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DRAFT INTRODUCTORY STATEMENT FOR THE WORLD PLAN OF ACTION
FOR THE APPLICATION OF SCIENCE AND TECHNOLOGY TO DEVELOP-
MENT, FREPARED BY THE “ SUSSEX GROUP™*

Introdoction

1. The Workl Flap of Action foy the Application of Scleace and Technology 1o
Dievelopment staris with the premise that the developing countries must have “their
own stienlific and technological capahility. This indipeaous capability i necegsary
not onty for increasing production, bui, what is morc important, for hmproving the
eapacity 1o produee. This arpument is developed in ssetion 1 of the stalemeat.

2. There arc wvast gaps in the developing couniries between sciual production
and the production petentials through the application of sdenco and technotogy. An
analysis of this situation, which is cssential as a besls for policy proposals, &
contained in section IL The underbying problem arses from the international
division of Ibour i wience and technology and the present massive orientation of
world sctentific offort to the problems and objectives of interest peincipally 1o
the sdvanced countries. The comscquences of the inherent weakness of scientific
inslitwtions in the developing eountries sre cxacerbated because advanced country
oricnted science has negative effects through the ™ external brain drzin ™ and through
the mfwence wikch e centres of schentific imtercst in the advanced couniries Tave
on the orientathon of scieniific efforis in the devcloping countrics, Theee is, n other
words, an “ internzl broin drain ™ of selentile workers in the developing eountries,
who tend o work on problems which are imelsvant to thelr environment. The total
result i that the composition of the sioek of ssentific and technological knowledge
I peneral B bocoming propostiomately less and dess suitable for divect ase in
the doveloping cowsries;] in addition, the development of new lechinologics, particularky
direeted towards producing synthetic substitules, has adverse econemis consequences
for the devcloping countries. At the same fime, the developing courtries have specific
problens of access 1o foreign fochnology.

3 These are immedisie, causes of the gap belween polentials and actnal
realizations, In addition, there is the fumbamental difficubty that the organization of
“1!-" economy in the developing countries |3 often umfavourable 10 the application of
seience and fechnodogy in production.

4. The Inferenes is that o major change is needed in the international division of
Inbour in seites snd technology and in the orientation of world scintific effort.
This reorientation of efford, which will require the allocation of the scienific
resturoes of the advarced countrics, is necessary botl to tackle urgent problems fac
g the developing countries and to creale & comtext in which the indigenons
saentific clfory of the developing counirics canm be buili wp in an orderly way
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and related to their environmental requirements, In section 10, the main policy pro-
posuls for achicving these ends are snalysed, There ane four tsaln groups of proposals
which constitute the framework for the World Plan of Action. These proposals are
interdependent in the sense that the efiect of implessenting any one aof them will be
vitiated if the others are net also implemented. Indesd, a resivicled offior in tackiing
the problens may mersly exascerbate exicting problems and result in a woste of sorce
TEEOLIFCES.

3. First, the developing countries must build up their indigenous ssientific and
techeical wsources. 11 Is proposed that the research and developreent (R oand D)
cifart of the developing countries shoull be increased from (he peesent Jevel of
about 02 per cemt of groes pational product (GHP) 1o abowt 0.5 per cont of GME,
This target is a rengh approximation and has 1o be dissggregated if i i= to heve any
operational meaning. Other scientific and technological apots should be incressed
in similar — o even greater — propoation. But this incressed cxpenditure will yield
economic and sockl bemefits only if various measures of Institutional reform are prop.
erly executed. In particular, the buld-up of science and technobogy st be planned
amd prieafed fo requircments. This requires new policy-making festitutions. At the
sume lime, universities and other higher edueational mstitutions need te be reformed
willt i vlew 1o increasing the supply of highly qualifisd manpower. Thorough reform
of research and other schentific crgantsations is also necded so thai the FlEanpower
can be rmtionally and veelully emploved.

£ Secondly, the advanced countrics oughi te give direct, fnancial amd techpical
assistance to the buthlup of indigenous scionce in the developing coundties, This
assmgtance should veach 0.05 per conl of their GNP during the Scoond United Mations
Dievelopmom Decade, wiich would imply 1hat about % per cent of their todal zid would
e for seienon apad techmolopy.

T These various efforls by (henselves woubd bhave a limiled effect an the
oricntation of world sdentific effort, and consequently on the probloms which arise
from the present orientation. A reorienttion of the B and [ and other activities of
the mivanced countries is also cssential. 10 & propossd that the advanced countrics
shoold devote abeut 5 per cent of thelr tofal R and D expenditure to the apiegific prob-
lems af the developing countriss during the Decade. The reorientation will, howeyer,
require a changs in the context of cducation of scicntists i he advanced coumtries
and direct action to build * seience for development ® Inte the professional recopnition
amd rewand struchure of the seentific oomaumity.,

& Thirdly, there are problens of communication and aecess which need specific
solution. On dw one hand, the scientific and technofogical ofust of adwpced and
developing countrcs nust be * coupled . On the ober hand, the problem of scoess

to fechnelogy must be selved, ©n this Iatter point, i i suggesied (hat an interntional
techmology transfor bank may be a valwable if prrtind sobution.

#. Finally, it is stressed thot the full realization of the cconosie and social bene-
fita of thess policies depends upon complementary institutional changes i the
developing countries Lhemselves,

I. Scioace amd fechmology are necessacy fo developmest

10 The advanced countries have feund that science and techpology are extremely
powerfl 1ools which help them achicve thelr national objeclives. A% 2 conscquence,
brge resourses gmounting in many advaiced countrics to 2 and cven 3 per cont of
GNP are currently aflocated for research amd development. Many fimes this amospi
are additionally spemt in applying the results of this B and b,

11. By conlrast, modern science has nod been pursued to the same extent in the
deveboping countrigs, This has had far reaching cffects not oaly on their abitity o
develop indigerous technology appropeiate 1o their local needs, but also in their shility
to absorh foreign technology. 1t has alo meant that they have been unable 1o capi-
talize on the social role of soience as & modernizing Torce, The world view of schenes,
which implies that the jzws of nature can be understood and that this knowledge can
b used, i still alien 10 A largs segment of people in the developing countries.
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I F iR TIONS

the spectrum of activilies covered by~ scence and technelogy © is broad.
I:Lfm ety they mean different things to diferen people, 1t ks therefore impor-
:':':1 "‘: u.-_-Eﬁne whiat we mean by science and technology.

13, Wo have classified the varions levels of scientific and llc;hnalagicaf aclivity
ot e spstemafic support in the development provess into four categorics.
which Tﬂammﬁun is bound to be arbiteary and do vickence to the real complexity
Arnix:iﬁr r;-ul soine Breakdown is essentlal for serious analysis snd policy fermulation.
o . b

{3 At the hearl of *the seience and m\:hnnh;.uy aystem ™ are 1hc:§= activitics
wiliich ane generatly known a5 * gesearch and |:_x|]n:-r||mntn1 dm*bllqnlmm [1:] amJ._D
ar MICHCT in the Soviet sysiem of conoepts). This group of m_;l.mt:es [IE3 been fairly
cloasly dofincd By UMESCD and OFECD on standard intormational conventions, a_ﬂd
has heen measyred in most OECD cduntries and some of the dn:.\'!:!c-plng, countries,
The delinftions stress the origival and experimental nature &T i oand D work., However,
soare gountries bave Incheded wilhin this category activithes _uhmh dor not propuly
belong 1o & and D narrewly defined, such as imformation services of pealogical survey
work, We have preferred to keep to the striel definilien of R and B, and to ‘*F“"”
Lsese other polivities as @ secomd Salegory al ™ acientific :‘md technobagiea services "
{3T5). Espenditore on STS in the developing countries might often be a multiple of
R oand D sxpemdituees, perhans by o foclor of two, bub there ame no sysicmatic
stalistics

(2} We have dufinesd = seintifie and technalagieal serviees ™ to include the follow.
ing netivities closely related o Boand T

Selerilic Bibrary amd informwmtion servioes;
Sgientilic Lesting and stamlards services,
Muscums. zodogical and bodansal gardens;

Geolopical, geaphysical, moleorological and natural rosowrces, survey work,
incloding mapping;
Genern] purpose socin] aml conomie datn eollection:

Teehmieal and assntific advisory, consuliancy and edension secvees, fnchuding
pafent oflfizes, and refated activilies, H

Whereas 1 amd D has boen By elgorously  defiped and  mcasured, this is not
the cose witl = elentilc il lechnobogical sorvices ™ (TS, Preliminary definitions
have boon suggested by UMESCO o ils publiation entitled  The  Mewssrement
of Sciemific mud Techuelagionl Aeriviries? In general, we follow their provislonal
scheme. lowever, sone activities which are very brosd in scope and concemed with
Aillusion and anq'rlil.al.ism of saence and tecihinodogy in the wichest sense, we have classified
in Lan other cateporics.

13} Scientific and technleal education and training and  populsrization of
seaence and ftechnology throagh the mas media, The UMESCO scheme includes uni-
versity services and techrolopy education in ST3,

14} Application of sciesce and technology in industeial and agdeoliural prodic-
thoe aml services of all kinds, mebuding routine design, énglnesring, production controd
and marketing, routine medical services, administeation and <o forth, The UNESCO
scheme inchudes design and engineering in 5T5.

14, Policy for scionce and technology in the narrowest sense @8 concerned ! pri-
marily with decisions relating to rescorch and experimenial devebopment. But it is
our contention thal this deckon-making must be closely related to over-all sirategy
For economic and social development. Policy for scince and fechnology I this broader
el 15 comeerned nod merely with generation of new knowledge i the R and [ system,
Bat alsy with the dissemination and application of exiging and new knowledge
theeughont the scomomy, and with the recipracal imteraction betwesn science, tech-
?h“ and the econseny. Tolizy in this Broad serse will be concerned with all four

the catepories which we have defined.

. U_C‘hl‘im}lﬂr FPrivman. The AMearuremans af Breiensific and Technalepioal JC.II'I_r'ﬂ't_S.
:M::'g”';al reports and studiesirapports e éudes afatisfiques ™ (UNESCO, Paris,
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IHGISIMOUE CAPACITY POR SCIINCE AMD, TECHROLOGY
IN THE DEVELOPFNG DOLFRYRIEES

15. Seience as the means of undersianding the matuml environment, and (ech-
nolopy as the means of controlling and exploiting i, are exential 10 the effors
10 inerease production in the develsping countries and, above all, ta make such increazes
cumilative and seli-sustaining. Fvery “model ™ of development implicitly presumes
the npplicstion of sclente and technology o production in apriculiure, industy and
serviees, in whatevsr other respoets the models may differ. The increase of land and
ksbour yields in the sgricultural sector especiully depends on higher levels of under-
signding sbout the environment and on the technological means to cxploit it. Indus-
tialization, by defnilion, means the wholesale introdustion of new wechnolegy. The
same applies 1o other gectors, such as fransport, power &1, and to social sestars such
as health and education. 1n addition, scieatific snd technological knowledge in
principle provides an eacape from the limitations of poor naturfal resowices to much
larper increases in productive power than coubd otherwise be conceived.

16, This is the mosl abvisas sense in which ssence and technology are necessary
to development, Pt there is mueh more to be said. Development mears more than
A quantitative ipcrease in production, An incrense in preduction would in fact be mose
n consequence of devalopment than its essence. In other words, develapment & more
than grewth. In his proposais for the Firsd United Motions Development Decade,
the Secretary-Cieneral expressed this by saying that the real problem of develepment
was nol 1o incrossy production but fo increase the capacity 10 produce. This capacity
wltimately is inherent in peopbe. It depends on people with the outlook, knowledge,
training and equipment 10 solve the problems poscd by their own envitonment,
thus eongral their environmyent rather than be controdled by it This capacity has grown
in Uhe now cicher industrialized countries by a historical process, sometimes natural
and slow, sometimes planned and even forcsd, often aided from abroad, but always
alag indigenous,

17. The resul: of this historical process has beem o qualitative social change.
People in these socictics are aware that the enrviroament can be undorstood and
exploiteds and a Hrge namber of them are trained in the systematic use of ssientific
method in order to do so. 1t 1s this awameness and these skills which are necsssary 10
dovelopment and which underlie the application of science to produoction.

18, From the oulset, hen, we reject the bdea that the cxisting imernational
division of lahour in sclence is adeguate for devolopment. 1t provides no basis what-
soever for development; amongst other things, the less developed countries most have
an indigenous scientific capability.

19, The idea that there is no problem about the existing international distriba-
thom of sclentific capability & based on the view that the developing eountries can rely
an technolbopies from Governments and industrics in the advanced countries, On this
vigw, all that js needed is to glear the channeks for the * trapsler of technology ™. But
the transfer of technology though necessary, is not an alernative w0 the development
of locsl science, I is difficult for a developing country without & sclence and technobogy
capacity of its own, and particutarly without the traioed people involved, 1o know
what useful technology exdets eliewhere, to understand it to sslect &, to adapt,
1o absorb, to repair and swintsin, to operate. Only in the thort tun, can these tasks
be done feam the cuside. As 2o often in development, it & a case of * 10 him who has
will more be given ™. I a nation hae budlt up ils ecapacity in the fAeld of science and
pechnology, it is also in & much better positlon to utilize what exists elsewhers, So all
the considesations converge on Yhis priority task of implanting inte the developing
countries themsehves the research and technical capaciies required.

20, In addition, of courss, the abilily to use transferred technology as the basis
of further nnovations — which s crucial to maintain competitive efficiency sl #s-
g icome levels — depends entirely on boml scentific capability.

21, Our garting point ks, therefors, that thene is & fundamental necessily 1o
Bulld wp indigenous sclepthfic capabifity in the developlng countrics. This capability
s necessary iF the people of these countrics are 1o be able to define, analyse and solve
envivenmental problents and cscape Trom the narrow commitment 1o environmental
influences that is charscteristic of their pressnt situation, We argue that this local
capability & necessary in any case, even if a large mumber of specific problens can
b sobved by technologies that have already been developed or could be readily developed
in advanced countrics.
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ces of he advanced countries ave equally esseotial. The
23, But lhﬂwuﬁjg face many immedinie and pressing problems which require
e and sechnical * japut . 1 & quite certain that they will mol be abde 1o boild
u seient jentific capabilitics rapidly enough to provide this inpud n the neas
up ""'"Jh.“::..t‘““ Futuirs — even if there s a high level ol commitynent te U develop-
— :' ence, The only WaY 10 sabve these problems in a pesonable kngth of Gme
s to mobifize wcicntific Fesources from the advanced countyies.
U g In fact, there fs probebly @ reasomeble interpational conssnivs oo fhese:
- The peoblem i that, in spite of this and in spite of some effors 1o
1 " scienee to the henefit of the developing countries, so e has netoally
;ﬁ‘;mimﬂ- We know that the petential for increasing prodoction in the develop.
g countries i very largs; nod yer, despite the calstence of the eelentific means for
wing these incrpages, so litde hies bappened. It ks this staation which must
'I;‘: dingnesed and upderstood ax 8 basis for future action,

1, There is & vast gap between potenials and realization

a4, We shall examine four main elements which between them have besn highly
sonsinde for (he {Emited impact of schence and technology in the developing couetries.
These ores
{ir) The weakness of scientific institntions in 1he Jess develeped countrics;

{8 The = weight ™ ami aricndation of advanced country seicnoe and technology
and ite impact o the developing coaniTies;

(c) The problems of acess by the developlng countries 1o world setenct and
techeology

() The obstacles to the application of new technologies arising from under-
dswelopment itseld,

25, There is, however, an additiona! factor witich must be kept in mind threughout
the fellowing decussion, This i the very Jop-sided nature of the present infertiational
division of labour in science and technology, We can give some rough guaniitative
guides 1o the inteenational distribution of R and D efforts.

6. Table | indicates that 98 per cenl of the above B and D expendituse outside
the socialist countries js made in the developed market ecopomiss, 1t B possible that
the developing couniries have a cognewhat larper share of world STS eapenditure,
sincy ihe propartionate expenditore on non-R and [ 5TS is probably higher in U
developing than in the developed connirics, Tt s abo possible that the preporion af
world B and D manpower in the developing coumtries i greater than the propotion
of expenditure, since R and T capenditures per prientizt (including the salaries paid)
are typically & good deal lower than in the developed connirics. Fimally, the B and
D enpenditures of centrally plinned eesnnntes, which are not available to s, showld
be induded 1o complete the gobal concept. Bul, we do not behewe thot these caveals
would lead 16 much modification of the picture piven in the table.

TABLE 1, DIETRISUTION OF R AND T EXPEMDITURES I THE WORLD
(EXNCLUDMMG CENMTRALLY FLARHED TCOHOMIES}

Lrbse devetopea Daveloping
Consiry grovp Ihdred Sreter  wearfel CAGUENIASE Wu.l:\l.rl'ld'

Percestage of waorld cxpenditore ... ... 0 b 1

SouncE: Caloubation ba i
: sad on OFCD data for the developed rmarkel economies;
on UMESCD and Pan American Union (PALD) data for developing economiss.

7. ; ) L
by I.h: r'::l-t 111Il¢rna_|:_unnl division of lsbeur in R and D is profoundly influenced
shaws (he ??s?nﬁ‘-“m fa?td eronamic ohjectives of the advanced countTies, Table 2
. ion ; ; " f
by major abjectives, of I and T expenditures in the developed markel economics
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TABLE 2. PERCENTAGE DISTRIBUTION OF B AND DY Expenprrume
i DECD coupTmies 0y MaJDil ORIECTIVES, 1964

Spevific
Fomfarmonial  prodlqmr of
- el welfore drrefoping
Space Dfierer Fech-joial Frawauiic wydevarch COMTIFICE

T 15 20 5t 26 12 I

Source: OCED data in The Overeqll Lovel and Sirmcrwee of 8 end D Efores in
OFECD Member Connmrries {Paris, 1967,

Althonzh the developed market economivs make corlain cxpendifures on 7 oand D
redated o specife probloms of the developing conntries, these expondifures, on avail-
able ovidence (from the OBCD International Statistical Year for B and I3, are very
small, amounting to bess than | per cent of gross expenditure on research and develop-
ment in all cases.

M. The extreme lop-sidedness of world B oand D expenditure and of seience
and technolosy efforts, as well a8 Uz osbentation towards cortain major ohjestives of
the advanced coondries, <o indecd hawe some bencficial * fallput ™ effects upon
the develaple countres. But, in the main, they are responsible for the operation of
the following specific factors accounting for the gaps between reafization and
pretentiale.

THE WEAENESS 0F SCIENTIFIC [MSTITUTIONE IR THE DEVELOMRG COUMTRIES

29. The ghobzl analysis of the internationnl distributica of B and D expenditure
shows that, la apgrepate, the devcloping couniries make very small allocations to these
activities.

M, Ar the sune lime, there B o strong suspicion that tho minimal expenditure
ol the developing countrics is alse los prodoctive than the concentrated B oand D
activities of the advanced countries. They are less preductive fkom the scientific point
of wiew in the sense thal the outpot of sipnllicant resulls scems to be sl in relation
to input of resources; they are less produoctive cconormically because the sclentifie work
in guesiion is often of little cconombe or secial relevance to the country’s ewn peob-
feevs and also because the mate at which rosults are applied is low. Even the presently
meagre effort of the developing countries in B and D vields les than optimal bene-
fits 1o the countries eoncerned.

3l Low productivity iz partly 2 consequence of problems in  organization
of science in the deweloping countries. Unbversity vesearch & frequenthy * squesred
out ™ by heavy teaching and consuling loads: applied work in government institubes
sulfers from lack of fnance, red tape and lack of co-ordisrtion between govermment
depariments of even within them Even where there is an apparent concentration of
scientific resources, say in agricullure, this hides a reality in which the tofal research
activity consists of a large nomber of small projects bearing litthe relation to
one ansther,

32, The weakacss of scientific institutions in the developing counirics extends
to survey, testing and data-gathering activities. It is also refiected in the general
shortage of scientifically and technically qualifisd people engaged in productioa
activities. Finally, one Immeediate reason Tor the limited application of sclentifc results
is genemnlly presumed to be the weakness of the extension and servico types of in-
stitutions in the developing counirbes.

33 These obscrvations suggest that when qualitative facors are taken into
account, ke effective wie of science and technology resources is even more bop-sided
than the international reseuwrce distribution would susgest, and that the industrialized
countries have a vast preponderance, But the matter does not rest there, The sheer
weight of advanced country selence, as well as ts superlor qualily, has erpeial effects
in the developing countries.
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Tre wEtnT AND ORIENTATION OF ADVANCED OQOUMIRY SCIERCE
AND TECHMOLOOY AHD ITH IMPACT OM THE DEVELOPING COUNTRIES

34, There are theee main ways in which acience and technology in the advanced
commtries allest the developing countries. 'We shall examine them umler the headings:
{13 the *internal beain drain ™ (2 fhe * extcenal beain drain ®, and (2} the composi-
thon of the steck of kaowlcdpe and itz cconomic consequences.

The ™" dureroql braby drafy ™

35 The sciensific insthietions in the developing countrles are weak and so
partisulardy are policymaking aml plannbeg institutions dealing with R oand D oand
ST5. In addition, as we shall state later, there = very littke demand or pereeption o
the pied for seience and technology in tle society a: 8 whole. In consequence, the
Bocal infliences on the orisntation of science and technobopy in the developing conmtries
are weak.

36, In these ciroumstances, the wolghl and  orfeptation of world scientifi
effory has o preponderant influence on the way sclepce develops and is orented b
the developing countrles. Mony observers bave noted bow scientific and techinological
activities in the developing countries tend to form an “ enclave .

37, Winreover, 15 clesr thad, even i the fundamental selences, the orlentation
of science in e adwanced countries B ostrongly influenced by the major matons
offectives to which the scientiflc efforts of the advanced courntries are intimately hinked,
ohjectives like defence, space explomation, the development of slomic power and so
on. (32e table L) By implication, the orientation of science i the less deveboped
countrics is often influensed and delermined by objectives which are external ol the
countrics themsebves and which have hiftle tnough to do with the reguirements
of development. Sometimes the abd activities of the advanced sountrles In relation
Ler seience in the lest developed coundries have rcelnforced  these  contradictory
tendencies. |

I8, The result §5 & phesemenon which we shall pelis to a3 the ™ inlernal
bhrain drain ™', wherehy & sebstantial part of e scientine work goang on dn (e develop:
ing countries, in abdition o belng unader-fimanced and poprly  orpanized, s bree
Ievant o the covireaemcnt la which i = l'\:'uly, diono. H

The * prtevial Iealn drede ™

19, A more Immediately noticeable consegquence of the intensive  develop
mient of sclentific aml fechnieal activities In the advanced countries is the rapid prowth
b demmmnd for schentlfic workers it penerates: the ™ external brain drin® is' no
doubt encowrgged in considerable measure by this growth in denamd,. The = external
brain drain ™ must abo be asociated, however, with the incagacity of scientific) in-
stitutions in the developing countries to abaorh and wie wientifie workers. I

A0, The lacpe-scale migration of highly qualificd pessonnel from developing 1o
developed countries is of recent ogiggn. However, the volunee of that movement {pet)
may already be ppproaching 0,000 per year and, as such, is langer than the movenrent
of technical assistance personnc] from  developed to developing countrics, Linder
prevailing axmwditvons, this “ brain drabin™ & likely 1o inciexse over e pogl decads,
The United Statcs Depatosol of Labour bas estimated thal 380,000 professionals
(s well as about 600000 middie-lovel workess) would enter hat country betwecn
1965 and 1975, A substantisl proportion of these peeple will come from developing
conntries, and, in addition, Tarther fons of thousands will be emigratiog fo ofher
developed countries. :

4f, The awtput from the third level edecation i increasing in the developing
countrbes 4l rowghly two 1o three fimes the rate of agpregate cconomic growih; in
some counirles the difference is subdamially greater. Unless some way & found of
bringing the employment possibilities for trained people into line with their increas-
ing numbers, this means educated unemployment andfor international migration.
b



The adverse composition of the Hock rul,lr Kt wizedge

47, The picture that comes out of the amalyss so far s of 2 relatively very
small sclentific and echnical capabiliy in the developlng coumtries, which i
underominsd by organizstional weakness and also by the vared responses of sclemific
workers in the developing countries to the mass of atiraction thal advanced couniry
seience constifutes. The emvironmedstal conditions in the developing countriss roceive
scant attention. A consecuance & that whilst the stock of world sciemific and toch.
nical knowledge is certalnly increasing at an accelerating rate, 3 procise composition
is sweh that there are larpe gaps in scieatific and technological knowledge that would
be particularly relevamt to the deweloping countries, The work of the Advisory
Comenittee for the Application of Science and Technology to Development has been
concentrated to some considerable extent on bdentifying these pans. The kst of priority
arcas where the Commities specifies that new knowledge &5 urgently sequired is in
one sense a demonstration of the imponant technical problems which hove besn left
neglected and unsolved by the present conceotration and orientstion of scieatific
effort to the political snd economic objectives of the advanced countries. Perhaps
one of the contrasts is found in the relatively vast knowledge we have ol technical
developmsant in agriculiure in temperate as opposed to tropical ragions.

41, In addition, the stock of scientific and technological knowledge is pro-
poriionately less and less directly suitable for use by the developing countries, Thiz
is partbculardy troe whers the knowledge In question B abour the application
of sciendific principles. First, the new technology is eot ™ appropriate ™ for the
developing countries kn that it emphasizes prodection methods which are suliable
for capital-ich, apd wnskilled-labowe-short countriss, i2., the richer countrics of
toeday. The devcloping countrics by contrast are short of capitel and skills, bt
relasively rich in labour, This discrepancy betwesn the résource-mix For which modern
techmodogy & mereasingly designed, and the il mesource-mis in the developing
countrics places them at an increasing disadvantage, Secondly, the avadable technology
emphasizes production on & large seale whereas the initlal markets of develop-
ing couniries [even including their realistie export markels) are usually small W
eeomoamic berms. Thirdly, produoct design of plant, oquipmont and conswmer poods
emphasizes the needs of the dcher industrialized countrics. Finally, a very grear deal
of world scientific and technological effort is concentrated in indusirics which simply
do nob exist in the developing countrics, and which will pot exkat there for many years
10 O

44, But the problem i not only that the needs of the richer coontries e
dominant, but that the products of seientific and feshnological propress which result
from this concentration are often such thal they esert harmiil * backwash ™ clfods
on the cconomics of the developing conntrics. Apart from the " brain drain ™, the
development of synthetics replacing the natural raw materinls produced in the dewslop-
ing countrics i% an imporant cose in point,

45, Probably about 51,000 million per anmrn are being devoted to B and D oon
synthetic materials (plastics, fibves and rubbers) in the chemical industries of the
advanced countrics. This is alwmost equivalent 10 the entire egpenditure on rescarch
of all kinds in the developing countries and is, of course, very largely devated (0 new
materials of primary inlerest 1o the advanced coonomicss,

48, When the sdvantages and benefits of further developnient of synthetic sub-
sfilutes are comsidered, the harmfel efect os the prodecers and exporters of the
nateral prinary commedities thus displaced is not normally taken into account, The
Tesulis are 2l too apparent: ihe shares of such natural commodisies as rubber, Cotion,
fin, vezelable ofls, tn total world consumption and trade have dechined rapidly, partly
as the result of research and development deveted to the econemy in the use of such
miaterials andfor the development of syarhetic substitutes for them. Work on the de-
veloprment and improvement of natoeral primary commodities of special interes to the
develomng countrics does nod receive the emphass it deserves.

THE PROBLEMS OF ACCHS BY THE DEVELOFING COUNTHIES
T WORLD SCIENCE AND TECHMOILOGY

47, A further peobbern i that the developing coumtrics have highly imperfist
F]



ye body of word scientific knowledge and also to world technologies.

ottt 19 1 socesd 0 SOUTCES of information, and cffective * coupling * with these
45, Easy o aial 10 the eficient functioning of the sclence and techrobogy system

5, are E3 This * coupling * function has to be done across national and sultueal
,'uw@“-'"“f: s present mooptionally acute prablems. This, stwbies of information
boutedarics \';:T':w D process generlly conclude that information derived from fermal
flows mwarcli and from formal information systems account for rclatively small
Jiterature ﬂm_ vatal information inputs, The informal communication network is of
w?,ﬁ“'@‘ wnnce, Including diredl peraonal eontact, telephene calls and corees-
itia] Im-ﬁ:i; e of the eritical advantages of the indusirialized couniies in the
pondenes i soieace and teshnology Systems, and if poscs special peoblems for

w‘mﬁng wounrics, which have 1o establish these informal links witl the scien-
:?;r eommuniy in the advarced COnniTEes.

49, Acest to workd fechnology on the othes hand raises special problems. huch
of the techrology in question i in private ewnership, thal is, it B patenfed oOF at lease
seoret. In genesal, the companies owning the l_ﬁ:hnuhmr “ pelease ™ i 1o e ﬂcw.ll:!u-
i, countgics anly if 1hey are able to make divect investmens thare. :Th-: comprnies
show o mirked preforenee for direct invtsm_u:nt as a meoars of I'-‘Kplmﬂ_.mn the techno-

ogical advantagss in the developing countrics, l?-'.'l-!hl:'l' than enterlng into agreements
with independent firmes in the developing countries themeéhnes, The main reason for

* ghis weems 10 Bie in the lack of capital and skills in pulcntif! CONLOIPATt Companics and
also in the rigks of inefficient operation of the new technigueos by independent enler-
prises in the Joveloping countrics. The net results are that the fliow af proprietary

. yechmolagics 1o the devcloping countries are dependent on their capacity o bring in
farcign bnvestmeent (which ks limited) and thol the development and competition of
damestic industry i hampered by lack of uctess 1o new technigues,

50, Even when technology is nes-propriclary, there are problems of ascess for
the developing countrics, They have 10 oblain tchiology in an embodied foro, that
i, by importing capital goods endlor byilding up capital poods indistrics of
their swn, In these tasks, they are hempered by lack of domestic savings and lzck of
forefgn exchange. The iter &, in part, (he result of world schence and technalogy
efort which, a8 we monfioned before, has tended W reducs the earnings of the
developing countries from the cxports of primary produtis. On the other b, the
vatume ol ot of impoding cipilal goods fave been going up, partly reflecling
b increasing sophistication of embrdied fechnology, The capatal goods which the
doveloping countries Iraport are ot anly more expensive vis-i-vis their exparts, but,
in meost Intances, makuited to thelr rosouwrce endowimenis,

LINGRR-REVELOPMENT AS A BASIC OBSTACLE
TO TIIE AFPLICATION OF SCIEMCE AND TECHNMOTY

31, Whikl these varous faciors are important in explaining why it has been
& difficuly 1o exploit scionce and technology Tor the bencfit of the developing countries
::ﬂ why the growth of sciencs and technology has had adwesss eonsequences
m:;h:“n}lhm‘ are reslly ealy prosimate causes. The real cawses lie desper, in the
fiooal oo under-development Heelf, In belel, many of the structural and organiza-
of e racteristics of the developing economies are antithetical w the application
might "1;* and lﬂhﬁul?.w n.lnd. by the same token, prevent the development of what
E ara glmtemed & “realived dewmand " for scientific and technical knowledge.
develoging o h the Wmited framsfer of technology info lecal imdustries in the
and m;‘@grlts and also the weak development of local scientific institutions
This 5 & partical sugeeptibility to orient their adivities in line with external mfluences,
ion of m:w ot‘m azpect of the * viclous circle of under-development ™ the resolu-
Of scienn og the problems of the developing economies roquires the application
tssiF tend 1o 1 technology to production, yet the conditiens of under.development

to limit the possibllities for their application.

5% Hence,
development,
eertain impanrt,

Wil scicnce and technology ate curtainly necessary inpuls for
it application in ihe developing countries nearly always roguirds
ant structural and developmental changes 85 concomitants.



Il A major recrpanization of world scienlific efforl is needed:
objeetives, strategy and inapd tution -

53, On the one hand, we have argued that scientific amd fechnological eloris
in all four of the catepories defined in s2ction | are necessary o sallsustained develop-
ment anpd 1o creating the capaciy to peoduce, This reguires an mdigenous sclens:
and technology capability in the developing couptrics and a major reorientation of
world scientific effort,

. M, On the other hand, the analysi shows that this will not happen automatically,
The applieation of science and technology in the developing countries cannot be et
to chance, I it i5, nothing constructive will happen or, mere probably, the
enstting development of world scence will have negative cffects on the developing
countries. There are selfreinforcing tendendes in the intirnational scientific system
which work against the deselopment ami eaploitation of science and technology in
the developing eountrics.

55. In other wouds, the question must be approached consciously and systens-
tically; scientific and techaologenl efort must be direcled to the objective of devebop-
mend in @ planned way, just as I.1|.c application of science to spoce conguest jms heen
planned.,

56, Pt the planned application of science and technology fo the problems of
the developlog countries is particularty dificult bociuss the planning has an inter-
mifional dimension; i@ will nol swccced without  international eo-operation. The
necessity for internstional action arises simply because the developing countyes ot
solve the problems aclsing from the presod intcmational division of Sbour in
scienoe and technolegy by thelr vwn efforls.

57, This tas important implicntions for the discossion of policies 1o resolve the
present orisis. In order to cxploit the potentials of sdence and lechnology in the de-
veloping countrics, varlows policies are pneeded both I the developing counirics
themsslves and in the advanced coonteies, By impllcation, these policics are linked:
theey are all equally scccssary and the effectiveness of any onc of them will he vitialed
il the others are pol ako wodertaken, The main policice sesded fall inte four
IO

(o) Policies in the developing countries to baild ap their indipenows sciendific
prl lechnological capacity in an onderly way,

[ty Policies in the advanced countrics to support these cofforts and partica-
Batly Lo reorient worki ssientific and technological offors;

{e) Polickes fo provide the devcloping countries with befler access to world scicnes
and teehnobogy; and

() Policles o résolve the problems of economic organization which present
the rational application of science znd technology to production in the developing
conHtries.

DIEVELOPING COUNTRY FPFORTS TO BUILD UP INOIGEHOUS
CAPABLITY I SCIEHCE AMD TECHMOLOOY

. bligenows  scientific capahility is cmentinl for creating the capacity fo
produce in the developing countrics. The prasent weokness of their scientific efforts
reflects a random growth of scientilic activity, which is ingvitable if things are left to
take their cowrse in societies where there are no pressures of demand for scientific and
technological knewledee, This means that the developmnent of science and technology
in the developing countries will bave (o be much ssone carefully planned than in the
past.

59, The obgectives that will bave to be met as a basts oo this planned build-up
may be infersed [rom the precoding analysis. They are:

{a) The formulation of elfective scicnse policies;

{G) The provision of highly aml appropristely gualified mangower for B oand
O e velative activities. The university syitem must be able to provide sclenee edeca-
i0



tion to the post-graduate level and 1o relate rescarch to the context of dewelopment;
{£) The executiop of B and D supported by necsssary ST5;

() The application el pew technlgues in production, and the promotion of new
attitudes based on selentific method amonest wanagement, workers and the | total
communily,

Tugiitittons for formmlating setemee and rechrology policies

&0 The necessity for policy-making institutions B implicit in everything we havo
said and particularly betause the scientific and technclogical effort has to be planned
in the devcloping countries, Science policy instiutions must not be allowed to become
mersly o fagnde for scientist pressure groups who, amder the puise of pational com-
mitment, are really mainly interested in getting more resources put inte thein own
fields of interest.

61, what s nesded s oo institetion or instilatons wikch can Tull o follow-
ing Tunctions:

(a3 Co-ordination of science and technology stralegies at semior executive levels
of Government with notional economic and secial plasning;

(b Co-ordination with the scknee ond lechinology strategics of olber countries,
Mationz] science and techrology polisy cannot fail 1o take infto account what other
countries are doing, or fll 1@ consider the implications their progrommes may have
for national programmes;

(£} The catablshment of scientifc activities which relate o the development effort
of the country amd the odenrdation of sdentific activities in disections most relevant
o pational development; .

{d) Intepration or " coupling ™ between vesearch effort and the process through
which this effort is transkated into sconomic applications;

(e} EstabBshment of policies wrwards technology transfer,

61 The reguirements for science policy Institutions have hees anabysed tn BomeE
depth by UNESCO,; their work i an invaluable goide o the institutions which are
required. Unplaoned science expenditure in the developing countries will simply
Ingrease the * internal brain drain ™, Planning should relate science and technology
activities to developrent objectives and should specifically take account of com-
plementarity between indigenows 1 oand DY and the impostation of technology.

The refirm of the education spslem so ar fo provide appeopriotely qualified workers
for seientific aud techmological octivities

&3, The accelerated development of science and technology will put pressure on
educational institutions and portiukarly on post-praduate education. There is Iitle
doubt that the real constraint 1o the development of indigenous B and I in the develops
mg countries B the searclly of manpower. This reflects acute limitations In the unis
wersity organtzation, which underrrine the possibality of mamtabing very high gtﬂ'ﬂ.-l.h
rates of B oand Db expenditure.

64, The problem in the developing countrics iz not only that the stock of | scien-
Hfeally aualified manpower (and partieolasly B oand D manpewer) is very small (which
makes high growth retes easber 10 concedve), Lot kot the instifutional capacity
10 prodduce more Boalso small (which makes 1he bigh growsh rate very guestionalkdes
eveny Urough the abiclete inereases me nod darge). Data on propertions of qualifisd
personnel are seaniy; and thers is very litle information on the past growth
of the stock of seientific and techpicsl manpower. We can, howewver, get| some
ilea of the potentials for increasing stocks of total scientific and fechnical rman-
power by kaoking at proportionate additions 1o stocks of schentists, englneers and doctors.
Some very rough data available for Middle Eastern and necth Alrican countries suggest
that praporionate additiens of 8§ to 12 pes cont are fabrly typical, Data op post-praduate
ouiparls are much more Hmited than peneral data oo praduates. Fragmentary  infor-
mation from OECD studies supgests thatl additions of post-graduate trained: man-
power to stecks of scientists engaged on B and D are aboat 3 to 10 per cent in certain
southern Egaropean countries.
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&5, In oiher words, in spite of the soall abaolute size of the stocks of scientists,
it seems unbikely that it would be pagsdble to increass these stocks by much more than
10 per cent per amnwm over ten years unless there Is a reform of the wniversities
or onless educational Tacilities in the advanced countebes can be ueed more intensively
without increasing * braln drain™ losses, This laiter posmibility requirss  very
considerable changes in the present world scientific content.

66, University reform leading to an incrsased rate of output of gradustes and
post-graduates for R and D s evideptly necessary. 1t s, however, a slow process. 1t
tends 1o be glower and more arduous in thoss comndries which have reasonably large
and relatively long-established aniversity systems, as is the cuse in Latln America,
India, .

The reform of B and D ard ST institetions

&7, But even if reforms in the eduecation system are carried through, there will
remaain the problem of the capacly of exlsting indtitutions to incrense their rate of
performance of R and D and 5TS work, In other werds, manpower availabifity is
pot the oply constesint. In the short rum, at beast, there are organizationzl problens
whoge precige hmpact it fe kard to mensure, hot whose effect might be considerable:

{dy The rate of execution of I and D in the higher cduetion sector i very limited
besavss of heavy teaching londs, multiple employment of academics, administrative
pressures and so on. These difficuliies have rua so desp that many academic scizntts
in the develapltp countries virtually stop research metivities and often lose contuct
with developments in their disciplines. Part of the problem would be solved by mak-
ing sure that a relatively high proportion of new research manpower goes info the
universities. But the dendwelght of established professorial staff would remain, who
would probably find it very difficuit 1o go back to research work after years away
from it.

(k) The povernmenti sector sccounts for most remaining scientific and techmo-
logiczl ctivities in developing countries, Here there are some serious organizational
disorders arbsing mainly Trom the fact that scieatific and technical workers are under
¢ivil service organization, which is often antithetical to the conditions for dolng scien-
tific. work, In particular, the growth and co-ordination of K and D and STS activities
are complicated by inter- and intra-ministerial fvalries. Once again reform B a slow
PIFGLLES,

5. Thus institational reform §s necessary mot only 10 increase the supply of
seientific workess, but alio to create the capacilty to * abserh™ them and to provide
thern with conditions for getting scieatific and technical knowledpe applied. Bodh
fypes of reform are slow moving in genaral,

9. Inshort, increased B and I and $T5 expenditure would be folly i there were
o reform of the institutions for careying out these acfivities. The organizational prob-
lems in thess institutes apd szevices have fo be solved; otherwis, the additional fnan-
gial resources devoted 1o them will largely be wasted. It i relatively easy io increasc
expenditure on science and technology, but there is a grave danger that the incrensed
expenditure will lezk away in 2 kind of © seientific conspicuous consumption ™.

Institutional areangements for the application of fecfuologres

70, The Fundamental problems of getting technelogies applled very frequenthy
lie In prevailing forms of sconomic organization. At the same time, however, suctess-
ful application depends on an adequats system of institutions, like extension services,
copcerned with encouraging the appliention of technology and on adequate coupb-
ing hetween these institotions and all other $T$ activitis. There must be firm con-
nexions between every link in the technology application chain, This:

(@) Techaologists, able to understand the contributions of fundamental rescarch,
bt famillar with Indusitial nesds and problems, should provide lmison between
fundsmendal and applied rescarch functions;

By As close 2 confact as possible should be encouraged between Tundamental
research scientists, technologists, applied scienptists, extension officers and potential
infustrial and agriocuitural users;
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(¢} Liaison and extension officers are also needed (o help potential indusirial
and agricultural users to recognize their technical needs and problems, and to relate
applied seienific ressarch to these needs and problems.

71, Whikst all these service activities are absolutely necessary, their tasks will
be exceedingly difficult in social circumstances where various systems of authority
and tradition guide individual behaviour and decisions, The business of getting techno-
Logry applied is much sasier where people are able to consider problems of production
— and other problems — in 2 rational and scientific way. There is, therefore, & strong
case for largescals programmes to bring an awarepgss of science and the selentifhe
methed to the communily 25 & whole, and to encourape the participation of
the community in the actuz] process of development of new modes of production.

Quaniirative expenditire targels

T2 At present the developing countries spend on the averape aboul 0.2 per cent
on their GNP on R and D proper. This is the best available estimate; it Is probably
oa the high side.

73, We propose that in the aggregate, the developlng countries should aim to
reach B and D expenditure levels of 0.5 per cent of GNP by the end of the Decade,
Given the smuwmption of an apprepate GMP growth rate of 6 per oot per amn, this
would imply an average annual incresse of just over 13 per ceat in roal erpenditures
on B oand D over the Desade,

T4, We have expresaed the target in terme of R oand Td expenditure, beeause the
statistical dufa are besl for these activities, It is, however, essential to bear in mind
that there should be a similar — or possibly even a grealer — Increase in STS in general
and in il eiher activities listed In section I Expanding R and D by itself will not be
cconomically usefol.

75, The target probably represents the maximum feasible prowth of R aad D
enpenditure when manpowss consiralnts are taken ints account. In an ieitial phase
whitst the present undesfinanchag of STS is corrested and when new nstitetes are being
built, expenditures may rise more rapidly; but, on the average over the Decads, they
will e limited by the availability of B and D manpower.

T6. At the sime Lime, in setting this target, we wish to underfme the fact that
we prosuppese that the various veforms of seience and technolopy institufions in the
developing countries discussed sbove will be undertaken, Unless they are, the span-
sion of expenditure will be impossible. Or, if there is an increase i cxpenditure, it
will merely exscerbste existing problems and be a waste of scarce resources,

77. The tarpet is an aggregate one for afl developing ceumtries; it capmol be
applisd 1o any spedific country without qualification. Some countries have alrcady
surpassed this level of R and D expenditure; others, like India, are cleser to it than
the average, Obviously (he target will have to be disageregated m order 10 make sense
in operational tesms.

78. An examination of the operational implications of the target will cortainly
reveal problems of * sub-lhreshold * effors; that = to sy, in small poor countiies
{he feasible expansion of science and technology sctivations will result in & situation
wlsere the concentration of science and technology activities will bo very small, pro-
bably far tae emall to be praductive. This gquestion has major implications for
implementation. Fiest, it points up the importance of & carcfully planned otientation
of effort in the developing countries, Secondly, § sugsests thar regional co-operabon
helwesn some groops of developing countries (particularky in Afvica) is a sine gua non
for productive scentific and technological efforl. In spite of Lhe acute problems to
which repional co-operation gives rise, if 5 essentinl in many casss

. Clearly, in order Lo attain an apgregative targel of this magnitude, the develop-
ing countries will have fo initiate consiemable changes of a genesally difficult kind,
But even the majer effort that this impdes will only have  limited effect on the Inter-
national division of labour in science, In terms of R oand D expenditore, the ftarzet
we have sot would mean'that at the end of a decade, tha developing countries maght
account for some 4 or 5 per cent of world expendiures owtside the centrally planned
economies.
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B0, In other words, o great many of the problems associated with the present
concentration of world scientific eMort woald remain, There would sil! be forces
making for “intemal " and *exterpal™ = broin drains 7; and {here would still be a
preponderant scientific effort directed (o cconomic objectives in the advanced countries
which have negative or * backwash ™ effects on the developing countries, Tn sl like-
lilkoad, the varions affects of the internationa) division of labour would in fact vitiate
much of the effort the developing countries might make themselves. and couid simply
lead to a waste of valuable resosirces in those counivies.

&1, Thus, whilst increased domestic offort of the developing countries is cssential
il scientific and technological potentials are to be exploited there, 8 major effort by
the advanced countries & no less necossary,

THE RECRIENTATION OF SCIEMTIEIC AND TECHMOLOGICAL ACTIVITIES
I THE ADVARCEDY COUMTRIES

82, The indivdual efarts of the developing countrics will come to very litthe wn-
less there is 2 paralbel effort in the advarced countrics, both 1o provide direst suppoct
1o the build-up of ssience in the developing conntries and (o nealiocate thelr own sclontilc
resouress townrds new objectives related to the problems of the developing countrice.
Advanced conntry assistance may take mubilaternl or bilateral forme,

Dirgel assistanee to the build-up of imdiperany sciemific
andd sechnological capalilicy in the developing comiisies

B3 A part of the advapced eountey comtribution to the international efort will
be the provision of dircst assistance, This should take the form ol transfer of physical
resouroes 10 mest the scence and technology requircments of the devefoping counirics,
and technlenl assistance programimes, . namcly sending experis abroad 1o advise on
schence pnd wechnolopy bulid-up in devoloping coumtries and to do T and I work there,
adnd training scientists from deveoping cowmnics in abanced countrios,

84. The physical resources (ransfornod fo the developing countriss st mesl
the following objectives:

() They mot help to overcome domestic finaneial constraints which, quite apart
from manpower and organizational bodlenccks, mipht jeopardize the atlainment of
developing countrics expenditure tarpets, In other words, the colls on mvesiible ressorees
might be so considerable that resources available for mvestment in sclence and tech-
riobugy Tall short of planned investments and o ™ sciepce and technology savings-invest-
ment pap "t might eventimte, Thus, resources transfers might be necessary 1o mect
bocal roquirements, Tor cxample, on sefting wp mew institubes;

) They must help to overcome balarv;n-rﬂ‘-pn‘_.'mnnts constramts on the i'r'npm‘l
of expongive items of cquipmend from fhe adwvanced coantries, Again, the calls on
rational foreign exchange resources for ofber purpeses may comstrain he passibility
of importing equipment, This might ilsell restrict the pessibilizy of ataining expen-
diture targets or, more probably, result in & change in orientation of effert from planned
arientations;

(¢} They should enakle the developing countries to contract for Roand D and
other szisnce and technology services fo be performed for them by ingtilutes and com-
panies in the advanced countries. In this way, demands for soientific and technological
inputs armmg i the developmg cooniries themssdves would exert some inflesnce on
the orientation of international scientific effort,

#5. The technical assivance programmes which will be required as part of the
over-all efort have to include afl those activitiss desipned to help the developing
counleies meet the conditions which are necessary for the acceleratad and plasned
busild-up of indigenous schence and technology. Technical assbiance activilies would
then cover the following: adviscry work and trainlng on university reform; adwisory
work and tadning In * scence poliey ™ and in sclence organization; advisory work
o (he organization of KB and D and sclepce and techoology institwtions in general,
and talnlng of ressarch workers and other sclentific and technical workers in
the edwcational institutes of the sdvanced eountriss.
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Bé. In our wview, goncrous advanced opuntry techmical mssistance o the science
and technology activities of the developing coumtries 4 likely to be absolately pecessary
if the developing countries are lo sccomplish the organiztionsal reforms and the
setling up of new policy-reaking institutions which are essential for the avderly atmma
ment of the B and D copenditure target.

B7. Tochnical assistance in the form of training of scientific pessonnel from the
developing covntries imvolves some particular isswes which we deem it m&mry 1o
spell out n more defail.

£3, The training of highly gualified scientists and eagineers & &t once the most
wseful and, at the same time, dangerous activity the advanced cosnfries could undee-
take. 1t is wseful becawse the manpower constrmint is likely to be crucial to the develop-
ment of seience and techoology In the developing countries. 1t is dangesous because
it may siraply add to the outflow of tréined personned,

BY. Thit danger i en pervasive that we are forced o set what we regard as an
easertial pre-conditlon, Tralning programmes will only make sepse in & changsd workd
scientific context, whors:

(g} The advanced countrles themsedves are developing major science and tech-
nology progronuees for the developing countrios and, therefore, have re-designed their
scientifle education systems w0 that they provide an edwcation that is relevant to the
problems of the developing countrios;

(8y The concept of “science for development ™ s fully recognized by the
scizntdbe community and properly bailt indo ihelr Incentive stroclores; and

(£} Thi sclentifis nstitwibons of the developing countrics are themsehes reformed

amd propady motivated o that the pewly traimed soientists have something worth
going back 1o,
Tn any other context — for instance, within the present sorld sontexl — the inetegsed
training of scientific manpower in the advancsd countrics may simply undeemine the
efforts of the developing conntries to build scientific institulions. The technical assist-
ance aspeet of advaneed country efforls thus also Lrngs us face to face with the moee
Turdamental nocesstly for o reodentation of mternational ssientific effort.

A graniivative farges for diveet asslstanes to welence and fechnalogy
in the developing conmiries

9, Therc is no better theorctica) basis for cajculatlng this target than for the
others, We hive, oaws again, atkenapied fo srrive at o feasible scale of activity by look-
ing at the discernible constreints, On this basis, we have concluded that the advanscd
eountrios might be called upon to transfer resowrces equivalent to 005 per cent of
their GNP (o the developing countries for direct support of science and technology.

91, Assuming that the ganecal akd target of L0 per cent of GNP i3 reached, this
would represent 3 oper cent of total aid in the tasgel year. 10 all official ald amounted
to say T3 pee cent of the wotal aid fQow, 1 wonld represent some 7 per cent of official
aid flow and would absorh about 12 per cent o the increase in official aid between
now and the target wear, Given the spesial importance of the other components of
official aid, this would scem o us to be the maximum feasible science and technological
componesnt in aid, although our judpement here 15 based on puesswork,

The reareniation of advanced countey scientific
and fechnalogical efores i

52, The reorientation of advanced cowntry sclentific and technobogical activities
plays two essential rolss in the programane as we odicedve it First, this reorientation
is pecessary in order o overcome the influence of present patterns of effort on duch
probloms & the  biernal © and * external ™ putflow of irained personnel. The baild-
up of indipesous science in the developmp countries will be undermamed unless this
can be achieved. Secondly, the reordentation ks necessary iF the composition of the
stock of knowledge is to be significantly chanped and if some of the nepative effects
of advarsed country science and technology are 1o be overcome. Particularly in) the
light of these ™ backwash effects ™, we do nod regard the adwaneed country offorts to
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reorient their scientific acivitics as part of aid programmes properly so-called. They
should be vicwed rather 25 & compensglory attenpd 10 correct- the irrationalities that
arise from the present international divislon of labour in scientific work, and particu-
larly for the negative consequences which sclentific and fechmological advance has
had on the developing countres.

43, The main objectives of the expanded prograname must be to fill the gaps o
knewledze relevant to the environmvent in the developing countries. These gaps have
resulied from the past atientation of world seience Lo the political and economic objec-
tiwas of the advanced countries

84, The pricrity areas sclected by the Advisory Cormmittes show just how seclous
fiese gaps are; they also provide the main immediate obisctives for the expanded R
amdl T and S5TS programmes, We presume, (harefore, that & large proportion of the
advanced country resources which will be devoded to sclentific and technical probiems
of the developing countries will be concentrated on the areas for * conceried attack ”
designated by the Advisory Commitlee and discussed in detail in the World Pian of
Action far the Applieation of Science and Technology to Developrent.

95, In addition, the last two decades have witnessed & greatl emargence of new
technolopies which promise possibilities of fraitful application to the developing couniries,
somewhat parallel to the sharp gains in the fiekis of medicine and public health brought
about by the discovery of antibiotics and DIV fn the prior years. Advances in space
technolopy have opensd up possbilities with positive implications for agriculture,
resource surveys and education, Advances in computer technology promise econommy
in skilled manpower and management resources a3 well as grins in quality control.
Muclenr energy offers to the arid areas of the world desalination and barpe-scale agro-
indusirin! complexes, Translstors and miniature circuits have made several industries
less capitabintensive and, therelore, easier Tor establishiment and swecessful operation
im the developing countriss. The exploitation of the resowrces of the sea-bed & réceive
ing increasing attention. A large volmme of researel is being dovoted to discovering
more pricticel means for the control of eman feoifity, 1t is not yel ceitain that these
discoveries will mean a8 technological ™ breakthrough ™ by the development process
of the developing countrics. Coasiderable technical andd cconomic research bs warranbed
in both the developing and advanced countries spocifically directed 1o their meankbng
for, and applicalicn o, the problems of the developing cowntrics.

96, In csenoe, what is needed is an atlermpt to clange the compasiton of the
stock of knowledge so that 31 s relevant 1o the deweloping counbrees, In particudar,
this means a redirection of resources of science and technology towards the products,
raw miglerials, and meilods and scales of production of particular importencs to the
deweloping countries, There are really two aspects to this preblem: one s lo change
the spectrum of technologies now balng developed and mude available 1o developing
countries, s0 as to add to that end of the gpectrum where inpul requirements are clager
o the patters of resource eadowments in the developing couniries, The second aspect
s to emable developing countries to make better choices, selections and adaptations
in The existing spectram, fargely again with a view o enabling them to find more appro-
priats mixes which satisfy thelr desperate nesd for reducing onemployment, and for
spreading the paricipation and bepefits of development more widely among their
populations.

%7, Al the present tmoe, it would not be far wrong to say that sverything con-
spires 1o prevent the developing countries from selecting, even from the exiEing specirom,
the capital-saving and eroployment-gererating techaologies which may be optimal
The consulting firms whick they employ on preparing projects, making feasibality
studics, drawing wp Specifications and contract provisdons, cxamining tenders efc
are all stesped in the technologicn) outlook and wadidons of the richer countries. The
sEme is true alse where local officials or local teehaicians are avalinble and employed,

98, The advocacy of greater application of labour-intenslve technology as an
urgent need in developing countries, both in the sense of & better selection from the
existing spectrum and ihe development of @ better spoctrum, must not be taken o
an extreme. The fundamental requirement is esconomic eficlency in tenms of the rescurce
endowment of the developing countries, We beliove, however, that the scope for the
emplyment of efficient Inbour-intensive lechnelogies s considerably greater than at
p{\es!ul_
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59, AL the same time, somée aetion is required on the specific adverse consequences
which fhe concentration on synthetic substitides has had for the developing countries.
A purely negative approach fo this guestion would do more harm than goad. Atlempts
o probibit or * police * ressarch on syothetics would almost certainly be both back-
ward-Jooking and insffective, The new materiaks have properties and uses which are
of ivmense benefit for the whole world cconomy, and potentizl applications of vhe
1o the developing countsies, The primary aim of policy showld, therefore, be the posi-
tive znd constructiva goal of bullding up the sdentific capacity of the developing countries
50 that, on the one hand, they are able to strongthen the competitive prosition of natural
materials throuph advanced ressarch and, on the other hand, are able to develop a
pew range of applications for synthetics, which are prineipally of interest to the
developing econombss, Many of these have in fast the resource endowments which
wonld enable them to beeome centres of the petrochemical industry, and of produs-
tion of the symbetics. A policy of restricling the developing ecomyomles exclusively
to natural matesiale would be spicidal in the long run. They must themsshes have
the scientific and technological capacity to participate in the synthetic revelution, whilst
simultaneously exploling their natural résource endowiment,

A quartitative iwrget for the reatlocation of the scientifie
ord fechmical resoirees of e advamesd comitries

100, The reallocation of advenced country science and technobopy fowards the
problems of the developing couniries should be treated as an essenfial means of over-
coming the adverse comeeguences of the present interpational division of fabour in
science and technobopy : for example, the ontflow of trained personnel and the develop-
ment of synthetic substituies and methods for economizing on (e use of primury
materials, Atlempts have boen made (o quaniify the ofifccts of thes factors, We belicve
that the sem total of what is being proposed here in terms of reallesation of effort will
do no mare than compensate the less developed countries for the combined efects
of these adverse impacts,

100, In exmmining this question against the necessity to get 3 substantinl change
in the orientetion of world seience and techoology, and to ovarsome the comseqeentes
af the existing international division of lzbour in stignee, one could be strangly inclined
ta peopode majer changes in the patteer of 12 and 1 spending in the advanced countries,
On the other hand, we must recognize that there would be considerable problems in
gotting such majos chaopes, both on fechuical grounds and becnuse of the champes
in political priovitics which they imply.

102, In the light of tsese considerations, we are led to proposs that the advancsd
countries shoukd devole some 5 por cent of their total R oand D expenditure
in the fargsl year to specific problems of the developing countrics. Assuming
that advanced countries’ GERDMGMP ratios reach 2.5 per cenl dusing the decade,
thiv would represent about 0013 per ¢ent of their GNP on the average. In the conlext
of & considerably cxpanding total B and D effort in the advanced countrics, this tar-
get seemns well within the bounds of realistic expeciation.

103, Taken together with the mcreased cfforts of the developng countries
themsedves and direct 2id flows to support these efforts, the 1arget woukd imply a roodest
reorisntation of world ssientific effort, The total expenditure on B and I for and by
the developing countries would be roughly equivalen: fo present expendifores
on space research. This effart would, bowever, be devoted Lo a relatively larpe number
of specific objectives.

104, We reiterats that the feasible target for reorieptation of advanced couniry
effort seems to be well below what would be desirable. In partestar, if the caming
decade seez a slowdown in the growth of expendiiure on military scieace, thers would
he a sirong argoment for a reorlentation of effort greater than we have progesed.

Some ieplications for the Unlied Narions

105, A gresfer allocation of resoarces to 5T5 in the developing couniries, oF 1o
prodiems of specific interest to less developed countries, could be done sither bila-
teraliy of muitilaterally. There are certainly considerable advanmtages in deploying
part of the new resouress multilatesally, Including activities under the auspices of the
United Mations. This alse applics w the propesal for establishing technology transfer
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banks. Furibwr study may indicate that an infernational bank for the transfer
of techpnology within the United Mations system 35 the best soltion. 'Within the next
developmeent decde, the resources of the United Mations $ystem, both in the Inter-
national Bank and in the United Mations Developmemt Programame, are expecied to
increase considerably, Such increases are aleeady in sight for the mexi few wears.
Enpanded sotivities by the United Mations to intepsify the application of soence and
technalagy in the developlng countries shoubd represent a high prionty elaim on these
additional resoarees. Changes in roles and wavs of operation, and poasibly also in
organtzation would be reguired, Me detailed proposals for such changes are owde
im fhis part of the Worbd Plag of Action, bot it iz lkely thal the presest rales
af operating enly on sirict notional country cequests, and abo the nube of not support-
ing activitice carried out within the developed countries, will have to be revised.

" CoUrLIsG T — THE PROGLEM OF ACCESS TO WOBRLD SCIRFCE AMD TECIMOLOGY

e The proposals in the preceding sections cover efforts required from both
the sdvanced and the devaboping counttboes, The sucoess of the proprammes a3 8 whole
depends on the proper Hoking of these varbous efforts, and also on specific action to
zalve problems of access to forelgn technolopy.

The * compling ™ of selewtific activities berween advareed
and develaping coumtries

07, The importascs of * coupling ™ in the sciepce and echnolggy sysiems has
matjor implleations for the manner in which sceptific and technological activitics ane
organrzid b the ndusttialized countries to aid the developing countrss. Howover
walldnteotioned and however generoushty fimanced, such elforts are likely to bo largely
Imelfective unless there e divect pesgonal contoct with scientiats apd technologists in
the developing countrics themselves, Whorever possible, part or gl of the scieatific
work should astually be carded out in the developing countries. When this is
not feasible, peneros provision for travel and first-hand acquaintanee with the real
problems are alsohiely essential, Bven where these conditions are satished, conpling
amd Information flows will remsin difficolt probleems, Great ingenuily and Nexibiliy
will be necessary o overcome the comatumication  difllicultbes, which are moch
greater In imersational transfer than in perely interoal transfer. Any nternational
or bilmteral scheme should have scope for a wealth of ndeperdent activities and Jocal
warkalions.

. As we heve shown, the establishment of & scieatific capacity in the develop-
ing countries involves building up a range of different scikntific and technological
orpanizations, In addition to reacarch laboratories, these will imclode resource survey
organizations, testing facilities, sclentific information servicss and 50 on. Those in-
stitulions nlso can benefit from effective coupling with similar organizations in the
Inclustrialized cowantries,

10%, The leading industrial, university and government laboraslories all  have
an imporant roda o play in carrying ot B and D Tor the developing countries, bat
it wll :r.:qulm A ||ujur :'mpul:.e Trom central Governments and alrong [inancial sapprh
to being about recclentation on the seale required. Extra-mueal grants and contracis
opta genotous pcale shiould be pvailable to scientific organlzations which propose to
undertake projects of direct relevance and benefit 1o the developing comntries. Major
programmes should be isitited n all the industrialized countries and not just in one
or two. There are already quite a number of universities running projects on problems
of the devcloping countries, and this showld become the morm in every university.
The more far-sighied ssience-based indusirial corporations in Envope, north America-
and Japan bave alveady started programmes mo this field and recegnize the urgency
of the prodlen. It should becomse the normal thing for industrial | and D laboratories
o have " Third World ™ contracis and projecis, All these war lous effors will have
o be linked In with the scientific work going on in the developing countries
thoemsahes,

tik In all this, however, 8 necessary condition is that scientific work on prob-
temns off the developing countries must schicve the same legitimacy in the eyes of the
scientific commanily as, say, work on aiomic programmes of the space programme
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has oday. This will, no dould, bo achieved in parl if ~ development science
is sancticned by sulliciestly large budipetary allocutions. But thiz is oaly past of the
story. A Turthcr mager factor Is Ual scicntists will make & greater contribution 1o develog-
ment nesds i they know what objectives arc relevant both 1o their own work apt to
development requirernents) and IF these abjectives are relevant o the criteria for judg
inp scientific work.

111, This again involves rew links between science in advanced and developing
countries, particularly in the education of scieptific workers. AL present, science
education trams the woung ssienlist in the methodology of rescarch amd intro-
dtes him to the body of knowledpe in his aren of specinlization. It is granted that
research fraiming showld focs on the methadelogy of fundamentad research, Most
sehefice educalion, however, stops a2t this aoind, There & & slrong case for inclading
In the education of selentbsis, some teaining in the analysis of socal and economic
problems, and in methods of applying selentific expertise to their solution. Sciénce
education which stops at fundamental physical sclemee trzining is nol enoughe
a considerable contribution can be made threwgh mulidsciplinary team 1eaching,
where cowrse work is contred around national social lssees, for cxample, the wrban-
zation crisks, spricultursl ineMcency, probioms of small manufacturing industeies
eic, The purpose would be (o etncowrage sivdents fo deflne the social issues in tenms
meaninglul to their own experlence, and then apply their own scientific research
competense to these issues,

112, Az the same me, efforts will be needed (o change the reward and fncenlive
structure for scienticts. Carser smocess for o scientist i pressutly evaluated bargeky
im terens of poblications in profestional jowrmnaks, where hesvy emphasis iz plced on
fundanentzl rescarch contributions. The United Mations could contribate towarids
@ new motivation of the saeotific communily by sponsoring publicition media of
sufliciently high stats te be acceptable professionally, wet having o beavy emphasis
on development problems.

The speclic problest of access to world technolagy

3 To enable the devedoping cosmlrics to make better use of availoble techmo-
legies, the impediments to the transfer of technology must be reduced, In part, of course,
ilese impediments resalt from the Fmited capacity ko absorb technology. But, there
are also problems of access {0 technology which have te be attacked separntely, The
proilem I3 to give developing counfries access to a wider range of technobomies, for
the development of domestic production. In order to do so, it & essential (o break
out of the preent situstion: in the workd * market ™ for technolozy where, by and large,
the companies which own technology are enly willing to have it exploited in the develop-
ing courlries if they are able to invest directly,

114, 18 is clear that if the developing countries are to make preater wse of exisi-
ing technology, then some means mus! da found Tor facilitating its traosfer from these
enterprises which possess It 1o those wha wish 1w use it The success of any veniure
to promode the transfer of technologies 1o devcloping countries depends on the
coneyrrence of enterprises in the sdvanced countries. The problem s o find 2 mecha-
nvim which will meet the interests of these enterprises as well as the interests of develop-
ing countries, Such o mechanism wes supgestet at the second session of UNCTAD
held at Mew Delhi, In principle, we support the idea of an international techrology
transler bank or agency similar to that proposed at Mew Delhi. This institution would,
on the one hand, atempt to cover the risks faced by the companies possessing
technologies end, on the other, it would help to reducs foreign exchanpe costs
of technokogy purchases. The bank or agency might po further: it might fingnce research
on pew lechmologies designed 10 meet the specifications of the developing countries,

EComomMIC REOROANIEATION OF THE DEVELOPING COUMTRIES

115, Whilst thest Interrelated objectives which deal specifically with science
ard technology are the main elements in the strasegy for the applesiion of science
iz



and technelogy to development, they will make no sense at all anless the conditions
for the apphication of new technologies are created in the developing countries
This may peem trite but, since it s guestionable whether the required conditions cxist
in the developing countries, the point has 1o be spelled oot

116 The esseoiial requirements In ths developing countries are;

(@) There has (o be a " perceived need ™ for inputs of science and technology
0 production; and

{6) It has to be pessible to mobilize complementary inputs and 16 create insti
tutional conditions to get technologies applied.

117, First, there is the question of what is a ™ perceived need ™. The inference
of the preceding analysis is that the “need”™ for scence and technology in the
developing countries b unlikely to take the form of a commercial demand coming
from individeal producers. The way production 35 organized is all against this, and
even if it were reorganized, it would toke some time before such demands eventusted,
Thiz means et the “peed ® for selence and echnology will be meinky @ function
of whether and bow far planning bodies {and other organtesfions responsible
for development policy) see a role for science and technology in the development effor,
‘This has tere important consequences. Firat, it implies that there has to be & change
in the ontlook of the groups responsible for development policies and thelr fmple
mentation. Becanse of iheir trmining, planners and ethers fnd it difficult to concelve
the rofe of science and technology bn development. Setting up national science councils
and the like may help to some cxient, but the problem of changing conceptions in
development policy usually remains. And, thers are still very considerable methodo-
logleal problems about how to redate science and technology policies to development
policies, which complicate the whole process. Secondly, the " peed ™ for science and
technology may only be perceived if one tukes a long-derm, perspective view of develop-
min becanse many B and D projects take o long time 1o gve resulls, This means that
the " present poed " for B and I will only really be * percelved ™ if perspective planning
metheds are nsed in moch greater detall than Iz sosmslly done.

118, The second guestion i about creating the conditions for the application
of science and technolopy to praductien, Af one lavel, this invobves planning for
the varions factor inpuls which are needed (o operste pew lechmologies. These may
be capital inputs, or skilled techniclans, or new kinds of managers, or maintcnance
wirkers eic,

11%, Bat, more fundamentally, the problem & one of reorganization in the econ-
omy. It may, for example, be pointless o undartake programmes on new sceds or
new agriculiural cwtputs unless there is land reform or reform of tenure systems,
Again, the availabality of labourdntensive technologics will ned in itself result
in their vss, particutarly i relative factor peices are unsuitable, The examples could
e multipled. The point Is thet the rationale for spoclfic sclepce and wechnology pro-
grammes i divectly dependent on the scrdousness and avccess of el development
polickes. Such rearganization B a slow process and political constraints may make
it difftenlt to achiewve.

120, The Wordd Plan of Action in ssience and technology, further, cannot fail
to ke sccount of another important facter which Jsell liss ounfside the field
of sGence and technology, This is the trade factor, It should be possible for the develop.
ing countries to utilize their comparative advantage of abundant labowr and lower
wage rates by speclalizing on the production for export of labour-intensive products,
Cireater aocess by the developing countries to the markets of the richer countries in
respect of labour-intensive products would be no panacea: it may well be that much
of the apparent advantage of Jower wages would be cancelled out by lower produc-
tivity, Efective lsbour cost might ot really be Jower in spile of lower wage
rates. Hence, freer access by developing countries to markets would have to go hand
in band with r#ing produstivity of labour including intensive technical assistonce
toweards this end. However, given combined progrest in raising preduectivity and giv-
ing freer mecess, a comsistent and concessionary trade policy towards deweloping
countrics should be conskdered as an essential twin pillee of & plan for the wider applica:
tion of modem technology to developing countries.

E2]. The implementation of the policies we have proposed will only make senss
and only be justified to the extent that the required reorganizations of the mation-
al and international ecomomies are achieved,
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172, We cannot fzil 10 nete that sogether the quantitative targets would imply

o vast expansion of suence and technolopy effert for the deweloping countries

aver ihe Decade. They would imply, over a slightly longer term, a massive increass

in new technaloghes. Wher we remermber that; al present, there is every evidence that

ihe developing countries are uaable to absorh available technologies and 1o exploit

sejentific and technical potentials, it i clear that the expanded science and techmology

amme fmplies the necsssily of major changes in ccoomic organization, This

int canned be toe stroagly emphasized. Science and technology may be necessary

for developanent; but simultansously, development efforts are necessary il science
and technology are 1o be weed.



