutionary process modernizing the entire natien, “his guidance
process requires for its execution aleo a mst 67 roliey measures
to direct an evolutionary matring of Lhe institutional structure,
as arising from the interchriipe between teehnalogicnl and social
developmant,

3+ The technological an+i institutional anpects integrate with the
ecoonomic developmenty procens ln a varieiy of ways., In terms of

policy measures, the followirg stnpes nay be distinguished :

(n) an ~arly stage during which imported know-hnw predominctes

and poliev mearuren are refuirad which facilitate the
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implantation of this knew-how in*c the national

socio-economic settings

(b) a subsequent ntage during which a more sclective
approach is desmirable, penerally recognizing a sector-
wise differentiation; i.e. permitting for certain
sectors liberal inflow of imported knowhow and simul-
taneously evolving for other branchespolicy measures
aimed at stimulation the application of indigenous

innovations,

(¢) a more advanced stive where indigenous innovative capa-
bility has ndequately developed and requires specific
policy support for maturing; it is at this stage that
inatitutional co-operation in the field of technology

development may nften bear its greatest impact:

(d) a maturing stage where the international co-operation

evolves into a two-way exchange.

Experience has indicated tliat the overall duration for these four
stages may well extend over several penerations, In Japan, for
instance, the inflow of modern industrial technology commenced
around 1860. a century after its start in Western Europe. The
development of some japanese industrial innovations emerged two
generations later and came only in the laast two decades to full
maturity. From the 19¢0's onwards a growing trend in the receipts
of exported knowhow is noticeable, However, Japan's expenditures
for the imports of technological know-how are currently still of
a higher order *), A closing of this gap ia anticipated, when the
substantial outlays for research and development will generate
cumulatively higher yields beyond the gains already made in external
trade,

b The evolution in the first two of abovementioned stagea, and
the transition towards the third 3tage, is to a certain extent
reflected in the increase in the contribution, which the manu-
facturing sector makes to the gross domestic product (GDP).

Availability of adequately trained personnel is a mrjor prerequisite

*) Ref. Science and Technology Planning Arency, Tokyo, Japan
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for -such n developrment. 7.5 interrelationship is illustrated

in attached cxhiibit, The firest of abovementioned stages would
rourhly correspond with the level upto a 10 to 12 ¢ contriuntion

of manufacturing indusiry to G.P, Ve second stapge would extend

upto a share of 18 to 20 ;' In this atage » rtronr focus of develop-
ment policies to broaden the number of adequately trained -echniesl,
engineering and scientific personnel is needed. Subsequently, during
the grandual trarsition towards the third stapge, the industrial man-

rower base refquircs n strengthening in denth,

5« Asnpects of n purely cunlitative nnture exert a continuous inter-
play witlh abovedecscribed develorment process. It is in *his connec-
tior. recognized, tnat, compared with the traditionnl structure, an
entirely ciffercnt profile of capabilitiers is needed, Irn entablishing
a stratery for its develonment, the affinity with traditional assets
enn, however, be of rreat importancee A highly developed tradition
in arts in, for instance, often an indication for o notential in
creative talents, and a high traditional in natrematical =cierces

a possitle indication for the tyve of ananlytical canabilities, whnich
are indisnensadble to the nrocess of fosteringy and controlling techro-
lorical levelerrentse also 2n ethical outlook +ositively valueing
WwOorK an a major and hngic elermenrt in man's l1ife, is irnducive to tle
nurturing of rroductior-oriented irdustrial capnbilities, The fos-
teriry of rational technoloricsl canabilities should, ns imnlied
earlier, be brosndly oriented, i.e. reared to the porulntion in its
totalitve This apnrosnci shkould rovever not nreclude a rriori unique
cortributions by excertionally pifted nersons. The irntroduction in
americ~n industry of tthe rresertly widely used systems of nroduction
is an instnnce of cuch sinpal-r efforts. Imrroverents or zn originnl
introduction are naturnlly at all times needed, fowever, nssessing

it in terms of it: conterrorrry contributior, it was a major corner-
store on vihich americon industry developed, oand could pain sunre~macy
in many tecinolopricanl fields, in the »rocess of absorbing; and sube
sequently penerating oun industrial technology, the accelerating
effect of rare numan nciieverents deserve tierefoure aprropriate incore
roratio:n as o porsinility. Neverthelesn, widesprend nvailability of
incustrinl talents and sxills is needed, and s:ould constitute the
nain puidenont for tre rnolicier fostering the develoypment of national

technolersical enpatilitiec,
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III, TF HNOLOGY APPROACHES IN HEAVY AND LIGHT INDUSTRY DEVELOPMENT

6., Balancing of heavy and light industry development is a major
swbissue within the context of an industry end technology develop-
ment frameworke. In this balance the strategy is to be expressed for
evolving technological capabilities in pursuit of the industria-
lization aimse Within the heavy induntry sector, i.e, industries

with a relatively capital-intensive nature, industries supplying
industrial materiale for other industries, and the machine-tool
industry producing the means for machinery development in other
industries perform special structural functions and are usually
referred to as basie industries. Their direct interlinkage with

other industries necessitate a special aet of policy measures
ensuring their continuous function in support of the industry and
economy as n whole. Often enactment by law is done. In contrast,
light industries provide a variety of functions and embody a flexible
technological spectrum adaptable to many different situations for
generating industrial activity and integrating technology with the
human structure. In the modernization proceas, light industries
perform an invaluable, irreplaceable role and warrant for its develop-
ment a30 a poliecy framework vith similar ina!itutional strength,

7« The choice of technology for the heavy industry sector needs,

As already mentioned, to be made with a view on longer term require-
ments. Such longer term aspects should, however, not preclude short
term economic viability, but rather should incorporate these short
term conmiderations as a prerequisite for timing the introduction
of the technology concerned. Other issues involved in the techno-
logy choice in heavy industries are the relatively few sources for
technology supply, the heavy demand which it poses on available
financial resources and the need for integrated development of
human cnpabilities, technologically as well as managerially, Many
of aforementioned factors cause a development trend towards opera-
tions on an ever increasing scale. This may well be Justified 4n

industrially ndvanced countries, where at present most of the new

technological developmentn originate. Unmistakably, this creates for
the developing countries a widening of, what could be named the
"applicability gap". In view of the realistic needs to obtain a




better utilizalion of available rnatural resources in tho develop-

ing wor ' d, a change, or at le st a differentia'ion in the above-
mentioned technologicar tendencies is needed. This deviating direc-
tion should not merely adapt or renovate older technologies, but
should have itself also baeic innovations originating from techno-
logical research and deveolopment work undertaken in the environmercal
setting of the developing world. Geographic and other factors in *"e
presently industrialized ccuntries deviate often strongly, and would
therefore not provide th: correct surroundings to undertake such
research. Encrgy techuologies arc in this respect a typical illus.ra-
tion. Only relatively recently, research efforts sre directed towards
better utilization of &3>1sr energy, ir most developing countries
abundantly available ou a yearround basise. A new impetus is needed

to place these R & D effarts in the context of the surroundings of
their actual application.

8, Within the sector of lirht industries, the favourable employmcnt-
capital ratic is particulrrly pronounced in the small enteririae
sector. As the size of tie enterprice grows, organizational and
other requirenents gcnernlly pose demands which diminink to sons
extent the aforementioned employment generating sdvantage. Choice
of techraslogy in amaller ente prises is to a 1. rge ext»nt unit-
oriented, i.es rclated co a particular process-unit or machine
suitable for the produvction of certain producte or to perfiorm cer-
tain service functions .. A broad range of knowhow supply soureces
is generally available, zithough foreign exchange and similar
statutory considerations may in many instances limit in practice
the options available. Development policies aiming at stimulating
technological growth of the small enterprise sector should to the
extent possible nrovide for a liberalization of such statutory
restraints. Moreover, local know-how sources should he encouraged

to participate in the broadening of this know-how supply pattern,

9. Geographic and other hasic factors will determine to which
degree heavy or light industries require emphasis in the con:ext

of the industrialization process. Large countries with rich endow-
ment of natural resources rre gencrally in a better pocition to
give emphasis to « heoavy i{ndustry approach. On the other hand, in
almost all countriee, employment considerations are of great inmpor-
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tarce, nosing the need for explicit nolicies to rtirmulate lipht
industry and rarticularly the small ernterprises noetors /.0 predo-
minantly li-ht industry oriented annroneh would logicq’ly fit the
iauitial developrent requiresients of countries witl relntively few
natural resources. As industry rroprressec towards rijgier levels s
corrccpondinr evolution of technoloyy development policy is needed
and wnich can, considering the timespan of each development stage,
be undertaken iin sten with the national multi-year vlanning cycles
In tuis evolutiorn, a forward diversification may encriie out of

the neavy industry sector, and a bacuward intepration nattern oul

of the prowti of lirnt industries. From tiese developmernts new
growth-points nrise, ond treir maturing are transition-elements
towards more ndvanecd stapes of induntrinlizationy which, as indicated
earlier, requires vrogressively adoption of more selective technolo-

tienl development unproaches.

‘0, Internntional nand repional cooneration factors exert also nn
internliay on nvovedeseribed policy-mnking nrocess. 0f arn overriding
influence are, for instrnce, the irnternntional trade upreenents,
whose srovicionn nnd restraints are often manjor conciderations for
the technolopy choice in the rector concerrneds The multifiire
npreement in tie textile field is a typiesl examnle, Market aspects
are also n determining component on the repionsl scene and nay
facilitnte develonnent of intra-sectorinl specislization, rational
choice of tecinolopy and bpetter utilization of capital and natural
resources, .irort considerations nay further warrant an urward oien-
tatior of techiolopy-choice to meet external qunlity requirements.
Huech iaterrlay:s mny, in turn, cenerate prearheacd-cffecis on i«
domestic scene, ucceleratingy the prowei of industry to more advanced
stapese The motoring of industry - as iny be reflicted, fo. instance,

in 2 stn tein s choee of the aanufacturing industry vis=levic other

=

i

58

cectors of o sational cconomr - will warra. v e sdontion of nore
soricticntes technolepical nonreonches, {nnlitative and efficncy
aspecty = whiely at all stages, arc factors directly affecting
teclnoclopy=ciinic: = ntinin at trese advanced stopes srecial =rond-
rrence in the stirrtepy for furdier nurcuit of tocinolopical nns

soclo-rcrnonic advancerentcas
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IV, DECHNOLOGY LV TTOPMUNT AVD THIZ DISPY~SAL OF INDUSTRIAL ACTIVITY

11, Locational nspects determine in a decisive way the cconomics

of technology applications and the possibilities for technologies

to uverve ar spearhisnds in llie naticnal modernization process.

For these applicaticns, supporting technological inputs, notably
power and utilities, are nceded, as well as institutional servicec:,
such as training and speciuslized expertises. These supporting
requirements cause a nertain agplomeration effect. Proximity to
endusers is anothier locationnl ronsideration. The availability

both of supporting facilities and enduser concentrations give to
urban areas a certain gravity force to attract cstablishment of
industries in their surroundings. National development considerations
- comprehensively encompassing national resource development, employ-
ment and other asprcts - may, however, point towards the need for
effectuating a disrercal of industrial activities in a different
pattern than aforemaentioned, To this end, n deliberate effort is

in many instance: required. 4 nreplnnned approach - rather than e
corrective approach as et present undertaken in various industrially
advance? countries - is nceded, and would be imperative in the

development requircments of densily populated areas.

12+ In the rmodernization of the rursl cormunities, which comprise
two-thirds of tre inhabitants of the develnping world®), the incorpo-
ration of technoloyy is a vital factore. Through technology new
avenues and perspectives ean be opencd. In the first place it
directly supports the farmer's work: i% provides new possihilities
for extending the range of his activity *o more distant areas
through improved preservetion and transport; it opens new possi-
bilities for utilization of agricultural by-products, and it can,
among the other possibilities, which are in this context not explored
in detail, provide for supvlementary inceme in periods of seasonal
slackness in agriecultural activity., Jevelopment of new technological
oriented capabilties aims to bring to the vural population more
economic stability end ar evolulionary yet dynamic change. It is
with this object in view, that technology is to be incorporated in
policies aiming for rural modernization.

*) ref, annex II




13e Tresent techrolopies nnve ornly in n few irnctances tnlen the
avoverentioned nprlication nutterns into nccounts They hnve, as
nentioned earlier, 7 .-jely evolved on the Lasis of experiencern

gained in industrialized countries with a widely different socio-
econonic pattern, Althouph the share of developinpg countries in
the wor’d industrial rroduction is still rather rodest, n certein
hasis hias Leen establishied canable of pereratine some innovative
contributions directly relnted to the advoncement resuirenents

of tie develorin; world. In certair inntances, a anturing townrds
the tiird stape referred to in nn coarlier cznpter 15 reached, iece
o rather advanced rtape where a gystematic internatioenal inctitu-
tionnl suppnort car ne exrected to vield rnonitive results. Such
internntional institutional efforts would te reatly eninnced, when
an irnternztional framework enn be evolved, whicii ean stinulate a
suitable environmeninl climate Tor these teebrnolopy develornent
efforts and can provide an idertifiention of, and inereased means

to purgue nriority aroag,

IR

b, A number of nectorinl areas unve been selected by UNINC for a
firat syrterntic nttennt to evolve such an internntional coonerative
effort. azenygst thece ceetors, the followirng nre objects relevant

to the levelonrent reocuirerments of tle rural populationr

(n} enuinmernt nrd tools, suitable for modernizing small

zereape fiarmingg

(v, proceseing, rrecervation nnd stornre technolopries
suitatle for operation in nredorinnntly rurnl arens:
rorsibly within t.e context of nrro-inducstrial arnd

Tipht industry complezes of a relntively modest seanle:

~¢. snhort cistorce tronspert etuinment to facilitate
noverents of rpersons and reoods and the linkirg up of
rural comrurities with natiornal transrortation nystenng

(¢) monafacturine (and enerpy) tec nolosier suituble for
aisreraed rroducticn of Lourehold, livir -,  -irmary

healthh e-re, communientici nad eduentional reauirenents,

Tue avoverentioned objectn nre illustrative -nd n more counrctennive

f

enumeration in neecled for » progriomme or the lonjter terme honitoring
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such technological dctielopme: . aceds, taking (leo a differentiation
towards various regionn and levels of dovelopment into account,
i8 also A function, which nead wxplicit rccognition in the context

of the aforemanticned Inicractional policy framework.

15. Special offortrn are i:eded to provide ior the development
requirements of the lo-income orovpn, vhich conastitute major
segments of the urban and rural popuiationa. Jccording to World

Bank estimates an:roxivately 85 % of all abrolute poverty is in

the rural areas, ..nd weuld comprirz o quarter *) of the total
population of tlae Jcreloping worlc vith unjor concentrations in

a few arease. T-c!nnlarcies (uliai to rrevieiling conditions, l.ee
effectively operrlle in onviraar o tr u’th vary few infrastructural
and inmtituticuad 2 37 0%13:. - =2 o:e’dy partienlarly in relation
to water rurvnlr. - il ¢onsoevalion, loicer-sonstruction, logistics,
storage and di-c - builive soet 0. O o~n opricrity would also extend
towards reluted 1 inienanc., repnir a-°d Hroductive facilities. In
the further dev~lo--1., *he 57 .*ciinl sveas listed above in relation

to the rurnl popu”atiens i sena=nl vould also apply.

16, Besides natv.. . raseuracs de 2loapn .o to mnet industrial supply
requirements ~f ~7vwovead e ou.or' -, t1- 1 {42 uvtilization of
natural resourcas to suppn 't cdeeclle Irdustrial development con-
stitutes n repor oo cimengien e v htoh Lichnoluogical research and
development o "nr,. i nead to » more elowcly focusseds Often it is
optimal to wncertake n “ivst mtnre pro.craing at or near the place
of the recource derssito. {his nsnect coratitutes a seporate, and
for countries with rfch natrel rec-:urce endowments a major element
in the locatinnnl s*ratepsy for leploving technology. Besides the
processing methods iteelf, cnergy, rtsorinla-handling, quality-
grading and enviveniiirtnl cou’1-l nre inte;ral parts of the techno-
logy concerned, A disnggre snticn o) this peceage into its separate
components, por- ibla rub-iittticn by e 'poncints optimally related
to prevailing ccn?tinnr, rad drcorporating wnnovative improvements
for which senera™l, rp-lic¢ . roroar~t i3 na-1-d, would often yield

a restructurec omi ..t m o ndaunte “achnologye. The fostering of

*) ref, anae: Il.
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process engineering skilis sre in thic connectioi an important
asset, which requires gpecific identification in ihe ccntext of

a technology policy framework, To related internatic.zl cooperatic .
aspects similar considerstions, as described in the previous para-

graphe, apply.

V, FUNCTIONAL APSXCTS IM TECHNOLOGY Du/ILOTMEN".

19. Although many older reflactions on *ir subdec. of irdustrialicie

3

tion and technology development exiot, ithe UNIDD Industrial Develcp-
ment Conference (UNIDO 1) convened in Athere in 1967 i3 the first
systematic and comprehensive compilaticn of c.purieaces on a world
scale., Several ntages, well beyond UNIND IT (Limn, 1975) ond UNIDD SO
(scheduled for 1980), are further needed La2fo>r-~ a ma%ure universal
approach can be availables A prasoatic a7 roccr oricited on meon

areas of industrial develonment has in the proeding tex® been adeylerd
rather than a function:ully oriented cue, which crn it beat nrovide

a partisl perspective, Ctlier than en an ad hoc sasiy, it would there-
fore be immature to evolve on such functicn’ ccasiazrations priozitly
eriteri . Analytically, howev v, certain n=iy’ L have been genoecwtes
from which technology planning in *h. « -clow’ng world can derive

appropriate benefit,

18, At the level of unit-emuirment, aspplicnkic: 0. €TE0ACIICS €I,
for instance, contribute to adaptetione mo- > ui.r~bla to the rlys.. ..
and environmental conditiors in developin: cer..rieyus Trr' ¢

lyses have provided primary ansesments 1o wiich dmproviments bave ori
ginated for plantaystems, areavise agrinner~ti~=s und sectorvise dvvc”
ments, These analyses directly contribute i ‘o t"7 evoluiion cf e -
ployment-oriented concepts and inter.celated ~npccl-intensity con-
siderations, Inter-industry and intec.r:etorizl .aclypec have prov ¢
further insight in the npgregate eficcts o8 o & Lelazing industry

from an econonic as well & a gorinY noint of viecws To there insicuil.
the mathanmatical and ctatietica) scisnzes ¢ ' +i~uten a further
refinement, These might provide uscful indinnticme as Lo lhe dive:
tion and needs for evolving rew teelinalyy . s svitel to the industria
ligation requirements of the dev~lopin; vorld, ~nd on which sune

illustrative examplecs have been mentioned in ceovlier paragraphs,
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19. Furttermcre, new i{echnol( :y-oriented sethcdologies have come
into being, based on irsights iu the longterm develonment and
application pattarns of products and procestes. At the enterpria-
level, product 1i°rc;cln paitoras ure at pirasent elrecdy widely
used for determiring future cournes of aclon: in r horizontc)
sense, to estnblich ti. wpprorriale product-ndir, snd, vertfr Vv,
to determine torvcird and btackword integraiion strategioos Similer
analyses apply on a nsrce azg epets level [or tha muidiuce of aroe-
oriented and s-ctorwiae structurnl devalopi:atae In the furthor
aggregation beyond ..stional structurem, fou. broad y;roups of
application pnattirns ciem to e zvre 4n th2 4 icu-traclization preceo.s
of the developing couniries a3 fozal points for tho d:.ploymsnt of
industrinl tcchnolepy. namel::

(R) mnteriel--.-r-urces ~!ontsd arnliac tdon nattarnn
(b) empleymant ori-niad ap lication .+t~ -
(¢) demnna ov arkat or.wiated applicr+i~1 nattorns

(d) living cin - cnment cof- ated aprlicatic va*terns

Within ench ;roup 1+ rich varicty ar technelogy-muplications can ce
distinguiriicd, tha-» evolves *aurda fustkor enirlehien’ pavrallel

with the progrens «f industr; <tsslf.

20, Of poarticuls d.rortance i+ 1lpo th- oo cerss e dn understcodlang
the process i i=ne - llong bectre drnova''n. 4= a Lrsie chacncterin. ¢
of technology. rcrceivable 4in £11 strata ef %o irlusteinlization
procesa, Actually. industriallcntion ar a “wicle in to the dovoloping
world an innovative nrocems of a very hisn ~rder, Ctariing wit

the inflow of forcign technolc;y, a d.frurdlen of 1im ‘nnovetive of fc.: .
takes mubsequcntly ;lnce, which will ultirat: iy ha~e to resuit in »
modernized society, in which teaehnology huet b-occie an integral part,
This flowecycle til:n place ac r conatant intceracstion w!*h the tochuo-
logically more rd-niccd warld, aud insizht Jj1 "ho A4fizainn proceas

is a critical eiciciit in guicing the dynar feo of ‘hena dovelopmenta.
Findings of « ,all: -0 sumalrrian®) nay 4n 49%n resinstion he Quctad,
indicating thet in %%y Unitod %.4cs duriieg tho {lzat 110 of tihin '
century a shertceing ~f the av:r~e incud:lfanmorisd far n-u techro-

*) ref. Naiicasl C: . inedon en "ushmology. v :c-.ati:za rnd Economle
Progreus, Jasiitarion, D,Ce,U.B.A.




logica) developments occurred from thirt: to rinc years. A japanese
study®) appraising tie vffectivenens of the introduction of imported
technology noted, that prior :o 1900 more than a quarter of the
imported technological inrova.ions required more than ten years
before their industrial applications vere realizud. In the decade
following the me:ond world war, this proportion has been reduced

to lesr than five percen*, and Jsror 1955 snwards practically all
imported innovations found application within one year after its
introduction, Effective incorporation ol externnl techrological
innovations has also Leen a major fnctor contributing to the postwar
reconstruction of Went-German induntrye Furthernore, in order to
ensure the effectiveness of their innovative capabilities, the small..:
West-furopean countries rank foremost in the deployment of scientific

and engineering personnel in specinlized fields.

21s Insight in the implications of uncertrinty-factors for policy-
fornulation, decision-makirg and contrsl is another area from whi:.

a further useful refinement of methodologies hava evolved. Their
integration with technological roncerts can be found in tethnologiecnl
forecastinp methods, by which the viability and evolution of techno-
logies can be appraised, permitting also a more digeriminate apyproac’
to the melection and deployment of “echnologien. These new methods
and insiphts are of vital sipnificance for developing a technolory
development stratersy aimed at roachine the industrialization airs

in the ohortest ponsille tire. Past exporience in the industrialized
countries have, as indicated earlinr, shown, that a halving 1is prasil?
of the overall duration to reacn industrinl naturfitye With ..e new

insights a further substantinl shortening seemr well feasible,

V1, AREAS OF INDUSTRIAL TECHNOLOGY POLICY

22+ The role of technology in the development process as outlined
in the firat two chapters lias Leen alrborated in the subsequent texi
with respect tc heavy and 'ight inudstry development and to policies
aiming at peopraphic dimpersnl) of indvstrinl activity and towards
generatings benefiis of improved Livelilicod to all sectos of socicly,
Methodologically, an evolution is sought by which the various

*) ref., Science and Technology Planninz Agency. Tc'kyo, Japan
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funceticnal censiderations afi:cting technolog)y planning will find
an integration with sectorwise and regional industrial development

approaches,

23. To the industrialization process, technology is the core-elerent
from which productive capabilities are generated esamential to the
modernization of tre economy and 5ociéty of the developing world.
Outlining this function in the perspective of = longer term develop-
ment framework is therefore a major cornerstone for establishing
policy measures required to guide the process of technology transfer,
absorption, diffusion and adaptation, and the fostering of national
innovative capabilities,

2k, On shorter term, i.es for periods corresponding with the nulti-
Year development cycle adopted for national planning, technology
development would require, tiat a number of specific policy mensures
are evolved. Relevant ‘o the particular stage of development, this

set of policy mensures wouid Lave

(a) to specify the emphasis to be piven to heavy and light
industries respectively;

() to identify vasic irdustry sectors ard the approach to be
adoplel lor celated technology developrent:

(¢) to enumerate gpecific measures for erncouraging light-
induafr& oriented technological development, and particu-
larly for the snall enterprise sector;

(d) to outline a location-oriented npproach enumerating desired
technolory concentrattions and dispersal patterna;

(e) to direct special efforts towards providing technological
means meeting the development needs of population groups
living at subsistence level;

(f) to provide in a comprehensive manner for the development
of technical and scientific personnel and of the institu-
tional structure in the various fields of industrial technology:

(g) to outline measures for international cooperation,

A relatively lnong pestation period is needed to evolve mature techno-
logical capabilitics, To this rrowth process continuity and consistent
policy-orientation ig of great value, In the short term programmes an
incorproation is needed of distinct linkages to the longer term

perapectiver,
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annotation on the Sountry Lots illusteatin:
the dclationsiin betveen feiertific -nd aarineering Perronnel

and the Growtr or Mo.unfacturiae Industries in Developins Cnuntries

The aample drta illustra.irnz the iclationship between scientific

and engineering personnel and the growth of nanufacturing industry
relate to developing ountries with more than ten million inhabitants,
and for which corparable data are available. A summary of these

data is contained in table I,

The sample covcers 14 countries. Measured in terms of contribution
of the merufacturing industry to the gross domestic product, the
degree of industrialization varies from 6 to 28 percent. The
corresponding levels of per capita income rangz:d from US § 115 upto
US § 1875. Althoush the critcria o erlup each other to a certain
extent, three cubgroups can be distinguished :

o countries with 6 to 11 percent share ol manufacturing industry
to GDP, an’ '*' : -~ zapitc incor~ levels unto US § 200,-

e« countries with a shrre of ranufacturing industry to GDP upto

18 percent and/or par capita incomes in the range upto US § (S50,-

e countries with rmanufacturing indusiries contributing to GDP

more than 18 %, and per capita incomes axtending upto US $ 2000,-

The nunmber of scientirts and cngineers per 100 CON inhabitants
rasnges in the sample from & level of about 3C upto 1550, It should,
however, be ncted, that the tern scientists and engineers include
graduates of third level educstion in 211 “ynes of sciences, For
about seventy percert of the sanple the number nf versons with
natural sciences anz enpireering as basic discinliner could be
estimated; resultinpg in -r overall proynrtion slightly below

fifty vercent.
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