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-- 

... we shoul{ be a leader among all the donors in 

using scieince aid technoloj as the niost basic vehicle 

for change. That our business is Liie creation and 

transfer of roductive ideas should Lermeate each of 

OLU2 projects, ii,every secur ano every region." 

-- M. Peter >icPherson
 

ITRODUCTIO '
 

'1ransferring improved technoloyies is one of the most potent 

means available to AID for achieving its primary objective: 

promotine, sustained, broadly bases economic 
ruwti. It is,
 

however, v to ieasur, let
r1 difficult alone to stimulate -

the transfer of technologY. Differences ii estii,.,aces of labor 

productivity do offer crude indicators of the degree to which 

improved technologies have been incorporateu into nations' eco

nomiic systeis. 1/ These estimites indicate that labor is, on
 

average, asout 
tei times iiore productive in developed countries
 

tnan it is in developing countrie,. 
 So measured, the "technolo

gical gap" is greatest by far in agriculture (see Table 1).
 

I/ Diffetences ir laborLruductivity are not soikfly attribu
table to differences in tue ceiree to which 
more productive

technologiesill~esIar,: adopted.
thchnoiodctivat Furthermore, technolo-ical change
changi reales 
tim productivi,y oIe-,e combination of all inputs,
not just tabor inputs. lloever, for our Lurposes, Cn increase
 
in The productivity of 
labur is a useful indicator oi tne

tecniioiu<jical gap)" Liat :xiss between nati,(-s.
is tnerindicators inc.ude the 
verY small (a0ut 3.0 percLit) sLare of

GNP spent , ev eloping U1u1riosun researcll and development,

tie ii2ited r o t 1nuib (1L p r0,00 persons) of scientists 

.cii ... iu
and mg irieer s enjaijed In r .. deveiogi.ient ii develoDi ,9coutr ies, aid ver (t ofthe 2 ercent w,*orld's total, of-.;nich Cw 
 prceit are held bi ,eigners) existing :atents
 
grant d b, develupina YountLies 'ee UNCT'AD Secretariat,

planinl for the Technological Transformatio ofDe;eLo Qinq
Countries (!,Y: United Nations) 1981, p. 59. 
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Table 1: GDP by Sector, '2er I-ead of
 
Economically Active Population, 1975
 

Deveioped Developinj
 
Countries Countries 
 Ratio
 

(us$) (U2J;) (i)/(2)

Sector (I) (2) (3) 

Agricuiture 5,190 430 
 12.2

industry 14,230 2,370 6.0
 

mining 17,810 9,220 1.9
iV.Ea ufactur in9 13,640 1,870 7.3 
Consumer Goods 1/ 10,600 
 1,290
 
Intermediate
 
uoods2/ 18,720 3,250 5.8
 

Capital Goods 3/ 14,960 
 3,070 4.9 
Electricity, 

Gas ai.d Water 36,430 7,270 5.0 
Services plus 

Construction,
 
Transport and
 
comunications 12,610 2,650 
 4.8
 

Total 12,290 1,230 10.0 

l/ ISIC Divisions 31, 32, 33, 34, and 39.
 
f/ ISIC Divisions 35 and 36.
 
_3/ ISIC Divisions 37 and 38. 

Source: UNCTAD Secretariat, Planning the Technological

Transformation of Developing Countries, (W'Y: 
 United Nations)

1981, t . 20
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Bridging the technological gap means iincreasii", in a sus

tainable manner, the productivity of labor. 
 But long term effort,
 

to increase the [roductivi t of 
labor often coliiue with short
 

term concerns about tc ij icail ) 
induced 
 u 2/netuioynl>. 


This is the "fundamental dilemma" of Lechnology 
transfer: in the
 

lo, run, raising average labor 
productivit y increases total
 

output; 
in the short run some people may ue naue worse off than
 

aefore. ,Ihiie the introduction of improved technologies will
 

increase the 
abysmaily low prodctivit of lawor in developing
 

countries it must not Do 
 Allowwd to exacerbate the alarmingly high
 

jeveis of umumploumcnt du underemploymeLant of labor also character 

istic of these countries. Confronting this fudamental dilemma in
 

a forthrignt and sensitive manner 
is the Key to "using science and
 

technology as 
the most basic vehicle for cnanqe."
 

As little as 
a decade or two ago, experts argued that devel

oping countries easily could 
take advantage of the technological
 

experiences of the industrialized countries. 
 The existing "shelf
 

of techinologien" containeu equipment and expertise from which
 

6eveioeiho couitries oerel, 
needed to choose. it was ,iuely
 

assumed that developing countries could jeapfrog 
historical
 

evolution by attaining economic take-oft 
in a fraction of the time
 

tnat Western nations hau required and at a fraction 
of the expense
 

2/ See AID's forthcoming policy paper on employment.
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involved. The world was confident that technologies needed for
 

development were :eadily available, perhaps with minor modifica

tions, and that tie Ka~uL problems of te.chnology policy involved
 

establisiing a 5road infrastructuro to support scientific re

search. Adaptation and productive of
use imported technologies
 

were presumed to follow automatically. This presumption has
 

proven false.
 

History is filled witN examples of inventioins Lest exploited
 

by nations that did not generate those inventions. As is well
 

knowil, three Key inventions, viz. moveable type, yun powder, and
 

the compass, contributed (ramatically to the development of
 

Europe. 
 Europeans fully e:ploited these three inventions; none,
 

however, originated in Europe. The capacity to acquire new
 

tecnnologies watever their origins is an important part of the
 

development process.
 

However, this capacity is not easily built. The eztensive
 

academic literature on the choice of technology identifies a
 

numbei of complicating factors including distorted price sig

nals, poor information flows, and otherwise imperfect markets.
 

Furthermore, since these "aiready available" technologies
 

reflect the factor scarcities of the industrialized countries
 

in which the, originate, they may not be easily adapted for 
use
 

in developing countries.
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Clearly, the adaptability of any particular technology
 

depends heavily on tihe social, institutional anu physical
 

systems on whicii it is imposed and with which it 
interacts. 3/ 

AID p~aya special cttent ion :o the adaptati ni of existing 

technologies that appear likely to a powerful positivehave 


impact on dvepotmet. Te"imor tance continual
of tecinologi

cal adaptation 
cannot be overstated. While the assimilation of
 

a tecInulogy newly imported from aurac is a major technologi

cal cnange, case study research demonstrates that the subse

,uent, ,radual imerlovement in the productivity with which the 

technolog, is used is the source of technological mastery. 4/
 

it is clear that technology transfer Uy J.tself does not neces

sarily lead to technological mastery. Without technological
 

mastery, tae entire technology transfer process remains
 

incomplete. 

3/ Some teciniologi2s overwhelm local cultures. The initroduc
tion of steel axes in a stone age Australian society led 
to
cultural chain9cs that virtually destruyed that society. 
 See
 
Sharp, Lauriston, "Steel Axes 
for Stone Age Australians", in
"picer, Edward Ii. (ed. ) Hluman 
Problems in '1echnoiogicalChange

(NY: 1'ussei Sage Fouiidation) 1952. 
 Some cultures overwheil,
seemingly valuable tecinologies. The effort to sell in the

U.S. an analgesic-antacid pill tiat "works without water"
faiied because headache sufferers in this culture unconsciously

associate water 
with a cure; they " .. hiau no confidence in a

tablet that dissolved in the mouth." 
 See Rogers, Everett M.,
Diffusion of innovations ( Y: Free Press) 1982 123 
adapteci from Schorr, "The Mistakes: Many flew Products Fail 
Despite Careful Planning, Publicity", Wall Street Journal, 5 
April i961, pp. 1, 22. 

4/ See Dai iman, Carl J. and Larry estphal, "The M-leaniny of±ecniiological Mastery Relation Transferiii to of Technology,"
Annals of the American Academy of Pulitital and Social Science,
453, 19o1, pp. 17-18. 



The Definition of Technology 

For tins Ar poses of tIis paper, "technology" is defineu as a 

body of knowledge about techniques. "Techniq(ues" are methods of 

7roducin., goods ",&i JeLvices. Ai "improved chiqWe" inivulves 

a change in the quality or quantity of the inputs actually used 

in prouctioii, a change in 'Lie mba.. oraflizin tiiose inputs, 

or a change in the nature of goods and services produced. 

Tue word "rclhInoIog" ebraces software us well as nardware. 

STechnolog y" is embodied in equipment anu expertise. The equip

ment includes veiicles, i_,~iio Liacniiior,,tie process, and 

technologies incorporated in intermediate gJoods. For example, 
sugar mill owners may 1Iicrease t, i profits oy ado tin im

proved cane crushing machinery. The expertise includes manage

menr skills, knowledge of production processes, and organiza

tional knowhow. For exartiple, farmers may increase their market

able surplusses K chuani1 only their ploughing patterns. 

The word "technology" also conjures up images of large,
 

"technology intensive" iianfactur ing iiiustries such as steel and 

petrochemicals, or of "higitech" firms such as those in the 

coruter aniio biojentic enginee.inj [osinesses criticalBut tlie 

probiems in developinj countries cry out for the application of 

technologies suitaLle for small scale farmers, small scale in

dustrial entrepreneurs, petty traders, and poor people
 

generall . 
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The technology transfer process must 
se viewed in systemic
 

terms if it is to be understood. The technology transfer
 

process is complex. in avriculture, for exanyle, it embraces
 

research professionals, extension agents, and farmers. 
 In more 

abstract L-r<s, it embraces the generations, diffusiun, and 

acquisition of technolog, . These three components of the
 

technoloyi transfer process define 
tne analytical franework of
 

this policy paper. This framework is discussed in detail in
 

Section !I!, below. 

The Importance of Policy
 

Administratively deternined prices distort matkets for
 

technoloyy just as 
they distort all other markets. An over

valued domestic currency encourages producers to import tech

nology rather than to use local technology. Artificially high
 

wage rates encouruje pLoducers to a~uut social±1 inefficient, 

capital intensive production techniques. Artifically scarce
 

workin capital limits the technological options available to
 

producers. Restrictions on competitive economic behavior dull
 

the development of entrepreneurial skills and the attendant
 

continuing search for new technologies that increase producti

vity ano eiwance product quality.
 

Examples abound. 
 China promoted woefully inefficient back
 

yard blast furna.ces as part of tnu Great Leap Forward. M]odern
 

plants operate at a small 
fraction of their capacities A,; a num

ber of d'veiupino countries. Entrepreneurs operate lucrative
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local monopolies behind protective tariff barriers. Rusting
 

hulks of imported earth moving machinery dot the lanuscape in
 

many developing countries as mute reminders of 
the ways tnat 

"cnea" for cigh ez:cna1!(e usuly is IInisusd. In .ani countries, 

efforts to encourage local :anufactures by restricting competi

tion reSULt in seilLrs' mLIrLets In the incenties to use 

labor (abundant and inexpensive) rather than capital (scarce
 

and expensive) are weakened. 

Aithoughj these problems all appear to be tec:i iolujical pro

blems, they are in fact more deeply rooted in policy decisions. 

'Tue 15 years since the Uiiited ',ations Conference on 

Science, Technology, and Development in Geneva have
 

taught us that wiat seemed at first to be technolo(ical 

obstacles to development frequently turn out nn closer
 

:eamination to h-ave been policy foilures. 5/ 
Having identified what appears to be a technological pro

ulem, AID must first pursue tle [ossiiit i tnat the technolo

gical problem is 
but a symptom and that the police framework is 

the diseas Only after uLvinq thoroughl i explored the policy 

framework will AID engage in activities linked to specific
 

issues in technology tranisf.er. 

5/ Weiss Cnarles Jr, Mobilizing Technology for Developing
Countries, Science, "3U, 1979, p. 106j . 

http:tranisf.er
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TIE POLICY FRAMEWCRK 

AID policy must be consonant with overall U.S. government 

policy. This section presents a brief summary of that policy 

and pr-vides Le frmwworK for AID's technoloyy traisfer 

policies.
 

Putative measures of the outwaru flow of technology from 

the U.S. all tell a similar story: technology flows from the 

U.S. to AID recipient countries are snail compured to overall
 

technology flows from the U.S. 6/ For exarple, one 
 measure of 

U.S. twcEolo% flows is "fees and rojalties received from
 

foreigners." In 1981, 
flows allocated by geographic areas were 

$7,521 million. 7/ Of this akount, only $1,590 million in fees 

and royalties originated in Asia, Africa, and Latin America. 

The vast majority of this share originated in non-AID recipient 

countries (e.g., Lexico, Brazil, Venezuela, Argentina,
 

Singapore, South ,orea) 

Another measure is "plans for expenditures by majority 

owned foneign affiliates (POFAs) of U.S. companies." In 1983, 

plans fir capital ex enitures of WiOFAs in technology intensive 

6/ These " urativu measures" include, inter alia: Zees and 
royalties received from foreigners; overseas capital expendi
tures b) U.S. companies in technology intensive industries; the
value of education and trjtinino provided to foreigners in the 
U.S.; d06 ,:.,urLs of macniner, and equipment rom the U.S. 

7/ U.S. Uu>:r rment, bLud; Lm-nt uf Commerce, Survel of Current 
wusines, Qj1 , u2, 9, pc. 34-69. The negative flows to
"International Oroanizations and Unallocated" have been ignored. 
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ikanufacturino industries (basically capital goods, e.g., 
machin

ery and transportation equipment) amounted 
to $10,579 million
 

(about 23% of all planned capitai e.:pnditnrea by MOFAs).
 

Developing countries accounted for 
only $1,500 million. Again,
 

toe vast majority was in non-AlD recipient countries; only 

about three percent of the capital expenditures by MUFAS in 

technology intensive munufacturino irdutr.iea are planned to
 

occur in AID recipient countries. S/
 

It also may be rnoted that U.S. o:norts of goocs and
 

services ($105,740 million in 1961) 
are about fourteen times
 

greater tuan tecaoogy exports measured b. "fees 
ana royalties
 

from foreigners". Tecinology transfer issues normai.ly are
 

raised in 
the context. of denates on trade policies. it is not
 

surprizing that official with
concerns technology transfer
 

normally ace domi aed 5y concerns vi 
ailarger Lra.e issues. 

Furthermore, just as trade issues dominate technology transfer
 

issues, so do technology transfer issues involving non-AID
 

recipient countries dominate technology transfer issues
 

involving AID recipient countries. 

The Foreign Policy Context 

!"e iLILtiltoral trading systemi established after World War 

II increasingly is turning into an extremely complex system 

based on bilateral agreements. In the U.S., high unemployment
 

3/ U.S. Government, Department of Commerce, op.. cit., 
p. 46.
 

http:normai.ly


rates spawn a rash of protectionist sentiments; exports are
 

viewed witn favor, imports (under tiie slogan "exporting jobs")
 

with alarm. Severe financial problems make earning foreign 

exclaioje Joubly iuyrtant; deveioping countries ini pdrticuiar 

want to promote exports aid otherwise earn foreign exchange. 

The move away from the multilateral trauing system is best 

signaled by the proliferation ot bilateral "self-restraint"
 

ajreements on so-c~lied "sensitive prucucts" 

Nonetieless, the cornerstone of U.S. policies technologyon 

transfer contiinues to be a commitiient to the ,rinciLles of free 

trade. The result has been a market oriented approach to broad 

guestioiis of trade with, and therefore of tecnnolo<jy transfer 

to, foreign nations. At the same time, the U.S. government 

does intervene selectively in traue flows. Foc example, the 

U.S. government frequently restricts trade outflows on an ad 

hoc oasis justiied on strateaic grounds. Usually these 

restrictions involve goods servicesor that embody advarnced or 

leadin edge tecnroiogies, military tecn,iulgies, and dual use 

technologies. Typically tne restrictions involve trade flows 

to the Soviet Uniion or ot~ier COMECON countries. 

The U.S. government also intervenes by ,romoting trade 

flows. institutions sach as OiC, TDP, i;,Lank, cnnc the 

Department oL Commerce operate export promotion schemes. These
 

schemes may of er credit (or otier services) to U.S. exporters 

at relatively soft terms, or offer financial guarantees against 

specified risks of fDreign investiieit. 
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U.o. government efforts 
to encourage -- or to discourage -

investment flows tell essentially the same story. The general 

policy is bases on a free market approach. However, in a con

text of constraineu official assistance, the U.S. government is
 

placing acditional emphiasis on stimuli"ting private investment
 

flows to developing countries. For example, the U.S. government 

is negotianing bilateral investmeint treaties with a number of 

developing countries. These bilateral treaties may cover
 

tendentious puints suc" as the repatriation of capital. They 

recognize the host government's right to exclude foreign
 

investments from areaskey and to expropriate an investor's
 

assets with compensaticn, 
 and th y include language on te
 

arbitration of disputes. By establishing clear Ouidelines, 
 ind
 

thereby reducing uncertainty, the U.S. government encourages
 

U.S. private investment in (eveopinj countries. 

The 	 Deveiomiri :0_LjnLrkContexL 

The developing countries are usefully classified in a 

number of dififerent ",ays. !he newi. industrializing countries 

(NICs), and those oil exporting developing countries running 

balance of p~ywents sur~lfusses, gnierally are interested in 

obtaining modern industrial technologies. These tecihrinogies 

tend to Oe proprietary and involve pteiats on clusely' helu 

know-how; they often are most efficiently transferred by 

multinational corporations. U"derstanuabliy, NICs an6 oil 
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exporting developing countries emphasize issues such 
as
 

transfer price, quality, and product reliaoility. These issues
 

frequently dominate international discussions of technology
 

transfers to deveiopin g countries.
 

Other developing countries, especia.'y AID recipient
 

countries, are more likely 
to be interested in new (to them)
 

agricultural technologies. They are likely to be more
 

interested in 
improving the oasic educational skills of, in
 

overcoming fundamental health problems of, 
and in providing
 

juos for, tnieir people. However, AID recipient countries 
are
 

not homogeneous.
 

Accordingly, AID will follow a 
"two-tier" technology
 

transfer policy. In 
the poorer countries, AID will seek to
 

estaolish and strengthen the indigenous capacity to 
assess,
 

adapt, and aquire technologies; to improve technology delivery
 

mechanisms (especially market mechanisms); anj to upgrade
 

traditional technological practices. Basic skills and
 

education training programs are 
especially important. These
 

activities will emphasize agriculture and related businesses.
 

In tne richer countries, AID will seek 
to establiso links 

between scientific and technological i:stitutions in the 

developing country and in the U.S.; to encourage the use of 

market based technology diffusion systems; and to adapt proven 

technologies Lo local conditions. Management training programs 

are especially important. In sets ofboth countries, AID will
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emphasize the role of commercial markets and will seek 
to
 

stimulate greater demand for 
improved technolooies.
 

AID will build on the special strengths of the U.S. as a 

donor nation. Accordingly, AID will emphasize technology 

transfer efforts in 
agriculture and agribusiness. 9/ The entre

preneur, builuing 
a small business in industrial or in service
 

fields, based on his or her own ingenuity and in response to
 

profitaole oppurtunities, is as important 
a part of the U.S.
 

heritage as is the independent farmer. 
 AID 	also will emphasize
 

tnis weil-knowii success story and hel, transform the small
 

businesses in developing countries just as AID has helped
 

transform developing country agriculture.
 

A.I.D. 	Policy Context
 

The Foreign Assistance Act 0f 1961, amended, (FAA),
as 


establishes the four 
principal goals of U.S. development policy.
 

The FAA also recognizes the role of technology, and of the
 

technology transfer process, in 
achieving these four principal
 

goals. The FAA explicitly links the problem solving capacity
 

of technological change to the alleviation of poverty, expli

citly defines the key functional areas 
(small farm agriculture,
 

health, population, education, energy, and so 
forth) in which
 

AID's support for technology transfer is 
uest concentrated, and
 

explicitly describes the 
kinds of technologies (small scale,
 

9/ 	See 
the forthcoming Agency policy determination on
 
Agricultural Technology Transfer.
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labor intensive) best suited to 
the tasks at hand.
 

Several of AID's 
new policy papers refer to technology
 

transfer. In the 
 "Private Enterprise Development" policy paper, 

AID discusses the inappropriate iiatuLre of Tany innovations 

developeo in the industriaLized countries, the importance of 

adaptin.g availiule t_-chnolojies to locai conditions in tie 

developiny countries, and the typically thin capacity in those
 

countLies to ciioose or to adapt technology. InI tile "Instittiti

tional Development" policy paper AID eimiphasizes the links 

coniiecting technolojy producing institutions and user groups.
 

The market is, of course, such a link. In the "Food and
 

Agricultural Develup;ent" policy paper, 
AID emphasizes support
 

for the identification, transfer and adaptation of existing
 

appropriate tecnnologies and for 
research into the application
 

of new, improved technologies, in the "Domestic Water and
 

Sanitation" policy paper, 
AID discusses the importance of
 

selecting and adapting technoloyies that 
"fit" into the social
 

and cultural as well as the pliysical setting. AID pays parti

cular attention to software technologies in water and sanitation
 

projects. In tihe "Population Assistance" policy paper, AID
 

observes that family planning delivery systems are themselves
 

technologies, 10/ and that the U.S. has 
led the way in
 

10/ 2hi point nas general validity. Technologj diffusion
 
mechanisms are th~-selves technologies and are subject to

technological change. For example, efforts to build grass

roots water user associations may mi.ake 
possible the efficient
 
delivery of irrigation water to smiali scale farmer .
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developing, testing and disseminating those systems as well as 

the contraceptives they deliver. In the "Basic Education and
 

TechnLcal ;o-ning"paper, AIDLoicy discusses radio and other 

media based training systems that are cost-effective means of 

attaiiigy sPeciric learnirig objectives. 

AID evalUation documents contain a number of findings 

relevant to thie uevelopibnt of techiiology transfer policies. 

The backgruund pape- fOEr AID's May 1983 Irrigation Conference 

concludes -hat donors can help LOLild the inistitutional capacity
 

of indigenous organizations to adapt technologies in order to 

solve local proL)lems that chiange over time. Tnis kind of 

institution-building should be fully incorporated into overall
 

project design from the bejinniny. 'Ihe program evaluation
 

summary on AID's experience in agricultural research observes
 

that tie tecinologies promoted by AID too often failed to
 

alleviate the particular constraints faced by small farmers and
 

so adoption rates by small farmers are lower than anticipated.
 

The summary also observes that price or producti-n incentives
 

often are inadeguate to stimuilate tile adoption of 
new arid
 

otherwise appropriate technologies. The summary of AID's
 

experien,,ce in coNImunity water supply strongly emphasizes issues
 

involving technology diffusion including the importance for 
AID
 

project desi.,ers of detdiled understanding of the local social, 

ultural, political and economic factors that influence acquisi

tion. The rural roads evaluation summary also emphasizes the 
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importance of understanding the local conditions and the
 

importance of a good 
"fit" between the technologies and the
 

prospective beneficiaries involved in a given project.
 

The thrust of these and other evaluation reports is clear. 

Most of AID's technology transfer problems flow from a weak
 

understanding of both the difrusion and the acquisition 

processes and of the factors that influence those processes.
 

AID must increase its understanding of now these processes work 

and how AID can most efficiently stimulate the diffusion and
 

acquisitioii 
of suitaoly adapted, productive technologies in 

developing countries. 

COMPONEN TS OF THE TECHNOLOGY TRANSFER PROCESS 

This section provides AID's analytical framework used for
 

addressing technology transfer issues. There are three
 

components. Briefly summarized, they are:
 

- The generation of new technology, which includes pure 

anu applied scientific researcn, engineering, and 

producc development and which results in a technically 

sound product or process; 

- The diffusion of technology, which involves princi

pally the adaptation of a technically sound product or 

process to fit local cultural, economic, environmenLal, 

political and social conditions and whici results in 

the widespread availability of that adapted product or 

process. Technology diffusion typically is effected 



through institutions such as the commercial market or
 

an administrative extension system; and
 

- The acquisition of tecIiiology, which implies that the 

final user of the technology is an active participant 

in a self sutaining tecanolojy transfer process. 

Generating New Tecihnolog 

The generationi of new technology typically proceeds through 

a series of incremental adjustments in methods, maciines, and 

factor inputs. These adjustmentcs can have substantial effect 

over an extended period. 

Tne Green Revolution has demonstrated that technical change
 

in agriculture depends on 
far more than a single breakthrough
 

in, for example, plant breeding. A sinLie breakthrough often
 

signals little more than the establishment of a new, somewhat
 

higher but essentially static plateau of poverty. Only a
 

system tnat is capable of generating a cootinuing system of
 

improved technoloyies can lead to self-sustaining economic
 

growth.
 

A less well known example of the importance of incremental
 

technical adjustments is the body of work 
on labor intensive
 

civil works construction methods. The preliminary conclusions
 

of early studies on this topic were not favorable; labor
 

intensive construction meteiods were tec~inically but not
 

economically sound 
even at very low wage rates. Subsequent
 

studies led to ways of improving the productivit of
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traditional lauor intensive tasks. The result of 
this second
 

effort was remarkably fruitful: through a large number of
 

small innovations, such as assuring 
 that unskilled laborers
 

have simple and effective nand tools, labor intensive civil
 

works cpstruction methlods now are regarded 
 as economically
 

sound under a broad range of conditions.
 

These two exapples underscore the importance of institu

tionalizing the technology generation 
 grocess and the importance 

of a ion, term commitment to tue generation of new technologies. 

For exaimple, AID has provided supprt to the International Rice 

Research iIsLitute's etifor ts to design simple farm mechine-y, to 

fabricate prototypes, and to encourage small machinery firms to
 

mainufacturv 
 and seli that machinery commercially. This extreme

ly complex activity is a long term effort involving far more 

than tue Oeureration of technicaili sound new farm machinery. 

The principal justification for public support for 
the
 

generation of nuw technology is the familiar "public goods" 

argument. 11/ Social returns 
to activities that generate 

innovations normally exceed private returns, often by a large 

amount. For example, Mansfield calculated the median social
 

li/ 
See the Agency's Private Enterprise Development and
 
Recurrent Costs Policy Papers.
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and the median private rutes of return for 37 U.S. innovations. 

The social rate (70%) was almost 
triple the private rate (25%).
 

Such data strongly suggest that the case for public suLsidies
 

for applied researci and development work is strong. 12/
 

Related 
 data also strongly suggest that very few innovations 

fail for purely technical, engineerinj reasons. In a study of 

innovations that failed, ,. yers and Sweezy concluded that the 

principal problem was manacement error. 13/ Close attention to 

tne finanicial aid economic analysis of prosLrective innovations 

is crucial.
 

Research and development can be expensive. However, it is
 

far more expensive to turn a technically feasible (potential)
 

innovation into a commercial success than it is to turn a good
 

idea into a Lechnically feasib] innovation. Most of the costs
 

and most of tie risk:s involved ii jenerating new tecntiolojies 

are incurred after 
Lechnical feasibility has been demonstrated.
 

12/ .iarisfield, Edwin, "How Economists See R and D," Harvard 
Business Review, Nov.-Dec. 1981, pp. 98-106. Manfield cites 
the case of an new type of threid that permitted higher sewing
machine speeds. In turn, higher machine speeds led to cost
ruraiictions by jrient mianufacturers. For tnis innovation the 
social rate of return was about 300 per cent; the ,ivate rate
 
of return was only ii per cent. 

13/ 
See Myers, Sumner and Eldon E. Sweezy, "Why innovations 
Fail, recnllnolof ' Review, 80, D, [;arch/April 1978. 
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These latter stages typically raise important issues such as
 

purchasiin, production, and marketing, issues best resolved by
 

people 
trained in the social and management sciences rather than
 

people trained in tLhe natural sciences. The suonier these kinds
 

of people are 
involvea in, and have decisive control over, the
 

innovation process the more efficient that process is likely to
 

be.
 

One of AID's principal advantayes over other donors is the
 

scientific knowledge lodged in 
the U.S. academic and business
 

communities. AID 
is committed to tappi"j the scientific
 

capacity of the United States. ay building closer relations
 

with these U.S. communities, AID professional staff 
is better
 

able to 
identify prospective and emergent technologies of great
 

potential value to 
developing countries. By contributing
 

financial support tu 
specific scientific activities not
 

otherwise expressly lintended for applications in tne developing
 

countries, AID is able leverage its
to resources and turn the 

attention of US scientists to helping solve development
 

problems. AID, of 
course, will continue to strengthen its
 

current programs with the academic and business communities
 

such as the collabo:ative research support programs with U.S.
 

Title ,ii universities. AID will continue to fund a small
 

number of scientific research projects in 
carefully selected
 

topics of particular importance to developing countries.
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Diffusing Technology
 

Ther-e are two principal metaphors describing the diffusion
 

of technology. The first reduces to a cliche: "build a better
 

mousetra. nu the world will beat a pat i to your door." The 

mousetrap metapihor emphasizes competitive market mechanisms for 

diffusing tecunology. The second ietapnor looks to puulic 

diffusion mechaniiisms and takes as 
its model the agcricultural
 

extension system. 

,arkets and extension systems work reasonably well in 

developed countries; each has been carefully refined over 
time.
 

Neither invar iabiy works well 
in developin, countries.
 

In the poorer countries, markets 
are thin. Transactions
 

costs are hig.1. Monopolistic and oli,,opoiistic behavior, often
 

permitted or even 
encouraged oy government regulation, is
 

common. Prices vary according to consumers' social status 
and
 

other "non-market" variables. 
 The range of alternative goods
 

and services -- substitutes and complements is
-- sharply
 

limited. In general, markets work; however, fully competitive
 

markets are not 
coii:uon and often function erratically.
 

Problems plague administrative technology diffusion
 

mechanisms as well. Agricultural extension systems have proven
 

reasonably sucessful at 
reaching the relatively large
 

landholders who are the local rural
part of el.ite. It is more
 

difficult to adapt or restructure extension systems so that new
 

technologies reach the poorer 
farmers. The agricultural
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extension, system provides the basic model for health, education 

and family planning outreach systems, which generally suffer 

fromi similar proulens. 

Comtttive mari<et systems typically allocate resources 

more efficiently tiuan do administrative systems. AID will 

offer assistaiice that supports marKets and that helps markets
 

work more competitively, particularly markets 
involving
 

iiiproved t*:chnolojies.
 

Many of the technologies AID heips transfer are in agri

culture and in services such as health, family planning, and 

education. A small, if growing, snare is in industries. The 

conventional wisdom is that technology diffusion 
in areas of 

particular importance to AID (agriculture dnd most basic 

services) are dominated by administrative mechanisms; in areas 

of lesser ini.,ortance to AID (industries andj some services, 

e.g., financial services) tecnnolugy diffusion systems 
are
 

dominated by market mechat.isms.
 

There is some 
evidence that supports the conventional
 

wisdom. AID policies, however, are based 
on two key observa

tions. First, while administrative diffusion mechanisms often
 

are critically important in reaching the production, consump

tion,. and other: goals of a comprehensive agricultural strategy,
 

in no country has an effective administrative diffusion
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mechanism stood alone. 14/ 
 Years ago, in the U.S., numerous
 

private meciianisms both complemented and provided competition
 

to the public adminstrative system. Commercial agricultural
 

processirig firms, 
raii-oau companies, L)usinesses selling
 

agricultural inputs, and mail order supply houses all 
formed
 

part of the larger comprehensive network of technology 

diffusion systems. Lion-profit institutions such as county
 

fairs, otlier tormal and infor-mai institutions such as 4-iI clubs 

and the Grange, and word-of-mouto transmission of the results
 

of the demonstration plot e;xper 
 ets of innovative farmers all 

were important in the AIlU.S. projects that emphasize an
 

administrative diffusion mechanism to 
the exclusion of comole

mentary or competing alternatives will fail to 
take advantage
 

of the syibiotic relationships involved. It 
is AID policy to
 

explore actively private alternatives to administrative tech

nology diffusion mechanisms and to encourage competition among
 

different systems. 
 In this way AID can best assist developing
 

countries build more efficient technology di.fusion systems.
 

14/ "A number of 
writers have pointed out that agricultural

extension services which proved so 
effective in Europe and the
 
United States have failed in the less developed countries
 
because the supplementary goods and services providrd by the

market in western countries were not available in 
toe LDCs."
 
Ellis, Gene, "On Development from Below: 
 Serve the People or
7et the People Serve Themselves," Department of Economics,
 
University of Denver, mimeo, no date, p. 20 
(footnote
 
suppressed) .
 



Second, while markets are especially important in diffusing
 

proprietary technologies typically associated with industrial
 

activities, technology markets in industrial sectors of special 

interest to AID have some peculiar features. In particular, in 

manufacturing 

... product areas as diverse as clothing, food 

processing, and furniture, the transmission of know

how and the operational tricks of production, are 

likely to be unimportant. Most of the products have 

been in x istenaw fur a long tine; the combination of 

information available from capital goods producers, 

freely available trade knowleuge, and occasional
 

consultants can provide the basis for efficient
 

production. 15/
 

Under these circumstances, there are two effective ways to
 

stimulate the diffusion of technology. They are, first, 
to en

courage private producers of relevant goods and services 
to
 

establish effective marketing systems within developing coun

tries, and second, to encouraye the transfer of technologies
 

that are peripheral to those involved in "the operational tricks
 

of productiop." 
 Both underscore the importance of understanding
 

15/ Pack, Howard, "Technol.ogy and Employment Constraints on 
Optional Performance," in Rosenblatt, Samuel M. (ed.)
Technology and Economic Development: A iealistic Perspective
(Boulder, CO: Westview Press) 1979. 
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the various technology transfer mechanisms already in place be

fore design project interventions, and of building institutions
 

tiat support tie 
adoption of market based solutions to problems
 

of developmeiit.
 

Interinational technology transfers are 
heavily influenced by
 

the legal and policy framework. That framework defines, 
for
 

exaiple, the nature or management and other licensing agree

ments, ano transactions involving patents, trademarks, copy

rights, and trdde secrets. In addition, developing countries
 

often inhibit the use of imported technologies in food, miiedi

cine, national defense, and other 
areas regarded to be in the
 

public interest. The incentives for U.S. firms to engage in
 

technology diffusion activities is accordingl reduced in these
 

areas. AID can provide meaningful assistance to devel Jping
 

countries by anaiyzin1j t1he legal andi policy framework witihin 

which inter nationaal technology diffusion occurs. Simi lar 

investigations of the legal framework affecting wholly
 

indigenou; diffusion 
 also merit support. 

Tue tec~no iaLsorptive cdpacity of most developing 

countries is very limited. The phrase "absorptive capacity" 

usually is taken to rreer to scientific ano tnineering 

institution2 such as universities, research laboratories, 

engineering facilities, 
technical training institutes,
 

industrial standards organizations, and the like. 
 AID will
 

continue to help strengthen these kiids of institutions.
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However, the absorptive capacity in most developinj countries
 

is limited primarily by the tentative connection between the
 

scientific and technological institutions of 
a country and the
 

ability of that country's private sector 
to turn technical
 

knowledge to socially productive use. It is area
this in which 

AID can make its yreatest contribution. 

AID explicitly recognizes that the technological absorptive
 

capacity of a country is not usefully defined solely in terms
 

cf its ability to conduct scientific research and applied
 

engineering activities. A new technology will not be broadly
 

adopted unless suitable -- and ostensibly non-technological -

institutions are 
in place and working effectively. These in

stitutions are 
formal and informal, modern and traditional.
 

They include institutions that provide short term and long term
 

credit, managerial and technical training, 
raw material and
 

intermediate inputs, marketing services, maintenance and repair
 

services, information, and 
a host of other goods and services.
 

Accordingly, AID will 
support not only scientific research and
 

engineeriilg institutions but also those ostensibly non

technological institutions, formal and informal, modern and
 

traditional, that provide the supporting goods arid services that
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directly facilitate techinology diffusion through markets. 16/
 

Acquiriny Technology
 

Ac-uisitioi is 
the forgotten act in technology transfer 

process. The prospective acquirer of a new technology too 

often is ignored because he, or she, is not the key decision 

maker.
 

Even where the prospective acquirer clearly is the key
 

dec .sion maker, development planners and foreign assistance
 

acencies pay far too little attention to that individual. In
 

his massive study of a number of International Executive
 

Service Corps (IESC) projects, Wallender found that the key
 

obstacle to absorbing technology in developing countries is 
the
 

lack of managerial skills necessary for 
problem diagnosis and
 

planning. 17/ The kind of industrial and service firm -- small
 

16/ As many ouservers nave 
noted, what is usually most urgently

needed in developing countries is not increased capacity to
an 

generate new or 
adapt existing technologies but an increased
 
capacity to turn 
both existing and new technological knowledge

to commercial or other 
socially productive advantage. There
 
are countless research institutes in developing countries too
 
poorly equipped 
to push forward the frontiers of science and
 
too "ivory tower" to 
produce technologies of commercial value.
As observed by Ranis, many of 
these institutes are "expensive
white elephants which contribute neither to science nor to 
technology." See Beranek, W. and G. R\anis, Science and Tech
nology and Economic Development (New York, Praeger) 1978. See

also Crane D., "Technological Innovation in Developing Coun
tries: A Review of the Literature", Research Policy, 6, 1977.
 

17/ Wallender, Harvey W., III, Technology Transfer and
 
Management in the Developing Countries, Executive Summary (New

York: Fund for Multinational Management Education) 1979, p. 1.
 



-29

scale, labor 
intensive, using relatively unsophisticated tech

nology -- of particular interest to AID typically has not yet
 

developed the capacity to 
identify and 
assess its technology
 

needs. Accordingly, management assistance designed 
to build
 

this capacity at 
the level of the firm frequently is the first 

order of business. Improved management will enable individual
 

business firims to take advantage of ex:istiiig information on 

technology and to identify, adopt, and adapt already available
 

techlnologies to meet the specific needs of 
those firms.
 

AID will adopt a three part analytical structure to 
explore
 

the role of prospective acyuirers. 
 The first step is to adopt
 

a presumption of rationality. 
 People in developing countries
 

who acquire new technologies, including farmers, 
street vendors,
 

small scale industrialists, unskilled laborers, and others, 
are
 

rational: they respond to economic incentives. Schultz's
 

"poor but efficient" hypothesis is 
the basis for any meaningful
 

study of the acquisition of technology. 18/ AID officials,
 

observing the reluctance of a peasant farmer an
or industrial
 

entrepreneur to adopt 
a given new technology, no longer
 

immediately conclude that that 
individual is ignorant, wedded
 

to outmoded traditions, or otherwise dull.
 

18/ See the "poor but efficient" thesis developed by Shultz 
to

apply to peasant agriculture. Schultz, Theodore W.,

Transformin Traditional Agriculture (New Haven:
1 
 Yale
 
University Press) 1964.
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But rational behavior is not always easily recognized. For
 

example, a traditional blacksmith "knows" for 
which a purpose a
 

given piece of scrap steel is best suited by "feeling" it and
 

by "smelling' the sparks it gives off; 
the blacksmith knows
 

nothing about carbon content. Similarly, a farmer "knows" which
 

crops grow well by feeling the soil without being able to
 

convert that knowledge into 
a pi1 value. A mechanic "knows"
 

that a bearing soon will fail by listening to what the motor
 

"says" as it runs. 
 The tecunical knowledge emuodied 
in these
 

skilled workers is not lightly tossed aside. The second step
 

in 
taking into account the acquirer in the technology transfer
 

profess is to 
study, thoroughly and sympathetically, existing
 

patterns of the behavior of prospective adopters.
 

The third, final, step is an assessment of the risk
 

perceiptions of prospective acquirers. 
 People who acauire new
 

technologies exhibit entrepreneurial behavior; entrepreneurs
 

typically assess risky alternatives and, through the market

place, reap the rewards of success or 
suffer the punishment of
 

failure. Efforts to identify and to 
promote entrepreneurial
 

behavior 
will stimulate the acquisition of useful technologies.
 

In broau terms, the best way of encouraging the acquisition
 

of new technologies is 
to improve the returns to adoption or to
 

reduce 
the perceived risks of adoption. Industrial development
 

planners must learn lessons well known 
to agriculturalists:
 

adopting new technologies may result in wider 
fluctuations in
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output from year to year (greater risk) as well as higher
 

averaqe an~iual production levels (greater returns). Sudden
 

shortages in available transport 
or power, sudden shifts in
 

coinsune- demand or otner factors positively associated with
 

more complex, modern tecinologies may disrupt production or
 

sales. In addition, the fluctuations associated with the 
new
 

technologies will 
not be known while those associated with 

established technologies are well known. Botih risk and uncer

tainty accompany any decision to adopt a new technology. 19/ 

Summary 

Several policies emerge from this discussion of the broad 

framework for analyzing technology transfer. It is AID policy: 

- in the realm of technology generation: 

o 	 to institutionalize the process of generating
 

continuing streams of new technology;
 

o 	 to make long-term commitments in promising
 

technology areas;
 

o 	 to justify support for project activities in
 

terms 
of uncaptured positive externalities; (the
 

"public goods" argument).
 

19/ For an excellent paper on risk, technology, and institu
tions, see Runge, C. Fcrd, "Weighing the Risks of Change:

Technology, Institutions and Project implementation", AID,
 
Bureau for Science and Tehnoloyy, 1983, mimeo.
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0 to devote relatively maore resources to solving 

management, marketinj and related problems of 

generating new technologies; 

o to continue to fund a small number of basic 

scientific research projects in carefully 

selected, specific topics of particular 

importance to developing countries. 

in the realm of techiiology diffusion: 

o to help make more efficient and more competitive 

the markets that diffuse technologies in 

developing countries; 

o to explore private alternatives to administrative 

technology diffusion mechanisms; 

o to analyze the legal and policy framework 

affecting the diffusion of technologies origin

ating outside as well as inside the developing 

countries; 

o to improve the technological absorptive capacity 

of developing countries by increasing the ability 

of those countries to turn technical knowledge to 

commercial advantage. 
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in the realm of technology acquisition:
 

o 	 to increase recognition by AID staff of 
the
 

importance of 
the acquirer of new technologies;
 

o 	 to stimulate the demand for 
new technologies by
 

supporting efforts by prospective acquirers 
to
 

upgrade tleir managerial skills;
 

o 	 to adopt a three part analytical structure to 

explore the role of prospective acquirers of 

technology by: 

-- assuming rational behavior; 

studying existing patterns of technology
 

acquisition;
 

assessing the perceived risk and uncertainty
 

of new technologies.
 

AID POLICY ON TECHNOLOGY TRANSFER
 

If you give a fish to a hungry man, you help him but he
 

will be hungry again tomorrow. If you teach him how to 
fish,
 

you help him avoid hunger. You have transferred a technique.
 

But couditions change. Fishing resources may dwindle; the
 

fishing technique you have taught may not 
always "work." It is
 

not enough to transfer a technique.
 

If you teach a man a problem solving process 
-- how to
 

catch fish -- and if you institutionalize that process, 
then
 

you have taught him how to 
adapt fishing techniques to an ever
 

changing environment. You have transferred a tecnnology.
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Rather than merely helping him attain a new, Li iher &lateau of 

stagnation, you have helped provide him 
an innovative capacity,
 

a capacity to increase production through time. AID's objective
 

in the technology transfer area is merely tonot help developing 

countries increase production; it is to help create and streng

then innovation systems that will lead to continually increasing 

production levels, in a sustainable fasnion, over long period.a 

AID's policies in this area are intimately linked to the
 

three other key policy areas of the Agency: institution 

building, policy dialogue, and private enterprise development.
 

These three policy areas will be discussed in turn.
 

Institution Building
 

In the 1960s, the effort to build a scientific, and to a
 

lesser extent technological, capacity ill conceived
was 


primarily because that capacity was, 
and in most developing
 

countries still is, 
quite isolated from commercial activities.
 

AID policies on technology transfer are based mainly on the
 

effort to "demarginalize" -- to make useful 
-- existing and
 

newly generated technologies. This is 
primarily an institution
 

'uil.ding process.
 

In agriculture, AID will emphasize efforts 
to increase the
 

capacity for technological absorption at 
the level of che farm.
 

In industry and services, AID will emphasize efforts to 
increase
 

the technological absorptive capacity of 
the firm. Technologi

cal absorptive capacity can be increased oy relying on demon
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strations and field trials, increasinq the flow of information
 

to 
potential acquirers, providing managerial and other assis

tance to define technological needs, empnasizing the need 
to
 

adapt tecinologies to heterogeneous local conditions, offering
 

training in select 
areas, and Leducing ousiness risk by
 

improving information systems. Central 
to these efforts is a
 

recognition of 
the crucial role played by the ostensibly
 

non-technological institutions facilitate the technology
that 


transfer process. 
 T'hruugh these institutions, farmers and firm
 

owners gain access to credit, raw materials and productive
 

inputs such as fertilizer or pig iron, marketing know-how, and
 

trained workers.
 

Ini broad terms, AID increasingly will turn to efforts that
 

stimulate the demand for new 
technology. In the past, donor
 

agencies 
in general, including AID, emphasized the generation
 

of new technologies. it remains AID policy to 
assist research
 

and other institutions that are developing new seed varieties,
 

new vaccines, and other promising scientific advances. It
 

remains Ai 
 policy to assist enyineering and other institutions
 

that are developing new 
water lifting devices, adapting road
 

construction methods to 
labor surplus contexts, and devising
 

other promising technologies. However, AID believes that too
 

little attention has been paid to alleviating the constraints
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on the demand for technologies in developing countries. 20/
 

Accordinyiy AID will move 
from a top-down, physical-science

based approach dominated by the judgments of "experts" toward a
 

bottom-up, social-science-based approached dominated by the
 

judgments of "the market."
 

Policy Dialogue
 

Hlost proolcms in technology transfer, 
when thoroughly
 

identified, frequently have less 
to do with technical matters 

than with matters of policy. Price distortions often 
are cru

cial. Otherwise sound efforts to increase the productivity of 

small farm ajriculture may fail if farm-gate prices offer in

adequate production incentives. 
 The price of credit frequently
 

is subsidized for powerful producers and is 
prohibitively
 

20/ Wallender's work is emphatic on 
this point (see footnote 17,
above). In general, the academic literature increasingly recog
nizes that nhe inding constraints to adopting tecnnological

solutions to development problems typically are 
found on the

demand side. 
 AID's project impact evaluations provide supporting

evidence.
 

The agricultural extension model 
is an example of a supp.v
oriented approach to technology transfer. It is essentially a

top-down, technology-push (in 
contrast to a demand-pull) model.

In brief, outside "experts" identify problems in technical areas
(irrigation, grain storage, seed stock and 
the like); research

scientists assess 
the relevant fields and generate technical

solutions to 
these problems. These laboratory solutions 
are

tested and refined. Suitably adapted they then are diffused

through extension agents who demonstrate those technologies and
 
urge farmers to adopt the technical packages.
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expensive for the politically weak; otherwise sound efforts to
 

help potentially productive but politically weak roducers may
 

fail as L result. Ihese and similar problems often appear to be 

technical; they are in fact best addressed as part of a policy 

dialogue with t-s host countr government.
 

AID project 
 designers should explore thoroughly the policy 

context of all projects with hi<h teciinology transfer components. 

Policies affect the full spectr-m of the technology tr:ansfer pro

cess, emracing tie geiieration, the diffusion, anid the acquisi

tion of technology. 
 Both domestic and international policies
 

should be examined. Import substitution policies cani be as 

damaging to efforts to 
promote a good technological package as
 

can internal credit policies. The international transfer of
 

technology is especially important 
 to AID. 

AID supports efforts 
to strengthen the competitive nature of
 

markets in technology, whether domestic or 
international. Quite
 

often, few prospective buyers and sellers of 
a given technology
 

are in the .3-a icaiar time. Where technology 

markets are thin, AID investments in informiatioi may be very 

productive. The international transfer of technology is
 

especially important 
to AID. It is AID policy to encourage new 

forms of technological collaboration with small and medium sized 

U.S. firms; to assure the enforceability of contracts; 
to
 

establish suitable procedures to resolve disputes involving
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bundled or 
unbundled technology transfers, and to enyage in
 

negotiations over legal provisions that 
inhibit the transfer of 

technology.
 

In 5enerai, 
it should be noted that untrammeled free markets
 

seldom -- if ever -- exist. 
 Rules, codified or not, govern
 

market transactions. 
 AID project desiyaers must understand
 

these rules just as they must understand the forces of market
 

behavior. hat markets in 
technology transfer often are 
thin
 

underscores 
the importance of the policies, procedures, and
 

practices that 
govern market transactions.
 

Private Enterprise Development
 

It is AID policy to rely on the most efficient technology
 

transfer mechanisms possible. These mechanisms typically are
 

private, market systems. If market mechanisms are available but
 

are weak, they should be strengthened. If they do not exist,
 

they should oe created. Support for administrative mechanisms
 

must be explicitly justified in economic terms. If adminis

trative mechanisms are supported, AID projects must recognize
 

the crucial complementary role of private commercial systems.
 

To strengthen administrative mechanisms at 
the expense of market
 

mechanisms is not a permissable use of AID funds.
 

Project designers should identify potential obstacles to the
 

generation, diffusion, and acquisition of technology. The costs
 

of acquiring information on technology, of screening or 
ass.ssing
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technology, of adaptiny technology, and of training people to
 

use that technology can be very great. One of the most glaring
 

deficiencies in small firms is the inability of the entrepreneurs 

to define anu to assess their own technology needs. .AID can sti

mulate demand for appropr iate tecirnologies by providing suitable 

management assistnIce to tiese entrepreneurs. Similarly, helping 

si.all scale fariii operators better deiie and assess their tech

nological needs, in a dynamic context, will stimulate demand for 

appropriate aricultural teciinoloies.
 

In generLl, AID will not support activities in which con

tinuin, subsidies are required. AID recoinizes that returns to 

research and development expenditures seldom are easily captured 

by competitively organized private business firms. And it may 

be noted that some of the institutions that define a nation's
 

tecnnoloical competence may be characterized by increasing 

returns to scale. in a few instances, subsidies may be
 

warranted if social returns clearly exceed private returns.
 

However, alternatives to government subsidies frequently can be
 

found. Business leaders nay agree, in their own interests, to
 

form associations; such associations may assess their own members
 

fees to support research or other activities not otherwise 

readily justified. AID encourages the use of creative private 

solutions to problems involving positive externalities. 

AID will support projects in which markets for technologies 

are made more efficient. The best way of meeting this objective 
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is to introduce additional competition into 
those marKets. AID 

also will support projects that emphasize the adoption of proven 

technologies tiirough commercial means. AID encourages alter

natives to full blown publicly supported extension systems. 

These alternatives typically will involve cooperation with 

public systems and competition among private firms. 

Broad Agency Directives 

AID will continue to support projects that help meet the 

basic human needs of the poor. In each country, the technology 

transfer process must be based on an assessment of individual 

country development needs 
that focuses on beneficiaries. The
 

mission's country development strategy statement is a crucial 

statement and will 
frame the mission's technology transfer pro

grams. Taking into consideration host country priorities and 

other donor activities, the mission will identify specific
 

technological priority 
areas and constraints. Policy papers on
 

specific sectors (e.g., 
health, domestic water and sanitation.
 

and agriculture) and on 
specific topics (e.g., recurrent costs, 

pricing, and subsidies in agriculture) will guide the missions. 

Missions will keep in mind the importance of replicating 

successful instances of technology transfer.
 

As the development agency of the U.S. Government, AID is 

concerned primarily with transfers taking advantage of expertise 

in which the U.S. has special capabilities. Such fields of 

expertise certainly wo,:1-d 
include agriculture and agribusiness;
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the U.S. developed key components of the widely respected
 

researclh-extensiori-traiiiii 
 system that jenerates and diffuses
 

agricultural technologies in many developing countries. The
 

U.S. alio has special expertise in the small 
scale enterprise
 

(industry and services) field 
so heavily populated by dynamic
 

entrepreneurs. Finally, the U.S. is a world leader 
in
 

industrial applications of high technology; 
these sophisticated
 

ahplied technologies occasionally are of great value 
in
 

promoting development.
 

AID's technology transfer policies explicitly recognize
 

differences in the technological capacities of 
the developing
 

countries. AID's broad 
"two-tier" approach is based on 
an
 

assessment of the technological capacities of those countries
 

in key sectors (e.g., agricultural production, small scale
 

industries, and social services) of particular 
interest to AID.
 

In general, the closer a developing country 
comes to "AID
 

graduate" status, the more 
likely that country is to have a
 

relatively well develcped technological capacity.
 

Economic Analysis
 

Some experts in technology transfer argue that, 
at the
 

project level, knowledge of 
the site specific characteristics -

not the technology specific characteristics -- is the key to
 

successful project design and implementation. 21/ This follows
 

21/ See McInerney John P., "The Technology of Rural Development,"

World Bank Staff Working Paper No. 295, 1978.
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from the observation that most technology intensive projects
 

that fail do so 
because the technologies involved do 
not "fit"
 

correctly the physical, social, cultural, political or 
economic
 

environment. 
 While all these dimensions of fit are important,
 

the economic dimension is most crucial: 
 the principles involved
 

in choosing an appropriate technology are 
best defined using the 

analytical methods of economics. 

In general terms, an economic analysis includes references
 

to "check list" items such as 
criteria for appropriateness:
 

capital cost per workplace, employment intensity, local capacity
 

for maintenance and repair, 
and active participation of the
 

beneficiaries. Such an 
analysis also includes descriptions of
 

specific relevant markets: patterns of unequal access, the
 

legal and practical basis of exchange (e.g., 
the enforceability
 

of contracts), 
and the potential for exploitation through
 

markets. 
 A base survey of the proposed project's target bene

ficiaries and their 
access to and influence over resources
 

through a broad range of social and cultural institutions
 

usually is useful.
 

In addition, a more analytical economic analysis also is
 

called for. A cost/benefit analysis should be performed if
 

feasible. Shadow prices must 
be used -- at the project forma

tion stage -- if cost/benefit analysis is 
to have any impact on
 

technological choice. 
 There is no other meaningful way to
 

estimate the effect of distorted price signals.
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Structurally induced price distortions 
are common. For
 
example, tne absence of 
formal rural financial markets may mean
 

that farmers and rural business owners must pay higher 
interest
 

rates than otherwise would be necessary. Capital may not 
move
 

easily to rural 
areas because of this structural problem. As
 

with policy induced price distortions, the best approach may be
 

direct: AID should help build the rural 
financial institutions
 

that will help eliminate credit price distortions.
 

A cost/benefit analysis will help identify these distortions.
 

To the extent possible, cost and benefit streams should be quan

tified and discounted to a present value. 
 The project should be
 

evaluated, in the best manner possible, according 
to a review of
 

the "with project" and 
"without project" scenarios. Risk/returns
 

matrices should be used where needed. 
 Sensitivity analysis
 

should be conducted.
 

But the cost/benefit analysis should not 
be undertaken as a
 

mechanical requirement of 
the AID project approval process.
 

While AID is continuing to strengthen its ability to 
conduct
 

sound economic analysis, performing such analyses 
involves
 

primarily a way of thinking about project design. 
 A sound
 

economic analysis does not result in placing on a pedestal the
 

internal rate of 
return or the benefit/cost ratio (or, 
in the
 

complementary financial analysis, the profit rate); 
it does
 

result in 
a way of thinking that emphasizes, for example, oppor
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tunity costs, discount rates, alternative approaches, specific
 

benefits accruing 
co specific target populations, market pro

cesses, overall economic efficiency, real 
(rather than nominal)
 

returns, and the nature and 
the identity of the decision maker
 

or uecision makers. Above all, 
it emphasizes the important
 

injunction: "get prices right."
 

POLICY IMPLICATIONS
 

AID's field missions continue 
to have the primary responsi

bility of assessing local conditions and designing the principal
 

interventions. Each mission will need to builu 
a strong analy

tical base, beginning with 
a sound country development strategy
 

statement. Specific projects will be subject 
to rigorous econo

mic analysis especially in 
the early stages of project design.
 

Project proposals will 
be reviewed and approved with a clear
 

understanding that flexible implementation proceduhes are
 

especially important in projects 
in which the technological
 

component is significant. There are two reasons. First, the 

effects of introducing new technologies are notoriously 

difficult to predict well. Second, markets which play so 

forceful a role in AID technology transfer policies, 
are
 

constantly changing. 
 Combining technologies, with their
 

unanticipated side effects, 
and markets, with their penchant for
 

continual change, calls for 
a great deal of flexibility in
 

project implementation.
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The Bureau for Science and Technology (S&T) is primarily
 

responsible for the research activities of the Agency. 21/
 

These activities are crucially important 
for keeping the
 

missiois fully informed of the latest thinkin9 on potential
 

applications of scientifiA and technological changes taking
 

place in the U.S. and abroad. AID sponsored research generates
 

new knowledge of great potential use to developing countries.
 

In order to diffuse this knowledge rapidly, through private
 

means, AID is 
exploring a variety of legal mechanisms involving
 

patents, royalty free licenses, and "march-in'rights".
 

The S&T Bureau also will continue to provide support services
 

to the missions. 
 The bureau will be particularly sensitive to
 

issues of 
technology policy, commercial applications of tech

nology and the institutional context that provides the setting
 

for technological change.
 

21/ See the policy determination on research, forthcoming. 
 AID's

policy on research recognizes that the generation of 
new

technologies is an important, it small, part of 
the technology

tarnsfer proccss. 
 Support for research and development (R&D)

should not dwarf support for the diffusion and acquisition

components of the technology transfer process. 
 See, for

example, the Center for Policy Alternatives, Policy Choices

(Massachusetts Institute of Technology, Fall 1982).
 

Mission views on the most appropriate role for research on new

technologies emphasize applied research especially on 
the

adaptation of, and the 
factors influencing the adoption of,

proven and commercially viable technologies. A fascination with
 
technological hardware at 
the expense of software, and with
 
leading technologies at 
the expense of commercially viable
 
alternatives is counterproductive.
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AID already is committed to increasing the share of its
 

financial resources devoted to technology transfers, 
as opposed 

to simple resource transrers. AID will emphasize: 

- those -echnology transfer projects that build or 

strengthen innovation systems leading to sustained 

increases in production, over time, in a changing 

environment; 

- those technology transfer projects thiat clearly rely on 

market principles in the generation, diffusion, and 

acquisition of technology; 

- those technology transfer projects that clearly 

recognize, and, as app)rop)riate, seek to change the 

practices and the policy framework within which 

technology i.; transferred. 

AID will seek to better balance its technology transfer 

programs by increasing: 

- its unuerstanding of existing diffusion mechanisms and 

of the acquisition component of the technology transfer 

process; 

- those activities that stimulate demand for technologies 

that are, or are reasonaoly judged soon to be, 

commercially viable; 

- those activities that are devoted to social science 

based technologies such as those involving business
 

management, market diffusion mechanisms, and local 
user
 

associations.
 


