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ABSTRACT

This paper is based on the premise that humanity does not know about how knowledge in its various
forms can contribute to development. The first part attempts to put research, or knowledge-
production, in a broad context, starting with a concept of development that is global in scope and not
confined to material progress. Secondly, the case is argued for a more holistic approach to
knowledge production and use, to match the recognition that the quality of human existence is not
improved by single technical or economic fixes. The third section looks at how the resources
devoted to the formal research sector are distributed globally, looking particularly at the gap between
the materially richest and the materially poorest countries (MPCs). Based on the issues that are
raised by the confluence of considerations in the first three sections, a number of research topics are
proposed that would improve understanding of how knowledge production and use can contribute

more effectively to development, broadly defined.



) RESEARCH IN CONTEXT

It is taken as a starting point that research shoud nmake a contribution to

deelgoment. For present purposes, "develgonmert” is defined as

sustainable improvement in the quality of human existence:
it being recognized that "quality”’ is not universal and that different societies will determine
what it means according to their ovwn value systens; and that the most critical aspect of
sustainability is the capacity of the natural environnrent to continue to supyort all forms of
life, but that sodal, cultural and finandial sustainability are al so important.

It will be noted that, according to this defi nition, development becomes a natter of
general concern. It does not require the dasdfication of nation states along a continuum
fromleast, toless and thentoindustrialized countries; nor regions into North and South; nor
blocs intoFirst, Second and Third. This defi nition accepts that the search for inprovement
is elusive and permarert in all scacieties and individuals. Pdlitidans are elected on that
basis; didatars frequently offer it up asthe endto justify their means. There is also nowan
unprecedented measure o international agreenent that the sustainable component of the
definition must becone a global preoccupation. Just as individuals have to suppress some
actions for the goad of thelr social group, so nations are forced to recognize that national
bouncaries are irdevart to mary denerts of sustaimablity. Gowing glokal
interdependence demarnds an inaeasing degree of intermational sovereignty, with some
sacrifice of national sovereignty.

Inthe context of this pervasive definition, what is the role of research? This question

can be addressed by looki ng at the main product of research, i.e. knowledge, in the context
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of other determinants of the quality of human existence besides knowedge.
Religious and spiritual values are rardy nentioned in dscussiorns of developrert,
but have affected the qudity of life, positively and negatively, for considerably longer than
hasresearch; likewise have cultural activities suchasmusic, thevisual arttsand drama.
Humangovernance factors that depend, not on knowledge, but on beliefs about various
forms of social organization that balance individual and carmunity rights, have smilarly
andent antecederts. These cetemminarts will notbe elaborated here, but are mentioned as
a reminder that while knowledge has a powerful role to play in development as defined
above, wisdom requires that we ackrnowledge the importance of other vital factors,
paticdarly as they often adt in various cornrbirations together with knonledge

The rde of research should also be examined teking into corsideration its
interrelationship with other components of what has been called the 'knowledge
system’.

Many ternms have been used to describe the knowledge econonmy, usually on a
country basis: "nati onal innovations systens', "learning sodeties', "knowledge systems'(e.g.
Dosi, Freerman et al, 1988). The purpose here is not to analyse or compare any of these
notions. Howe\er, they possess the conon charaderistics o attenpting to define a
system of knonedge in action. It is unfatunate that such shorthand descriptors sound
esoteric since it tends to contradict the anplicity of the subjeat and to militate against
effective commmunication. Knowledge is sinply an asset that is owvwned by every memioer of
society, to varying degees and in a \variety of fos. It may be deived from formal

education and/aor precticd learning experience. The Sahdian famer knoas what crgp to
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plant in particular crcumstances, nostly frominfonmal education and trial and error (aform
of research). The nmedcd doctor knows vwhat cartain symptons mean, maostly fromfornal
training, frequently verified with growing confidence through practical experience.

Ove the last twwo centuries ar so, the \ery high lewels of material consumption and
carfort attained by many countries inthe world have been assocdiated with high levels of
formal education in an organized system of knowledge production and use. This can be
illustrated cruddy by reference to the Human Developrirent Report of the UNDP', which
arranges 173 countries in descending order of Hunman Developnent Index (HDI). This isa
compoundoflife expectancy, literacy, education and income; consequently it is quite heavily
weighted with formal knowledge indicators. The repart also contains infformation on rea
GDP per capita (adjusted for differences in purchasing power among countries). This senves
reasonably well as an indcator o material weath and consunption. Mbst of the tgp 25
countries interms of wealth, i .e. those with real GDP per capita levels between $12 000 and
$22 0007, are alsoin the top 25 in terrs of the carposite HDI. At the other erd of the
spectrum, the poorest countries are nostly those with the lovwest HDI levels. None of the
55 countries with the lonest HDI has ared GDP figure higher than $280Qcapita, ard 28
of them are below $1000capita.

There are many conmponents of what shall be called 'the knowledge system”

for the purpcse of this pgoar. dealy teaching is one of the maost important, from the

! UNDP Human Development Report, 1994 Oxford University Press, 1994.

2 There are some anomalies, such as the oil-rich Gulf states and some tax

havens like the Bahamas. These states have very high GDP levels, but are not in the
top 25 in terms of the HDI.
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formal primary, secondary ard higher education system including technicd training
colleges ard aduit education, to the infomral trarsfer o knowledge in families and groups
that intensifies as overall learning increases. Other elements of knowledge in use are in
information and communication - increasingly facilitated by technologies whaose
power and potential have yet to be fuly realized production of goods and
services; management and organization of enterprises, both public and private,
induding the fornmulation arnd inplementationof polides, betheyecornomnic, sodal, legd, or
fiscal. Lastbut not least is research itself, which is an essential part of the knowledge
system. Howe\er the percentage of the system taken Up by the research element varies,
asdeaesits carpasitioninto public: private; basic: applied; social and natural scences; and
soon. For exanple, the partia data avalable indicate guite a wide rarge in terns of the
proportion of all scientists and engineers in certain countries actually engaged in research
and devdopment (R&D). The proportions vary from 18%0of sdentists (full-time equivalents)
in the USBA working on R&D, and 20.4% in Gemary (former GDR), to 7.8% in Japan and
3.8% in the Netherlands and Canada, (UNESCO). It would appear that formal research is
rarely nore that one-fifth of the knowledge systens inrich cauntries.

The essential nature of researdh can be argued an the bags of bath instinct and
enpiridsm [f all public and private research institutions were to close down, instinct
suggests that research woud cantinue.  In a sense it represents the charaderistic that

separates homo sapiens from other animal species, ie. that of wanting or even needing to

know. When Faraday was queried alout the use of his research into electro-nmagnetic

phenonrena, he redied with question: "What's the use of a baby?'. He was saying that
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humanity's innpulse of curicsity isas natural and inevitable as the procreative urge, and is
not subject to utilitarian justification. He may also have been implying that the outcome is
equally unpredictable; the child of knowiledge produced by research may be stillborn ar used
forgoodor ill, fromthe eradication of smallpox to the destructive use of nudear fisson He
might even have wanted to go further, to say that soe difspring have better chancesthat
others, deperding on the environment they are born into: if the teaching, production,
managenrent and information elements of the knowledge environment are rudimentary, the
products of research tend to be slonly and inconpletely used.

The empinical case for research is based on the argument that there are no wedthy
countries that do rot have strangly develgoed knowedge systens and no knowedge
systems that do not have a formal researdh sector, arganized in puldic ard private
institutions. Publicdly-funded research provides a necessary foundation for human capital
formation ard this in tun corstitutes the main ingredent of the ather elements o the
knowedge system ypon which sodial and economic wedth aeationdegpend  Furthernore,
thehuman capital stodk has to be continuously upgraded and maintai ned through, amorgst
other things, sustained investment in research Beyond this general observation, the
enpirical evderce is incanclusive, particularly when it comes to explaining variations in
economic performance. Much work has been done on the relationship between indicatars
such as experditures on R&D ard economic gowth; on rates of return to research in
general and in particular sectars, egoecially agriculture; on howto nanage the research
enterprise; and a host of other issues. However, it is fair to say that much remains to be

dore in terms of understanding how to optimize research performarnce in different
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crcumstances. It is ironic that the very process that produces information and
understanding should itself be so poorly documented and understood.

Just as research is only one part of the knowledge system, so it should be
remenrbered that researchitself clasgfied asformal and informal. Nowy in nost parts
of theworld, the termireseardn’ is assodatedwith the formal structures of nodern science,
the nystique o intellectualachievenrert, andanarray o estadishmentssuchasuniversities
and institutes designed to house those engaged in this elite profession. 1N fact, the shift
fromaninformal andlargely unrenardedassartment of independentinventars andexplorers
to the cumrent institutionalized enterprise in recognized professions is relatively recent
(Salonmon 194). It is worth noting that the rise in the formal system has not meant the
dedline of the informal. Although the independent and occasionally persecuted or vilified
figures such as Galileo and Danwin are o nore, the goonth of sgohisticated knowledge
systems has nmeant a correspording increase in infonal investigation, trial and error, and
observation by practitioners in other parts of the system For example, medical knowledge
emanating from restricted experimentation in laboratories is complemented by and
frequently at odds with dinical medical knowledge derived from professional experience.
Professions such as lavv, medicine and engineering create and maintain resenoirs of such
"cosmopolitan’ knowledge, as do tradtional aaftgpeode and rural conmunities (van der
Meulen and Rip 1994).

Also, in materially poor countries with vweakly devel oped formal knowledge systems,
inforal research takes place. Successiul formal research to inprove pigean peaverieties

in Kenya drew upon seed sdediorns nace by wonen famrers on the bads o field
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observations over cansiceralde periods of time. There has also been significant growth in
the nan-govermrent sectar (NGOs) in the last fewdecades Theses ertities are usually
perceived as knowledge users, but they are also knowledge gatherers - collecting
information about conmunity needs and problens - ard krowedge producers, nostly
through trial and error exerience.  Thus, a broader definition of research that emloraces
informal knowledge producers as well as the formal systemsis likely nmore appropriate inan
eraof scarce public funds and persistent problens o matenal poverty. [If the fanmal R&D
systemis poorly understood, the informd "system'"is relatively unexgored territory. There
has been sae attention paid to the indigenous knowledge sector, but in general this area
should have a higher position on the agenda for research on research.

The final pant in this general overview of "researdh in context' is the subdivision of
theformal sector intopublic and private. Thisisworth mentioning for a numiber of
reasons, Nat the least of whidh is that it is often overlooked A further reason is that the
relationship between the two sectors is intimate and synbiotic.  In same instances, the
distinction between the two sectars isbecarmingblured Far exanple, in arecent study of
the relationship between busness and the state in the energy sector in Jgpan, Rchard
Samuels discovered patterns dfredprocal corsent’ between firm and government, and
wroteof"amuiual accommnodation of state arnd market” (Sanmuels1987). Others talkof'neo-
corporatisim’ and a"NewwJapan |ncorporated' to describe the dose ties betwweengovemment
and private enterprise in Japan.

The private sector share of total R&D activity is tending to increase globally, nostly

driven by the majar players. The three geagrgphic units makingupthe ' Triad' i.e. the USA
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Japan and the 12 countries of the European Comnunity (as of 1993) together have albout
three-quarters of the world patential for the produdion of S&T knonedge. It has been
estimated that this production capacity spent $318 billion on R&D in 1990, 56% of which
was financed by industry and 69% of which was implerented by industry®. At the
international level, the public sector/foublic good efforts of the WHO and the International
Agricultural Ressarch Certres are paralleledby the supranational adtivities of nultinational
corporations. Indifferent ways, both of these have sgnificant inplications far the natenally
poorest caountries, espedally those that are both snall and with weaskly dewelgoed
knowledge systens. Their prospects for developing an indigenously ovwnedand controlled
system are greatly influenced by intemational activities, as well as by the conparative
national giants such as Brazil, Chinaand India. In short, any thorough examination of the
rde of research in development has to take both publicly and privately-funded R&D into
accourt.

In sunTary, this section has looked at research in the context of an emlryacive
definition of "dewelopnrernt’. It is prgposed that the informal knowedge-praducing sector
should be induded in the corsiderations of research It is pointed out that research is but
one conponent of a mae extensive knowledge system, with a high degree of
interdependence with other components. FHnally, the knowledge systemcan be vienwed in
the context of a concept o development that is na confined to the materially poarest

countries. Krowledge takes its place anbng a nurber of athe determinants of

*Note: According to the National Science Foundation, industrial R&D has been
nearly stagnant in real terms in the USA since 1987.
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development as a necessary but probably not often sufficdent condition. Given the
syrergistic links among the factors that promote development and with the knowledge
system itself, it is believed that this taxonomy of contexts serves as an important

introduction for examining the role of research in development.

i) RESEARCH AND REDUCTIONISM

There has been considerable evolution in the understanding and practice of
development over the pastwar period On January 20, 1949, President Truman of the USA,
on taking office, talked abaut:

"...making the berefits of our scientificadvances and industria progress available for

the inprovenent ard gowth of uncercevelgoed aress.”

On that day, although they were unavnare o the fect, about two hillion pegole becanme
dassified as "underdeveloped'. The viewthat development was virtually synonynous with
econorrics and economic grovwth had powerful adherents.  Indeed, a wiole branch of
econorTics called'development economics' sprouted vigorously fromthe main trunk of that
discipline.

But pahaps nore inpatant than this belief was the assumyption that development
was sarethingto be dore topeople by thetransfer o thefruits o scientific krowledgefrom
rich countries. By this means, the poor underdeveloped countries would be able to catch
up and an unequal world would be equalized.

Owver the subsequent decades, that god has ot been achieved, dthaugh

considerable progress has been made. There have been significant advances in economic
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growth, literacy, child health and food production, to nanme a few. From the lessons of
experience With successes and fail ures, these improvenrents have been matched by a better
understanding of the deelopmrent process by VWWestern academics and donor agendies, for
whom development was sarething that aher countries did, or had dore tothem One
landmark wes established by the UN announcding the First Development Decade of the
1960s. It cdled far the integration of socid, cultural and economic fadors to adhieve
improvenrents in the quality of life, not just economic growth. Two decades after the end
of that firstdecade, the UNDP issued the first Hurman Developnent Report, ranking countries
according to acarpaosite index that cane doser to measuwring qudity of life than GNP per
capita.

It should be noted that in spite of this willingness to apjproach developmentinanore
integrated fashion, traditional economic thinking still tendedto predominate donor policies,
particularty those of the World Bank and the Intemational Vonetary Fund: and to a certain
extent it still daes. Yet agroning number of ecoromists are preparedto falowthe exanple
of Schunpeter, who strove to devdop an explanation of econaric phenomena that was
more congstert with theenpirical evidence and attenpted toindude technical, sodal and
institutional change intohis thinking. Vorerecently, Nobel rize winner Douglass North has
pointed to one of the unrealistic assunptions d neo-dassicd economics, that transactions
are costless.  Since this is patently not the case, institutions and property rights becone
crucial determinants of market efficiency. Hence he proposes a school of newv institutional
eooromnics...to incarporate atheory of institutions iNto ecanamics' (North 194).

Also, one d the nostcanTorting precepts of mainstreameaonomics, thateverything
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tends ultimately to a state of general equilibrium, is increasingly questioned. The idea of
norinear dynamics, i.e. that it is precisely disequilibrium that drives the system is
gathering supyport.

Perhaps the nost striking feature of the postwar evolution is the groning diversity
of thinking. There are nowv the beginnings of a willingness to acknowledge that there is
maore to human advancenrent than a technological or an economic fix; that soceties are
complex systens d pegole interacting with the natural environmenrt, with technologies,
with one another invarious fans o sacid organization that have lbeen formedby particular
historical, cuturd and politicad factas. Al thesxe denents are comected and
interdependent, such that an attempt to nodify one is influenced by the others and has
repercussions throughout the system Thus there is an increasi ng acceptance of thehdistic
nature of the process. Difficult though it may be, the prudent approach for those who
wwould presune to bring about change for the better, (or at least, in the terms of the
Hippocratic oath, to do no harm) is to try to take this carplicated set of interacting factas
iNto account.

There have beenmany stimuli tonoresystemic, holisticapproaches todevelopent,
but perhaps the maost significant has been the accumulati ng evidence of the damage being
done to the matural environmert. Over the last two centuries, the exponential explosion of
thenmodem industrial era, drivenby the W\estern sdertificand technologicd enterprise, has
resulted in the econamic grovvth and prosperity of many nations and segnrents of societies -
and nat just in the "Nath". There is little doubt now that this juggermaut of material

consumption has had destructive effeas on the natural enviromment and an corsurers
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thenselves. Sore of these effects are knovwnand understood, some are not. Some canbe
repaired, someareirreversible. Sonme are location-specific, like soil erasionand city pollution
- although of course both of these can also have cross-bader effeds. Air, water ard
information are Jvrtually conpletely disregoedfu of national frontiers. Science ard
technology, sometimes halled as the engine of nch modem societies, with all their
unquestionable benefits have so far failed to provide definitive infarmation abaut the costs
of damege. But there is suffidernt evidence and cansensus, together with the dinmerings
of cdllective humillity albbout humanity's place on the planet, to spavwna grovving moverment
of thought and action. Concegpts such as the "spaceship eath, "the dolal \llage", "aur
comnon future', the "borderless world" have taken roat. Gitizens movenrents, NGOs, and
"green’ palitical parties have sprung up in many countries. This trend has hgppily coincided
with the groning invohenrent of women in social and pdlitical affairs, providing
considerable impetus and often initiative to environmental action. One of the best exanles
is the Chipgkonowvenrert in India, inwhichwomenhave savedtreeswith theirbodies. This
nmovement originated 300 years ago, when nore than 300 people in Rajasthan, led by a
waren cdled Anrita Dew, lost their lives by dinging to their sacred Khelji trees (Shiva
1989).

Popular moverments do not alvways find equivalent enthusi asm or comimitment at the
palitical level. In this case, some grounds for optimism can be found in the two UN
conferences that have been held on the environment and develgoment in 1972 and 1992.
The secand, heldin Brazil and lakelled the "Earth Sunmit’, was attended by 185 nationsand

118 heads of state. An action programwas adopted, called "Agenda 21". This event gave
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further credence tothe kelief that, whatever else develgoment nust mean, it nustalso ke
sustainable. Hence, to the quality of life conogpt proposed by the UN in 1960, must be
added the recessity of achieMng inprovenrents withaut damage to the ecosystem The
Brundtland Carmission of 1987 articulated this imperative as follows:

"Sustainable developmert is developmernt that meets the needs of the present

without conpromising the ability of future gereratiors to neet their onn reeds”

Our Common Future, 1987)

Of equalinportancetothe inter-gererationalagpea of sustainaklityis the dmernsian
of global interdependence. Howewver, this is not novw confined to the shared reliance of all
humanity on the natural environment. Activities and phenornrena related to econornics,
capital markers, epidemiology, informatics and techndogy are ocaurring nore and nore
without heed to national frontiers, i.e. they are increasingly giobal. They interact with one
another and, in various ways to varying degrees, with the natural environment.

All these refinements and impeaatives add up to the definition of development
proposed at the beginning of this paper: asustainalde improvement inthe quality of human
existence. The dnaraderistic of the cefinition whichis highlighted for present purposes is
that it isholistic. The various factors that contribute to devel opnment are interactive, and
any thearetical or practicd approadh must remain cognizant of thatfact. Interns of the role
that research can day in the devdopent pracess, the guestion can ke posed about the
degree to which it is moving in the same direction. That is - howwhalistic are approaches
to research?

The evolution of the nodern (V\esterm) sdentific enterprise has been donminated by
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the phenomena of fragmentation and depth. Simply because of the vast complexity of the
natural and sodal universe, science has approached the task of trying to understand it by
breaking it up iNto Manageable pieces and creating increasingly narrowv fields of
spedalization. Ths dlows strengthin depth of enquiry. Hunmaningenuity cannot yet cope
with breadth and depth simultaneausly. This rational apgoroach of dividing exploration into
sgparate lires of enquiry or disaplines, has been cdled"reductiornisni.

Of caurse, a dvided structure of higher education, research, revievwand publication
has evolved to suppat the redudionist nocel. Judgements abaout the value of research
done in each discipline are normally nacde by peers within that same goup. Spedalization
has evolvedto the point where this is the only possible procedure, since each discipline has
necessarily developed its ovwwn language, which becones nore esateric as the research
beconmes nore basic. With resped to econormics, J.K Galbraith has likened the prestige
structure of that subjed to a hollow/cane,

"...the sides of which... become increasingly opague and imparmeable as one

proceeds to the gpex. Podtions near the gpex are fully pratected from exterral

communications. ...Questions of practical application are excluded as also the

influence of other disdplines." (Galbraith 1971).

The benefits of the W\estern apgpraach to sdence are urnguestioned and will not be
elaborated or debated here. But given the need to apgoroadh deelgomernt ina nore halistic
way, the profoundly fragnented nature of research and science desernves acritical gppraisd.
To alarge extent, the reductionist nodel that has evolved in the richindustrialized nations

has been replicated in most parts of the world, evenin the matenally poaest ard srrallest
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cauntries, where its suitability can be nost seriously questioned

It can be argued that holistic thinking about development is in its infancy and is
indeed fiercely resisted in some quarters. The reasons are obvious.  Development
prectitioners are trainedin the reductionist schod ard try to understard the world through
thelens of their disciplines. Each individual inevitably constructs a nodel that is described
inthelanguage of their discd pline(s) and functions in those terms. Callectively, sonme nodels
accuTulate considerabl e influence and only accept nevw elements by addition, rather than
credive integration. It becomes a form of sculpture by accretion: a partly fonmed body is
created, a vtal part is recagnized asmissng ard is added on, leaving the arignal deficient
form intact. 1deally the missing element should be integrated by remixing all the clay and
beginning the sculpture again. Howewver this is not a simple step for the reductionist,
rational schoal. It would virtually require reschooling ina radically dfferernt apgoroach tothe
pursuit of knowedge. F. Kapra expresses the challenge as follows:

'Rational thinking is linear, focused and analytic. It belongs to the realm of the

intellect, whose function it is to discriminate, measure and categorise. Thus rational

knowledge terdstobefragnented  Intuitive knowledge, on the other hand, isbased

on a direct, norHntellectual experience of redity arisng in an exparnded state of

awvnareness. It tendsto be holistic and nan-linear.” (Kgpra 1987).

Despite the intellectual and practical challenges that it imposes, the sanctity of

development nmodels based on "scupture by acaetior must be questioned. The trend

“Note: "accretion = adhesion of extraneous matter to anything" (The Oxford Concise
Dictionary)
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towards more hali sti c devel opment thi nking can only be strengthened andtrarsfaormedinto
mre effective practice by a shift framredudionismto holismin the knonedgesystem, and
inresearchin particular. Itshould be dear thatthisis not an anti-reductionist position. The
strengthard revards of the systemhave beenad<nowedged. Howe\er, it is apparent that
the dovwnside of the approach is considerable and in sone respects may be reaching a
critical point of no return. Human ingenuity must be pushed to the limit, to find ways in
which the drengths and advantages of the gpedalist depths df reductionism can be
erharced ard carplenented by geater holismard integration.

Itwill be of primary importance to devel op approaches that meld the natural sciences
and"hard' technology with the social sciences. Thedivisionis perhiaps the nost detrinental
todevelopmentand is becoming increasi ngly accepted evenwhen the rich countries attempt
to understand their own development.  For example, the OE(D recently dedared an
"...understanding that... technological change is fundanentally a social process' (OECD
1992). Also, a mgjor waork on tedhnica change and econamic theay corcluded that ...
indeed it will be the broad sacietal cantext, including economic, but alsosaocid and ethicd
factors which will set the conditions within which technological change will be adapted,
evensdected' (Dog, Freemanet d, 1988). The capadty of humanity toinnovate technically
has gronn exporentially in thelast two centuries and shows little sign of relenting; but the
equivalent cagpecity to devise effedtive forms of social innovation lags far behind. Few
societies are able to corstruct viable systens d organization that penmit the atainment of
social goals, particularly those related to equity. Much is made o scientific ard

technological (S&T) innovation, but the sodal saence element in this term tends to be
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overlooked in favour of the glamour of technology. It can be argued that it vwould be more

appropriate to redefine "'S&T" as Sodal and Technical inmovation Unless the two are

approached together, with major effarts nade toredress the inbdance between the social
and the technical and to ensure that technical change is subadinate to sodeta gaals, the
deficencies of the status quo will continue to prevall and may becare irrevocaldly
damaging. As already intimated, this is notanintellectual preoccupation for a V\esternelite
in its deliberations on how to run other sodeties: this is a general challenge of global
concern, although the patls fowward will be shaped by different social, cultural and

€coNnoITic arcunstances.

1) RESEARCH DISTRIBUTED

As proposed alove, develgonmert interns d the quality of human existerceis o
universal concem to all societies and nations; and global interdependence has grovwvnto an
extent that reinforaes that universality. Howe\ver, intermof material weath, thereisa gap
betvween rich and poor natiorns that is staggering in its proportions. The nyjarity of the
world's pgouation lives in astate o extrene material poverty rdative to the nminarity, and
for nmore than a billion people, the quality of existence is abysnmal. As stated in the 1994
Hunman Development Report, these people live . .. at such a margin of humanexistence that
words simply fail todescribe it." Hernce, althoughdevdopment in the lroad sense of quidity
of existerceis theconaernof all and distinctions suchas Nathy South; 'less developed "pays
en voie de dével oppement’ may be close to dosolescence, in terms of material poverty, the

difference is very real. Ratherthan"LDCs", or"dewelgping cauntries”, such cauntries will be
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described as Mhterially Poorest Countries or MPCs, for future purposes in this paper.

Whatever their wealth in other terms, their levels of income are unequivocally far beloww
average levels in the rich countries.

The chanmpagne glass of the Human Development Report (1993) shows vividly how
thedistributionof theword'swedth ishighly skewwed 84%o0f global GDP isenjoyed by only
23% of the world population. Is the level of development of different knowledge systems
skenwed? Unfaturatdy, there are no intermationdly applied standards and indicators to
measure this: general science and technology (S&T) indicators are partialy availade, nostly
for OECD cauntries. Interms o the ability to gererate knowledge, inconsistent data are

available on levels of spending on formal R&D and on numbars of people engaged in R&D,

by country. TheWbrld Science Report 1993, prepared by UNESCQO, can be used to provide
agenegral pcture of the glaod totds for these two indicatars and how they are distributed
anong cauntries, groups of countries, or regions.

The UNESCOReport estimates a world total of $426 billion (1990) spent on formal
R&D (public and private), of which $405 billion or 95% is spent in thase countries that
receive 84% of global GDP. Hence only $25 billion, or 5% of formal global R&Dis pent inthe
MPCs’. Yet 3.9 hillion people reside in these countries, i.e. 76% of the world population,
together with nost of the worlds poverty. R&D sperding per scentist ranges from$115

000 in Japan and Canada, to $20 000 in Africa. R&D spending per head of population

5MPCS in this case are defined as Latin America, North and Sub-Saharan Africa,
Middle and Near East (except Israel), the NICs (Korea, Malaysia, Hong Kong, Singapore,
Taiwan), China, India and other countries in the Far East. (Data derived from the World
Science Report, UNESCO, 1993)
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ranges evenwider, fromover 3500 per personin Japanto $1.40 per personin the countries
of Sub-Saharan Africa  This is a ratio of 3830.1. Therdfore, in terms of formal research
resources, the UNESCOdata indicates aevennorelop-sideddistributionthanworldincare.

Evenalloning for imperfections in the data, there also apjpears to be great differences
within the developing regions, i.e. among the MPCs. Table 1 illustrates the extent of
skewedness usng sare kroadindcators o intensity of R&D effort.

Measuring effort against vwealth, the world spendsalbbout 2.2% of global GNP
on R&D. Withinthe MRCs, Chinaand India spend 0.8%; the Asian average is 0.64%; Latin
Anrericais 0.4%; and Sub-Saharan Africais less than half of the Asian level at 0.3%. Japan
is top of this league table at 3.1%).

Effort can also be measured in temrms of the resources available on average to each
sdentist. Conmpared to a global average of US $85 000, Latin Arnrerica spends dose toUS
$18 000 per scientist; Africa $20 000; and Asia $10 500. The sdentists of the
European Community lead with respedt to this indicator, at US $167 000 per sdentist.

It can be argued that there will tend to be sonme correlation betwween the nesd for
sdaertific effort and the population of acountry. Theratio of scientific personnel to
population is frequently used as an indicator. On average, there are 976 "R&D scientist
and engineers’ (UNESCO) for every mnillion peofde in the world. Around this average is a
range from 4720 in Japan to 71 in Sub-Saharan Africa. The ratio for Latin Anerica is 549;
the Asiaaerace is244, (perhaps againstexpedations, the levd is 361 in China, and nuch
loner in India at 139).

Ancther obvious neasure of intensity is R&D spending per unit of
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population. Conpared to the dobal average d $33.40 per cgpita, $10head is oert in
Latin Arerica; $2.60 in Asig; and $1.42 in Africa.

It is worth noting that the values of the "intensity indicators' given for the NICs in
Table 1 are quite closetothe average dobalvadues. Leaving adde the valid questions about
the desirability or need for any caurntry to ohtain thase levels, and simgdy using themto
illustrate the gaps, itis dear that the MPGs are several orders df magnitude kelowthe levds
of R&D intensity found in the NICs (o the world averages, if those are prefared). Far
exanple, for Sub-Saharan Africa to reach the same level of R&D spending in proportion to
populationas the NCs woud require of a 64-fdd increase. The equivdert figure for Asia
wvwould be 36, andfor Latin Airericaa less dramatic but still significant 9-fold increase.

The use of such indicators to make international conparsons dearly begs a nuntber
of questions. To venture beyond conparisons towards policy analysis and prescription
would reguire nmudh nore detailed consderations and nuch better data.

For example, more detailed data on agricultural research in countries of Sub-Saharan
Africais being painstakingly assembled by ISNAR . The information novwavailable for albout
20 cauntries reveds potentia for policy irsights at the mational and regional level, and the
dangers of going muchbeyornd broadcauntry carmparisans using glolal R&D statistics. For
exanple, agicultural R&D in 16 cauntries in Africa

TABLE 1: Sonre indicatars o "intersity of R&D effort”

5ISNAR = International Service for National Agriculture Research
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Country of GERD/GN\P GERD per  Scentistsfmrm GERD permm

Region (Y  sdentist USH) population population
(No.) (US $ 1000)
China 08 8770 361 3166
India 08 21 000 139 2919
Rest of Asia 02 5015 170 853
Asia Total 0.64 10 490 244 2560
Sub-Saharan 03 20000 71 1420
Africaa
Latin Anerica 04 17 802 519 9773
World total 2.2 85 430 976 83 380
Canada 14 115 200 2350 270000
91505
NICs 16 88 840 1030
Notes: 1. Monetary units are 1990 US ddllars, calcuated on party purchasng
power for the countries of the OECDand on currentexchange rates for the
other countries.

2. GERD = Gross BEqoenditures on R&D, in each natioral territary, fromall
sources of finance, incdluding overseas.

Asia excludes the Newly Industrialized Countries (NICs)

Sub-Saharan Afri ca exdudes South Africa.

Y

SOURCE: World Sdence Report, UNESCO, 1993
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stands at about 0.6% of agricultural GDP, about twice the overall R&IDGNP ratio of 0.3%
shonwn in Table 1. Howeer, it is still a fraction of the levd prevailing in a country like
Canada (@about 2.5%). It can be argued that, given the state of development of the food
sector ard the severity of Africa's foad prodens, the intengty of the effort should infact be
much higher than those in wedthier pats of the world. The ISNAR data also reveal
considerable grovwth in the stock of human agricuttural R&D capital in Sub-Saharan Africa
over the last 30 years, but the corresponding impoverishmenrt of these scientists. Overdll
spending per scientist has fallen by 2.6% per annumon average between 1961 and 1991.
Another source shows that totd spending per sciertist has fallenfrom$11.3000 to $75 000
between the 1980s ard the 1980s (in real terrs, see Ancersonet d. 1994).

However this paper is primarily concemed with broad intemational comparisons.
Even allowing for statistical deficendes, it would appear that the global distribution of
resources available for formd R&D is significantly skewwed both between the nich countries
and the MPCs, and anong the MPCs thenselves.  Further, the data on literacy and
education woud suggest that the dstribution of resaurces in other components of the
knowledge systemis smilarly skened There are vary little data available on the informral
research sectar, or even agreenent onhowto nmeasure it: this becones aresearch question
itsdf. Overall the evidence pants to a difference in formal knowledge resources betvween
MPCsand the rich countries that by some standards wwould be described as a gulf, not just
agap.

With respect tothe private ssaor conporent of formal R&D, the issue is not so much

theimbalance in the distribution but who controls it and how Itis likely that the degree of
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skemvedness is also extreme, possibly more so, since private sector investment in the
smallest and poorest of the MPCs is usually confined to the lkranch plant operations, in
which very little R&D takes place, if any. In the three dominating regions of the world
economy - East Asia ard Japan; North America; Western Eurgpe - albout 1000 majar
corporations contrd nore than half of the worlds manufactring and two-thirds of
intemational trade. Not only is the dstribution of private R&D likdy to follow a amilar
pattem, but to the extent that the caparate sectar dees invest in R&D in cther parts o the
world, the scope and drection of the research diten renrains largdy in the control of the
main headguarters. Arecent survey of researchontheinternationalization of R&D confirms
this, but alsopoints toa nunmber of farcesworking in favaur of geagraphic decertrdization,
such as proximity tomarkets andavailability of skills at lowcost. The sunvey also points to
neweviderceof atrend of many MLuiti National Corporations (MINCs) performingincreasing
amounts of R&D alroad (Granstard et al. 1993). Again, information is limited, but it
appears that thisis an issue of conaermto dl countries, not just to the MPCGs and touches
on the broader guestion of the integrity of nation states in controlling their ovwneconories.

We can condude, therefore, that there is a long 'tail' - in terns of nuTbeas o
countries - to the distribution of global knowledge resources.  Along this tail are up to 100
countrieswith very lowlevel s of knowledge resources in general and formal R&D resources
in particular; they are materially poor; they usudly have a reatively low share of
manufacturing in total production; and for the most part they are small ecornomies, interns
of pgouation ard resource base. If these characteristics are conbined with a nurber of

other factass, a case beagins to energe for a radically different approach to the kind of
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knowledge system that is gppropriate for these countries and to the ways in which
knowledge canbe praduced, gppropriated andusedfor develgprent. Thefirst factor relates
to the use - or rather misuse- of the term knowledge "systermt whenreferring to this group
of countries. The word inplies a degree of coherence and an evolution that has been at
least influenced, if not guided, by a sense of natioral purpose, iNdigernously cantrdled In
reality, the knowedge infrastructures of many MPCs resemble another set of examples of
saulptureby acaetion, ratherthan'systens'. They have beenconstructed over the decades
often first by occupying colonial powers and then subsequently by the usually
uncoordinated efforts of donor agendes, whose good intentions have rarely extended to a
wdllingness to subordnate the sandity of ther owwn progans and pdicies to those of the
nation statesthattheywere asssting. (Theyalso have usuallybeenreluctant tocdlaborate
with each other.) These extemal influences have frequently beenaccompanied by donestic
factors, ranging fram civil war and other nmanifestations of politicd upheaval to
unwillingness and/ar inability togive nnudh priority to science or research policy and rdated
matters. Corsequently the dharacteristics of internal coherenae, indigenous control and
relation to a national purpose are often defident and in some cases conspicuously albsent
in many VPG and the term knowledge "infrastructures’ is prolbaldy nore apt than
knowledge systems.

Secondy, there is a complex of factors surrounding the current state of science and
technology thensdves and their effed on knonledge produdion, appropriation and use.
The three maost important are power, pervasiveness and speed of change. The potential

powver of recent scientific developmernts in fields such as informatics, telecomnunications,
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material s scence and bictechnology needs no elaboration here. The fruits of such advances
pervade the international conmunity to anextent and at a speed of change, espedially on
the techrological front, such that what A Toffler called 'Future Shod' in the 1960s is now
virtually built into the present expectations of many. Research is nowas nmuch driven by
and dependent uponthese phenarema as it isa producer of them MPCs with rudimentary
knowledge infrastructures risk being at the mercy of the power and speed of changein S&T,
without at least a minimal level of capability to discriminate, choose, adopt and adapt. For
better or worsg, it is nowv scarcely cancaveble that any society can opt out and remain
inmune fram the pervasiveress. dealy the potertial costs in terms of loss of national

identity and global cultural diversity are high.

Athird factor relates to the question of scale and critical mass. It has been remarked
that many of the MPCs dong the tall of the skened distribution of krnowledge resources are
small countries. Assuming that the knowledge systemgap (or gulf) coud be bridged and
nubers of scientists, levels of spending on R&D, literacy rates, institutioral infrastructure
and so on could attain lewels equivalent to (say) the NICs at the present time, wwould the
resulting"systems' be workable? The implicit assunmptionis usually made that asmal MPC
like Honduras with a population of 4.8 million should devel op a knowledge system to that
of a rich industridlized nation, albeit a scaled down to size - one-tenth that of France, one-
fiftieth that of the USA At those levels, how many of the components would reach a
suffident size to fundion effectivdy? Little work has been done on this, but one study of
animal research indicated that progans in a nurbea of srall countries were bdow

productive levels of a reasonalde mocdel with respect to a nunber of measures of size
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(Daniels and Nestel 1993). This question is clearly related to those of the apprgoriate
balance amongthevarious conpanentsof the knowledge systent; regional cooperationand
national sovereignty; the compasition and hedth of the ecoromny; ard ahost of others.

If only one of these factars is prevaert, it is reasonable to exped that a functioning
knowedge systemcauldevolve there are sevard exanplesof small cauntries with healthy
economies ard flourishing systens. Howe\er, in cases where dl or nost of thempreval
at the same time: - current poverty; rudinentary knowledge infrastructure, with colonial
andor dona-daminated origns; below criticd mass and subject to the power,
pervasiveness and speed of change of extermal S&T, it becomes difficult to see how the
ewolutionary path and destination in terms o the knowledge systens o the large, rich
nations are in any way relevant to such courtries. It has also been daimed that, because
of the majar impact of the conplex struaurd adustent effarts of the 1970s and 1980sin
many MPCs including the larger ones, the nodels that can explain the technological and
innovation performance of ate industralizing' countries in the 1960s ard 1970s are
irelevant to curent circumstances (Katz 1994). In short there isa strang casefor avading
the assunption that the WWestern nockl is valid and adjusting it piecemeal as each factor
that differentiates the smal MPCsfrom the large rich countries becomes apparent. Rather,
these arguments point strongly to a need to approach the devdopment of gopropriate
knowledge systems in MPCs froma fresh perspective, with no priar assunptions albbout a
generally applicable nodel. Abowve all, the perspective should be indigenously inspired, so
that to the greatest extent possble, further evolution of each national systemis cenmard

driven.
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IV. A RESEARCH AGENDA

The first three sections of this paper have attempted a very broad look at some
agpectsof the place of research and knowledge in the devel opment process. The mainideas
uponwhich the examination has beenbased are: first, the importance of placing the formal
research activity in the context of the broader knowledge system in sodety and of keeping
knowledge itself in context, as one of a numieer of determinants of developmert; second,
the fragmented approach to Western science has enormaous power and undouoted
advantages, but must be increasingly conmbined with nore halistic, integrated thought and
action to address the dilemmas of human existence nore effectively; third, given the hugely
skewwed distribution of the worlds knowledge resources, at least in the formal sense, and
the indecent imbalances in terms of wealth and ecornomnic sovereignty, there is a need for
afresh, indigenously inspired approach to knowledge production and use, especially in the
simallest and materially poorest nations.

Arising fromthis krief study of the "big picture”, a nurber of further ideas beginto
emerge of areas of enguiry for those corcerned with dewelgomernt and the role of

knowledge. Afew ofthese are outlined belowas itemsfor aresearch policy agenda.

(1) Exploring the Contextual Links
Taking knowledge in thecontext of beingonre factar that contributes todevelopment,
the links between it and other factors become worthy o investigation.
= Underwhat circumstances can knowedge make anindependent contribution

to cevelgpnent?
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= How can knonledge be carbined with aultural andor spiritual fadors to
promote developmert, beyond the practice of participatory research
techniques?

= What fornms of governance provice the nost hospitabde environnent to the
effective use of knonwledge? To what extent are they cuture spedfic?

The relationship between research and the other conponents of the knowledge
system aso raises a nunrber of questions.

= What is the gppropriate balance anong the various parts of a knowledge
systemard does it vary acoording to the stage of devdopment?

» Is there ever a stage When the research conponent should be zero and the
enphags placed on (say) conmunication, praduction and marnagenent?

= Howv should the links between research and the other components of the

knowedge system be managed, particularly those with education andpolicy?

With research itself, the relationship between informal and formal research is relatively
unexplored and challenging. Howv are the two linked in dfferert socia settings? Is the
relationship positive or negative, ie. does a strong formal system erock the informal by
undenvaluing it? Has the inported formal Western system hanred informal research in
MPCs?
Finally, the links between private and public R&D offer a host of quedtions.
= Given that private sectar research orierts a range of discipglines towards a

COMNON purpose, are there mamagenent techniques that the public sector
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could learn fromit to pronote nore hdistic, prddlemsaving research?
= Howveffective insacid terns is the "market’ for researcher? E.g. is the price
paid by the private sectar for asdentist trained at public expense matdied by
an equivalent contribution to the public good?
= \What mechanisns can ke devisedto orient private ssdor innovation to"'win-
winnwin', ie. to areate employment, to protect the environment and to neke

a profit?

(2) Tailoring National Knowledge Systems
Thecasefor afreshagoroadntothe develgoment of indigernous” knowledge systems,
that goes beyond the usual scope of scence and technology palicy, has already been nade.

The particular case of the smallest and materially poorest countries has been highlighted.

Itis proposed that such initiati ves could entail the follovnwing:
= they should beinitiated and driven by the countries cancarned, yet basedonfull
intellectual partnership with extemal insti tutions and individuals:
= aoonplete inventory of all knowledge resources: publdic and private, formal and
informal, NGOs, community groups, with particular attention paid to knowiedge
praducing and ugng institution, and the relationships between them

= aformofindusive, multi-stakeholder processtocafirminitial data andaralyds,

“As applied here, the term means native to the countries concerned. It does not refer
to the original natives people of a country, although they would be part of any study.
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to generateinproved uncerstarding, tocreate and enhance partnershipsard to
prepare and agenda for action.
The initiatives would need to be suypported by studies and analysis of issues such as
economic developmernt gpportunities, locd govararce structures, scocid senvice
requirenments, composition and size of research institutions, and the fiscal oulook. The
initial premise of each initiati ve vwould be that there is nogeneric nocel andthat the object

wvwould be to tailor a knowledge system to the special circunstances of each country.

(3) Knowledge system innovations in large and/or rich countries

The array of potential innovations in the development of knowledge systems and the

understanding of howthey work could be enhanced by further study of policy and practice

inlarge, ich countries. The financing of research and other components of the knowledge

system, such as sdhools ard univerdties, is becoming nore difficut in marny countries.
Related to this is the balance and relationship betwween basic and applied research and how
they are raraged  Univarsity-industry linkagesare pramoted in various ways, but need to
be seen in the context of incentives avay from peer review and pudication and towards
practical application ard public profit. The explosive growth in conputer assisted access
to sources of information andto an infinitelywider caonmunity ofi ndividuals and insti tutions
itself condtitutes a field ripe for innovation. It also of course provides a mechanism for
debate and exchange of information albout other forms o innovation  Afinal exanple of the
many possibilities vwould be an examination of the various experiments with disciginary

integration, both in teaching and research, including the vertical integration with policy-
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mekers and users.

(4) Internationalization of research

This phenomenon provides bath aprarise anda threat, or aclassic opportunity for
the twwo handed econormist. On the one hand, the global nature of sonre of these threatsto
human existence, the inter dependercies that give force to the concegpt of abordedessworld,
and the power of information and communication technologies to foster effective
transnational dialogue and adion carbire to provde an urprececented oppartunity for
effective devdoprent initiatives by the world coomunty. On the othe hand, the
intemational financial markets and the major nulti-nationd corparations (MNCs) gperate
without alleganceto anyparticular national entity or reference to any conmrunity of nations.
To the extent that private s=dor research folows the sane independent path, it poses a
threat to national sovereignty and minimizes the possibility of orienting a significant
proportion of global knowledge resources tovwards dealing with issues, nostly related to the
natura environmenrt, but also including increasimgly pressing socid quedtions such as
enploynent. If it is acoegpted that the main deficiency is not in technical but in social
innovation, then probdem-saving research must be location spedfic, ie. real solutions have
to be tailored to - and by - the societies concemed.  This raises questions such as - what
kind of research can be usefuly peaformedat the intermationd levd? Howvshoud/can it e
linked to research that is specific to particular nations, locations and comrunities?

It can be argued that the prodens of development are sufficiently severe and the

knowedge resources todeal with themsufficiently scarce that a division of labour between
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aprivate sectar pusungcarparate prdit and a public sector dealing with the consequences
is ineffective and untenable. It is also an increasingly inaccurate sterectype, as the private
sector exhibits a growing and tangible interest in the public good, and the wwisdom of public
investments in terms of sodal profit is more frequently called into question.

As the need for intermational action grows, so it appears that the will to invest in
public sectar intematioral research is dninding  One of the best knoan exanples, the
Consuitative Group onintemati onal Agricultural Research, isattenpting to redefineits future
rde. Thisand other sectors require muchmoreresearchpolicy work, including relationships

and linkages with private sector research.
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CONCLUSION

These four broad items:

exploring the contextual links

tailoring knowledge systems for small, poor locations

studying policy and practice in larger rich cauntries

examining the intemationalization of research

provice the lkbegnnings o an agerda for research on research It is hoped that they will

stinmrulate others to anplify, arend, addard act. It should also be enphasized that these
are nat put fonnard as patential preacaupations for the intellecud elitesin one part of the
woild, as they muse in carfort over presaiptions far the less fortunate. The inperatives
of gldod interdgpencence ard the shared vunerablity of humanity are such that the
solutions must be sought on a conmon front.  Just as air, water ard finarcid markets
transcend national boundaries, so to a degree does knowledge. The old North-South, us-
them vocabuary signifies an inaeasingly sterile ard irrdevant cebate.  Joint ventures,
shared ideas and knowledge, based on nutual respect, are required nore than ever. They
must also transcend a perhgps even nore pemicious bourdary, that betvween the fanally
schooled and the untutored; betvween those whose business is in spedalized fields of
knowledge and wWho are sorretimes called experts, and those wWho are too often presuned
to knowvlittle or nothing and wwho are traditionally considered as pawvns rather than players.

Knowledge resources pernmreate all parts of all societies. Unless we reaognize this and until
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our stardards o socid innovation can catch up with our beguiling brilliance in technical

innovation, the gap between the practice and the aspirations of humankind will remain.



35

REFERENCES
Anderson, J; Pardey, P.; and Rosgboom J. 1994.  Sustaining growth in agriculture:
a quartitative reMew of agricutural research investnrents. In Agricultural
Econormics. Elsevier Science Publishers B.V., Netherlands.

Danels, D. and Nestel, B., ed. 1993. Defining critical mass - The case in aninmeal
research IDRC, Ottanna, Carada.

Dosi, G.; Freeman, L.; Nelson, R; Siveberg, G; Socete, L.; ed. 1988. Tedhnicd
Change and Econorric Theory.  Printer Publishers, London.

Galoraith, J.K 1971 Acontarpararygudeto econorrics, peace andlaughter. Andre
Deutchs.

Grandstrand, O.: Hakanson, L; and Solander, S. 1993. In Research Policy, val. 22.
Hlsevier Science Publishers B.V., Netherlands

Kapra, F. 1987. Tuming Point. Bantam

Katz, J. 199. Techndogy ecanamics ard late industrialization In the Uncertain
Quest. United Nations University Press, Tokyo, Japan. 238 pp.

North, Doudass L. 1994. The newinstitutional economics and development. Forum
OECD, 1992. Techrology and the ecornomny; they key relationships. OECD, Paris.

Salomon, Jean-Jacques, 1994. Modem scence and tedhrology. In the Uncertain
Quest. United Nations University Press, Tokyo, Japan.

Samuels, Richard J. 1987. The husiress o the Japarese State. Ithicaw Comell
University Press.

Shiva, V. 1989. Staying alive: Woimen, ecology and development. Zed Books.
London

UNDP, 1994. Human Development Report. Oxford University Press.

World Sdence Report 1993. UNESCO



