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Preface

Policy makers in developing countries face difficult challenges in agricul-
ture. To help finance foreign debts and import essent.al goods, agricultural
exports must rise. Fast-growing urban centers demand more foodstuffsand
industrial raw materials from the countryside. Persistent rural poverty
constrains labor productivity and foments political instability. Protection-
ism, technological change and stagnant demand arc creating downward
pressure on the world market prices of many agricultural goods. In many
places there is little new land available for cultivation and no simple tech-
nological “fixes” to increase production. Exisiting production is threatened
by poor water and soil management and unsound agricultural practices.

Potentially, nationalinstitutions which import, generate, adapt, validate
and transferagricultural technology can be powerful tools for meeting these
challenges. It is their job to identify new opportunities, help farmers and
consumers solve their current problems and develop the country’s knowl-
edge base and infrastucture regarding agricultural technology.

This potential, however, is not being fully met, partly because agricul-
tural agencies often have poor relations with the agencies responsible for
delivering technological support to farmers. This results in inadequate
follow-throughand a breakdaawn in the flow of information. Thus, research
efforts are less likely to be relevant and farmers are less likely to receive the
information and inputs they need.

Many sources have noted the poor links between research and technol-
ogy transfer in developing countric

Bridging the gap between research and extension is the most
serious institutional problem in developing an effective rescarch and
extension system (World Bank, 1985).

Weak linkages between the rescarch and extension functions were
identified as constraints to using the rescarch for 16 (out of 20) of the
projects evaluated (United States Agency for International Develop-
ment, 1982).

All 12 countries (in which rescarch projects were evaluated) had dif-
ficultics of communication between research and extension agencies
(Food and Agriculture Organization, 1984).

xi


http:essent.al

xii Preface

Because of the serious consequences of this problem, in 1986 agricultural
research managers from a number of countries requested that the Interna-
tional Service for Naticnal Agricultural Research (ISNAR) conduct a study
to identify key factors which influenced the effectiveness and cfficiency of
links between rescarch and technology transfer and recommend ways to
improve them.

In the discussions on howr to implement the study, it soon became
obvious that the existing literature on the subject was largely anecdotal or
prescriptive, and would not provide the necessary basis for the study. A
fresh approach was needed, and ISN AR decided to ask several internation-
ally recognized experts on the subject to write a series of papers examining
the relevant issues. Six papers were written, each one approaching the
problem from a different, yet complementary, perspectivc. We then wrote
a conceptual framework which pulled together the principal hypotheses
put forward in these papers and developed some arcas which were not
covered by the papers.

This book is the outcome of these efforts. The first paper, by Nicls Réling,
introduces the concept of an agricultural knowledge and information
system (AKIS) and the activities which such a system must perform. Roling
gives some principles for managing an AKIS, including the need for user
control, the importance of calibrating the different elements of the system,
and the potential for linkage mechanisms to fill in the gaps which exist
between these clements. He then discusses various methodologies for re-
searching an AKIS and at the end of the paper provides a checklist of
common AKIS disorders.

The authors of the second paper, Holly Sims and David Leonard, show
how external pressure on research and technology transfer institutions can
improve system performance. They give particular attention to the oppor-
tunities for, and limitations of, pressure from national policy makers,
donors, farmers’ organizations and commercial firms. Although the paper
applies to a broad range of developing countries, the examples and authors’
own experiences come largely from former British colonies in Asia and
Africa.

The paper by Roberto Martinez Nogucira traces the growth and increas-
ing complexity of the demands placed on research and extension agencies
by policy makers in Latin America and their effect on links between the two
groups. Rescarch and extension evolved from being small organizations,
which ‘were limited in scope and personally managed by their directors, to
forming part of large complex burcaucracies controlled by elaborate plan-
ning mechanisms, with multiple audiences, and an increasingly sophisti-
cated technical division of labor. This process continued until the situation
became unmanageable. Now there is a trend towards decentralization,
privatization, more qualitative planning methods, horizontal coordination
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between government agencics, and greater integration between extension
and adaptive research tasks.

Paul Bennell examines thelinkage problem from the perspective of social
psychology. He notes that researchers and exterision agents are separate
groups, cach with its own background, training, experience, responsibili-
ties, status and physical location. Occupational theories and theories about
intergroup relations, including Realistic Conflict Theory, Social Identity
Theory, group characteristics and intergroup contact theories, are cach
shown to have something to offer in helping to understand and improve the
relations between these groups.

Two papers discuss important special cases of rescarch-technology
transfer links: farming systems rescarch and the private sector. Peter Ewell
looks at how on-farm, client-oriented rescarch initiatives in nine countries
of Africa, Asia and Latin America coordinated their activities with exten-
sion. Although these programs made research more relevant, they could
only complement, not substitute for, specialized technology transfer efforts.
Just because rescarch is participatory, conducted on-farm and uses a
systems approach does not necessarily mean there will be good relations
with extension. Good relations are found only in countries that have made
a strong and explicit effort to create them.

Carl Pray and Ruben Echeverria focus on resecarch-technology transfer
links within the private sector and between the private and public sectors,
and on the lessons public sector managers can learn from their private
counterparts. Unlike public extension, marketing is a high status activity in
the private sector, with at least as much status as research. This helps to
ensure rescarch relevance and to eliminate poorly conceived research
projects at an carly stage. The private sector spends a greater portion of its
budget on linkage activities such as preparation of promotional materials
and training of marketing staff. Company size and the pattern of industrial
organization in particular products heavily influence the types of links
which emerge.

David Kaimowitz, Monteze Snyder and Paul Engel summarize the key
points fromthe previous papers, grouping these pointsaccording to whether
they are concerned with political, technical or organizational factors. They
also add certain new clements, such as how links vary depending on the
type of technology involved, the problems posed by unfamiliar environ-
ments or farming systems, and the importance of whether institutional re-
sponsibilitics are divided based on the activities involved or on the type of
clients.

Through reading cach other’s papers and engaging in ongoing discus-
sions, many of the authors came to share similar vicws. Nevertheless, no
atlempt was made to resolve discrepancics between authors, apart from
standardizing terminology as far as possible.
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ISNAR is currently completing the second stage of its linkage study,
involving empirical case studies in Colombia, Costa Rica, Cote d’Ivoire, the
Dominican Republic, Nigeria, the Philirpines and Tanzania, from which
additional lessons will undoubtedly emerge. This book does, however,
reflect the progress we have madeon thelinkage issue to date. We hope that
by sharing our ideas with a wider audience we may stimulate further
debate.

Funding for the rescarch came from the Governments of Italy and the
Federal Republic of Germany, the Rockefeller Foundation and ISNAR.
Without their support this effort would not have been possible. Needless
to say, any mistakes in the papers are our own.

David Kaimowitz
ISNAR, The Hague
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The Agricultural
Research-Technology Transfer Intertace:
A Knowledge Systems Perspective

Niels Roling

Thelinksbetweenagricultural rescarch and technology transferindevelop-
ing countries arc generally recognized as a major bottleneck in agricultural
technology systems and have received inadequate attention in the past
(Sands, 1988). A basic concept in this paper is that research and extension
should not ve seen as separate institutions which must somehow be linked.
Instead, scientists involved in basic, strategic, applied and adaptive re-
scarch, together with subject-matter specialists, village-level extension
workersand farmers, should be seen as participants ina single Agricultural
Krowledge and Information System (AKIS).

The concept of an AKIS has been extensively discussed in the literature,
using a number of different nomenclatures and definitions (Bunting, 1986;
Engel, 1987; Lionberger and Chang, 1970; Nagel, 1950; Rogers ct al., 1976;
Réling, 1986a and 1988a; Swanson and Claar, 1983). | define an AKIS as
follows:

An AKISisasctofugricultural organizations and /or persons, and the
linksand interactions between them, engaged in such processes as the
generation, transformation, transmission, storage, retrieval, integra-
tion, diffusion and utilization of knowledge and information, with the
purpose of working synergically to sapport decision making, prob-
lem solving and innovation in a given country’s agriculture or a
domain thercof.

The concept of an AKIS should be distinguished from that of a manage-
ment information system. The former is the entire system that produces the

1



2 Réling

knowledge used in agriculture. The latter evaluates the productivity or
other aspects of an enterprise (not necessarily an agricultural one) in order
to help management make decisions. A substantial body of knowledge has
been built up in recent years on methods for analyzing the effectiveness of
management information systems, but no comparable set of methods exists
for analyzing AKIS.

The Interface between Research and Technology Transfer

The AKIS servesasa conceptual framework within which to consider the
interface between research and technology transfer, the central arca of
concern of this paper. Present knowledge about this interface is scanty.
What is more, traditional methods of data gathering and analysis do not
lend themselves casily to empirical research on this subject: “The lack of
suitable measures to objectively assess the strength (of links between
research and extension) continues to be a problem” (Sands, 1988).

Within an AKIS, the rescarch-technology transfer interface is an espe-
cially important one in determining the performance of the whole system.
The AKIS is vulnerable at this interface because major wransformations of
knowledge, information and technology have to take place there and
because bottlenecks in their flow have graveconsequernces. All too often, the
interface suffers from both an institutional and a functional vacuum.,

Historically, research has stopped too early in what should be a continu-
ous and dynamic process of developing and diffusing new technology. Re-
scarchers have been physically and mentally isolated from farmers and
have handed down an unfinished, untested product to extension staff.
Extension contact staff — squeezed between the farmers they live among,
who often ridicule the technologics they bring, and their superiors, who
demand results in line with policy directives — have been caught in a crisis
of morale (Collinson, 1985).

Improving System Design

The total impact of an AKIS should be more than the sum of the impacts
of its constituent parts: an important goal of the analysis, design and man-
agement of an AKIS is to increase the synergy of its components. Research
results that remain unused, farmers without access to technology transfer
services, extension that has no links with research —all are signs ofan AKIS
that is not operating synergically. And all provide good reasons for taking
the AKIS as a whole, rather than its individual parts, into considcration
when secking to improve matters.
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Recent approaches to improving agricultural technology systems, such

as farming systems research (FSR) and the Training and Visit (T and V)

~system of extension, are efforts to improve AKIS synergy. The T and V
system sceks to create regular information flows between research stations,
subject-matter specialists, extension workers, contact farmers and follow-
ers. It can be seen as a management tool for improving the interconnected-
ness of AKIS components. FSR is a participative method for developing
technology. It sccks to ensure goodness-of-fit between technology and its
users, by emphasizing the importance of collecting information from and
about farmers before designing technology and while testing it. FSR repre-
sents an important step toward user control as an essential ingredient of
successful technology development.

On-farmrescarch, considered by some to be a phase of FSRand by others
as a desirable component of all agricultural Rescarch and Development (R
& D), allows direct contact between farmers and resear:hers, and has been
shown to be asimportant an influence on applied rescarch programs as the
published results of basic and strategic rescarch (Biggs, 1983). On-farm
rescarch is, again, a way of improving the interconnectedness of the AKIS,
and is a critical step toward user control.

Even the formal incorporation of T and V, FSR or other mechanisms
within an AKIS does not, however, guarantee that effective links will be es-
tablished. For example, the introduction of Tand V in Sri Lanka led to the
formal institutionalization of a regular meeting between research and
extension staff to ensure their linkage, but the following views, expressed
by rescarch officers, suggest that this dialogue between rescarch and
extension leaves something to be desired (Blok and Seegers, 1988):

In rice, mostly the problem is that extension says a recommendation
is not working. Rescarch officers then have to demonstrate that this is
because the cultural practices were not followed correctly.

With respect to paddy, most problems were solved before and exten-
sion people have to be reminded of the old solution.

The chairman asked extension (workers) to be short on the reading of
-nessages because mostly ... the research officers have heard these for
scasons so they won’t have much response. Even if, for example, the
scientific approach to land preparation is taken up in the bi-weekly
training, the rescarch officers won’t discuss why farmers didn’t take
it up for they already know the reason: lack of money.

Rescarch will inform extension if there is any alteration in the recom-
mendation.
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I believe that the rapid emergence of knowledge management as an im-
portant issue for food security, agricultural sustainability and other chal-
lenges makes it imperative that we seck new tools with which to manage
knowledge and information. Modeling the AKIS may provide us with such
tools. Although no universally appropriate model can be developed,
modecling will allow us to discern what principles of knowledge manage-
ment need to be applied under given circumstances to obtain different
development objectives.

This paper aims to explore the uscfulness of the AKIS concept for
improving the management of links between research and technology
transfer. The first scction looks at some of the development issues facing
AKIS management. The second section discusses the components needed
when modeling the AKIS. In the third section, issues in the management of
AKIS are explored. The final section summarizes and draws some conclu-
sions, focusing on knowledge management.

Management issues are the major concern of this paper. Although it is
notoriously difficult to transfer successful management solutions from one
context to another, it may be possible to identify some general principles.
Becausce of the uncertainty I must attach to them at this stage, I call these
principles management hypotheses. They appear in italics in the text of this

paper.

Development Issues

This section examines some of the development issues which manage-
ment must consider when designing a new AKIS, or manipulating an
existing one. International interest in the links between rescarch and tech-
nology transfer, and in the removal of bottlenecks in AKIS, reflect the fact
that agriculture is becoming increasingly driven by technology. Other
issues, too, have stimulated international awareness of the necd for more
effective AKIS management. The sustainability of agricultureis perhapsthe
major one, but gender and equity issues are also very important. Informa-
tion technology has stimulated increased interest in AKIS management
because of its potential for increasing the efficiency with which knowledge
and information are created and shared.

Technology-Driven Development

Agricultural development requires a mix of conditions (Haverkort and
Roling, 1984). Although the precise nature of the mix depends on the
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context, it usually includes good infrastructure, access to credit, water, land,
markets, input delivery, social organization, relevant technology and re-
warding prices (Mosher, 1966). As agriculture develops, the need for ihis
mix is increasingly met, giving farmers more control over their environ-
ment. The g.cater their control, the more important knowiedge and technol-
ogy become as the major determinants of development (Jiggins, 1988). In
other words, technology development increasingly drives agricultural de-
velopment, as the other essential conditions are effectivelv provided for.

Even in arcas where the essential conditions for development have not
been met, the effect of technology-driven development is felt through com-
petitive market pressures. New technology is usually adopted slowly at
first. Early innovators (Rogers, 1983) capture large profits because they are
too few toaffect the market price. However, soon others copy their example.
Total production begins to rise, exerting downward pressure on prices.
Furtherdowntheline, farmershaveto adaptin order tostay in business, but
their investment already hasalow return. Atthe end of theline, farmers see
their incomes drop and can do little about it. Those who are unwilling to
adapt, whose farms are too small or for whom the new technology is not
appropriate, lose out. The European Economic Community (EEC) has lost
some 60% of its farmers in the past 20 years through this process.

Thus improved agricultural output and efficiency result froma continu-
ous flow of new technology, leading to reduced farm gate prices and hence
to market pressures on producers to innovate in order to stay in the game.
Farmers who cannot keep up are eventually squeezed out. This process is
infull swing in many developing countries, oratlcastin some of their better-
endowed arcas (Lipton and Longhurst, 1985). The real incomes of the
majority, especially of resource-poor farmers, in such countries as the
Philippines (Cordova et al., 1981), India (Swaminathan, pers. comm.) and
Sri Lanka (Wijeratne, 1988), have declined d rastically in recent years.

Those leaving farming are often absorbed by the industrial and service
sectors. However, non-farm employment opportunities are not growing
fast enough in many arcas affected by technology-driven development. It
hasbeenargued that, in such situations, AKIS management should concen-
trate on targeting technology development to support the livelihoods of
resource-poor farmers, and on human resource development programs to
help such farmers become effective users of technological opportunitics
(Roling, 1986b).

Improving the efficiency of an AKIS imcreases the degree to which tech-
nology drives agricultural development. Steering that development in
desired directions, instead of allowing it to be governed only by the market,
is a demanding challenge. To meet this challenge, developing countries
may have to do things industrial countries have not succeeded in doing, but
with fewer resources.
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Benefits

if —a big “if” in most countries — alternative employment is available,
the squeeze on less cfficient farmers is one of the benefits of technology-
driven development. When a large proportion of a country’s working
population is engaged in subsistence farming, the surplus labor and capital
required forindustrial developmentare scarce. By becoming morecfficient,
farmers free these vital resources and create the capacity to feed people
doing non-agricultural jobs.

Another benefit of technology-driven development is that it enhances
competitiveness. Technology-driven development implies that one must
stay ahead of the game if one is to stay in business. This holds true for
countries and regions, as well as for individual farmers. A country which
allows its agricultural industry to fall bchind must expect relatively cheap
imports to squeeze out local farming, unless it raises protective barriers; a
country which wants to continue exporting agricultural products must
keep its competitive edge.

The need to compete is the major argumentadvanced by governmentsto
support their expenditure on agricultural rescarch and extension. The task
of researchis to provide a steady stream of new technologiesto agriculture,
and especially to those sectors producing export crops. The technology
strcam — note the “one-way” metaphor — is seen as the product of a
sophisticated AKIS dedicated to technology-driven development. Badly
functioning links between research and extension disrupt the flow of the
strecam or, at worst, prevent it from flowing at all.

A third benefit of technology-driven development is that, where it
occurs, the promotion of new agricultural technology requires relatively
little attention. In agriculture, a relatively small offort can lead to the rapid
diffusion of new technology, as the price mechanism makes the process
compulsive. Because early innovators make the largest profits, these so-
called “progressive” farmers become so keen for new ideas that they exert
strong pressure on the AKIS to provide more of them. Few industries are
so innovative as agriculture. Al a government has to do is to provide an
efficient AKIS to feed new technology to the progressive farmers, who are
relatively few in number (about 20% of the total), and continue to satisfy the
needs of the agricultural development mix. Market forces do the rest.

Once technology-driven development takes off, the AKIS manager can rely on
market forces toaceelerate diffusionand to squeezeout inefficient and resource-poor
farmers, if that is considered desirable.

These are the benefits of technology-driven development. However,
there are important drawbacks for national policy makers selecting this
development path. These drawbacks concern rural livelihoods, rainfed
arcas and sustainable agriculture.
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Drawbacks

Rurallivelihoods. Astechnology-driven developmentoccurs, many devel-
oping countries find it impossible to expand alternative employment fast
enough to accommodate those leaving the land. Moreover, their rapidly
growing rural populations increase the pressure on land, reducing farm
sizes with cach new generation (Safilios Rothchild and Mburugu, 1987;
Swaminathan, pers. comm.).

In Asia, 55% of farmers now cultivate an arca of less than 1 ha each and
73% farmless than 2 ha. Inthe world, some 280 million farmers cultivate less
than1 ha cach (World Bank, 1982). Assuming anaverage farm family of six,
thatrepresents some 1.5 billion people. These people scem prime targets for
technology-driven marginalization rather than development, since alterna-
tive employment for such numbers scems out of the question in the
foresecable future.

Indeed, a rapid deterioration of the livelihoods of many rural families,
especially in non-irrigated areas, isalready occurring, Millionsof farmersin
sucharcas face falling farm gate prices and reduced income-carning oppor-
tunitics. Zimbabwe provides an example.

Small-scale farmers in Zimbabwe have made tremendous strides in
adopting modern maize technology. In the high-potential communal arcas
of Manicaland, in the eastern part of the country, 1 acre of traditional maize
usually yiclded only about four bags of grain. Concerted extension efforts
over a number of years have raised production to 20 bags per acre. At 1986
prices, 10 bags of grain were enough to feed anaverage farm family, while
another 10 were needed to offset the purchase cost of inputs, suchas hybrid
seed and fertilizer. However, since 1986 the rising costs of inputs, combined
with thelower maize price now set by government (under pressure, because
of unsold stocks), have raised the number of bags at which a farmer can
break even. Farmers using inputs may suffer heavy financial as well as crop
losses in the event of drought. The falling maize price soon forces small-
scale farmers to expand the arca cultivated. Increased operations require
tractor-aided land preparation, lorry transport of inputs and harvests,
scasonal credit, and so on. Eventually, unless a cheaper technology can be
provided, only the large-scale mechanized farmers will be able to stay in
business.

The casc of Zimbabwe, a typical victini of its own success, illustrates the
human costs of technology-driven development. Even if global food sur-
pluses are short-lived, severe disruption seems likely, with many people
losing theirlivelihoods and being forced to leave theland. At present, about
onethird of urban growthindeveloping countries can beattributed to rural-
urban migration (Bronsema and van Nimwegen, 1987), although of course
not all of this is caused by surplus food production.
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Thefact that food hasbecomeless expensive dors not solve thelivelihood
issue for those who have diminishing purchasing power. Seen in this light,
agricultural development is no longer a means to end rural hunger and
scarcity. Whatit does under conditions of surplus is to reallocate resources
to arcas and people who can produce most efficiently. Agricultural devel-
opment, in the absence of countervailing measures, has high costs in terms
of the number of people whose livelihoods are ad versely affected.

Hence thereisa need to create an AKIS capable of performing roles other
than the promotion of technology-driven development. So far, AKIS man-
agement in most countries has emphasized the provision of continuous
opportunities for innovation to progressive farmers (the case of Pakistan,
documented by Sofranko ct al. in 1988, is typical). This has driven agricul-
tural changeand brought us the luxury of surplus —butina market limited
by low purchasing power. In future, the development and dissemination of
technology will need stronger controls and more deliberate targeting to-
ward small-scale producers, with an emphasis on low-cost, scale-neutral
technology.

Such an approach will make heavy demands on the interface between
research and technology transfer. The extreme heterogeneity of small-scale
producers will require a substantial increase in the resources devoted to
technology adaptation. The need for more careful targeting implies a
greater flow of information about farmers to rescarch, and more emphasis
on mechanisms for enhancing user control of the technology development
process.

Rainfed areas. International and national AK!S have in the past focused
largely on the relatively casy task of serving irrigated cropping systems
(Castillo, 1983). In developing countries, about one fifth of cultivated land
isnow irrigated. Thisland area uses about 60% of all fertilizers and produces
40% of allannual crops in the developing world. Between 50and 60% of the
increase in agricultural output in the past 20 years has come from new or
rehabilitated irrigated arcas. However, such arcas support only about one
third of the world's farraers (World Bank, 1982), and are not very important
in Africa.

Irrigated arcas, and a fesv high-potential rainfed arcas, are characterized
by a high degree of farmer control over a homogencous environment. Pro-
viding a steady flow of appropriate technology for the vast majority of
rainfed arcas in which conditions are far more variable has not so far been
achieved. Yet most arable land and most of the world’s farmers depend on
rainfall that is often highly erratic.

For a varicty of reasons, including increasing problems of silting, soil
salinity, pest resistance to chemicals and the pollution of water resources
with nitrates, crop yields inirrigated arcas have reached a ceiling in recent
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yecars. And the potential for further increasing production in what have
hitherto been known as the high-potential rainfed areas may likewise be
limited for environmental reasons. This means that the world’s next quan-
tura leap in food production will probably have to come from what are
currently considered to be medium- to low-potential areas of rainfed agri-
culture.

Serving heterogenous agricultural systems has considerable implica-
tions for an AKIS. The strong performance achiceved through disciplinary
specialization and a focus on few commoedities must be traded off against
the need to ensure that technology fits complicated agricultural systems
with a wide range of commodities and farmer activities. The case of Turkey
illustrates the need to develop more flexible AKIS models under such
circumstances.

Agriculture in central Turkey is highly diverse. There are mobile bee-
keepers whomove their hives onlorries fromone flowering crop toanother;
there is extensive wheat production undera virtually feudal system; there
are also small-scale village farmers growing wheat, vegetables and various
fruitand nut trees. Such farmers often practise small-scale irrigation along
strcams and rivers. Large numbers of cattle, sheep and goats are kept by
both village farmers aid semi-nomadic herders. Some producersarcinvest-
ing in new enterprises such as broiler production, sunflowers or sour
cherries, and new innovations, including sprinkler irrigation.

To serve this rapid diversification, the Government of Turkey is experi-
menting withthe Tand V systemin 16 provinces. Subject-matter specialists
regularly train extension staff; these specialists are, in turn, trained by
rescarchers. However, the typical province has a commodity rescarch
institute. As a result the T and V system operates somewhat irrationally:
extension workers trained by a subject-matter specialist in wheat may be
asked to help farmers with their vegetable production, while the local
commodity institute responsible for providing technical backstopping
specializes in sunflowers.

In Turkey as elsewhere, rainfall variability complicates matters still
further. Links between research and technology transfer must respond to
scasonal or inter-annual fluctuations. Producers’” knowledge of local con-
ditions assumes a high value.

If farmers in high-potential arcas continue to improve their cfficiency,
they will drive agricultural prices below the level at which it is feasible for
small-scale producers in medium-potential rainfed arcas to use modern
inputs and varictics. This implics that farming in such areas will require a
technology based on different principles (Haverkort, 1988). And even it
production in high-potential arcas stagnates, so that world food prices
begin to rise again, the green revolution appreach to technology develop-
ment wiil still prove largely inapplicable throughout vast areas of medium-
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to low-potential land in which erratic rainfall makes the use of purchased
inputs too risky.

Some rainfed arcas will not be able to generate enough marketable
surplus to justify expensive rescarch stations, subject-matter specialists,
facilities for delivering inputs, and all the other services we have come to
associate with amodern AKIS. In such circumstances the design of an AKIS
will need to focus mainly on farmer experimentation, local knowledge, and
local networks for promoting the use of technology (Chambersand Jiggins,
1987; de Vries, in prep.).

Sustainable agriculture. Weliveina world in which every day brings new
signs that our environment is deteriorating. The major threats are the
greenhouse cffect, increasing soil salinity and crosion, flooding, the grow-
ing resistance of pests and discases to chemicals, deforestation and deser-
tification, and surface and ground water pollution and depletion. Many so-
called “traditional” agricultural systems have, in fact, become systems
uidergoing rapid degradation.

The shifting cultivation system of West and East Africa provides an
example (Bantje, 1987). The first sign of trouble is a shorter fallow period. A
typical 1-acre family farm requires 24 acres of land for a 23-year fallow
period, assuming 1 year of cultivation. Dividing up thisland between three
sons in equal blocks of 8 acres reduces the fallow period to 7 years. Further
dividing cach block of 8 acres between two grandsons reduces it to 3 years,
a period inadequate to restore soil fertility, even withouttaking intoaccount
the added pressures resulting from grazing and the demand for firewood.

Reduced soil fertility requires larger ficlds and multiple use of the same
ficld to produce the same quantity of food. I additional production for cash
is required, this only aggravates the problem. Farmers start to use pur-
chased fertilizers. These are increasingly expensive, however, and do not
pay for themselves when the produce is used for subsistence. The land
continues to be divided up. The next step is the widespread use of cassava,
acrop that mines the soii, as the main staple crop, replacing millet, sorghum
and other traditional cereals. Throughout the process, men increasingly
migrate to find urban wage employment, leaving their wives and children
on the land.

The development of more sustainable agricultural systems has become
ahighpriority formany governments. This requiresa different kind of AKIS
to the model used indevelopment thatis driven purely by technology. An
AKIS dedicated to sustainable agriculture would place far more emphasis
onassessing the likely impact of research and technology transfer activities
before carrying out such activities on a large scale (International Rice
Rescarch Institute, 1987; World Commiissionon Environmentand Develop-
ment, 1987). Inaddition, the activities themselves would be different— and
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they would be implemented differently. Soil conservation, for example,
requires a much more persuasive approach than the promotion of hybrid
maize, and often needs to be supported by policy measures. This, in turn,
requires sophisticated links between research, technology transfer and
policy bodies.

Conclusions

Efficiency and competition, on the one hand, and sustainable agriculture
and livelihoods on the other, are uncasy bedfellows. Focus on the former
reinforces technology-driven development, leading to the preponderance
of high-tech solutions, to the squeezing out of inefficient producers, and to
a tendency for short-term economic interests to overrule long-term ecologi-
cal considerations. Sustaining livelihoods and environments is a different
process altogether. To the extent that individual countries can still control
their own national agricultural development, a policy focus on sustainabil-
ity requires instruments other than a reliance on market forces.

Modeling the System

Basic Cencepts

The study of knowledge. The dimensionsalong which knowledge evolves
are not casy to specify. The claim that its evolution follows a dimension of
increasing control over the physical environment seems defensible (As-
croft, 1972; Roéling, 1970). If adaptation and control are two ends of a
continuum, the evolution of knowledge canbe said to allow people increas-
ingly to control instead of adapt. But this evolution has now brought us to
the point where we meet ourselves: the environment is largely man-made
and survival implies voluntary changes in human behavior for the common
and future good. In other words, it is now ourselves, not the environment,
that we need to control. Itis as yet uncertain whether this will be feasible
in time and on a sufficient scale, but the use to which knowledge is put will
probably determine whether or not we survive in this new phase of human
existence.

Given the fundamental role of knowledge in human survival, it is sur-
prising that the study of knowledge and its use has taken such a long time
toemerge. However, knowledge processes such as diffusion (for example,
Rogers, 1983) and utilization (for example, Beal et al., 1986; Havelock, 1969)
have received increasing attention over the past 25 years. The study of
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agriculture provides a dramatic case of knowledge processes in action
(Lionberger, 1986).

Knowledge, information and technclogy. Before we proceed, somecrucial
terminolegy must be clarified.

Knowledge is a property of the mind, and cannot be transmitted to others
unless transformed or encoded. Knowledge processes (memory storage,
transformation, ctc) are intra-personal.

Information, on the other hand, can be transmitted to others. It consists of
a pattern imposed on data which sirultancousiy affects the interpretation
of those data and enables them to be transmitted. It has been defined as a
“difference in matter-energy which affects uncertainty in a situation where
choice exists among a set of aliernatives” (Rogers and Kincaid, 1981).

The difference between knowledge and information is one that is recog-
nized by communication theorists. Mcanings are in people. They can be
encoded in messages by the source, but these messages must in turn be
decoded by the receiver (Berlo, 1960). In the process, two transformations
take place, making the diret transfer of what the source had in mind
unlikely. Information is thus a relative concept, depending on the uncer-
tainty experienced by its receiver. Transmitting information is a risky
business because one never knows what will be informative to the intended
receiver.

Technology is the software and hardware available fer controlling the
environment for human purposes. The software consists of methods and
skills. The hardware consists of physical objects, such as tools, cquipment
and genetic material. Technology development can be based on the advance
ofscicnceand henceontheapplicationof research findings. However, these
are by no means the only sources of technology development. Technology
is continuously developed on farms, in kitchens, in backyards or in shops,
by farmers, cooks, tinkers, tailors and so on. Whatever form it may take,
technology is the means by wh' h inputs are transformed into outputs
(Fresco, 1986).

Definitions of an AKIS. An AKIS can be defined in three different ways:
(D as setsof organizations and people engaged in knewledge and informa-
ticn processes (as defined in the introductory paragraphs of this paper); (2)
assets of coherent cognitions that have evolved among members of organi-
zations, communitics or socicties: and (3) as computer-based “intelligent”
software (for example, expert systems, artificial intelligence). T will bricfly
discuss the first two definitions.

The institutional and cognitive definitions are not, of course, independ-
entof cach other. 1speak of knowledge and information systems to stress
that both the cognitive processes taking place in people’s minds, and the
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communication processes taking place between them and within/between
institutions, are essential for understanding an AKIS. Yet there is a differ-
enceinemphasis betwean those who take the cognitive view and those who,
like myself, emphasize institutions and the links between them.

When an AKIS is scen as a cognitive system, the components of the
system are cognitions, that is, concepts, theories and beliefs about “reality”
that guide our behavior (Réling, 1986¢). The cognitive approach, based on
ideas in the literature on the sociology of knowledge and cognitive anthro-
pology, has been further developed by various authors at the Department
of Development Sociology, University of Wageningen, including Arce and
Long (1987) and van der Ploeg (1987), who have emphasized its use in
comparing the perceptions of farmers with thosc of other participantsin the
AKISinorder to reveal their differentassumptions and expectations. They
argue, rightly, that understanding how farmers make decisions in such
areas as the recruitment of labor or the mix of enterprises on the farm are
vital for the development of appropriate new technology.

Thecognitive approach hasbeenused to explore severalaspects of reality
as perceived by the farming family, including the classification of weeds,
and male/female usesof cassava (Jiggins, 1986). My favorite exampleof the
application of this approach is the “image of the limited good”, a concept
coined by Foster (1976) which 1 applied to fertilizer use in Nigeria.

I was working in Nigeria ata time (1966) when the Food and Agriculture
Organization (FAQ) was starting up its fertilizer program there. The man-
ager of the program told me that chiefs in a number of villages had asked
him to remove the fertilizers because they caused considerable discord
among villagers. Apparently, peoplebelieved fertilizers were a “medicine”
which could pull fertility from neighboring fields to the one in which the
feititizer was applied. The underlying assumption was that fertility is a
“limited good”, so that if one person gets more of it, another must necessar-
ily get less. Welaughed at the time. Now, werealize that the villagers were
probably right after all, though at a different level of the system than the
village.

Instead of investigating cognitions, the institutional approach looks at
sets of interconnected actors, cach engaged in different activities, such as
rescarch, technology transfer, preduction or consumption, and cach play-
ing different but complementary, roles and hence functioning synergically.
Havelock (1986) provides an example of the institutional viewpoint in use
in his description of the US land grant systen:

The oldest, most claborate, most ambitious, and arguably most suc-
cessful effort to develon a structured macrosystem for knowledge
development and use has been going on in agriculture in the United
States over the last 100 years. The land grant universitics, their
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experiment stations, and the Cooperative Extension Service together
comprise a coherent and well-coordinated system for the generation,
transmission, transformation and utilization of scientific knowledge
about agriculture, home economics, and to some extent community
development and youth development. These truly amazing feats of
knowledge production and use are realized through an claborate
sequence of institutions and mechanisms, partly consecutive in mis-
sion, partly redundant. Itincludes some unique institutions and roles
such as the extension specialist and the county agent, people who act
as linkers or boundary spanners between the worlds of rescarch and
development, and the world of routine cveryday practice.

Theinstitutionalapproachleads to theory building about the way people
and organizations receive, transform and transmit information, about the
interfaces between them, and about the complementary rcles institutions
play inrelation to cach other. The purpose of the approachis to improve the
management or design of the AKIS so as to make it furction in the ways
deemed desirable by policy makers, farmers and other participants in the
system. It is my contention that, if only the actors in an AKIS would begin
to sce themselves and other actors as playing complementary roles, many
AKIS would “auto-improve”.

Basic Processes

In the definition of an AKIS with which I introduced this paper, | named
anumber of basic knowledge processes, including generation, transforma-
tion, integration, storage and retrieval. 1 will now discuss these processes.
In so doing | will show how all the actors in an AKIS are engaged in all its
basic processes (Engel, 1987).

All participants in an AKIS engage in all its basic processes.

Generation. This process is typically attributed only to research. Yet public
agricultural rescarch is not more than 100 years old in most countrics.
Farmers have managed for thousands of years to develop theiragriculture.
Many, if not most, of the improvementsin agricultural knowledge today are
based ¢ . their work. Farmersare, in fact, researchers. 1 am well aware that
the term “users” does not do sufficient justice to farmers as researchers.
Many types of farming are even now not served by public research.
Examples include organic farming in Europe (de Vries, in prep.) and many
of the rainfed production systems on which two thirds of the world’s
farmers depend. 1t is often argued that these systems will never generate
enough surplusto warrantsetting upanclaborate AKIS. Thisisadangerous
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argument, since it presupposes an unsuccessful outcome to research.
However, there are undoubtedly some cases in which the costs of sophisti-
cated research so far outweigh its potential benefits as to make it unecon-
omic for the tirae being. Until the economic picture changes, efforts in such
cases should focus on teaching farmers to carry out their own rescarch more
systematically (Chambers and Jiggins, 1987; Haverkort, 1988).

Knowledge gencration appears to be more effective when carried out in
groups than whenattempted by individuals. Empirical studies have shown
that the productivity of researchers is related to the extent to which they
participate in networks.

Transformation. The transformation of knowledge is perhaps the most
crucial process taking place in the AKIS. The essence of an AKIS is that
knowledge generated in one part of the system is turned into information
for use in another partofthe system. This transformation process is not well
understood. Elsewhere (Roling, 1988a), I have suggested that the transfor-
mations taking placc within an AKIS are as follows:

1. From information on local farming systems to research problems

2. From research problems to research findings

3. From research findings to tentative solutions to problems (technolo-
gics)

4. Fromtechnologies to prototype recommendations for testing in farm-
ers’ fields

5. From recommendations to observations of farmer behavior (male,
female, children)

6. From technical recommendations to information affecting service
(inputs and marketing) behavior

7. From adapted recommendations to information dissemination by
extension

8. From extension information to farmer knowledge

Training peoplein how to transform knowledge in their part of the AKIS
isa prerequisite fora morce effective AKIS. Often farmersunwittingly apply
a scientific principle without knowing why it worksand withoutbeing able,
therefore, to improve the practice (Blum, pers. comm.). Few extension
workers are trained to transform a technical recommendation into instruc-
tions a farmer can follow, or to assess the demands a recommendation
makes on a farmer’s resources.

Integration. Like the other basic processes, integration is carried out by all
participants in an AKIS. The review articles produced by scientific disci-
plines to pull together rescarch results are obvious examples. Theleaders of
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multidisciplinary research teams are engaged in a continuous effort to
integrate the resecarch results produced by different disciplines. However,
little is known about how farmers integrate knowledge and information.

We assumc that research results are simply turned into technologies for
farmers' use but the reality is more complicated. Often, picces of informa-
tion that have been available in different ficlds for some time are combined
to form usefulnew ideas. Farmers mustintegrate external information from
many sources — other farmers, specialist literature, scientists, technology
transfer services, etc — with their knowledge of ti.eir own circumstances.

Integration is often hampered by the absence of arca-specific experiment
stations, of FSR tcams capable of intergrating disciplinary knowledge and
adapting it to system needs. and of subject-matter specialists in extension
services. However, examples of successful integration can be found, as in
the case of mango production in Queensland, Australia.

The mango industry developed rapidly in tropical Qucensland in re-
sponse to good markets inmajor cities in Australiaand abroad. The example
of a few highly successful pioncers led to rapid diffusion. Asa result, there
was considerable pressure on the Horticulture Division of the Queensland
Department of Primary Industries (QDPI) to provide more information. Tt
soon turned out that rescarch on mango was published by different insti-
tutes in different regions and that there was no single place where informa-
tion on the results had been brought together, let alone integrated. A senior
extensionist of the Horticultural Marketing Extension Service at the Bowen
rescarch station was put in charge of collection and integration. All other
institutions active in mango rescarch undertook to keep the extensionist
abreast of all developments (Hubbert, 1987).

Storage and retrieval. These processes would seem to be typically the task
of specialized libraries, but most scientists have their own collections of
materials which they access more or less satisfactorily. Extension workers
and farmers also store and retrieve information. Apparently, village-level
workers in Sri Lanka seldom act immediately to pass on to farmers the
information they receive through the fortnightly meetings organized under
the Tand V extension system, because it is often not relevant at that time;
instead, they store the information for use in the future. The storage device
they use is, simply, memory. Few hand-outs are given to village-level
workers and they do not have manuals to which to refer.

Theoretical Models

Nosingle AKIS model can be develope 1 forbothlow-and high-potential
agricultural production systems, equally suitable for both highly special-
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ized horticulture in industrialized countries and extensive nomadic herd-
ing in, for example, the Sahel. Nconetheless, two basic types of model canbe
discerned.

One-way models. The most common and influential model of an AKIS is

*+ “transfer of technology” (TOT) model (Chambers, 1983). In this model,
1 searchers play the glory role of creating “breakthroughs”. These break-
throughs are “transferred” to extension for “delivery” to “users”. “Scien-
tists develop the product and extension has to sell it” (Bennett, 1988;
Chambers and Jiggins, 1987). Since rescarchers are among the most pow-
erful members of the AKIS, and tend to become its administrators and
managers, the TOT model is hard to replace in most national and interna-
tional settings.

This is unfortunate, becausc analysis suggests that the TOT model is not
anappropriate one. The model does not reflect the experience of successful
systems, examples of which are the US Land Grant model, the Dutch farm
development system, the Taiwanese system, and the R & D systera which
has been developed by Multifulcrum, a large and well-known multina-
tional corporation. (The case of Multifulcrum, described in further detail
below, is a real one but we have changed the name of the corporation for
reasons of confidentiality.)

The TOT model assumes a lincar, one-way process, starting with the
breakthrough at the international level and ending on the farm with an
adapted innovation. 1t usually succeeds in delivering technology only to
progressive farmers (Roling, 1988b). The model reflects inadequate under-
standing of the nature of knowledge systems, yet many rescarchers con-
tinue to adhere to it. Anexampleis the analytical framework developed by
the International Program for Agricultural Krowledge Systems (INTER-
PAKS) of the University of Ilinois and illustrated in Figure 1overleaf (Sands,
1988; Swanson, 1986).

INTERPAKS has done much to call international attention to the fact that
extension, research and other AKIS components should be seen as forming
part of a synergic whole. INTERPAKS has also pioncered the scarch for
indicators of effective AKIS (Sands, 1988). The one-way nature of the
INTERPAKS model is defended on the basis that, thcugh farmer-initiated
innovation isimportant, the essential processin agricultural modernization
is science-based innovation. Hence the INTERPAKS model depicts the
AKIS as a one-way, lincar system. | believe that only some technical
innovations are science-based; policy-driven, market-driven and farmer-
driven innovations seem equally, if not more, important (Kaim.. witz ct al.,
1989).

To sum up, models of the AKIS which do not reflect some flow of infor-
mation and influence from technology users to other parts of the system are
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Figura 1. The INTERPAKS framework for analyzing agricultural knowledge
systems
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misleading. This is noi because of the moral principle that participation is
needed if the systemisto function benignly. Itisbecause empirical evidence
from effective AKIS clearly demonstrates that user control in some form is
an essential ingredient.

Two-way models. Two-way models of the AKIS arc less widely used than
the TOT model, but have nevertheless been developed by a number of
authors, including Havelock (1969, 1986). In Havelock’s model (sec Figure
2) there is still a distinction between those who generate technology (the
resource community) and those who implement it (the user community),
but it is recognized that the exchange of information between the two
communitics is crucial to successful technology generation and transfer.
Morcover, the resource community is not seen as the only source of useful
information to the user community. Farmers, and not just scientists, may
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generate information and technology. Similarly, resource communities
may become users of information and technology, both from farmers and
from other resource communities. In other words, the roles of the two
communities are seen as less stereotyped and more interchangeable. The
two-way character of Havelock’s model has been neglected, yet all AKIS
models which take user control into account must be based on such two-
way links.

Figure 2. A two-way model of the AKIS
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Source: Adapted from Havelock (1986)

Effective links between resource and user communities cannot be estab-
lished without prior communication between the two communities —
communication that establishes agendas, ground rules, appropriate media
and an understanding of internal processes and contextual factors. Within
the figure, all these additional communicative elements are identified as
“metacommunication”, that is, communication about communication.

Existing Models

Two contrasting cases. The contrasting examples of models applied in
South Korea and China show not only how different models have been
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applied in different places and at different times, but also how cach model
has its own strengths and weaknesses. The strengths of a specific AKIS
cannot casily be transferred to other sectors or other countries.

South Korea is said to have an effective top-down system that allows it
to push technologies to farmers rapidly. Improved varicties quickly made
the country self-sufficient in rice during the 1970s. But these varieties were
vulnerable to cold weather and blast, both of which finally hit crops in 1979
and 1980. Ironically, the failures of those years can be attributed to the
strength of the Korean guidance service which, in contrast to the extension
service in most developing countries, was able to transform research into
production. In the single-minded pursuit of its political goals it neglected
clementary precautions that might have avoided the problems of 1979 and
1980 (Steinberg et al., 1982).

In the People’s Republic of China during the 1960s and 1970s the system
worked the other way round. Wuyts (1988) writes:

Probably this system'’s most significant aspect is the active involve-
ment of the users thensselves in the process of experimentation.
Sheridan (1980) terms the practice “peasant innovation”. The impres-
sion given is that peasant innovativeness was not created by the
integrated system, but that the system recognized it and adopted
policies to promote and encourage it and, more significantly, to have
scientists acknowledge it. Those joint efforts produced scientific farm-
ers actively and enthusiastically pursuing experiments varying from
different cropping patterns, testing new technology, incorporating
modifications for adoptability, exchanging information with scien-
tists about ...practices which could be improved and popularized
(similar to the development of herbal medicine), ete.... But the system
wasnotwithoutits costs.One najoraspect was the neglect of expertise
and basic sciencerescarch. This led many observerstore - ark (on) the
poor quality of the work done as well as the low level of staff
competence.

The AKIS as Part of a Larger System

When modeling the AKIS, it is important to bear in mind that the system
takes its placeina larger context, from which it is not separate (see Figure 3).
Agricultural knowledge and information processes must be examined at
national level against the backdrop of: (1) the policy environment, which
formulates thelaws and incentives that influence agricultural performance;
(2) structural conditions, such as markets, inputs, the resource base, infra-
structure, and the structure of farming; (3) the political and burecaucratic
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structure through which interest groups influence the system; and (4) the
external sector, comprising doner agencies, international agricultural re-
search centers (IARCs) and/or commercial firms (Elliott, 1987).

Figure 3. The AKIS as part of a larger system
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The policy environment plays a crucial role, so much so that in sorne
AKIS models it is considered one of the components of the AKIS itself. In
this paper, | consider policy as a prime mover outside the AKIS. Together
with two prime movers inside the system, namely management and user
control, policy is considered as a force which can overcome the default
conditionsto whichasystemrevertsunless pressuresare applied to prevent
il from doing so (Sims and Leonard, 1989). Deliberate policy goals and
policy supportare necessary, for example, if thedefault condition of serving
progressive farmers only is to be avoided.

Likewise, structural conditions play an important role. Variability in the
production environment and among the farmers who use it has tremendous
implications for the design and management of the AKIS. Technology
development and information transfer must be coordinated with other
clements of the mix of conditions necessary for agricultural develcpment,



22 Réling

such as sced and input distribution, the provision of infrastructure, and so
forth. This, in turn, requires horizontal links between the institutions com-
prising the AKIS and with other institutions outside it.

The political and burcaucratic structure also influences the performance
of the AKIS. Often, the very fact that the AKIS, with its inherent need for
farmer orientation and user control, is part of a burcaucratic system is
enough to ensure that strong default conditions obtain. Under default
conditions the burcaucracy serves its own interests and those of its political
masters, rather than those of its chients, The forms of burcaucracy used and
the ways in which these forms are linked, as well as the historical stage of
evolutionreached by theditferent organizationsinvolved, are all important
factors (Martinez Nogucira, 1989).

The eaternal sector contains another prime mover (donor agencies) and
acts as a source of information and technotogy tor the AKIS itself. In some
cases, for example where an TARC cooperates closely with a national
research tcam, parts of the external sector may be considered as belonging
to the AKIS.

System Research Methods

It is difficult to design rescarch on AKIS. The traditional quantitative
rescarch methods of social science (surveys) are not applicable, although
they can be used in market research to assess the potential uses of new
information or technology. Despite the difficulties, [ canidentify a number
of possible approaches to the empirical analysis of AKIS. These are:

1. Comparativeanalysis. the study of AKIS characteristicsand processesin
relation to system performance, comparing different AKIS in terms of
theirmajor components, linkage mechanisms, management decisions
and soforth. Anexampleisastudv comparing the AKIS for cocoa with

that for maize in Ghana {(Annor-Fremponyg, 1988),

Comparing formaland actial AK>: by comparing theofficial systemand

the actual svstem, and looking at the reasons for the divergence,

msights can be gained into the torces operating in actual systems.

Examples of this method include studies of the Sri Lankan syste

(Wijeratne, 1985; Blok and Scegers, 1988).

3. Designing a matrix of major system components and filling in the cells
(links): the matrix forces one to identify all possible links and system-
atically investigate them. Blok and Seegers (1988) used such a matrix,
as also did van Beek (1988).

4. Following a specific innovation through the system: working backwards
from a successful innovation, one could try to trace its path. De Soyza

ro
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(1988) followed farmer problems which made it upstream to research.
Over several years, only five such problems were identified, in itsclf
a significant obscrvation. Unfortunately, the method does not allow
conclusions to be drawn as to why other problems did not make it.

5. Using the theory as an overlay: a theoretical model of the AKIS can be
compared with what actually exists, in order to identify institutional
and functional gaps.

6. Analyzing transformations: this would involve looking at the changes
that take place when, for example, rescarch findings are transformed
into recommendations, or farmers’ problems are transformed into re-
scarchable issuces.

7. Participating in cvents: participating in major meetings and observing
what takes place there provides much insight into AKIS operations
and links. Meetings could, forexample, be rated according to whether
the representatives from extension raise farmers” problems and, if so,
what the reactions of scientists are. Wagemans (1987), de Soyza (1988)
and Wijeratne (1988) have used this method.

8. Assessing corporate sleology: investigating the extent to which actorsin
the system see themiselves as playing complementary roles in the
system, or as playing non-system roles.

Managing the System

No one person manages the entire AKIS. Each farmer is his or her own
boss; and the numerous institutes that also make up the AKIS each have
theirownmanagement team. Senior government officials may exert consid-
crable influence over both the AKIS and the policy environment in which it
operates, but their influence, while crucial in some areas, neither can nor
should be all-pervasive. Much depends on the ability and willingness of
government to relinquish power to other groups within the AKIS, notably
the users, while retaining control, through appropriate policy instruments,
over areas vital to the common interest.

The Need for User Control

Information about users should have leverage within an AKIS, not least
because of the ultimate power of the farmer to refuse to use new technology.
Inmany countries, far too little information about farmers is still being used
in the technology development process. As a result, farmers refuse to
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innovate and agriculture stagnates. One of the most notcrious examples of
neglecting information about users occurred in Africa, where the role of
women farmers in agriculture was for many ycars almost completely
ignored by male-dominated AKIS burcaucracies.

Consideration of user needs is relevant not only for farmers but for all
participants of the AKIS who play user roles. A technology developer has
to anticipate what extension agents will accept and need, and a basic or
strategic rescarcher has to anticipate the needs of the applied or adaptive
rescarcher.

Participants in an effective AKIS take the needs of users into account at each
point at which information or technology is transformed or adapted.

Wheneffective AKIS are compared, user control in some formappears to
be an essential ingredient. The USA and the Netherlands are respectively
the first and the second largest agricultural exporters in value terms in the
world. Both require a highly efficient AKIS to maintain their competitive
edge. Neither of their systems can be adequately depicted as a one-way
street.

Advocating user control goes against the grain of both burcaucrats and
rescarchers, wholike to think of the world as hierarchically structured, with
themselves close to the top. In this respect most public sector bureaucracies
contrast sharply with multinational corporations such as Multifulcrum,
which builds user control deliberately into its R & D so as to ensure market
orientation.

The US system. One mechanism for exerting user controlin the US system
is farmer influence on the county extension agents. Their salaries are paid
partly by the counties so that farmers in the county can exert pressure on
them (Woods, pers. comm). [t is not certain how much influence farmers
have over rescarch, however. Although he mentions user control as one of
the key attributes of the US AKIS, Rogers (1986) states that “while much
rhetoric is given to this feedback about needed rescarch from farmers
through the extension service to agricultural scientists, itis actually a fairly
rare occurrence.” Yet the political influence of the farm lobby in state
legislative bodies and hence on the research budgets of state universities
and land grant colleges is substantial. What is more, many of the research-
ers in such universities and colleges came from a farming backgronnd
themselves and have experienced extension programs at first hand.

As in other countries, the farm lobby in the USA is dominated by large-
scale, progressive farmers. However, these influential farmers, though by
no means modal farmers, are much more representative of a sizeable
portion of the farming community than the farmers who wicld influencein
most developing countries. Medium- and even srnall-scale farmers in the
USA often have a similar degree of control over their environment to that
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achieved by large-scale farmers anc found on rescarch stations. Thus, the
results of research are likely to be applicable across a broader range of farm
size than in developing countries. Yet even in the USA the influence of clite
farmers has been blamed for many malfunctions of the AKIS.

The Dutch system. In the Netherlands, the system is still (1989) largely
government based, but it has similar characteristics to those of the US
system. Many researchers and extension workers are from a farming
background. Extension workers are highly service-oriented (Bos and Bur-
gers, 1982) and virtually ignore “The Hague™ and their regional supervi-
sors. Some 50% of the costs of experiment stations and experimental farms
are paid for by farmers, who also participate in program committees
(although here the rivetoric overstates their degree of actual control over the
rescarch program). Specialist officers at the national level link rescarch
institutes and experiment stations with regional field work, and are respon-
sible for the flow of information about ficld problems to the rescarch
community. Farmers” unions have anational apex structure which provides
for the representation of farm interests on most important boards and
councils at national, provincial and local level.

However, farmer influence in the Netherlands is so strong that it is
difficult to control pollution caused by farmers. The pollution of air and
water by surplus manure is espcially problematic. The results of research
linking acid rain to farm manure and providing evidence of soil pollution
have been withheld, and have been acted upon only belatedly.

Onceof thereasons for the present plans to privatize the extension service
is that it is difficult to combine farmer-controlled, client-oriented extension
services with the implementation of government policy, whenever the
latter is no longer aligned with farmers” interests. Separating the two will,
it is hoped, resolve this canflict of interests. Privatization of technology
transfer in Britain, Belgium and parts of Australia is occurring for similar
reasons. Animportant question for these countries is how publicly funded
research will link with private technology transfer.

The Mulifulcruin system. Multifulcrum’s R & D is based at its central
rescarch laboratories in Europe. The laboratories servea setof international
companics, whichalso have departments for Ré& D, as well as for marketing
and production. These R & D departiments link the companies with the
central laboratories. Management at the laboratories has ensured that the R
&e D department of cach company is headed by a person recruited from the
laboratories (a linkage mechanism called “body swapping”, see Improving,
Linkage Mechanisms).

The companices are heavily market-oriented. They carry out a great deal
of market research among consumers, on topics such as consumer catego-



26 Roling

ries, preferences, buying decisions, and reactions to prototype products.
This marketinformation is supplemented by technical insights, obtained by
a special team of researchers which visits families, observing and even
video taping their handling of company products.

A complex procedure is used to decide on research projects. Research
proposals are formulated by ad hoc study groups in cach company, consist-
ing of the company chairman and representatives of its marketing and R &
Ddivisions, as well asa manager from the laboratories. These proposalsare
sent to a single Steering Committee that covers all the companies. The
committee meets once every two years to decide on major research direc-
tions.

Inthelightof these decisions, R & D projectsare designed and supervised
by project groups. These groups consist of representatives of company R &
D departments, together with laboratory staff. A Project Group Manager is
appointed jointly by the Steering Commiittee and the management of a
company. Heor she formulates the project, including its strategic justifica-
tion, key objectives, workplan and budget statement.

Great carc is taken when such projects are approved. Each project must
meet the approval not only of the R & D Steering « smmittee but also of the
marketing, technical and R & D representatives of the company concerned.
Evenatthislate stage thekey objective might beadjusted. Eachyear projects
approved arc included in the R & D year-plan, which is compiled by the
Stecring Commiittee. An annual contract between the companies and the
laboratories is drawn up and signed for the research to be carried out that
year in accordance with the year-plan.

An interesting aspect of the set-up at Multifulcrum is the sharp distinc-
tion between basicand applied research. Undifferentiated “Research” with
acapital “R” does not exist at Multifulcruns. Basic research of a disciplinary
nature serves all the Multifulerum group’s major branches and is carefully
protected from market pressures, whereas applied research is carried out
independently by cach product group and is strongly tied to consumers’
needs.

Althoughbasicrescarchis shielded frommarket pressures, it too must be
productive. The mechanism for ensuring productivity without undue
interference is to make basic research financially dependent on the product
groups, but to deny the latter any involvement in project reviews. The
procedure followed is to allocate a certain percentage of each product
group’s rescarch budget to “expertise arcas” in which new product devel-
opment or other innovations may be expected. Basic research projects are
normally allowed a period of 5 years in which to complete a certain task.
Although no formal review procedures are applied during this period, the
“nuggets” of basic research are presented to the companies for comment
once a year.
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The claborate programming of Multifulcrum’s R & D illustrates the con-
siderableamount of time and effort sucha company investsin ensuring that
R & D is user-controlled. The strong participation of companies in the for-
mulation of rescarch projects and the fact that the companies pay for the
projects ensure that technoiogy development is consumer-oriented. Elabo-
rate linkage mechanisms (committees, special officers, “body swapping”,
ctc) ensure frequent interaction, involvement of all interested partics and
careful decision making.

Placing such emphasis on user cortrol is essential for profit-making
organizations, whose profits are a direct reflection of consumer reaction to
the products of their R & D departments. Publicly funded organizations
such as government or university rescarch institutions, whose feedback
about their performance from their clients is not speltout in financial terms,
tend to be less client-oriented. But they canail afford to be. In short, user
control would appear to be a key organizational principle for an effective
AKIS.

User control of major processes within the AKIS is an essential attribute if
default conditions are to be avoided.

In many developing countries, it might be more cost-effective to create
user control by giving farmers control over part of the AKISbudget, than to
strengthen research/extension services. To develop the AKIS by investing
in laboratories, staff training, cars, megaphones and management capacity
for its rescarch/extension services is to behave like the marriage counseller
who trics to save a marriage by giving the strongest partner assertiveness
training,.

The Limitations of User Control

Having made such a strong plea for user control, I should in fairness
discuss some of its drawbacks.

Strong farming lobbics can pull agriculiural policy in directions which
are detrimental to national development. Worse, the fact that the farmers
who exert control are often resource-rich and atypical can lead to policies
and production systems which are exploitative and a serious barrier to the
deve*opment of small-scale farming. User control in itself is no guarantee
of cquity. If the AKIS is to serve categories of farmers other than the
resource-rich, strong pressure must be exerted by management, policy
groups, donors or other prime movers to give such categories user control
also.

Morcover, if users’ cconomicinterests conflict with government policy in
arcas such as the environment, increased user control will only exacerbate
existing problems.
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Bridging the Gap

The medium and small business sector provides an interesting compari-
son with the resource-poor farming sector because it too is not homogene-
ous £nough £ share a single knowledge and information system. Itis too
fragmented to be able to benefit from a joint R & D effort, as do the
production companies in a large multinational corporation such as Multi-
fulcrum. Elaborate external support programs — analogous to research/
extension services in the agricultural sector — have been developed to
perform R & D functions for such businesses but, as in agriculture, these
often do not make much use of such services.

Process consultation: A usefultool. Analternativeapproachisto helpsuch
businesses become more innovative, that is, to enhance their capacity to
make use of external information, instead of simply pushing more innova-
tions at them (for example, Buijs, 1984 and 1987). This was the aim of an
experimental project launched in the Netherlands. The main strategy of the
Industrial Innovation Project was not to find innovations for the participat-
ing firms, but to teach them how to become more innovative. The project’s
consultants were trained in what they called “process consultation”, which
involved introducing a step-by-step model of the innovation process,
stimulating the creativity of company staff members and encouraging the
use of external information (Buijs, 1984 and 1987).

In agriculture, as in industry. process consultation is a useful concept
complementing the existing vole played by expert consultation. While the
latter provides an external input of information or technology, the frmer
isa means of mobilizing people —- educating them and organizing them to
become more effective participantsin the AKIS. The complementary nature
of the two aspects becomes obvious in such contexts as the history of
agricultural development in Isracl (Blum, 1987), where the need to develop
agriculture from scratch with often totally inexperienced farmers, or to
change course from producing national food crops to producing specialized
export crops, amply illustrated the importance of combining the external
input role with an internal educational and organizational one. However,
despite the need for both processes, most AKIS in the developing world
remain weak in process consultation.

Tosumup, theinputof information from external sourcesis crucial to the
effective functioning of any knowledge and information system, but if the
system does not have the capacity to generate and enhance appropriate
roles for its constitutent parts, it will not be in a position to absorb such
information. In the agricultural sectors of developing countries, the lack of
social organization among small-scale farmers is therefore a considerable
barrier to development.
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Improving linkage mechanisms. A linkage mechanism is the concrete
procedure, regular event, arrangement, device or channel which bridges
the gap between components of a system and allows communication
between them. The term linkage mechanism should be distinguished from
interface. Although in computer terminology, “interface” is used for a
“device linking two systems” (Hurthubise, 1984), it is preferable to reserve
“interface” for the “force field” between two institutions. The linkage
mechanism is the device which operationalizes the interface (Engel, pers.
comm.).

In some countries, the annual report of the research institute — often
published lateand sometimes not published atall-—is still virtually the only
official linkage mechanism between research and technology transfer. In
others, much hasbeendoneinrecent yearstoincrease the number of linkage
mechanismsand improve their effectiveness. Generally speaking, the greater
the number of linkage mechanisms, and the greater the range they span
within the administrative hierarchy, the better the chances that effective
links will develop.

A typical example of a project with multiple linkage mechanisms is the
Ghana Crains Development Project, which has:

1. Asurveycarried out jointly by researchand extension staff: at thebeginning
of every cropping scason, ateamof breeders, economists, agronomists
and extension staff pay informal visits to farms and ask questions
about farmers’ problems. The answers are used to draft a question-
naire, and on the basis of the results of the questionnaire, research
projects are formulated for that year.

2. Quarterly meetings of the members of the on-farm, economic and extension
programs: discussion at these meetings centers on current trials and
surveys, and on the plans for the following quarter.

. Annual reports: published regularly, these describe the various re-
scarch programs and their results. They are intended mainly for a
scientific audicence.

4. An annual workshop: at this workshop all the year’s rescarch and
extension activities are presented toa large audience. Itisattended by
members of the AKIS fromvall parts of the country and by representa-
tives from forign rescarch institutes.

5. A pre-workshop meeting: before the annual workshop all senior officers
of the project meet in order to transform rescarch findings into
recommendations. A committee is then charged with the responsibil-
ity of turning the reccommendations into comprehensible language for
use by extension officers and literate farmers. The result is a booklet
entitled Maize and Cowpea Guide. The booklet is updated before every
workshop, to keep abreast of current findings.

w
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6. Training programs. research officers of the project explain in detail the
latest recommendations on the crop to field agents organized in
groupsaccording to agro-climatological zones. Issues encountered in
the field are raised by extension workers.

7. Field days: these are organized three times during a planting season.
Research officers normally participate, thus gaining first-hand expe-
rience from both the farmers ard the ficld extension workers (Annor-
Frempong, 1988).

Meetings, written communicationsand jointactivities arc all examples of
formal linkage mechanisms, but informal mechanisms such as sharing a
coffee rou m. or playing golf together, may also be just as important.

As we have already seen, an effective formal mechanism used in indus-
trial corporations is “body swapping”. After having worked in one depart-
ment, say basic research, a rescarcher may be posted to the R & D depart-
ment of a company. Body swapping creates communication bridges, allow-
ing informal contact between different subsystems. An analogous mecha-
nismused inthe agricultural sector of some developing countries is the post
of Rescarch-Extension Liaison Officer. These officers are recruited from
extension services to work inon-farma faptive rescarch teams; they play an
especially important role in enlisting tie support of extension services once
technology is ready for more widespread testing and dissemination.

Although linkage mechanisms have becom 2 both more varied and more
sophisticated in recent years, there are some interfaces which no linkage
mechanism can bridge. The status or cultural differences between two
institutions may be too great, their goals may be too different, their compe-
tition for the same resources may be too keen, or the span in the calibration
of the research-practice continnum may be too long (not enough cogs in the
gearbox, see Calibrating the science-practice continuum). These problems
should be emphasized, because it is often believed that communication
problems can be solved by imposing some new linkage mechanism on the
two institutions. Experience shows that such artificially introduced linkage
mechanisms do not work unless the interface allows it.

Optimum heterophily. The twin concepts of homophily and heterophily
are a useful tool for looking at some of these problems. According to Rogers
(1983), there must be some similarity in culture, language, socio-economic
status, etc, before communication between two institutes can take place.
People tend to communicate most frequently and effectively with those
who are most similar to themselves. Rogers coined the term “heterophily
gap” to describe a difference between two parties attlempting to communi-
cate which makes it difficult for them to do so. On the other hand, people
whose jobs are too similar may have little information to exchange. The
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optimum conditions for good communication would appear to be loosely
related fields of work shared by people of similar outlook . These conditions
are known as “optimum heterophily”. Experience shows that heterophily
between graduates and non-graduates is very difficult to overcome.

Often, the only communication between resecarch and extension is that
between rescarchers and senior extension officers. Subject-matter special-
ists, though explicitly appointed in a liaison function, may not be able to
play thatrole if the status gap is too large (Blok and Seegeis, 1988). Linking
a graduate in the rescarch department with a graduate in the extension
department is, of course, no guarantee that the link will be effective: within
the extension department, the same gap between graduates and non-
graduates may exist.

Calibrating the science-practice continuum. The processes or functions of
an AKIS can be said to be distributed along a science-practice continuum
(Lionberger and Chang, 1970). If information and technology are to flow
smoothly from one part of the AKIS to another, this continuum must be
finely calibrated. The graduations in the sequence “rescarch-extension-
users” are too coarse: they do not allow for the “scaling down” required to
bridge the gaps between institutions. This scaling down can be compared
to the transmission of a car. To be drivable, a car needs several gears
representing different speeds, each of which must be used in sequence. The
gear cogs are designed to allow smooth transmission from one speed to the
next. Linkage mechanisms (synchronization, double declutching) are still
necessary to bridge the speed gaps between the cogs.

Many authors have defined the required sequence of cogs on the science-
practice continuum in terms of the “functions” (or “steps” or “stages”)
which must be performed (for example, Ecal and Mechan, 1986; Havelock,
1986; Lionberger, 1986; Rothman, 1986). For the most part, they have
described a downstream sequence using terms such as basic/strategic
research, technology generation, technology testing, technology adapta-
tion, technology integration, dissemination, diffusion and adoption
(McDermott, 1987; see Figure 4 overleaf). McDermott clearly distinguishes
between these “functions” and the existing institutions of rescarch and
extension. He claims that the responsibilitics conventionally assigned to
existing rescarchand extension organizations may leavea “fatal gap” in the
performance of these functions:

In cven the best of cases, research often stops midway through the
testing rrocess. Testing is not finished until it is done in the systems
in which the technology is expected to perform. Attheotherend of the
continuum, extension does not expect to start until the dissemination
function. The seriousness of the gap is apparent.
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Figure 4. Functions of the AKIS
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Source: Adapted from McDermott {1987)

This gap s often encountered in practice. A typical example is provided
by the QDPL. This highly sophisticated AKIS recognizes three basic policy
instruments: research, extension and regulation. The rescarch divisions
focus on publications as their main product. It is for publishing that
rescarchers are rewarded. However, publishing does little to promote
technology transfer. Extension is supposed to provide services to farmers
and disseminateinnovations. 'The gap is obvious and generally recognized
by Queensland extension staff: there is no “development function”. A
number of extension staff have started to do development work themselves,
but there are no budget and facilities for it, and no reward is offered for
doing it.

McDermott continues:

Farming systems rescarch is providing an exceptionally effective
means by which research car move into tha! gap from its end of the
process and effect the interaction with farmiers. As of rnow, extension
has not made a significaat move into the gap from its end of the
process.

Various typesof institutional go-between, such as subject-matter special-
ists, or technical liaison officers and supporting staff, are currently develop-
ing to bridge the gap. The job descriptions of these go-betweens are still
evolving —oftenthereis difficulty indefining them —and itis still too carly
to say whether or net they will be successful. Their main functions are: (1)
to maintain liaison with rescarch so as to keep abreast of new technical
developments and help translate field problems into rescarchable ques-
tions; (2) to establish links with input suppliers so as toimprove the chances
that necessary inputs will be available; and (3) to provide rechnical support
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to field staff and pick up ficld problerns frcm them. Important functions of
technical liaison arc adaptive rescarch, training, developing reference
materials and training aids, trouble shooting, and responding to extension
agents’ requests for help.

Clearly, the fatal gap operates inboth directions on the continuum, How-
ever, it is probably even larger in the upstream than in the downstream
direction. Returning to Figurc 4, we can sec that we at least have names for
the functions required in the downstream flow from research to users, even
if not all the functions are performed. The functions required to ensure the
upstream flow of needs and problems have not even been described. We
have already scen how few of the problems expressed by producers can be
turned into problems that can be addressed by research. Clearly, we have
little insight as yet into the nature of bottom-up flows of communication at
cach transformation point on the science-practice continuum, nor of the
interaction between top-down and bottom-up flows. According to Biggs, it
is often difficult to get even minimal funds and time allocated to the process
of learning from farmers who might positively influence the priorities and
programs of experiment stations (Biggs, 1983 and 1989).

Onc of the major problems inachieving animproved flow of information
in both the upstream and the downstream directions is the dual allegiance
of the extension servicein many developing countries. As Wagemans (1987)
discovered, the strong client orientation of village-level extension workers
often conflicts with the policy orientation of their bosses, motivating the
former to avoid providing the latter with accurate information. At the
interface between the two, rituals occur which are designed to ensure that
bosses continue to believe their instructions are being carried out. As a
result, theextensionservice may developa “split personality”, in which one
half scarcely even recognizes the existence of the other. Under these condi-
tionsitbecomesimpossible both to assess the output of the extension service
ard to implement policy directives through it.

Domain correspondence. Once of the major problems in bridging the gap
between rescarch and technology transfer s that the categories according to
which work is organized ofien differ. These categories, or “domains” as
they are called in the literature, may be rescarch disciplines (for example,
soil science), sectors (for example, dairy farming), commodities (for ex-
ample, cocoa), agro-ccological zones (for example, derived savannah zone),
geopolitical arcas (for example, provinces or districts), industries (for
example, the beef catile industry), farm classes (for example, middle-sized
farms), and soon. Usually, the domain used changesasone moves along the
continuum from science to practice. Thus strategic and applied rescarchers
often form commodity teams, transforming disciplinary knowledge into
crop-specific knowledge, while technology transfer workers are frequently
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organized according to industry or geopolitical area. It is difficult to make
the different domains relate to each other.

The QDPlisaninteresting case because ithasdivided up the whole AKIS
intoindustry-or service-oriented branches, irrespective of particular activi-
tics, disciplines, farming svstems, environments or other categories. Ex-
amples of these branches are the Beef Cattle Production Branch, the Horti-
culture Branch, the Veterinary Services Branch and the Crop Production
Branch. The Director of cach branch holdsa powerful hecadquarters position
and ranks just below the Director General. The branches have their own re-
scarch, extension and regulatory personnel, extending right down to field
level.

Communication across branches is not always casy. In the regions, staff
of different branches are often housed in the same building, and some com-
radery and cooperation usually develop at that level. However, the real
problem occurs at the farm level. A beef cattle producer needs integrated
information from the Beef Cattle Production Branch, the Veterinary Serv-
ices Branch, the Pasture Development Branch and the Economic Services
Branch — integrated, that is, from the point of view of his cattle enterprise
as a profit-making business. The solution to this problem has been to
appoint cross-branch Regional Extension Leaders, reporting directly to the
Deputy Director General (a form of matrix management). Their “nudging”
role has been to create “industry groups” consisting of representatives of
different branches at the farm level (Roling ct al., 1987).

AKIS Disorders

Fromananalysis of existing AKIS, a number of major AKISdisorders can
be identified. Here are 12 of themy; all sources appear in this paper and /or
in the reference list, apart from van Dissel (pers. comm.) and Mansholt
(former Dutch Minister of Agriculture).

1. Engel's wrong plugs: the lack-of-fit between the domains used by
different components (for example, a commodity rescarch institute
is used to backstop extension servicing a multi-crop farming system)
McDermott’s fatal gap: a functional gap which cannot be bridged by
linkage mechanisms because of insufficient calibration of the sci-
ence-practice continuum (forexample, the non-existence of adaptive
rescarch because applied research is satisfied with producing scien-
tific publications, while extension starts from the recommendation)
Bigygs'mis-anticipation: the lack-of-fit between the conditions antici-
pated during technology development and those in which technol-
ogy is used (for example, the formulation of fertilizer recommenda-
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tions on the basis of crop responsiveness under univpresentative
research station conditions)

van den Ban's cross-purpose disability: reward systemsand incentives
which encourage AKIS components to reduce their synergy (for
example, rewarding members of the Research Division for scientific
publication and not for producing innovations for farmers)
Wagemans’ flow blocks: lack of effective linkage mechanisms through
which information can flow (forexample, a “split personality” in the
extension hicrarchy, whereby lower levels become strongly service-
oriented while higher levels are subject to policy directives, prevent-
ing cffective communication between them)

Mosher’s mix insufficiency: the lack of provision of one or more of the
conditions which are essential for technology utilization (for ex-
ample, research-based recommendations for farmer behavior, while
the required inputs are not available)

Ascroft’s equity syndrome: progressive farmer control of the AKIS,
biasing technology development in favor of a minority of farmers
van Dissel’s policy folly: the use of knowledge and information as if
they were policy instruments with compulsive power, especially if
coupled with disregard for the fact that farmers have to live by their
results and extension workers are in daily contact with farmers
Rogers’ heterophily qaps: interfaces betweencomponents which differ
so greatly that linkage mechanisms cannot span them

No juice: blaming the AKIS when the problem is agricultural prices
Mansholt’s small farm squeeze: setting in motion technology-driven
agricultural deveiepment in high-potential arcas and for resource-
rich farmers without regard for the employment and livelihood
effects on small-scale farmers and those in less well endowed arcas
Jiggins' out-a-synch: giving priority to knowledge system develop-
ment when the majority of farmers have not gained sufficient control
over their production environment to use a regular flow of new
knowledge

Diagnosing these disorders in a given AKIS is only a first step toward
curing them, but it is an important one.

Conclusions

Managers participating in the management of AKIS in developing coun-
trics face a very difficult challenge. 1 hope the conclusions presented here,
based largely on Roling and Engel (1988), will be helpful to them.
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If agricultural development is to be enhanced, there is a need to nudge
widely differing institutions, often under different administrative arrange-
ments, both publicand private, into compatible roles. This task requires the
introduction of some shared model of the local AKIS, as well as an under-
standing of cach institution’s role in the system (van Beck, 1988). A shared
modet is a prerequisite for effective links between rescarch and technology
transfer.

The effective management of information requires the design, differen-
tiation and development of the range of institutions involved in such
functions as generation, exchange, transformation, integration, dissemina-
tion and utilization of knowledge and information, in such a way that the
AKISoperates synergically. Technology developmentisa crucial task of the
system.

Earlier models of the AKIS (Nagel, 1980), in which specific functions (for
example, knowledge generation) were assigned to specific institutions (for
example, research), must now make way for new ones which allow for the
fact that all major parties in the system engage in all its major functions
(Engel, 1987).

Also required is a detailed understanding of the functions which are to
be performed by the system. The AKIS manager must have a thorough
grasp of these functions in order to assess the adequacy of the present insti-
tutional structure and orientation. Usually, strategic, applied and adaptive
rescarch are identified as appropriate functions of the AKIS, as well as
technology integration, transter and use. However, the functionsidentified
depend upon the underlying assumptions which are made about the type
of model to be used. There is still too much emphasis on “downstream”
functions, suggesting the use of a one-way model. Other than “feedback”,
which denotes reaction rather than action, we have no words for the
functions to be performed in shifting indigenous knowledge and farmer
influence “upstream” towards the science end of the science-practice con-
tinuum.

The interfaces between cach of the systeny's major entities are especially
vulnerable. Most of the disorders to which AKIS are subject, such as
problems caused by conflicting domains, heterophily gaps, ineffective
linkage mechanisms and so forth, occur at the interfaces. Faulty interfaces
lead to failure to transform knowledge and information appropriaiely, and
hence to a system that cannot operate synergically. The management of
AKIS interfaces is therefore a crucial task — indeed, some observers see it
as the most essential task of all.

A promising tool for managing interfaces is a matrix of all the relevant
research, technology transfer and user entities in the local AKIS. Each cell
of the matrix represents an interface. These interfaces can be weighted ac-
cording to management criteria such as frequency of use, or importance to
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the system as a whole. In this way, rational decisions regarding the alloca-
tion of time, attention and financial resources to cach interface can be made
(van Beck, 1988).

Another important task is to ensure a balance between the power of the
various institutions to intervene, and the countervailing power of the
various categories of users to control the character of those interventions. A
hallmark of successful AKIS is that users have considerable control over
technology developmentand transfer. Suchcontrolis not yet strong enough
in many AKIS in developing countries, and this is one of the major factors
leading to systems that operate under deiault conditions. Most AKIS in
developing countries would probably benefitmore by increasing the counter-
vailing power of their clients than by increasing the power to intervene of
research and extension.

Technologicalinnovation is considered essential forachieving food secu-
rity or self-sufficiency, competitiveness in foreign markets, efficient use of
resources and other national goals. However, technology-driven develop-
ment usually marginalizes small-scale farmers, destroys ecosystems and
incurs foreign exchange costs (imports of capital goods and chemicals) as
well as bringing benefits.

A crucialtask is therefore to ensure that the intended categories of clients
arcinfactbeing served by the AKIS. Inmost AKIS, a minority of progressive
farmers has undue influence and is able to ensure that the system meets
their needs, thereby often by-passing the needs of resource-poor farmers.
Avoiding this defaultcondition requires the deliberate targeting of technol-
ogy development toward the latter group, who must simultancously be
given the ability and power with which to articulate and press their needs.

Privatization is a partial solution to the problem of funding agricultural
rescarch and development, and one that is increasingly being used in such
widely differing countries as the Netherlands and China (Delman, 1988).
However, only the service parts of the AKIS are suitable for privatization:
the problem of finding public sector support for research remains, because
private sector R & D is inevitably targeted toward a paying clientele — the
more progressive farmers. Inaddition, privatization complicates the task of
linking research and technology transfer.

The nature of the resource base has special implications for the manage-
ment ot the AKIS. Inlarge, simple, homogeneous farming systems produc-
ingalarge surplus forurban consumplionorexport(forexample, the Dutch
dairy industry, irrigated rice in Thailand, wheat in northern France),
expenditure on the AKIS has a high pay-off per dollar invested. The scale
of the production system allows a large dedicated R & D establishment,
focusing on a single commodity or industry. It is casy, under these condi-
tions, to achieve integration between input delivery, primary production,
processing, marketing and so on.
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However, in complex, diverse, small-scale farming systems that are not
producing a large surplus, a dedicated and effective AKIS cannot easily
evolve. This is the case for most rainfed farming systems in developing
countrics, where farmers’ ability to control the production environment is
usually insufficient. What is first required is investment in a permanent,
stable production capacity through such technologies as terracing, water
harvesting and afforestation (Haverkort, 1988). Rainted farming systems
must be knowledge-intensive if those who obtain their living from such
systems are to deal with the increasing complexity that surrounds their
management. So far, the challenge of developing a suitable AKIS for rainfed
farming systems has not been met satisfactorily.

Although an AKIS may consist of many autonomous or semi-atitono-
mous organizational units, it needs to be managed as if it were a scamless
whole. Only then will it perform synergically.
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The Political Economy
of the Development and Transfer
of Agricultural Technologies

Holly Sims and David Leonard

This paper considers the effectiveness of institutional agricultural technol-
ogy systems (IATS) in relation to four criteria: integration, relevance,
responsiveness and adoption. Integration refers to the extent to which
agricultural rescarch is integrated with technology transfer. Relevance
referstothecapacity ofan IATS todevelop technologies relevant tofarmers’
most pressing needs. Responsivenessdenotesan IATS ability torespond to
the poor majority of farmers, who lack financial resources and favorable
agro-ccological conditions. Adoptionisaderivative variable whichreflects
the usefulness of technologies, success in meeting farmers’ needs, and the
“marketing” capability of the system. The four criteria are clearly interre-
lated, but performance in relation to each of them varies in strength within
cach IATS. Thus it is useful to keep all four criteria in mind as we proceed.

We will begin by discussing the external factors which inhibit integra-
tion, relevance and responsiveness, and which deflectattention fromadop-
tion. Our focus will be on two major sets of factors: those arising from
historical institutional legacies, and those related to the contemporary
socio-political structures of most low-income countries.

In the absence of external pressures to meet the four criteria, institutions
generally follow internal dynamics, with the result that performance is
poor. We continue by developing a stylized “model” of what research and
extension look like under these default conditions.

Four groups of people can exert forces which might lcad to better
integrated and more effective IATS: national policy makers, external donor
agencics, farmers’ organizations and commercial firms. We will end by
assessing the patterns of improved performance these groups can elicit.

43
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Inhibiting Factors
Historical Institutiorial Legacies

Most public sector IATS in developing countries today owe their origins
to colonial powers and foreign commercial interests. These actors left an
imprint on institutions and values which militates against integration,
relevance and responsiveness. To illustrate, we will concentrate on Asian
and African countrics colonized by the British. In many respects, their
experiences were shared by societies which were not colonized, or were
colonized by other European states.

Colonial powers established research institutes to increase the produc-
tionof high-value export commodities. Answerable to governmentdepart-
ments in Europe, these institutes did not serve the majority of subsistence
producers. To encourage the production of export crops, policy makers
extended incentives to the small proportion of the rural population that
could afford to divertland away from the production of subsistence crops.
That proportion typically included foreign settlers and companies, and
indigenouslanded elites. Such producers were cager for innovations which
would increase their profits, and they established a close relationship with
rescarchers.

Scientists were responsive to the needs of these clite farmers and devel
oped knowledge relevant to their conditions. Formal channels to popular-
ize innovations were largely unnecessary. Interchange was facilitated by
thesocio-economicstatus of producersand by theirlimited numbers, which
allowed them to communicate casily and directly with researchers. It was
professionally rewarding for researchers to work for clients whose farms
were comparable to research stations, for scientists could minimize the
number of variables to be considered and solve problems quickly.

In many cases, export crop producers included a relatively acvantaged
segment of peasant farmers. Yet the relationships of professionals with
these peasant farmers tended to be top-down and cocercive, in contrast to
their relationships with elite producers. Rescarchers did not address the
infinitely more complex problems of the vast majority of resource-poor
subsistence farmers (Chambers and Jiggins, 1987).

The need for mechanisms to develop scientifiz findings for a broader
clienteleand disseminate them more widely was eventually recognized by
British colonial policy makers, but considerably less so by their French
counterparts. British administrators had a keener appreciation of govern-
ment’s responsibility to put bread on the table, perhaps because Britain’s
domestic food supply was more precarious than that of France. Inaddition,
the threat of famine in some of Britain’s populous Asian coloniescompelled
policy attention to the problem of subsistence food production.
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British colonial officers generally charged a Department of Agriculture
with responsibility for extension activities to translate research findings
into simple language for a mass audience. (There was a strong clement of
coercion associated with these extensionactivities, exemplified by somesoil
conservation cfforts and resettlement programs). Separate burcaucratic
agencies were established for crops and animal husbandry. They were not
integrated withoncanother, nor were they closely associated with research
bodics (von Blanckenburg, 1984). The French generally established semi-
autonomous parastatal agencies responsible for particular crops. Such
bodics were more integrated than the British system, but even less con-
cerned with the needs of subsistence food producers.

Integrationof rescarchand technology transfer for subsistence crops was
impeded by marked differences in status between professional research
staff and technology transfer agents, and between the latter and producers.
Those with subordinate status were seen as passive recipients of informa-
tion. Since scientists had limited knowledge of subsistence agriculture,
research was seldom relevant to the rural majority. Farmers relied more on
informai research and technology transfer between each other. Extension
staff were expected to promote modern European farming practices, not to
interpret the farmers” world to researchers.

Extensionagents wercoftenheld accountable for assignments not neces-
sarily related toagriculture. Asthe sole representatives of officialdomat the
local level, they performed a variety of functions including data collection,
mobilization of political support and maintenance of order. Their residual
advisory work was not grounded in solid research geared to clients’
.ircumsiances, and so it was not valued by farmers. [t is not surprising that
technology development and transfer yiclded scant returns in terms of
agricultural productivity.

Many new states emerged from colonialism with a limited number of
rescarch institutions concerned with export commodities, but few or none
concerned with food crops or other commodities produced by resource-
poor farmers. Where the latter existed, they were looscly coupled with
technology transfer mechanisms through one-way communication chains.

This pattern has been reinforced in the postcolonial era by a number of
factors. First, international professional standards confer prestige on scien-
tists who work in pristine laboratories insulated from the world’s poor.
Second, the relatively strong research institutions which were inherited
from colonial rule remain powerfulin their new context because they serve
export industries that remain economically and politically important. Po-
litical leaders have to make a sharp break with the past to develop subsis-
tence or minor cash crops for the domestic market. Third, despite the
urgency attached todomestic food production, export crops retain a strate-
gic position in many cconomics because the international environment is
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biased toward trade (Lipton, 1985). External donors still advise aid recipi-
ents to pursue development through exports, further justifying continued
emphasison thatpartof theIATSgeared toexportcrops (World Bank, 1984).

Contemporary Socio-Political Structures

The politics of the typical developing country are heavily influenced by
patron-client networks. These harm theinterests of both small-scale farmers
and the IATS that are supposed to serve them.

Small-scale farmers in pre-industrial socicties offset the risks of agricul-
ture by investing heavily in personal relationships as a hedge against
adversity. Not only may close ties with social equals, such as relatives and
neighbors, provide help intimesof drought orillness, but bonds tosocial or
economic superiors can also be a source of assistance. For these latter
unequalrelationships, the recipient promises support in return for the help
that he or she receives. This social dynamic lies at the root of the patron-
clientrelationships that pervade pre-industrial societies and that dominate
most of their political processes (Migdal, 1974).

Patron-client networks group together people of dissimilar interests; a
patronmustbeadvantaged in somearcain order to have something totrade
for the support of his or her clients. The resulting political processes are
substantially different from those resulting from associational groupings,
which bring together those who share a common interest (Scott, 1972).
Associational politics lead to the direct representation of the interests of
large or powerful groups in socicty. In contrast, patron-client politics mask
the interests of the multitude, who are the clients, for they are represented
inthe system by advantaged patrons, whose personal interests differ from
those of their followers.

Sometimes political systems are mixed, so that some groupsareincorpo-
rated through patron-client networks while others are represented by
associations. Such mixed systems generally work to the still greater disad-
vantage of small-scale farmers. In these kinds of systems, industrial elites,
large-scale farmers and, sometimes, urban workers have associations to
press their interests, while small-scale farmers have the expression of their
interests inhibited by patron-client networks.

Associational politics tend to resultin the creation of “public goods” for
the most powerful groups, and policies that will serve the interests of the
groups” memberships. Patron-client politics, on the other hand, tend to
create “private goods” -—discrete products and services, such ascredit, that
can be disaggregated and distributed to individuals through the networks
(Baies, 1981). To the extent that patron-client systems produce any public
goods atall they tend to be ones that benefit the clite group of patrons and
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which add to the personal wealth on which they can draw to maintain their
networks. Patrons do not afford priority to the provision of technologies
unless their distribution can be controlled in such a way that political
support can be claimed in return.

The products of public scctor re<narch and extension are gencrally,
thoughby no means invariably, public goods. They arc intended to benefit
groups of similarly situated people. Many new technologics — especially
management practicesand information — diffuse <pontancously once they
arc available, thereby denying profit to their creators. It is difficult to sell
most agricultural rescarch and extension services in such a way as to cover
expenses, even though the benefit to society is usually significantly greater
thanthe cost(Evensonand Kislev, 1975). Thisis why such alarge proportion
of agricultural rescarchand extension services are supplied by the state, the
usual vehicle for the provision of public goods.

To the extent that patrons are interested in research and extension
systems, they are likely to focus on the distribution of credit and inputs or
to trecat them primarily as sources of employment for their clients, thus
cffectively turning them into purveyors of private goods with considerably
diminished public benefit. Only those parts of the farming community that
arc organized along associational lines are likely to demand the kinds of
rescarch and extension that constitute public goods. In pre-industrial
socicties, associational representation of farm interests is usually confined
to large, commercial enterprises.

Those parts of the IATS that serve the interests of small-scale producers
consequently tend to be orphaned. The patron-client character of politics
tendstodampen effective farmerdemand for their services. Asa result they
arc underfunded and become self-governing, with few external pressures
on them. Of course, it is possible to have, alongside these orphans, other
parts of the IATS that operate cfficiently, creating and transmitting tech-
nologices to large-scale, commercial farmer<. In fact, the articulate political
demand by large enterprises for services geared to their needs often leads
toresourcesbeing syphoned off fromthe partof the IATS which serve small-
scale farmers. In pre-industrial societies, IATS generally will serve the
interests of small farmers only to the extent that these interests happen to
coincide with those of larger commercial enterprises.

Default Conditions

If there are few eaterral demands for effective rescarch and extension
services for small-scale farmers in socicties where patron-client politics
prevail, what are the internal, default conditions that govarn the operation
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of these services? The stylized “model” we present in this section is not a
description of what always occurs, although something like it is found far
too often. Instead, it illustrates the dangerous cffects of inertia. In other
words, we arc asking: What conditions will prevail unless vigorous action
is taken to change them?

Conditions for Research

First, scientists will produce for the agricultural rescarch profession.
They areconditioned todosoby educatio and training, which impartboth
their values and rescarch methods. Scientists’ orientation toward an audi-
ence of fellow professionals is also influenced by funding considerations
and by professioral rewards and incentives (Chambers and Jiggins, 1987).
The hicrarchical nature of scientific education conditions rescarcher s to
expecta high status in society. As experts, they sce themselves as defining
the issues which they believe ordinary citizens cannot fully articulate, and
as solving socicty’s problems in the modern laboratory.

Scientists’ research methods traditionally exclude clients from formulat-
ing the problems and contributing to their solution. They arce highly
technical, and based on a reductionist approach involving a limited set of
variables whose interrelationships are relatively casy to grasp, at least
compared with the complexities facing resource-poor farmers. Conven-
tional research methods are thus bestapplied to the conditions of relatively
privileged producers, since they, like the scientists, have the capacity to
control the natural environment (Busch and Lacy, 1983; Chambers and
Jiggins, 1987).

Professional rewardsand incentivesdrive scientists to produce scientific
papers rather than serve rural constituents. Recognition and approval is
sought from the research profession through publication, which scientists
may alsoseeasthe principal means of disseminating their findings (Balaguru
and Rajagopalan, 1986). Publication in international journals yiclds the
highest recognition, leading perhaps to job offers from international re-
scarch institutes and to new funding opportunities. Scientistsave therefore
motivated to select topics which will interest international resee.rch circles,
evenifthey bearlittle reladonship to the problems of resource-r.oor farmers
inlow-income countries. Where resources donot permit research forawide
scholarly audience, professionals strive to meet the requirements of senior
officers in their institution instead of soliciting information and feedback
from clients.

Regardless of whether or not approval is sought trom the international
scholarly community or from organizational directors, researchers will
usually seck to maximize their personal comfort. One way to do this is to
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choose to carry out routine research on problems that are known to be
solvable, thus avoiding the stresses caused by new and difficult research
areas for which new approaches and methods have tobe devised. A second
way is to place more emphasis on laboratory projects thanon field projects,
because the working conditinns of the formerare more pleasant. Laboratory
research conditions are also more subject to control, placing success within
easier reach.

Scientists who work in laboratories are more likely to be located in cities,
which offer a host of ad vantages. Since urban arcas have resources which
support conventional research, including libraries and equipment, scien-
tists in such areas are in a stronger position for achieving recognition and
promotion. Painstaking work carried out by scientists located in the coun-
tryside often escapes the attention of senior officials, thus undermining the
morale of ficld staff. Another deterrent is the lack of amenities for research-
ers’ families typical of remote resecarch locations. Researchers who are
posted on field stationsarc often oriented toward future prospectsin urban
arcas. During their stay in the countryside, they emphasize on-station work
ratherthanrescarchin farmers’ fieldsinorder tominimize traveland avoid
confronting complexity.

Scientists also seck to maximize their personal comfort by choosing to
conduct rescarch on major cash crops; the research stations for these crops
are likely to have been established longer and to have better physical
amenitics than stations concerned with food crops and other commodities
produced by resource-poor farmers. Farmers enjoy a socio-economic status
that is not too far removed from that of rescarchers, facilitating client
interaction and support. In addition, research on cash crops offers better
prospects for employment in the more highly paid commercial sector.

Conditions for Extension

The “classic” extension organization in a patron-client society is poor at
promoting integration with research. It is unresponsive to poorer farmers’
legitimate needs and adds little to the relevance of the rescarch system for
the farming community as a whole. Its capacity to promote the adoption of
innovations is likewise limited, unless the organization operates under
strong hicrarchical discipline.

Because the organization experiences very little politically effective de-
mand for its services from small-scale producers, its work is highly biased
toward the minority of farmers who are willing and able to register
complaints higher up the hierarchy. The demands metin this way are often
for inappropriate private goods, such as free labor on the recipient’s
“demonstration” crops, butthey are few enough forextension agents not to
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be seriously inconvenienced by miecting them and so purchasing the
recipient’s silence (Leonard, 1977).

Professionalismisgencrally weaker among extension agents than among
rescarchers, and the career rewards for adhering to professional standards
arclesscompelling. Left to themselves, extension agents tend to work only
with those farmers who are immediately responsive to their suggoestions
(Leonard, 1977; Thoden van Velzen, 1977), to give advice on the technical
innovations they know best rather than trying to solve farmers’ most
important problems, and to concentrate on producers located near major
thoroughfares rather than walking through the countryside to help more
isolated farmers (Chambers, 1983). Such extension organizations do not
seck new technical information from rescarch institutes, for innovations
might require change that would upset the existing equilibrium.

This “classic” extension system need not always exist in pre-industrial
societics. Thereare certain situations in which powerful external incentives
may arise to govern extension behaviour. The first occurs when harvests of
food staples or export crops are so poor that the patrons/clites experience
cconomic problems. The political leadership will then press extension to
increase production. Theincentives created in this situation can be substan-
tialand lead to considerable improvementsin performance, but they willbe
hicrarchical in character and not directly responsive to farmers’ concerns.

Extensionin patron-clientsystems findsit difficult to respond toproduc-
ers’ expressionsof theirneedsand does notserveasa significantchannclfor
communicating farmers’ most pressing problems and perspectives to the
rescarch system. Unfortunately, the more an organization stresses hier-
archical pressure inorder to improve performance, the more difficultitis to
generate feedback. “Lowly” extension agents do not want to report prob-
lems to authoritarian and unsympathetic superiors.

The second exceptional circumstance in which external incentives may
be created for extension occurs whenlarger, commercial producersare rep-
resented not by patrons but by associations, and thereby promote integra-
tion with rescarch and more relevant recommendations, leading to wider
adoption. However, such associations do not make extension more respon-
sive to poorer farmers’ needs. The latter will benefit only in so far as their
conditions of production are similar to those of the commercial producers.

If the statistical distribution of farm sizes is unimodal, and larger farms
are simply the more advantaged representatives of a single production
system, such overlap in relevance is likely. If the distribution is bimodal,
with two distinct groupings of large and small farms, common relevance is
much more limited and small producers will suffer even greater neglect. In
pre-industrial socicties, the more the statistical distribution of farrs con-
forms to the unimodal pattern, the less likely are associational patterns of
politics among the farming clite.
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Consequences for the IATS

Underdefault conditions, the partof the IATS that isoriented toward the
rural majority tends to be fractured rather than integrated, and its compo-
nents have no incentive to coalesce. Cooperation is impeded by differences
in the nature of the tasks allocated to rescarch and extension, which are
associated with significant differences in status.

Researchers” work requires abstract analysis and specialized expertise
and is quite specific compared with the diffuse activities of extension
agents. The latter work with people amidst considerable uncertainty about
goals and strategies. Itis well known that success is both more likely and
more widely recognized in organizations with specific, unambiguous goals
than it is in those where goals and the means to achieving them are hazy
and/or disputed (Isracl, 1987; Thompson and Tuden, 1959). Under default
conditions, the part of the IATS devoted to research appears more success-
ful and enjoys higher status than that devoted to technology transfer.

Extensionagents often feel they havelittle to gain but much to lose from
collaboration with rescarch personnel, and vice versa. Both would surren-
der autonomy, and interaction might yield no recognition from superiors.
Thus researchers continue to seck approval from their professional col-
leagues, while extensionagents try to satisfy the minimum requirements of
their superiors.

Extension staff do not press rescarchers for more relevant research, nor
do they respond to the concerns of farmers whose socio-econornic status is
lowlier than their own. The failure of farmers to adopt innovations is
attributed to their conservatism and so poor adoption rates are not seen as
an organizational problem.

Thus the default conditions associated with colonial and contemporary
institutional and socio-political structures combine to maintainastatus quo
whichsaps the vitality of the institutions charged with agricultural rescarch
and technology transfer for the majority of rural producers.

Forces for Change
National Policy Makers

Does it matter that the public institutions for promoting rescarch and
development are weak? Inagricultural revolutions of the distant past, and
cvenin themore recentone in 18th and 19th century northwest Europe, the
state played only a marginal role. Technological change resulted mainly
from the inventions of society (Chambers and Mingay, 1966; Lipton, 1985).
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When the most recent agricultural revolution unfolded in Asia in the
1960s, some cconomists interpreted it as a drama in which economic forces
provided cues for public institutions — that is, the state’s role was simply
to follow the market (Binswanger and Ruttan 1978; Hayami and Ruttan,
1985). Since then, attention has been drawn to the more active role of the
staleintechnological and institutional change (de Janvry and Dethier, 1985;
Johnston and Clark, 1982), suggesting a need to assign political factors a
weightat least equivalent to thataccorded to cconomicforces. The state can
bea major independent factor shaping the nature and scope of agricultural
change.

The commitment of various interests within state structures to develop-
mental objectivesisa crucial determinant of the policy environment within
which change is to take place. Where commitment is lacking, fleeting or
expressed formally but discounted in practice, resources will be dissipated
in schemes which advance neither productivity nor welfare (Heaver and
Isracl, 1986). The scope for development may be severely limited if policy
makers haveclose ties with groups suchaslanded elites, whose interestsare
inimical to development.

Such policy makers often show a lack of commitment to development,
evenin the face of severe problems. Shortages of food or capital may foster
conditions which threaten a country’s social, cconomic and political order,
yet policy makers may still fail to take decisive action. Instead, the building
of the state and the consolidation of central authority hold overriding
priority.

These conditionsare notimmutable, however. Publicinstitutionsare not
static monoliths, but form political systems embodying diverse interests
(Heaver, 1982). At certain junctures, key people within the system who
believe agriculiural development should hold high priority may form
informal coalitions to pursue that objective. Such coalitions can mobilize the
supportnecessary to stop policiesand programsaimed at the consolidation
of power and start introducing practical measures to develop agriculture
and hence the ecconomy as a whole. Pressure for change appears more likely
to develop and prevail in decentralized authority systems rather than in
centralized ones, which suppresscompeting interests (Bacharachand Lawler,
1980).

History shows that the resolve of national leaders to develop the agricul-
tural sector can be triggered by external challenges to national autonomy,
which compound domestic problems. War, or the threat of it, undoubtedly
plays an important part, as in the case of Britain’s “Dig for Victory”
campaign during the Second World War. The fact that external assistance is
withheld, or offered on unacceptable terms, can also be important. In the
case of Tokugawa Japan (1603-1867) and Maoist China, the need tomobilize
indigenous resources was critical because external assistance was unavail-
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able.(China had substantial assistance from the USSR in the carly 1950s, but
these ties were first weakened and then broken before China initiated major
agricultural change.) In the case of India during the mid-1960s, assistance
was offered on terms which policy makers found unacceptable. In postwar
South Korea and Taiwan, policy makers felt that the amount of aid offered
was insufficient in relation to the magnitude of the challenge posed by
external forces (Rosen, 1985; Sims, 1988; Trimberger, 1978).

Policy makers who have mobilized domesticresourcesinanall-outdrive
for agricultural development have generally emphasized either institu-
tional or technological forces of change, the choice being determined in part
by the technology available and the physical environment in which it will
beapplied, andin partby the will of leadersiointervene in society and their
capacity to do so. However, growth can be sustained only if institutional
and technological strategies are integrated, and if the strategies are rein-
forced by measures which provide both the necessary infrastructure and a
policy environment conducive to development.

Meiji Japan (1868-1912) offers the most striking illustration of state inter-
vention emphasizing both institutional and technological development.
Less striking, but still successful, examples are China, South Korca and
Taiwan, where the mix of institutional and technological strategies differs
from country to country and over time. India exemplifies a situation in
which efforts to change institutions were highly selective, with greater
reliance on technology as an agent of change. The contrasting examples of
Japan, India and China merit further consideration.

Japan. The Meiji leaders were determined to restructure the institutions of
a fragmented society. Their commitment arose from the threat of external
domination, whichled toa forced march toward industrialization financed
by an increasingly productive agricultural sector.

Two factors enabled the governing clite to choose and implement its
program for agricultural growth unimpeded by social and institutional
constraints. First, the Meiji samurai leaders were not part of the dominant
landed classes, having been divorced from the land for ceriuries (Trim-
berger, 1978). Thus they had unusuallatitude for action, independent of the
interests of this powerful socio-economic group. Second, the state’slcaders
had accesstoa burcaucracy of exceptiona! efficiency and capacity. Notonly
was the Meiji burcaucracy capable of directing change, but it was also quite
responsive to the circumstances of its clients, with whom it was able to
interact effectively.

The Meiji Teadership recognized the need to enlist the cooperation of
farmers in the search for the best local practices, and in their testing and
dissemination. Farmers carried outlocation-specific rescarchand served as
itinerant instructors. Officials were expected to work with the farmers, and
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the collaboration between the two groups served to link the research and
technology transfer functions, leading to the development and diffusion of
innovations which were clearly applicabic to users’ circumstances. The
adoption of innovations was facilitated by mechanisms for social control,
and ensured through coercion (Hayami et al., 1982).

The Japanese model is not casily transferable. The factors that made it
successful, such as social homogeneity and mechanisms for social control,
arc not widely found elsewhere in the developing world. It is particularly
difficult to develop local institutions which can cooperate with their clien-
teleand respond toits needs, while still channeling citizens’ behavior so that
it meets national priorities. Most state Jeaders therefore opt for a strategy
which assigns science and technology a starring role, thereby allowing
scope for considerable assistance from the international agricultural re-
search community.

India. During the 1960s the international agricultural research community
developed agriculturaltechnology which was considerably more powerful
than that available to the Meiji leaders, aithough its applicability was
limited to restricted geographic areas. This technology was to prove suffi-
ciently potent to bring food self-sufficiency to several countries, despite
deficiencies in the local institutions charged with its promotion.

Technology is powerful in itself, but its capacity to transform rural
society depends on how supportive the policy environment is, and on how
the users of technology interact with the institutions which control the
factors of production. India’s success with improved wheat and rice varie-
ties was associated with longstanding public support to infrastructure,
including irrigation, roads and clectrification, and to local government
bodies and cooperative societics.

India’s food crisis of the 1960s was exacerbated by the external pressures
thathad beenexerted onitsagricultural policv during the colonial era. In the
fluid situation following the death of Pr.me Minister Jawaharlal Nehru, a
coalition arose within the state structure to lobby for agricultural develop-
ment. Its members recognized the importance of incentives to enlist the
cooperation of key groups. Agricultural scientists won unprecedented
recognition from policy makers. Rescarch productivity was rewarded,
rather than seniority or political loyalty. Farmers were given price incen-
tives to adopt researchers’ innovations.

Indian development emphasized the diffusion of new technology, but it
did s0 in a top-down fashion. The ruling coalition was determined to
achicve self-sufficiency in food grains. The results in terms of agricultural
production were encouraging, but success was achieved through a hier-
archical system that did not take into account the country’s cultural, social
and agro-ccological diversity. The institutions which could have facilitated
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interaction between researchers and farmers were short-circuited, because
the green revolution technology was well adapted to the circumstances of
farmers in tie irrigated wheat-growing heartland.

India’s single-minded pursuit of production increases left vast constitu-
encies behind. Itis increasingly clear that lagging groups and regions must
not be ignored in the drive to modernize. A strategy such as India’s, which
focused disproportionate attention on technology, may not promote and
certainly cannot sustain integration and responsiveness, which demand
attention to institutions as well as technology; in such cases, relevance will
be limited to geographical arcas with conditions like those of rescarch
stations. To serve a wider rural clientele, policy makers must promote
institutional change that will facilitate interaction between research and
technology transfer staff, and support farmers’ participation in technology
developmentand diffusion. Suchstrategics were followed notonly in Meiji
Japan but also in viaoist China.

China. The Chinese case contrasts sharply with that of India. The Maoist
leadership was committed not to agricultural growth alone but to a set of
broader developmentaims for the rural sector, including improved health
care, education and nutrition. This reflected both its populist orientation
and itsties toa support basc consisting of the rural poor. By 1980, as a result
of state-led initiatives, poor Chinese generally had a better diet than their
Indian counterparts, and the average life expectancy of 66-69 years com-
pared favorably with India’s 52 years. Despite the Chinese regirie’sempha-
sis on equity, agricultural production had shown creditable growth (Sen,
1986).

Development of the technology to drive increased production was not
assigned solely to scientists and officials. Political leaders emphasized the
value of practical knowledge over formal qualifications, and of mass
participation even if this meant grossly inefficient use of resources. This
approach prevented the officials and scientists from monopolizing techni-
cal knowledge and, as in Mciji Japan, encouraged a system of rescarch and
technology transfer that was integrated and responsive tea broad clientele
which held center stage. The participation of farmers undoubtedly encour-
aged the development of relevant technology . thereby facilitating wide-
spread adoptior.

Since cquity held such high priority, the Maoist leadership recognized
earlier than many others that food policy encompassed more than just
production (Gittingeretal., 1987). Success in the latter does not necessarily
translate into increased food for the malnourished, as shown by many
recent studies (for example, Pacey, 1986). Yet despite the impressive record
of the Maoist leadership in reducing hunger and malnutrition, China’s
political system was not immune to forces which caused a marked shift in
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course, to the detriment of citizens whose access to feod remained shaky
(Sen, 1986). There are no formal mechanisms to ensure the system’s contin-
ued responsivenesstosociety asa whole, letalone todisad vantaged groups
and regicns, which may fall further behind when policy makers’ emphasis
shifts to growth, as it did in China following Mao’s death.

Donors

External aid agencies were instruinental in the development of many
IATS in the postcolonial era. They could still do much to improve the
integration and responsiveness of ATS. Yet certain structural characteris-
tics restrict their ability to do so.

Most donor agencies are centralized operations with limited staff in the
ficld; thus it is difficult for them to respond to local conditions. Moreover,
donor agencies often encompass a wide range of interests, including geo-
political, commercial, bureaucratic and humanitarian concerns. Their deci-
sionsarcofteninfluenced by pressuretomove large sums of money quickly.
This encourages the widespread and rapid replication of programs devel-
oped previously, without first determining the modifications needed to suit
local conditions (Duncan, 1986, Sussman, 1982; Tendler, 1975).

The pressures tacing donors are revisited upon aid recipients, whose
already overburdened administrative capacities are further taxed by the
procedures involved in securing and managing aid funds. The infusion of
large sums of money further diverts olicy attention away from issues
which are not readily solved through L infusion of large sums of moncy.

The gulf between research and technology transfer has only recently
beenidentified as a problem by international donor agencies (World Bank,
1985), and their attempts to promcte corrective measires have so far been
limited. In the past, integration was hindered by the tendency of donors to
focus assistance on either research or extension, but not both. During the
1950s, many development expertsassumed that the techriology developed
in the West could simply be transferred to developing countries, where it
could be popularized by institutions modelled along Western lines. They
failed tosce thattwo vitalingredients — an active clientele and effective site-
specific rescarch — were missing,

During the 1950s the politically motivated Point 1V programs of the USA
established extension agencies in many developing countries, especially in
Latin. America, and assigned the role of catalysts for development to
officials analogons to American county agents. Since extension services
were linked neither with indigenous research systems nor with active
clientele groups, they soon degenerated into ritualistic exercises in the
delivery of extension methodology (Rice, 1974).
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The succeeding decade marked the more reflective but still myopic
period of institution building, which established land grant universities in
several developing countries. Institutions were still treated like jigsaw
puzzles which could be broken up and re-assembled by experts along the
lines of Western protypes. The fact that these prototypes had arisen in
response to demand from clients and were sustained by their continued
support was still ignored. The new land grant universities did not respond
to rural constituents’ articulated demands and often misjudged their un-
spoken needs. Where clients were marginalized, university staff sought
support instead from professional bodies and an expanding international
scientific establishment. The scientific community rewarded those who
pursued “pure” rescarch within narrowly defined disciplinary channels,
far removed from the day-to-day concerns of ficld staff and farmers.

Research increasingly claimed priority over extension in international
and domestic funding allocations as agricultural growth rates lagged but
populations expanded. Economists’ calculations of the relative contribu-
uons to productivity ofagriculturalrescarchand extension indicated greater
returns on investment in rescarch, and reinforced perspectives which
treated the two systems in isolation from one another (Byerlee, 1987).

The problems facing research were casier to resolve than those facing
extension, and considerably less complex than the institutional changes
required for effective integration of the IATS as a whole. Agricultural
scientists could be given more financial incentives and new opportunitics
for recognition in national and international circles. Even farmers won
respect in scholarly treatises when they responded to incentives to adopt
new technology. In the meantime, extension agencies languished in the
disillusion which had followed carlier efforts to transfer technology and
institutions.

The focus on rescarch is epitomized by the establishment of the interna-
tional agricultural rescarch centers (IARCs) of the Consultative Group on
International Agricultural Research (CGIAR). These centers have emerged
as a major source of new agricultural technology and, through farming
systems research (FSR), have begun to address the problems of research
relevance and responsiveness. The shortcomings of extension systems have
been the focus of the Train'ng and Visit (T and V) system developed by the
World Bank.

We willnow turnto the positiveeffects of these three initiatives launched
and supported by donor agencies, but note that the tendency to treat
rescarch and extension as separate systems remains a problem, as does the
prescription of universal rather than nationally derived solutions.

International agricultural research centers. The new emphasis on agricul-
tural rescarch appeared to be justified by the spectacular successes of the
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green revolution. The rapid diffusion of new high-yiclding varicties of
wheatand ricesuggested, atleastinitially, thatattention to formal extension
systems might not be necessary when researchers could develop technol-
cgy offering high returns and policy makers could facilitate its adoption
through price incentives and supporting inputs.

As the green revolution subsided, resource management became more
complex in the favored arcas where the agricultural transformation had
taken place. Broad prescriptions lost their usefulness as farmers pondered
site-specific questions. Meanwhile, the more intractable problems of farm-
ersin Africaand otherresource-poor regions becamea subjectof increasing
concern.

In the late 1970s the IARCs began to widen their focus and to serve the
vast constituencies who had not participated in the green revolution. New
centers were established in Africa. Scientists paid increased attention tothe
food staples grown by resource-poor farmers, and included employment
opportunitics as a consideration in their rescarch.

The IARCs deserve major credit for the increased scientific awareness of
the needs of small-scale farmersand the requirements of crops and livestock
species which had previously beenignored. Asinternational bodies which
are not tied to specific national objectives, the IARCs are free to set research
priorities which address the needs of clients excluded by the elite coalitions
prominentin national policy-making processes (Lipton, 1985). The signifi-
cant shift in their concerns toward resource-poor farmers has begun to
influence the agendas of nationa! research systems,

ThelARCsareoriented neither to the: rrontiers of biological research nor
to the conditions of intensive agriculture (as, for example, are American
land grant universitics). They donot pursue research topics which are com-
mercially profitable, as do corporate laboratories. The IARCs’ professional
cthic is dedicated to the creation of technologies relevant to extensive
production by smallholders and pastoralists.

The impact of the CGIAR system extends well beyond its technological
achievements. Probably as important has been the magnetic pull it has
exerted on researchers in national systems, creating a new definition of
professional cxcellence that stresses relevance to small-scale producers,
providing training for and interaction with national researchers, and im-
proving the global information systems that now link previously isolated
rescarchers indifferent regions, countries and continents. The IARCs offer
incentives in the form of publication outlets and professional recognition
for those who pursue research for a non-professional audience (Anderson,
1985). Under their tutelage, professionalism becomesa much more positive
force than it would be otherwise.

The extent to which the IARCs are able to redirect research priorities in
nationalsystemstoward greater relevance varies. The links between IARCs
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and national institutions may be weak or sirong. Sometimes the very
superiority of the resources available to the IARCs provokes a defensive
response in the national system. Local scientists then try to keep their
distance in order to protect themselves from what they sece as a “neo-
colonialist” intellectual take-over. This reaction testifies to the powerful
influence that the IARCs can have.

The impact of the IARCs in cach country is affected by the weight of
various domestic constituencies and by the priorities of national leaders, as
well as the economic and physical resource basc. If the political leadership
reflects the interests of a powerful minority of commercial growers, the
IARCs will have only a limited impact on the capacity of the national IATS
to serve the resource-poor majority. On the other hand, political leaders
may wish to serve the rural majority, but lack the necessary resources todo
so. In such cases, IARCs can make an important contribution to the rele-
vance and responsivz.aess of rescarch.

Since the 1970s, the IARCs have tried to promote responsiveness by
broadening scientists’ perspectives through multidisciplinary research, in-
cluding thesocial sciences. That thisdevelopmentisregarded with ambiva-
lence even within the IARGs is clear from the pressure being experienced
within the system to restore the previous pattern in which the IARCs
specialized in the biological sciences and left disciplines such as the social
sciences to national systems (CGIAR, 1985). Further, the agricultural scien-
tists who predominate in the IARCs were trained to think in specialized
disciplinary channels which are too narrow to encompass the world of the
avcerage resource-poor farmer, let alone that of the women who constitute
the majority of the world’s food producers (Jaquette, 1985). In other words,
although theIARCsasinstitutions have developed anew professional ethic
in research, some of the old habits and attitudes linger on in individual
scientists.

The IARCs generally have a limited capacity te respond to purely local
needs. Theirlinks with national technology transfer organizationsare often
tenuous—and itis physically impossible for their limited staff to cover vast
expanscs of ecologically diverse terrain. Thus, with regard to integration,
the IARCs do not yet bridge the chasm between agricultural research and
technology transfer. Perhaps this will change as donor pressures lead them
to do more ficld trials with national extension staff. This trend is not likely
to occur spontancously, arising from within their internal, professional
incentive system — a further indication of the importance of donor percep-
tions of problems and funding prioritics.

Although the CGIAR centers now try to respond tothe needs of resource-
poor producers, it is proving difficult to design technology suited to their
needs. FSR, to which we will turn next, represents a major step in that
direction.
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Farming systems research. The FSR approach seeks to increase relevance
and responsiveness through multidisciplinary, location-specific field re-
search emphasizing the solving of practical problems. FSR does not neces-
sarily focus on the rural poor, and thus does not inevitably clash with the
interests of rural elites, who exert an influence in some domestic policy
making systems. FSR may nevertheless be “disarticulated” from many
IATS because its approach differs significantly from the established prac-
tices of agricultural scientists, and integrative mechanisms are often weak
(Marcotte and Swanson, 1987).

FSR emphasizes the adaptive rescarch which is essential if the needs of
the rural population are to be served. The capacity of its practitioners to
serve this large constituency may be diminished by their distance from the
professional mainstream which, as we have seen, confers rewards and
prestige on scientists who conduct strategic and applied research on well
cquipped stations. As “deviants”, FSR practitioners enjoy less prestige than
other national and international scienti...s, on whose priorities they cannot
exert much influence. Since FSR often lacks strong indigenous political
backing, itis vulnerable to charges thatit embodies external donor interests
rather than local ones.

Someobservershave categorized FSRas yetanother top-down approach
to the transfer of technology, albeit a more cunningly disguised one. The
acid test of FSRis its responsiveness. Asithasbeen practised so far, FSR has
not usually provided for clients’ direct participation in setting the research
agenda. Only recently haveits proponents begun to promote methods that
change the roles of scientists and farmers in the process of technology
generation. Nor are the incentives for such a change very strong even now
(Chambers and Jiggins, 1987).

Atleast FSR does not preclude participation — and many FSR teams are
indeed responsive to the needs of farmers, which they identify through
diagnostic research, a process similar to the market research carried out by
the private sector. They can and do help to persuade biological scientists of
the legitimacy of farmers’ views, thereby promoting the relevance of
research. Becauseof theiruse of sample surveys, the social scientistsat work
in FSR teams can be more aware than other scientists of the needs of
resource-poor farmers - Thus they can also improve the responsiveness of
research.

Social scientists need to be well integrated within interdisciplinary
teams, and notsimply scrve as window dressing, if FSR is to lead to greater
rescarchrelevance and responsiveness. One of the problemsis that biologi-
cal researchers have higher status and ar2 usually more senior. It may be
unrealistic to expect them to allow junior social scientists to set their
researchprioritiesu lessthelatter have substantial support from furtherup
the hicrarchy.
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A major criticism leveled against FSR is that it tends to by-pass formal
extension services in its efforts to bridge the gap between rescarchers and
farmers. Extension needs to “co-evolve” withresearch as the latter becomes
more relevant to its clients. It must assume a more active role in the process
of technological change, otherwise it will become increasingly irrelevant
(Johnson and Claar, 1986). This is unlikely to happen automatically. It will
occur only if FSR redefines its mission to incorperate extension in its
diagnosticrescarch and on-farm trials, and encouragesrescarcherstolearn
from extension staff as well as from farmers,

In sum, FSR’s success in promoting relevant and responsive research
depenrds on the strength of its incentives to do so, and on the nature of the
interaction of its scientists with their colleagues in research, extension and
the farming community. The incentives provided to FSR teams must be
weighed against the rewards offered to the professional mainstream in
order to predict how individual researchers will respond. FSR rescarchers
arc more likely to be concerned with adoption than their station-bound
colleagues because they encounter non-adopiersas wellasadopters, thereby
receiving potentially useful feedback. The major problem that remainstobe
addressed is the integration of FSR activities with those of station-based
scientists and extension agents.

The Training and Visit system. The third major initiative undertaken by
donorsfocusesonextension. The Tand V systemismore concerned with the
links between rescarch and extension than is FSR. 1t does not address the
problem of responsiveness, but pays greater heed to adoption than does
FSR. A major weakness of the system is its assumption that research is
relevant, and that its results need only be delivered to farmers.

The Tand V system attempts to make extension activities more specific,
and thereby facilitate interaction with researchers, whose work is inher-
ently more precise (Isracl, 1987). The system’s key contribution is its estab-
lishment of formal links between research and extension through subject-
matter specialists, who serve as mediators and participate in regular train-
ing sessions.

The efficacy of formal links is shaped by professional values, the strength
of incentivesto cooperate and theextent of support fromlocal, national and
donor interest groups. If senior research staff wish to develop better
relations with their rural clients, they may welcome the chance to train
extension personnel and become involved in field activities. But where
researchers are oriented toward a professional audience, they will view
training sessions and missions to the field as burdensome tasks which
deflect energy from the preparation of publications. In the first case,
extension staff will probably appreciate the opportunity to enhance their
status, whereas in the second they will resent the claims on their time and
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the didacticapproach of their trainers. In the latter case, integration will be
purely a formality, tailored to meet donors’ requirements.

Like FSR, the T and V system is often scen as representing external
interestsand priorities more than domestic ones. If domestic policy makers
arenot fully committed toit, Tand V practices will be diluted and modified.
Actual performance is determined at the ficld level, by staff who hold
decisiveinformal powerin therealm of policy implementation (Wagemans,
1987).

The incentives for senior officials in departments of agriculture to com-
ply with the organizational demands of the Tand V system are frequently
both visible and compelling. The system’s top-down approach is easily ac-
commodated in hierarchical bureaucracies whose leaders condone such an
approach. Policy makers often appreciate new mechanisms for holding
field staff accountable for performance. Yet the incentives and conditions
needed to fulfill Tand V requirementsatthefield level, where they are most
needed, are often quite weak.

The T and V system’s success depends on the vitality of adaptive
research. Where such research is deficient, extension staff may be held
accountableby theirsuperiors for the regulardelivery of information which
is of little value to clients. In such cases, extension staff soon lose both the
respect of their clients and their own morale. The ability of subject-matter
specialistsand field staff to convey feedback toscientists and influence their
research priorities and drsign is therefore crucial. Occasionally, extension
agents are able to take the initiative in applying irformation creatively,
according to the varying ;1 ds of their clientele (Wikeratne, pers. comm.).

As we noted carlier, hierarchical systems such a3 T and V hinder
feedback from subordinate staff and clients. While the T and V systein
clarifies what extensionagents are supposed todo, it does not address their
major grievances, including low pay and inadequate logistical support in
the field. Therigid schedule of training and visits facilitates monitoringand
evaluation, but does not take constraints at the local level intoconsideration.

The Tand V system is most successful where producers are relatively
advantaged in terms of resources and agro-ccological conditions, and
operate farms where conditions are relatively homogenous and broadly
similar to those of research stations. These circumstances prevail in the
north Indian state of Haryana, where the system is said to have shown
positive results (Feder et al., 1985). Farmers in Haryana enjoy access to
agriculturalinputs and credit thanks to the extensive involvement of both
the public and the private sectors.

The Tand V system has trouble responding to farmers who do not share
such advantages. Resource-poor farmers face extremely variable condi-
tions in which the information and technology of broad applicability
typically disseminated through the Tand V system have little value. Even
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in favored regions such as north India, many farmers now need a more
detailed understanding of technological requirements than is afforded by
the general prescriptions of the T and V system (Byerlee, 1987). Resource-
poor farmers often want credit and inputs much inore than they want
advice that does not help them increase production without incurring
additional costs. Hence, the T and V system is weak in terms of relevance
and responsivencss.

Evidence on the extent to which the T and V system has promoted
adoptionisstilllimited and mixed. Federetal (1985) reported highadoption
in Haryana, but Khan ct al (1984) found that there had been no significant
impact in Pakistan’s Punjab. Byerlee (1987) noted mixed results. [t appears
that adoption is high where farmers and rescarchers face similar environ-
mental conditions, provided that adaptive research is adequate. In any
event, increased attention to the criterion of adoption represents a positive
development.

Extension siaff suffer losses as well as gains from the attempts of the T
and V systemto streamline their institutionsand upgrade their training and
performance. They may lose autonomy and informal income as a result of
their narrowed mandate, limiting their tasks to advisory functions. In
addition, while the responsibilities of field staff may be reduced in theory,
they may remain broad in practice because policy makers persist in assign-
ing themadditional responsibilitics which further officials” owninterests at
the local level.

Insum, the Tand V systemaddressesthe problemof integration through
the extension system. Its impact on relevance is limited since its concern is
mainly with extension and its hierarchy inhibits feedback. 1t does not
promote responsiveness. Sinee it does not expand the supply of relevant
rescarch findings, itsimpactonadoption wiltbe strong only if such findings
arc already available. But at least it directs attention to this performance
criterion.

Farmers’ Organizations

Thereis considerable evidence tosuggest that the strength and character
of farmers’ organizations arc the single most important determinant of
IATS effectiveness. In some political systems state leaders have promoted
these organizations; in others, they have developed spontancously, in the
faceof indifferencecor evenresistance on the part of the state. Wherever they
exist they seem to be important for the quality of agricultural research and
extension.

The importance of farmers’ organizations is that they directly represent
the users of agricultural research. To the extent that they are effective in
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transmitting the needs of their members, they will demand relevant re-
search, press for the integration of research and technology transfer and, as
a consequence, promote adoption (o a greater degree than do any other
actors in the political or burcaucratic system. The managers of research
stations and extension organizations frequently regard the interventions of
farmers’ organizationsastechnicallyill-informod,short-sightod and gener-
ally a nuisance. Yet these organizations are vital in keeping research and
extension on their toes, exerting pressure on them to integrate, and provid-
ing political support for better funding and policies for agriculture as a
whole.

The history of agricultural development in the USA and Japan is often
cited to illustrate the ability of governments to heed demands from their
rural clients to improve agricultural scrvices (Binswanger and Ruttan,
1978). In both cases, the government helped stimulate demand for innova-
tions by organizing farmers’ associations (McConnell, 1959). These bodics
were seen as crucial in mobilizing mass participation in the quest for
progress. The benefits of experimentation by farmers and the exchange of
knowledge within the farming community had been illustrated by the
extension systems which farmers had crganized themselvesin 18th century
Britain. Active farmer involvement in the generation and diffusion of
technology abolishes the artificial distinctions between these processes that
are so often maintained by formal organizations.

Relatively few contempaosary governmentsindeveloping countries have
actively promoted farmers’ organizations (Taiwan is one example). Unfor-
tunately, most policy makers believe that the political risks incurred by
encouraging farmers to form organizations outweigh the economic bene-
fits. Governments lack the capacity to restrict the focus of farmers’ associa-
tions to strictly technical issues, and are unable or unwilling to address
broader ones.

Nonetheless, theinitiative to organize farmers’ associations need notrest
with public officials, who neither work with the soil nor bear the risks of
doing so. Demand for improved agricultural services has usually been
pressed most effectively by highly commercialized producers, who have
political and economic power. As producers of cash and export crops, they
command the leverage needed to direct the attention of the IATS to their
concerns, for they can provide powerful political support in return. The
urgent need for foreign exchange, so often a major government preoccupa-
tion, combines with the needs expresssed by the interest groups represent-
ing commercial agriculture to produce strong pressures for relevant re-
scarch and the adoption of its results.

Farmers’ organizations tend to be more influential when their members
arerelatively well educated and enjoy access to resources which help them
absorb the risks of innovation. The power of farmers’ organizations is
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considerably influenced by whether or not they fund research, since fund-
ing sources influence the choice of research priorities. In societics where
farmers contribute rescurces io agricultural research — as they do in the
Netherlands, forexample — scientistshaveclearincentivestoaddress their
problems, but in mostdeveloping countries funding is usually provided by
governmentand commercial interests. Both the latter generally give prior-
ity to export crops, a rational choice in an environment overshadowed by
foreign exchange problems.

Asnoted carlier, peasant producers tend toorganize along patron-client
rather thanassociational lines. However, the increasing commercialization
of production is causing a gradual weakening of patron-client ties. New
organizations arc emerging in the countryside. These appear to be associa-
tional while still relying heavily on patron-client “templates” to siructure
internal relationships. Where these organizations are specifically agricul-
tural, their leaders tend to be larger farmers, who can act as patrons.
Nonetheless, the needs of small-scale producers may also be represented if
the distribution of land resources is relatively equitable (or unimodal), for
then the more advantaged farmers share similar production conditions to
those of the less advantaged.

Where bimodal distributions of farm size occur, farmers’ organizations
(orlessstructured lobbies) tend torepresent the interestsof thelargerenter-
prises, withsmaller farmers remaining on the sidelines, waiting forinnova-
tions suited to their circumstances to “trickle down”. To theextent that there
arc significant differences in the production systems of the two groups, the
small-scale farmers will becomeincreasingly disad vantaged. The factor en-
dowments of large- and small-scale farmers arc usually such that the large-
scale ones benefit by capital-intensive new technologies while the small-
scale ones gain from more labor-intensive ones. The political strength of the
large-scale producers is likely to lead rescarch to stress capital-intensive
technologies, and small enterprises will become marginalized as a result.

We need to know more about the effects of benefits accruing to large-
scale producers on the interests of small-scale producers in the technology
development and dissemination process. To the extent that large-scale
farmers dominate farmers’ organizations they will both increase the politi-
cal effectiveness of these organizations and bias the IATS toward meeting
their needs. For small-scale producers there is a trade-off here: more and
better rescarch and extension may be obtained, but these may be less
responsive to their needs. The question is where, on balance, this trade-off
becomesdisadvantageoustothem. Ifboth groups of producersare growing
the same crops and using some, at least, of the same technology, resource-
poor farmers may gain considerably more benefit from the political ability
of the large owners to lobby for agricultural interests than they lose in bias
of the system against their particular needs. We do not know.
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The Colombian Coffee Growers’ Federation is a case in point (Kaimo-
witz, 1988). The federation was neither promoted by the state nor had any
explicit political functions. It grew out of the cfforts of large-scale coffee
producers to organize themselves. Through their influence it was granted
monopsony powersby the state, which taxed the coffee industryinorderto
provide it with services. The federation now provides rescarch and exten-
sion services which score high on integration, relevance and adoption, and
from which small-scale producers have clearly benefited to some extent.
Theservicesdoless well onresponsivenessto the needsof the poorest coffee
farmers, however, being biased against research on their particular prob-
lems.

Diversity militatesagainstthe development of commodity-specific farm-
ers’ organizauons. The typical low-income country is culturally and ecol-
ogically heterogencous, and farmers’ organizations show marked regional
variation. If a crop importantin the national cconomy isproduced on small
plots throughout the country, farmers are unlikely to organize because the
crop, though widely grown, remains a minor one for cach farmer. If it is
cultivated on alarger scale in a particular region only, producers there are
more likely to organize (Pificiro and Trigo, 1983).

The political power of farmers and their organizations varies considera-
bly according to the crop(s) involved. Apart from export crops of strategic
national importance, some food cropsare widely consumed and marketed
domestically, while others are not. It is the producers of subsistence crops
consumed mainly on the farm who are least organized and represented in
the policy-making process. These producersliveon the periphery of society
and its formalagricultural knowledge systems. The research bodies charged
with subsistence crops are generally centralized and therefore weak at the
local level, where adaptive research is most needed. Under these circum-
stances, external assistance may be needed to help create farmers’ organi-
zations to work with researchers and extension agents.

Farmers’ organizations which express the interests of wealthier farmers
may simply seck advantages for this group at the expense of resource-poor
farmers. In general, however, elite farmers are more interested in techno-
logical developmentthanaredisad vantaged farmers. Organizationsrepre-
senting resource-poor farmers tend to focus on issues such as land tenure.
Such organizations may indircctly improve iesearch and extension in the
long term, if elite coalitions come to see resource-poor farmers as a constitu-
ency whose demands require some response, even if not the one that is
asked for. If the elite rules out the redistribution of land, for example, it
might decide to pursue productivity improvements on smallholdings
instead.

Onbalance, it seems likcly thatany type of farmer organization is better
for the effectiveness of the IATS than none at all.
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Commercial Firms

As already noted, commercial interests alone are unlikely to meet all a
country’s needs in technology development and transfer. Many needs are
best met through public goods from whichiitis difficultto generate a profit.
Some technologics have the attributes of private goods, however, and
private enterprise will grow up around them if it is permitted. As we shall
see shortly, veterinary servicesand farm machinery are two such technolo-
gies.

For those goods and services it markets, private enterprise has very
positive effects onintegration, relevance and adoption, for these criteria are
closely related toa firm’s profits. In thisrespect there are substantial benefits
to be derived from private sector research and development. Private enter-
prise can also put pressur. on the public sector to perform better.

Private enterprise poses a danger for responsiveness, for it will focus on
the needs of wealthicer producers. It will be oriented toward the develop-
ment of discrete products whose distribution can be controlled and which
can therefore be marketed for profit - that is, private goods. Commercial
firms will not be interested in good management practices which farmers
can communicate to cach other by word of mouth, nor in improved seeds
which farmers canbreed themselves -—thatis, in public goods. Thesebiases
arenota problemaslongascommercial interests do notdistort publicsector
prioritics to st it their own agendas.

Veterinary services. The veterinary field differs substantially from other
arcasof agricultural rescarchand extension because thedistribution of most
of its innovations can be controlled and are therefore private goods. Cura-
tive veterinary medicine is also the area of agricultural services that has the
highest producer demand: a farmier with a sick animal is extremely con-
scious of his or her need for assistance. As a result, in countries with a
sizeablelivestock sector, veterinary research and extension generally enjoy
much wider political support and grass roots demand than do most crop-
oriented services (Leonard, 1987). The most closely comparablearea ofcrop
production 1s the treatment of plant discases and pests, which also enjoys
high demand.

The widespread awareness of veterinary problemsand the broad base of
political support for their redress makes veterinary medicine one area in
which the involvement of farmers” organizations is likely to be positive for
all four performance criteria. Such involvement is likely to be bencficial
even if the organizations are dominated by clites. Elite and resource-poor
farmers in the same arca tend to raise the same animal species, susceptible
to the same discases. If anything, the crossbred animals kept by elites are
more susceptible todisease than are the traditional breeds raised by theless



68 Sims and Leonard

well-advantaged farmers and pastoralists. The increased risk of disease
discourages such producers from adopting improved breeds. Thus the
benefits of developments in the veterinary field are much more likely to be
widely shared than is the case with crops.

Theinvolvementof commercial pharmaceutical companicsislikely tobe
positive in terms of integration, relevance and adoption. It may also be
beneficial in terms of responsiveness, although toalesserdegree because of
the limited purchasing power of the poor. The increased availability of
information and products resulting from commercial activity hasabroadly
positive cffect. However, businesses have little interest in promoting im-
proved management practices that reduce the incidence of discase, and
government extension efforts are normally necessary in this arca.

Government can have two opposite effects on responsiveness, depend-
ing upon how it is involved. If the government service reaches a broad
clientele, it increases demand from subsistence producers and hence in-
creases commercial interest in manufacturing products which are tailored
to this group. If, on the other hand. the government service is relatively
ineffective, it may instead stifle demand from poorer producers by “skim-
ming” the market. A weak or undisciplined public system tends to subsi-
dize services for the more commercial and politically influential livestock
owners, making ituncconamicfor private enterprise tomeet the remaining
demand. In this case, the effect is to depress commercial pharmaceutical
interest in manufacturing products for resource-poor farmers (Leonard,
1987).

Farm mechanization. In contrast to veteri nary medicine, farm mechaniza-
tionis anarea in which the needs of elite and subsistence farmers are likely
to be radically different, for the two groupsare distinguished above all else
by the capital they own.

Ifelite farmer groupsare strong, mechanization is likely to be detrimental
to the poor, both as subsistence producers and as farm laborers. The
technologies developed will depress demand for farm labar and reduce the
competitive advantage of farms with more labor thar, capital. Poorer
producers tend to be better served instead by technologies that help them
to break labor bottlenecks or increase the cfficiency of their labor, rather
than replace it.

Commercial involvement in the development and extension of farm
mechanization will promotein tegration,adoption and relevance, butit will
be negativefor responsiveness. Nonetheless, itis possiblefor private enter-
prise to benefit poorer producers through mechanization, provided they
havesomecashtoinvestand representa large market, ashappene-injapan
after the Second World War, when machines such as roto-tillers were
widely sold to smallholders.
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Government cfforts in farm mechanization are not necessarily superior
tothose of thecommercial sector. The problems of integration and relevance
are more severe with regard to mechanization than they arz in other arcas.
The development of appropriate technology depends on bringing together
notonly the perspectivesof the farmerand the researcher butalso that of the
manufacturer. Very few government efforts have been known to surmount
this barrier without the involvement of private firms.

Summary and Conclusions

In developing countrices, historical and contemporary factors led to the
establishmentof agricultural rescarchinstitutions oriented toward aninter-
national market and aninternational professional audience. There is a gap
between research and technology transfer institutions, and an even wider
breach exists between technology transfer institutions and the majority of
agricultural producers in developing countries. Development can take
place only if this situation changes, whereby institutions, technology and
client groups coalesce in the search for the new agricultural technology
which is urgently needed as the rext century approaches.

The effectiveness of IATS can be assessed according to four criteria: inte-
gration, relevance, responsivenessand adoption. Four groups of people can
force technology development and transfer systems in these directions:
national policy makers, external donors, farmers’ organizations and com-
mercial firms.

There arc only a few examples of effective state intervenution combining
technological and institutional change. The state has seldom managed to
elicitthe broad participationofitsrural peopleintransforminganextensive
tradition-based agricultural systeminto an intensive science-based one. Yet
wedonotruleout the possibility that coalitions will arise within state struc-
tures and prevail over the powerful default conditions that lead to inertia.

Forces related to the international environment have a mixed impact on
national [ATS. The international economic system combines with the inter-
national scientific community to offer compelling incentives to national
professionalstoconduct researchon key exportcrops. Donoragencies have
hindered integrationby focusing attention oncitheragricultural researchor
extension, rather than on both together. Yet they have made significant
strides toward responsiveness in some cases and relevance in others,
notably by launching the IARC system and the FSR movement.

The pressures and competition provided by commercial firms are posi-
tive in the domains where significant profits can be captured, butif market
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demandalonedrivesthesystem, large constituencies will beslighted. Much
will depend, in the future, on the recogni*ion of the poor as a market, and
the steps taken to give them purchasing >ower. At present, the private
sector is still largely unresponsive to the needs of poorer producers, and
neglectsinnovations whose bencefitsare primarily collective (public goods).

The most powerful demand for integration is likely to come from those
whoare, or should be, at the center of technology developmentand dissemi-
nation — farmers. The knowledge of resource-poor farmers is seldom
tapped by external actors, and a complex web of social, economic and
political factors inhibits the farmers’ articulation of their interests. Among
them is the traditional involvement of peasants in patron-client relation-
ships, which prevents the expression of their collective as opposed to their
individual interests. Agricultural research and extension are particularly
negatively affected by such relationships. Aithoughthe commercialization
of agriculture is weakening these patron-client ics, they still pervade mosi
farmers’ organizations. Associations representing the collective interests of
peasantsare now developing, but their purposes are sometimes subverted.

Resource-poor farmers need to be helped to recognize their collective
interests as producers, over and above the socio-economic and personal
differences which divide them at present. Donor agencies and national
policy makers should encourage them to organize themselves so as to
interactmore effectively with rescarch and extension. The participationand
supportof producers generates strong pressures forintegration, relevance,
responsiveness and adoption.

The first step in improving the performance of IATS in the developing
world is to recognize the very real social and political shackles that bind
them. Only then canone move intelligently toloosen them as opportunities
arise, rather than flayiag at them mindlessly or passively accepting their
constraints.
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The Effect of Changes in State Policy
and Organization on Agricultural
Research and Extension Links:

A Latin American Perspective

Roberto Martinez Nogueira

One of the most widely debated issues in the ficld of agricultural research
policy, organization and management is how to cstablish cffective links
between rescarch and extension. The degree to which these two activities
should be integrated, and the nature of thatintegration, has been examined
from many perspectives and within many contexts.

Broadly, the problems related to creating effective research-extension
links are similar to other integration problems within the public sector.
However, because of the naturcof rescarchand extension activities, and the
way in which theyareincorporated into the state’s organizational structure,
they have specific linkage problems.

The purposc of this paper is toanalyze the correspondence between the
changing rolc of the state and the organization of government rescarch and
extension, and to examine the cffect of this correspondence on the links
between research and extension. Thus, the scientific and technological
aspects of the links (which relate to the translation of contributions from
different disciplines into practical and relevant technologies that can be
transferred tothe farmer) are notacore feature of theanalysis. The emphasis
is placed instead on rescarch-extension links in the political /institutional
and organizational/managerial spheres. The analysis adopts an historical
approach, within the context of Latin America.

The paper is divided into three parts. In the first part, the analytical
framework is presented and its central issues defined. This is followed by
an historical review of the Latin American experience. The review focuses
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on the ways in which Latin American governments have sought to give
coherence to their objectives, policies and actions and have attempted to
overcome the problems arising from the need to create a wide range of
specialized institutions. The final part summarizes the organizational and
institutional development of government research and extension and out-
lines themain factors tobe considered in the design of new structures which
promote cffective collaboration between the two activities.

What emerges from the review isa pattern of progressive institutionali-
zation of research and extension and the links between them. The basic
hypothesis of this paper is that:

+ publicadministration becomes more complex through the incorpora-
tior: of new functions in response to the emergence of new problems
and the changing role of the state in development

+ thisincreasing complexity is accompanied by an increase in interde-
pendencebetweenresearchand extensionand requires greater decen-
tralization and a corresponding decrease in the structural differentia-
tion between the two activities, particularly with regard to adaptive
and applicd rescarch

The Analytical Framework

The Nature and Context of the Problem

The linkage problems between agricultural research and extension arise
from the differences in the nature of the two activities, in their objectives,
and in the knowledge and resources they mobilize to achieve these objec-
tives. Rescarch is concerned with increasing scientific knowledge and
generating new technologies. Extensionis concerned with the delivery and
adoptionof new technologies; it relies upon communication, educationand
producer participation, with thcoverallaimof changing behavior. Thus, the
two activities are carried out by professionals with different academic ori-
entations who are answerable to different sectors of the public and whose
work is evaluated according to different criteria. The fact that they are
typically carried outin separate organizational contexts is an institutional-
ized recognition of these differences.

Integration problems are common toall organizational scttingsin which
there is functional specialization. In the case of research and extension, the
characteristics, perception and evaluation of these problems have varied
fromonc historical period toanother. Thekey to understanding the specific
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linkage problems which now exist between the two activities lies in an
analysis uf their institutional development.

Althoughinstitutional developmentisa complex process, it is not a hap-
hazard one. It follows a general pattern, dictated by the role of the state in
terms of the objectives, formulation and implementation of state policies.
The role of the state in cach historical situation is itself determined by:

. how power is mobilized within the state and the broader society

« the main problems confronted by the state

« the repertoire of accepted solutions

. the available economic, political, administrative, social and environ-
mental resources

In this paper, the phrase “policy context” is used to encompass all these
factors.

Theanalytical framework restsonan analysis of the organizational struc-
ture of public research and extension within the prevailing policy context
and of theissues which define therelationships within this structure. Figure
1 (see overleaf) is a diagrammatic representation of this framework.

The Role of the State

The agricultural policies adopted by the state comprise the immediate
policy context in which rescarch and extension operate. These policies
change fromone period toanother, accordingto the prevailing politicaland
socio-economic objectives of the government. These objectives determine
the role of the state in agricultural development, the degree of autonomy it
allows agricultural institutions, the importance it attaches to rescarch and
extensionand whatit considers the rescarchand extension priorities should
be.

Policy objectives. The objectives of Latin American agricultural policies,
and the sequence in which the policies have been introduced over time, are:

1. Todevelop the infrastructure needed to facilitate the production of a
few commodities for export

2. To protect the producers of these commoditics against production
risks and market fluctuations in price and demand by imposing
regulatory controls

3. To increase production and productivity, particularly through the
application of ncw technoiogics, in order to reduce domestic food
prices and increase export surpluscs
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Figure 1. The analytical framework

POLICY CONTEXT
Mobilization of power within the state and the broader soclety
Problems confronted by the state
Repertoire of accepted solutions

Economic, political, social, environmental and administrative resources

ROLE
OF THE

ROLE OF THE STATE

<} Policy objectives
PRIVATE SECTOR Policy formulation and Implementation

i

ORGANIZATIONAL STRUCTURE OF RESEARCH
AND EXTENSION

Factors allecting the Organizational adjustment
organizational structure mechanlsms
Complexity Integration mechanisms
Functional specialization Bulter mechanisms
Interdependence Decentralization

b

FARMERS

4. Toreduce the possibility of social confii :t by satisfying the demands
for equity through the introduction of land reform and rural develop-
ment policies

5. Todevelop national agricultural rescarch capabilitics, diversify pro-
duction and promote social and regional development, in line with a
new perceptionof agriculture’s contribution tonational development
and macroeconomic adjustment policies

Policy formulation and implementation. A inajor factor which determines
how policies are formulated and implemented is the degree of concentra-
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tion of power. To best understand the concept of concentration of power, it
isuseful think interms of a continuum. Atone extremeliesa total monopoly
of power resources, while at the other lics equal distribution of power
among all participants; the intermediate situations are those in which the
degree of access to power and the opportunity to use it varics from ore
participant to another.

Each situation is associated with a specific decision-making process. In
the first case, the subordinate leve 5 of the government are totally respon-
siveto the political will at the top. «n the case of equal distribution of power,
theoverall resultof the participants’ decisionsisindependent of the willand
interests of cach participant. In the intermediate situations, decisions arc a
product of confrontation and collaboration between various groups with
varying degrees of power in the decision-making process.

The rational-deductive model of decision making put forward by aca-
demics to explain the process of policy formulation and implementation is
based on the assumption that there is total concentration of power. In this
model,an ¢ :plicitsetof goalsisdrawnup, rational calculationsare madeas
to how best to achieve these goals, policies are formulated and the actions
required toimplement these policies are defined and carried out (Dahland
Lindblom, 1953). Such a model lends support to the idea that research and
extension activities can be successfully integrated through centralized
control and planning. In practice, however, total concentration of power
cannot exist, because of three major constraints:

. the multiplicity of participants whoattempt to influence government
processes and outputs

. the discretionary nature of rescarch and extension tasks

. the limited amount of information that can be handled by those at the
top of the hicrarchy

Multiplicity of participants. Agricultural rescarch and extension involves
many individualsand groupsofindivid uals, including politicians, farmers,
scientists, development officers ..«d input producers. These individuals
mobilize different types of sociat und organizational resources to promote
their interests and points of view. All government levels become the target
of their pressures, and they have the capacity, in varying degrees, to block
or distort public actions. This threatens the overall coherence of policies
which attempt to integrate rescarch and extension through centralized
control.

Discretionary nature of research and extension. In both activities, consider-
able discretion must be given to the professionals at the lower levels of the
hicrarchy. Central planning cannot take account of all the contngencies
with which these professionals are faced. The way in which they use this
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discretion is affected by the influence exerted upon them by different
clienteles, by their personal interests and by the degree to which these
interests are consistent with official policies and objectives (Etzioni, 1961).

Information constraints. The specificity, complexity and unpredictability
of the problems faced by rescarchers and extension workers impose infor-
mation constraintson the concentration of powcer. Tointegrateresearch and
extension fromthetopinacentralized way would require a continuous flow
of informati n to and from the central authoritics to dictate specific com-
mands for situations not accounted for by the central plan. In reality,
however, the central authoritics can handle only a limited amount of
information and thus are not in a position to cffectively link lower-level
research and extension activities from above.

In essence, then, the total concentration of power whereby a central au-
thority determines the activities to be carried out by the members of each
subordinate unit, and has the power and ability to plan and control the
integrative mechanisms which operate between these units, is a theoretical
concept which rarely exists in practice. Thus, to achieve coherence, it is
necessary to create linkage mechanisms which cater for the need to reach
agreement on the overall objectives and to coordinate activitios at the
operative level.

Organizational Structure of Research and Extension

In terms of the focus of this paper, the analysis of the effect of the role of
the state on the organizational structure of rescarch and extension can be
divided into: organizational factors affecting the links between resecarch
and extension; and aspects of theorganizational structure which, within the
confines of the prevailing policy context, can be altered to improve the
effectiveness of research and extension,

Organizational factors atfecting research-extension links. In the organ-
izational structure of agricultural rescarch and extension, the main factors
which affect the links between the two activities are complexity, functional
specialization and interdependence.

Complexity. The types of complexity which affect links between research
and extension are:

+ structuralcomplexity (anincreasing number of institutions,and hence
an increasing number of mechanisms needed to coordinate their
activitics)

+ situational complexity (a wider range of clients, commodities and
environments)
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. analytical complexity (anincreasing numberof disciplines,approaches
and methodologies involved in the conceptualization of theroles and
aims of the two activities)

To overcome the challenges posed by complexity, several courses of
action have been put forward.

One suggestion is to cstablish increasingly specialized departments
withinresearchand technology transfer units, with cach department focus-
ingona particular topicarea and goal (Simon, 1976; Thompson, 1967). How -
ever, thishasresulted inanincrease in the interdependencewithin cach unit
and has not lessened the need to establish links between rescarch and
extension.

Another way of dealing with the effects of complexity is to: specify more
clearly the nature and goal of cach rescarch and extension task and the way
in which these tasks should complement one other; establish procedures
which ensure that those carrying out the tasks conform to these specifica-
tions; and draw up rules for making decisions in potential situations
unlikely to be covered by the specifications.

These courses of action incorporate a considerable degree of hierarchical
control and planning. However, the greater the complexity, the less effec-
tive is hierarchical control in integrating the different contributions. Many
of the difficultics which are encountered in developing effective rescarch-
technology transfer links can be explained by the fact that hicrarchical
mechanisms have been used. More cffective ways dealing with these
problems arc those which rely on participative interaction and mutual
adjustment at ail levels (Ackoff, 1974).

Functional specialization. Functional specialization arises when, in order
to complete a task, responsibilities for carrying out parts of that task are
allocated to different individuals or groups of individuals.

Theoveralltask weare concerned with hereisthegeneration and transfer
of new technologies "ic knowledge, skills, functions and length of time
required todevelop = technologices differ from those required to deliver
these technologies to the tarmer.

This functional specialization forms the basis of the conventional struc-
tural differentiation between rescarch and extension whereby the two
activities are performed by different units. Inherent in such a divisionis a
divergence in interests, values, behavior and goals between the units. In
addition, the differences in the types of activities performed by cach unit
and in the way in which the units interact with their clients gives rise to
differences in the type of management styles which arc appropriate (Law-
rence and Lorsch, 1967).

Interdependence. The concept of interdependence relates to the links
whi: 't existbetween unitsinorder tocomplete the overall task. The various
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types of interdependence can be divided into four categories (Thompson,
1967; Van den Val et al., 1974). These categories are:

+ pooled (in which the activities of one unit do not depend on the
activities of other units in order to contribute to the completion of the
overall task)

+sequential (in which one unit depends directly on another in order to
make its contribution)

+ reciprocal (in which the contribution of one unit is the input for the
other, and vice versa)

+ team (in which the members of one unit participate directly in the
activities of the other unit, and vice versa)

Thereisa clear correlation between these types of interdependence and
how advisors have perceived the relationship between research and exten-
sion. lnitially, both activitics were considered to be independent of each
other but contributing to a comnmon purpose. Later, extension was consid-
ered to be sequentially linked to research, receivingitsinputsfromrescarch
and incorporating these into a package of services for the farmer. Subse-
quently, their reciprocal interdependence was recognized, with extension
identifying problems and supplying information which enabled research-
erstodefine priorities. The current view is that the two activitics should be
seenascompletelyinterdependent, with extension workers participatingin
experimental research work and resecarchers establishing closer ties with
farmers.

Organizational adjustment mechanisms. The policy context in which
agricultural institutions operate can rarcly be altered in significant ways
from the perspective of research and extension. However, three aspects of
the organizational structure which can be altered to promote the effective-
ness and cfficiency of research and extension are: integration mechanisms,
buf®r mechanisms and decentralization.

idegration mechanisms. Interdependence between research and exten-
sion assumes interaction between many participants. This interaction is
usually hampered by institutional mandatesand restrictions, whichreduce
flexibility and encourage the tendency towards institutional isolation and
self-sufficiency. Thus itisnecessa ryto provide mechanisms to integrate the
contributions and interests of the different institutions and the units within
them.

In some cases, these mechanismes are defined and controlled by the
higher levels of a hicrarchy; in others, they emerge as a result of coordina-
tion between alllevels of a hierarchy. The choice of integration mechanism
depends on the nature of the activities involved and the degree of inter-
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dependence between them. There is empirical evidence to suggest that
where these activitics are characterized by a high degree of heterogenity
and uncertainty, as is the casc with research and extension, integration
mechanisms based on coordination rather than control will be more effec-
tive (Perry, 1967; Thompson, 1967).

Buffer mechanisms. The creation of buffer mechanisms tc isclate some
activities from the turbulence of the environment is a defensive strategy
adopted by institutions in order to reduce uncertainty and to enable them
to pursuc long-range goals (Thompson, 1967). Structural arrangements
creating buffer mechanisms are common in the field of research and
extension. Most relate to rescarch activities, and aim to protect the long-
range orientation of these activities from bottom-up demands and pres-
sures. Others are aimed at reducing the vulnerability of both rescarch and
extension to changes in the objectives and implementation of state policies.

Extensionactsasabuffertoresearchin that, typically, extension workers
interact with farmers, passing on to them the knowledge generated by
rescarchand thus precluding a direct relationship between researchers and
farmers. This is a way of “protecting” rescarch from the immediate and
diverse demands of farmers. Rescarch can thus be carried out on the basis
of a time horizon which looks beyond the farmers’ immediate needs.

There are a number of ways in whichagricultural institutions attempt to
reduce their vulnerability to changes in policy. Among these are the
constant scarch for institutional autonomy and the attempts to introduce
automatic financing measures that would reduce the need for endless
bargaining during the process of central budget formation.

Despite their advantages, the creation of buffer mechanisms is also a
source of problems. The effectiveness of extension as a shield for rescarch
may lead to the latter developing along lines unrelated to the needs of
farmers, or to extension itself ceasing to act as a channel for the transfer of
knowledge and becoming a service for the satisfaction of other kinds of
farmer aceds. Institutional autonomy may undermine the capacity of policy
makers to effectively orient institutional activitics.

One way of overcoming these problemis is to introduce an appropriate
level of decentralization. Another way is to reduce the diversity of the en-
vironment with which aninstitution interacts by specializing in producing
a specific type of knowledge (for example, by specializing in a particular
commaodity, discipline or region). Researchers and extension workers who
focus on a specific target group or problem are less likely to lose track of
policy objectives or farmers’ needs.

Itisalso necessary to distinguish between the role and aims of basic and
strategic rescarch and those of applied and adaptive research. While the
former should be prolected to some degree from multiple and diverse
demands emanating from the state and the farmer, the promotion of more
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effective interaction between rescarchers, extension workers and farmers
implies that there should be few, if any, buffer mechanisms between
extension and applied and adaptive research.

Decentralization. The aim of decentralization isto changethe distribution
of decision-making powers so that more decisions can be taken at regional
and local level. As such, it is an issue which concerns the rclationship
between thehigherlevelsof government and theagricultural institutions as
well as the relationships within the instiwutions themselves.

It was stated above that because of the heterogenity and uncertainty of
rescarch and extension activities and of the policy context in which they
operate, centralization is not a viable strategy. However, decentralization
could make the various levels of the organizational structure more vulner-
able to external pressures and thus have an adverse affect on overall
coherence. Decentralization measures must therefore include the cornistruc-
tion of mechanisms that will ensure control from above as well as facilitate
regional and local integration.

An Historical Review of the Organization
of Research and Extension in Latin America

Despite diverse historical situations and experiences, a common path
followed by Latin American governments can be identified. Those whose
organizational structures developed carliest, and are the largest and most
complex, took the lead in incorporating organizational innovations and
provided a maodel for other countries.

The pattern of increasing complexity in the organizationof rescarch and
extensionin Latin America does not differ substantially from the patternin
other developing countries. As a society matures, so new demands arc
made upon the state. The cumulative result of attempis to satisfy these
demands and resolve specific problems is an organizational structure that
is frequently disjointed and lacking inintegration. In an effort to rationalize
the structure, the state will often make use of organizational models
developed in other contexts which are unsuited to local circumstances.

Different stages can be distinguished in this process. in the following
review, the process has been divided ints tive stages. Incach stage, therole
of the state and the organizational structure of research and extension are
described. The main aspects of these descri ptions are then summarized in
terms of the variables outlined in the analytical framework. The summaries
are divided into: the variables which relate to the role of the state; those
whichrelate to the organizational factorsaffecting research-extension links;
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and theoverall effectof both sets of variableson the organizational structure
in terms of integration, the use of buffer mechanisms and the degree of
decentralization.

The Early Period

Role of the state. The first stage lasted from the mid-19th century untilabout
1930. It was characterized by cfforts to expand the state’s control over the
entire country, with the state becoming a revenue-collecting entity charged
withsafeguarding the social order and providing theinfrastructure needed
for the development of production, particulatly in relation to export com-
modities. The institutional foundation for resource-expanding activities
was cstablished and state policies were oriented towards the expansion of
the usable land by pushing out the frontiers, the incorporation of human
resources through immigration, and the attraction of investments and
resources from abroad.

This produced a geographically far-flung state based on ever-expanding
legislation. With a rigidly stratified socicty and a simple political system
allowing little participation, it aimed at cstablishing ground rules that
would promote the accumulation ¢f economic resources and power. Its
policies reflected an “illuminist” concept of its role in socicty. This was the
liberal period during which the state encouraged public education and
science and attempted to make technologies in use elsewhere available to
the productive system.

Organizational structur~ of research and extension. The conceptual dis-
tinction between rescarcl. and extension was minimal, and thus there was
no structural differentiation between them. What would now be called
extension activities originated in different institutional spheres, including
universities, departments within ministries of agriculture and institutions
responsible to those ministries. The emphasis on education was reflected in
the development of agricultural schools, with significant participation by
European technicians (for example, Italians and Belgians in Peru, and
Germans in Chile); these technicians played a role in the transfer of farm
management techniques and carried out some adaptive crop resecarch.
The ministries of agriculture were new and rather weak institutions.
Their place withinthe governmentstructure wasnotyetclearly defined and
their efforts in technology transfer tended to be unsystematic. These efforts
were incorporated into the activitics of promotion units which were sctup
in close proximity to the farmers and had little connection with research.
The units’ ficid officers played (and in many countries continue to play) a
diffuse role, acting as intermediaries between the farmers and administra-
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tive and political levels of government, as wel; us being involved in credit
supervisionand regulatory control and supplying inputssuch asseedsand
fertilizers; technology transfer was relegated to the bottom of their list of
priorities.

Some agricultural services were initiated in response to the interest
shown by farmers’ associationsin developing theagricultural sector. These
associations had been established to defend farmers’ interests and to
promote their views, and they became a major source of support for the
introduction of new technologies. For example, the National Agricultura)
Societics in Peru and Chile set up experimental stations; the Rural Society
in Argentina wascreated with the objective of improving livestock and crop
production; and, in the 1870s, the Colombian Agricultural Society was
founded with thestated purpose of exchanging seeds, promoting improved
livestock breeds, sctting up agricultural schools ard disseminating ad-
vanced agricultural techniques from abroad (Kairnowitz, 1988).

In some places a leading role was played by private sector companies
interested in developing agricultural pro.iuction. In che case of the railway
network in /irgentina, where the railway line usually heralded the produc-
tive occupation of the land, such companies provided channels for the
transfer of knowledge through demonstration units scattered over the lands
they owned (Marzocca, 1985). Private sector invelvement was also evident
among certain export companies; these companies set up technical services
for the production units (such as large farms and ranches), which in many
cases they themselves owied.

Summary

A clearly stratified socicty, witha high concentation of power and a
simple government system that facilitated the implementation of
policies that had a strong influence on the econnmic growth of the
country butwerelimited in numberand in theirdegree of intervention
in social and economic life. These policies required little systematic
organization of the state and involved simple planning, management
and evaluation procedures. Public activities were designed to pro-
mote development and agricultural production, primarily for export
markets; this was reflecied in their focus on the educational sphere
and their efforts to meet the needs of farmers’ associations which
began to show intcrest in technical innovation.

Low strrictural and situational complexity because of the existence of
only a few institutions, acting completely independently and dealing
with a limited range of clients, commodities and environments; low
analytical complexity in that there were few distinctions between
scientific disciplines, approaches and methodologies. There was
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minimal functional specialization and no interdependence. Linkage
problems were not perceived.

Close relationships and relatively informal interactions between the
institutions and higher policy levels because of the small size of the
state apparatus. There was a low degree of decentralization. Buffer
mechanisms were not necessary.

By the end of this period many countries had incipent institutions and
linkage mechanisms that would develop in subsequent stages. But this
development was not to be a total transformation for, in many cases, the
pattern established in the early period persisted in spite of attempts to
change it; in some cases it is still in evidence.

The Transiticn to Institutionalization

Role of the state. The second stage lasted from 1930 to the 1950s, and was
characterized by a proliferation of government institutions and the emer-
genceofamuchmorecomplexstateapparatus. Thissituationarosebecause
of the need to respond to the new problems emerging from the already
exhausted growth potential of the development model based on the pro-
duction of primary products for the export market.

As a result of market closures and the introduction of protectionist
policiesin the wake of the 1929 financial crisis, a regulatory state was ta.cing
shape haphazardly in some countries, notably the largest and most devel-
oped ones. Itsinterventionin social and economiclife increased inresponse
to the crisis, as it sought to restore the former participation of national
production in international markets.

The state’s ad hoc responses to the changed circumstances produced a
cumulative growth in state functions. New functions gave rise to the
creation of new institutions, some within the central administration and
others with a greater degree of autonomy, as decentralized institutions.
There were even a few instances of a certain degree of privatization in the
public sphere, the control of the new institutions being the responsibility of
their own specific clienteles. The case of Argentina, where a number of
commodity regulation boards were created to supervise a wide range of
functions aimed mainly at stabilizing markets and prices, is an example of
this trend.

The first import substitution policies were implemented during the
Second World Warand were extended thereafter. This marked a fundamen-
tal change in the role of the state. It was no longer simply a framework for
activities in which it took no direct part; instead, it became a producer, a
marketing agent and a provider of credit through the development of a
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network of public enterprises and banks. This path, pioneered by a few
countries, was later followed by almost all Latin American countries.

Organizational structure of research and extension, Research and exten-
sion werelocated atdifferentlevelsin thestate’s organizational framework,
and varied in terms of organizational arrangements, their degree of auton-
omy and their operational capacity. In some cases they were publicly
funded; in others they received significant contributions from farmers. In
Peru, for example, the experiment station La Molina, where an agricultural
university was later established, originated in the efforts of the National
Agrarian Society which had bought the land for the construction of labora-
tories and experiment fields and offered it to the School of Agriculture.
Wherever commodity-specificactivities were initiated inorder toorientate
and regulate production, usuall y with farmer participation, these activities
formally incorporated technology transfer tasks.

Technological issues were grad ually winning public recognition, and in
the 1940s the ministries of agriculture began to undergo a thorough re-
organization. For example, in the restructuring of the Chilean Ministry in
1940and inthereformsin Argentinain 1944, a more prominentposition was
given to research. In Colombia, a specific agricultural ministry was re-
established in 1947.In Brazil, the National Centre for Agricultural Teaching
and Research was set up to coordinate the activities of state and federal
institutions.

During this period the process of creating institutional resources for re-
search made gradual progress. In the carly 1940s, Argentina had 12 experi-
mental stations, Chile 13, Colombia four, Mexico 14, Uruguay one,and Peru
a network of five stations and substations.

Commodity-centered bodies begantocome tothe fore, particularly those
concerned with export commodities. Experimental stations established
previously on the basis of farmers’ contributions, such as the cotton and
sugarcane stations in Peru, were now financed out of tax revenue orexport
duties.

Foreign assistance. Foreign technical assistance began to play a significant
role. In Guatemala the National Agricultural Institute was established as a
joint venture between the Chinchona Growers Association and the United
States Department of Agriculture (USDA). Subsequently, the USDA initi-
ated joint ventures in other countries, setting up experimental stations
where the emphasis was on rescarch rather than extension (Rice, 1971). By
1942, the first permanent teams of official US agricultural technicians had
arrived in Latin America. Between 1943 and 1948 the USDA Office of
Foreign Agricultural Relations provided technical assistance in 10 coun-
tries, with theaim of developingalternative sources of tropical agricultural
supplies.
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Simultaneously, US government agencies were becoming involved in
the development of extension. The Institute for Interamerican Affairs
(ITAA), a public entity which had been established by the US Congress to
foster technical cooperation with Latin America, stimulated the creation of
rural agricultural services (known as servicios) aimed at promoting the pro-
duction of local food crops. During the war, IIAA placed teams in 11
countries. Theservicios werebilateral, operational agencies under American
direction with a network of field offices staffed by extension advisers. After
1950, the USDA programs were integrated into these servicios as part of a
broader shift in technical assistance policies from rescarch to extension
(Rice, 1971).

Buffering research and extension. Another change taking place at this time
was that those engaged in technological activities began to seck a measure
of autonomy for the rescarch and extension institutions. These institutions
were responsible to the ministries of agriculture, and the intention was to
protect them from the political unrest that affected the ministries. In this
area, advice from the foreign agencies involved in Latin America often lay
behind the moves towards autonomy, as in the case of the institutional
reforms introduced in Mexico in 1945 on the suggestion of the Rockefeller
Foundation.

This process was among the factors which contributed to the relative
domesticisolation and highly developed external connections whichbegan
tocharacterize public sectoragriculturalinstitutions. Institutional relation-
shipsbetween countries were encouraged, again with significant participa-
tion by the Rockefeller Foundation. The Interamerican Institute for Agricul-
tural Sciences (IICA), abranch of themultilateral Organization of American
States (OAS), made an important contribution towards establishing hori-
zontal relationships.

Originally created to offer professional training in the biological and
social sciences related torural development, the IICA played afundamental
role in introducing American organizational models and developing new
approaches, particularly inrelationtoextension. Thisrole wasreinforced by
the heavy flow of personnel who were sent to the USA for training;
previously, training had been based on criteria developed in Europe and
transmitted by European technicians who taught in the universities and
schools.

Asintheearly period, there wasstilllittle or nointerdependence between
research and extension. The general belief was that technology wasalready
availableand that the most serious constraintonrural developmentwas the
absence of rural institutions oriented toward motivating, organizing and
informing the farmers (Rice, 1971). Research units usually had their own
demonstration fieldsand their own connections with seed suppliers. Exten-
sion concentrated on spreading cultural practices that made scant use of
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inputs from local research. This conceptualization meant that linkage stilt
did not appear to constitute a problem.

Summary

« Attempts by the state to incorporate new functions in response to
demands born out of new conditions in international markets; a
growing number of individuals, associations and agencies interested
in the development of agricultural production, with a progressive
divergence of interests among them. Agricultural ministries contin-
ued to be weak in a situation in which sectoral interests were increas-
ing their capacity to exert pressure on the state. However, there was
still no real challenge to the dominant interests and perspectives
which shaped policy formulation and implementation.

+ Organizational structure of research and extension, and the circum-
stances in which they operated, becoming more complex. This was
because of greater state participation in research and extension activi-
ties, theincreasinginfluence of bilateral and multilateral aid programs
and the expansion in the number and variety of institu’ions. In
response to this growing complexity, hierarchical structures devel-
oped and there was increasing functional specialization among exist-
ing institutions. Analytical complexity increased as research and
extension began to develop as different disciplines with different
methodologies. There was little interdependence; institutions devel-
oped distinct identities and particular sources of financial support.

- Stillalow degreeof decentralization asresearch and extension contin-
ued to be closely connected to the hierarchical apex. However, some
attempts were being made to create buffer mechanisms between the
state and research and extension activities.

Developmentalism

Role of the state. From the late 1950s to the early 1970s, developmental
attitudes and ideologies prevailed. In some countries, with the emergence
of large urban populations, there had to be a dramatic increase in agricul-
tural production to meet their demands for cheap food; in others, agricul-
tural production had been declining, resulting in serious trade balance
problems.

The overall policy objectives were to reform the agricultural sector and
develop the rural areas. There was a dramatic increase in structural com-
plexity: new functions were added to the established ones and new institu-
tions appeared, many of them becoming semi-autonomous. The state was
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seen as the spearhead of development; it sought to determine the structure
of the national economy and to redistribute power and wealth.

During this period three practices were having a strong impact on gov-
ernmentorganization: national planning, the creation of organizational sys-
tems and the introduction of development programs. The conceptualiza-
tions underlying the implementation of these practices were based on the
rational-deductive model of decision making.

National planning. Planning mechanisms based on a comnion model
became institutionalized. Theinfluence of international bodies was evident.
The United Nations Economic Commission for Latin America (ECLA)
provided the technical expertise and the justification for restructuring the
state apparatus, developing new conceptsof theobstaclesand strategies for
the growth of Latin America economies. The new era of publicinternational
financing encouraged the development of criteria for project analysis and
evaluation, and multilateral organizations gave advice and support in
policy implementation.

Institutionalized planning aimed at being comprehensive and compul-
sory for the public sector. There was a conceptual and organizational
separation between policy formulation and policy implementation. Na-
tional and sectoral objectives would bedefined by the highest politicallevel,
and would determine the criteria on which the allocation of functions were
to be based. It was considered that the most effective way to achieve these
objectives would be to have a clear differentiation of units, with each unit
specializing in a particular type of activity. To ensure that these units
functioned efficiently, a technocratic approach was adopted whereby pro-
cedures and problems were to be handled in a clearly defined rational and
professional manner.

The diversity of the new functions incorporated by the government
raised the problem of their coherence and integration. To address this
problem, administrative control mechanisms and a series of planninglevels
— national, sectoral, regional and institutional — were established to
ensure thatplanning forecasts weremet. The plan provided the instruments
for regulating the different kinds of interdependence, for achieving consis-
tency between decisionsatdifferentlevclsand fordefining theactions of the
implementing agencies.

Organizational systems. With the diversity of activities for which the state
wasnow responsible and the progressively more dynamic policy contextin
which it operated, new organizational structures had to be devised. The
design of these structures was based on the systems approach. According
to this approach, each unit is part of a whole and has hierarchical and
functional relationships with other units, all oriented by the same set of
goals. The design of the system consists of the identification of the appropri-
ate structural differentiation necessary to accomplish these goals, the pro-



92 Martinez Nogueira

vision of integration mechanisms to cope with interdependencies an the
establishment of a central authority with enough power and information to
govern the direction of the system and the relationships within it.

In the new situatior, integration could not be controlled exclusively by
the top levels of the system. Each unit was givenenough decision-making
power todeal with the specific problems faced in the context of its mandate,
Functional relationships mul tiplied and overall effectiveness depended on
the way the various kinds of interdependence were structured. The estab-
lishment of systems as groupings of units linked by a common set of
objectives was intended to solve this problem and thus facilitate policy
implementation.

In the process of this restructuring, it became clear that it was no longer
feasible tosimply create new units within thesystem to meet new demands.
Instead, the entire system had to be reorganized, and thus research and
extension became the subject of institutional experimentation. In many
cases, this radical change of thought was associated with new policies
aimed at reforming the agricultural sector. An added incentive for restruc-
turing was the availability of promising new technologies in the interna-
tional arena.

Development programs. It was during this period that “Development Pro-
grams” first became a feature of national development strategies. Usually
financed from abroad, they concentrated resources on the solution of
problems of national priority. They wereincorporated into the national plan
but,toreducethe interdependencies thatmight detract from their effective-
ness, they had a privileged administrative status and were given a certain
degree of autonomy,

Thefactthatitwasconsidered necessary toset these programsapart from
other government activities is indicative of a growing problem: thedifficul-
ties of implementing public policies in situations of high structural com-
plexity. Removing anactivity from the central administration of the govern-
ment, and internalizing within it all the functions which were necessary to
achieveitsgoals, isa strategy now often applied to such programsin order
to increase their cffectiveness. The Agricultural Plan which has been oper-
atingin Uruguay since 1961, and is designed toprovide technical assistance
and credit, is a case in point.

Organizational structure of research and extension. From the perspective
of rescarch and extension, the most important developments during this
period were: the withdrawal of US technical assistance; the creation of the
decentralized semi-autonomous research institutions; and the effect of
agrarian reform and rural development policies.

US technical assistance. At the start of this period, bilateral aid was still
exerting a strong influence. Servicios had been set up through aid programs
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i all countries apart from Argentina, Mexico, Uruguay and Verezuela. In
the smaller countries, servicios had started operating even before research
activitiesdeveloped. Aslateas 1966 there were 11 sucharrangements, most
of which played a significant role in the institutionalization of extension
activities.

Within the servicios a process of trial and error, combined with diverging
opinions within the responsible US government agencies, led to the devel-
opment of a variety of organizational models. At ihe time, these models
were the subject of a heated debate in the USA; the major issues were the
relative importance ai.d proper roles of rescarch and extensio. . in develop-
ment aid and the potential contributions of different models to the overall
process of institution building. While “productivists” tended to emphasize
particular technological initiatives and productive investment projects, a
group moreoricntated towardscommunity developmentstressed the need
for broader educational efforts and sociai and cultural change (Barksy,
1988). These debates contributed to the growing analytical complexity in the
conceptualization of extension.

Withdrawal from the servicios began in the late 1950s, culminating years
later in the end of the direct involvement of US personnel in extension
activities. In their place, financial support began to be provided for specific,
nationally managed extension projects (Rice, 1971).

Decentralized research institutions. The first attempts at an overall reor-
ganization of research and extension activities were made in the 1950s.
Fresh consideration was given to agriculture in a new political context,
which involved governments whose banner was development, institution-
alized planningand the consolidation of international publicfinancial insti-
tutions. A new perception of problems, a developmental ideology and an
assumed availability of technologjiesled to new approaches toresearchand
extension.

Many attempts were made to bring coherence and order to the great
variety of existing institutions. Increasing structural complexity and differ-
entiation led to a growing awareness that many problems derived from
weak or non-existent links between rescarch and extension. The two activi-
tiesbegan tobe scenas sequentially interdependent, with extension respon-
sible for transferring the resuits of rescarch activities to the farmer.

Inthose countries where extension serviceshad been established withUS
support, these scrvices were incorporated into the central administrative
structure. In other countrics, decentralized, semi-autonomous institutions
began to be established, an arrangement that eventually was to prevail in
almost all Latin American countrics (Pificiro, 1983}. The first of these
institutions, the Instituto Nacional de Tecnologia Agropecuaria (INTA) in
Argentina, was created in 1956 and incorporated both rescarch and exten-
sion activities.
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These institutions had a clear mandate. National planning was charged
with issuing the policy directives that were to guide their activities and, in
conjunction with joint programming, with ensuring integration between
research and extension, whether they were under the same institutional
roof or not. A semi-autonomous status was granted to the institutions in
order tofacilitate policy implementation, provide better services to farmers
and develop scientific and technological capabilities, particularly with
regard to advancing from adaptive research to applied and basic research.

Agrarian reform and rural development policies. The attempts at agrarian
reform that took place in the 1960s placed extension activities in a new
context. A new brand of institutions was born; these institutions were
experimental in nature and thus their functions were not very clearly
specified. Some of them were to provide a range of rural development
services, including supervised credit, technical assistance and organiza-
tional support. In a few cascs extension was incorporated as an additional
function. This helped the development of a new conceptualization of
extension activities; they were given a more dynamic orientation and
focused more on social and organizational factors.

Within this context, extension was no longer sequentially related to re-
search. A reciprocal interdependence was evident, with extension provid-
ing research with important inputs for identifying problems and defining
priorities. At the same time, the new functions assigned to extension made
itmoreinterdependent with other developmentactivities, thus multiplying
the sources of influence on the extension worker and further diluting the
purely technological content of his work. The difficulties that arose in the
efforts to integrate different activities led to an incipient awareness that
coordination through planning was inadequate. The concern to set up
mechanisms to facilitate communicatic- " stween the activities was grow-
ing,and this, in turn, gaverisetothenc: - .tiativesthatemerged during the
following period.

After 1970 a new type of policy aimed at alleviating rural poverty and
increasing agricultural production was adopted by several countries. Pro-
grams of integrated rural development were implemented, most of them
financed by the World Bank. These programs made heavy demands on the
administrative and coordinating capabilities of public institutions, and in
most cases this resulted in a duplication of functions and an increase in
structural complexity.

The organizational arrangements for implementing agrarian reforms
and integrated rural developmen: programs tended tobe highly centralized
(Barsky, 1988). Centralization, coupled with increasing situational com-
plexity and the multiplicity of policy instruments employed, resulted in the
arrangements also becoming more bureaucratized. This reinforced the
isolation of these programs from rescarch institutions.
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Summary

. A more turbulent social and political environment, with new groups
claiming a larger proportion of the national income and wealth. With
the development of national planning and organizational systems to
cater for economic as well as scientific and technological policies, a
more intricate government system began to emerge. The role of the
state was not only to encourage growth but also to promote social
change through transformations in the distribution of resources. This
was the outcome of new demands on the state, most of them resulting
from the equity problems generated by imbalances in the develop-
ment patiern.

. Explosive growth of situational and structural complexity. New poli-
cies were aimed at areas and types of farmers previously excluded
from public policies. A host of new institutions developed ina rather
haphazard way, in spite of planning efforts. Extension activities were
being carried out from a variety of different locations within the state
system and relating simultaneously to various aspects of farmer
problems, agricultural education and technology transfer. The intense
debateon the roleand aims of extension and the development of many
organizational models illustrate a growing analytical complexity.
Reciprocal interdependence between research and extension was
apparant in many cases but, despite this, there was still effective
autonomy between public institutions.

. The use of extension as a buffer, in some cases for research, and in
others for central authorities in a context of growing social conflicts.
Semi-autonomousinstitutes buffered research (and, toa lesser extent,
extension) from central authorities. Integration mechanisms were
revised and new forms of centralized control implemented, with
growing inefficiencies in the use of resources.

The Crisis

Role of the state. In the early 1970s, most countries had relatively high
economic growth rates. Strategies of development which were based on
industrialization were pursued with renewed energy. Macroeconomic
policies gave protection to and made possible an expansion in manufac-
tured consumer goods, as well asintermediate and capital goods. Subsidies,
rates of exchange, and trade, fiscal and food price policies discriminated
againstagriculture, but there were certain policy instruments suchascredit
and public investment that had a positive impact on agiculture \Lopez
Cordoves, 1987). Government expenditure was relatively stable.
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By themid-1970s, however, the trend had begunto change. Social unrest
in some countries. an cnergy crisis in others, and changing conditions in
forcign markets for most, precipital d a crisis that was aggravated later by
the impact of heavy foreign indebtedness. Since 1984, annual economic
growth rates have been consistently low. All economic indicators show
similar patterns: production, capital formation,employmentand real wages
are deteriorating, while, in most countries, inflation and trade imbalances
are increasing,.

In organizational terms, this crisis situation led to renewed concern for
the role of planningand a change in the perception of coordination prob-
lems.

The role of planning. The greater uncertainty and instability associated
with the crisis raised new problems. Without givingupits role of promoter
and agent of development, the state became more like a confederation of
public institutions, cach with different analytical and operational capabili-
tiesand all subject to pressures from corporate interests. The increase in the
diversity and scope of state objectives, and the growing inability of central
authorities to control the implementation of state policies, led to a situation
in which the state began to abandon the aspiration to plan everything.

It was realized that too much had becn expected of planning as a
mechanism for solving coordination problems. The enormous complexity
arising from the proliferation of new institutions and the dynamism of the
social context showed in a dramatic way the political and technical limita-
tions of the existing planning systems. Social conflict and the uncertainties
and vulnerabilities arising from the way the countries were placed in world
markets challenged the assumptions of the planning techniques in use. A
new, more strategic concept of the planning process started to develop.

The coordination problem. The questioning of whether the different facets
of government shared a unity of purpose and consistency of action led toa
change in the perception of coordination problems. Faced with decreasing
resources, overwhelming short-term pressures and the weakness of the
central decision-making authorities, government institutions made use of
discretionary powers to reinterpret their mandates.

In the new approach to state organization, horizontal relationships were
viewed as critical. The state began to be scen as similar to a market where
different power groups confront each other and resources are allocated.
From this perspective, it had little resemblance to the centralized, bureau-
cratricstructure envisaged by conventional planning. Consequently, iden-
tifying and evaluating the interdependence between unitsbecame crucial to
the understanding of linkage problems.

Organizational structure of research and extension. Overwhelmed by
mounting pressures and problems arising from declining state resources,
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fractured power and external demands, the development of research and
extension slowed down until, in most cases, stagnation set in. Indeed, in
some countries, there had already been stagnation for some years (Barsky
and Pifieiro, 1985). In addition, there was also a growing feeling within
governments and among farmers’ associations that public agricultural
institutions were becoming excessively autonomous.

Attemptstodeal with the problems arising fromthe crisis focused ontv:o
issuesin particular: theroleof extension; and centralization. The ineffective-
ness of these attempts contributed to the growth of private sector involve-
ment in agricultural technology. A separate but equally significant factor
which contributed to this growth was the state’s attempt to reduceinternal
complexityanddivestitself of the some of the responsibility for agricultural
technology by handing over somne rescarch and extension functions to the
private sector.

The role of extension activities. The limitations of an institutional pattern
based on functional specializationbutconfronted withgroups thatrequired
multidisciplinary and multi-institutional supportbecame dramatically clear
when agrarian policies began to be more specifically targeted and tc focus
more on resource-poor farmers, as in the case of rural development pro-
grams. This led toasituation inwhich continuous organizational modifica-
tions were being imposed on extension activities; in contrast, the organiza-
tional framework for rescarch activities remained relatively stable.

The constant search for a better coordination within and between gov-
ernmentinstitutionsled,and continues tolead, toephemeral arrangements,
most of them lacking the necessary administrative and political support.
Extensionresponsibilitiesare distributed among variousinstitutions which
work with different types of farmers, may be associated with agrarian
reform or rural development, and can be administered at cither national or
Jocal level. Problems arise because of the multiplicity both of institutions
and of their oricntations, and differing views emerge as to how to solve
these problems. Each institution seeks to legitimize its particular approach.
Debates arise as to what extension means (education or technology trans-
fer), what its goals are (empowerment, acquisition of a new setof values, or
attitudinal change), who it is for (the farmer or the rural family), and how
itisto be carried out (individually, through farmer groupsor through mass
communication).

Centralization. The model of the decentralized research institution as-
sumes that there is a strong state with clearly defined policies in which
sectoral and technological plans are consistent with the overall develop-
ment stiategy. The fact that this scenario seldom existed, and that research
and extension activities had a wide scope in terms of types of farmers,
commodities and environments, explains why in many cases the semi-
autonomous institution had become an arena for tensions and conflicts in
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the allocation of resources. Central Planning mechanisms were unable to
formulateclear guidelines foridentifyingresearchand extension priorities.
This role had to be assumed by the institutions, leaving other levels of the
government with scant supervisory capacity.

The institutions started to play politicai games, searching for potential
allies by distributing resources such as the location of their stations and
agencies and the types of technology they generated and transferred. The
main factors determining their prioritics and the location and conduct of
their activities were intra-institutional interests, the interests of farmers’
associations and the central budgetary units of the government. These
pressures were felt at all levels of the institutions, each level being influ-
enced by varying viewpoints and interests (Martinez Nogueira, 1988).

A common response to this situation was to impose greater centralized
control from the highest government levels, This had important effects on
the links between research and extension and on the degree of success that
each activity had in meeting its objectives.

Compared to extension, research is easier to orientate through resource
allocation; it is also determined to some extent by the researcher’s discipli-
nary background. Extension can be controlled from thecenteronly in terms
ofhow itis carried out;itisin the field that theactual contents of the activity,
the specific relationship with the farmer and the technologies transferred
aredecided. Thesedifferencesalso reflect thedifferent sociallinks of the two
activities. In research, pressure is exerted at the policy-making and re-
source-allocation levels, whereas the pressures on extension arise locally.

The role of the private sector. The private sector, in the form of farmers’
associations, non-governmental organizations (NGOs)and private compa-
nies, hegan to play an increasingly important role during this period.

In this context, it is important to stress that access to technology varies
greatly among farmers. Those who are more sensitive to technological
change, and have greater resources to incorporate it into their units of
production, demand more from research than from extension. They have
access to private professional services, they are members of farmers' asso-
ciations that provide assistance and they can purchase technologies avail-
able in the market. The small farmers come into contact with new technol-
0gy mainly through government services, These differences became par-
ticularly noticeable in the late 1970s when, with the decline of most govern-
mentservices, moreattention begantobe focused on private sources of tech-
nology. As the number of Private sources increased, so too did the complex-
ity of the organizational arrangements and linkage mechanismes.

The growing importance of the private sources of technology is yet
another manifestation of a recurrent phenomenon already noted in earlier
periods. When farmers with resources and specific technology needs donot
find an adequate response from the state, either because their aims differ
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from the state'saims or because they are unable toexert pressure on research
institutions, they setup their own services (Kaimowitz, 1988; Pificiro, 1983).
An early example was the creation of the Colombian Coffee Growers’ Fed-
eration in 1927. In Argentina, th: Consorcios Regionales de Experimen-
tacién Agropecuaria (CREA) weie set up in the late 1950s by medium-and
large-scale farmers who felt that their need for technical information was
not being adequately met by the public sector (Martinez Nogucira, 1988).
Widespread and increasing NGO involvement in agricultural technol-
ogy is evident in this period. Generally externally supported, these NGOs
work with poor farmers, assisting in the developmentof new organizations
and providing a channel for the acquisition of new technical, managerial
and political skills. Some NGOs, such as Central Ecuatoriana de Servicios
Agricolas (CESA) in ZFcuador and Centro Para el Desarrollo Social y
Econémico (DESEC) in Bolivia, have been highly successful; in a few
countries, including Bolivia, they have even become the most important
means of transferring technical knowledge to the farmer (Barsky, 1988).
Private initiatives have proved highly effective. In the case of private
institutions which are commodity-oriented, the main reasons for this suc-
cessare that they havehomogeneous clienteles, which enablesthemtohave
2 more focused concentration of activities, and their internal structure is
clearly defined, which facilitates control by the center. In the case of the
privately developed farmers’ consortia, such as those in Argentina and
Uruguay, the factors which have contributed to their success are the
members’ common social background, their economic resources and their
fairly high level of understanding of technical matters. The effectiveness of
NGOs emanates mainly from their small scale, their flexibility and their
project orientation; even when they depend heavily on support from
outside sources, b thpublicand private, their legitimacy at grassrootslevel
is well established; governments have recognized this by starting to give
them z role in the implementation of programs to alleviate rural poverty.

Summary

. A dramatic increase in the urcertainties faced by Latin American
societies and their governments, witha downward trend in thelevels
of economicgrowth. This wasaccompanied byadecrease in thestate’s
capacity toorientsociety and promotedevelopmentand atendency to
hand over tasks to the private sector. Crisis management prevailed,
with the state’s efforts focused on pressing short-ter.a problems.
Planning systems were reorganized, with a progressive loss of confi-
dence regarding their effectiveness and their ability to adjust to new
circumstances. Resourcesdeclined, putting additional strains on public
institutions; the state attempted to hardle this by making frequent
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attempts to reduce the autonomy of implementing agencies. Expan-
sion of publicinstitutions wascurtailed, resultinginadecreasein their
scientific and technological potential.

+ Anincrease in structural complexity, resulting from the creation of
new organizational arrangements to deal with specific problems and
sectorsof the population and from the consolidation and expansion of
private and quasi-government involvement in agricultural technol-
ogy. Situational complexity continued to increase as a result of the
uneven impact of the crisis on different commodities and type of
farmers. The frequent modifications of the organizational frameyork
for extensior: were symptomatic of growing analytical complexity.
Inherent in some of these measures was a recognition of reciprocal
interdependenciesand hence the need toreduce functional specializa-
tion.

- Inability of extension to play iis buffer role because it was the subject
of frequent reorganization in attempts to determine its role and
location in the organizational structure. This sometimes led to re-
search attempting to by-pass extension altogether and link directly
with farmers. The growing attempts to centralize decision making
dislocated links between research and extension.

The Present

Role of the state:New challenges. The policy context which determined the
role of the state during the crisis period persists. However, although there
are some efforts being made to design specific organizational structures
which suit this context, more attention is now being paid to the develop-
ment of generalideas and proposals which will meet the challenges emerg-
ing from the crisis situation.

These challenges haveadual nature. On theone hand, publicinstitutions
must become more efficient and effective because of the pressing situation
in terms of the resource base and the need for less costly and more
productive technologies. On the other hand, while many new private
institutions have been established and have provided alternative means of
generating and transferring technology, their actions must be made consis-
tentwithnational priorities,and efforts mustbe made toascertain how their
activities can complement those of the public institutions.

The most critical issues in the current situation are:

+ the exhaustion of the develojinent model which has oriented most
state policies since the Second World War
+ the serious problems arising from the foreign debt situation, which
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necessitate a renewed effort to diminish the burden of agricultural
imports and to heavily promote exports

. the state’s financial crisis, which requires a reorientation of public
spending

. the introduction of adjustment policies in an attempt to overcome
current difficulties and reorientate the economies

In the face of these problems, government policy is best oriented on the
basis of strategic proposals rather than on the basis of a set of detailed, com-
prehensive plans; the latter course is being abandoned almost throughcut
the region. There is a heated debate as to the role and functions of the state,
and attempts are being made to focus action, make better use of scarce
resources, improve performance and redefine the role of the privatesector.

Impactof new challenges on the organizational structure of research and
extension. Agriculture has taken onrenewed importance,and isnow being
seen as a strategic means to alleviate current difficulties. Against this
background, various trends can be identified:

. increasing concern about the technological lag that could occur in
Latin American countries in relation to research progress being made
elsewhere, anc about *he private appropriation of the results of this
research

. consolidation and expansion of private efforts in the field of technol-
ogy generation and transfer

. questioning theappropriatenessof the prevailinginstitutional model,
with its centralized nature and lack of flexibility

In response to these trends, the national systemshave undergone various
kinds of reorganization in anattempt to increase decentralization, improve
efficiency in the use of resources, acquire new sourcesof finance, introduce
greater flexibility and derive maximumbenefit from accumulated scientific
capabilities. Major organizational changes are currently under way in
Argentina, Colombia, Ecuador, Mexico and Uruguay.

The debate on extension has continued, to the point where even the term
itself has fallen into disuse. Greater emphasis is now being given to whatis
speciftcally connected with technology transfer, and it is in this area that
most new institutional arrangements are occurring. In Chile, for example,
the Instituto Nacional de Investigacion Agropecuaria (INJA), has followed
the example of the CREA groups in Argentinaand established itsown tech-
nology transfer groups (GTTs). Comprised of farmers, these groups ex-
change their experiences of different technologies with each other and
receive technical support from INIA; once they reach maturity and can
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operate with minimal support, INIA partially disengages from them
(Goldsworthy and Kaimowitz, 1988).

Efforts to increase the relevance and responsiveness of research and ira-
prove its links with extension include conducting on-farm research and
redesigning the functions of the experiment stations. On a broader scale, it
has become clear that certain features of the organizational structure,
particularly those relating to increased centralization, are unworkable in
the present situation. The desire to achieve adequate control through
centralized coordination mechanisms clashes with the ability of powerful
interest groups to persuade high-level policy makers to meet their de-
mands. Overloaded by detail, the state loses sight of strategic issues and
becomes enmeshed in bureaucratic procedures. This weakens its adminis-
trative and information dissemination capabilities, inhibits regional and
localadaptation of policies and restricts the capacity formutual adjustment
between the institutions implementing these policies. Theinstitutions begin
tocompete with eachotherand todevelop contradictory aimsand interests.
In such a situation, coordination mechanisms become inoperative.

Thus, it has been necessary to change course. In the debate as to how to
dothismost effectively, certain majorissues have come to the fore—decen-
tralization, farmer participation, cooperation between public and private
institutions, and interaction between research and extension.

Decentralization. During the crisis, a common policy was to try to reduce
the vulnerability of research and extension toexternal pressures by reinforc-
ing centralization within institutions. Now, new approaches are necessary
to decentralize these activities while preserving an institution’s ability to
plan, monitor and evaluate them.

The experience of INTA in Argentina providesanexample of why anew
approach is needed. Originally, a central extension unit provided the
general orientation of extension activities. In terms of day-to-day activities,
however, the extension agents were responsible to INTA’s experiment
stations; these stations also managed the research programs and tended to
relegate extension tosecond place. Their supervision of extensionactivities
wasreduced tobureaucratic procedures and the extension agenthad touse
hisown initiative, within the broad guidelines provided by the central unit,
as to how to dispose of the insufficient resources at his command. Thus,
there was vulnerability in the field and heavy dependence on the center for
direction. ¢

To overcome such problems, attempts are being made to design an or-
ganizational structure that is both responsive to farmer’s needs and ori-
ented by national policies and priorities. These new structuresare notbased
on certralized decision making, and central planning is evident only in
terms of strategic issues. Planning is seen as a process in which the core
features are participation by all relevant groups and emphasis upon the
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evaluation of research and extension activities and their impact upon the
farmer. In other words, qualitative, rather than quantative, planning will
determine the direction of research and extension.

Decentralization is an organizational resource for coping with structural
and situational complexities. Decision-making powers are located at the
lower levels of institutions and closer to the farmer. To be effective and to
foster responsivesness from the farmers,administrative procedures have to
be simplified. However, there is arisk that autonomous institutions which
lack a common purpose will develop. To reduce this risk, decentralization
must be complemented by other institutional mechanisms.

Farmer participation. If responsivenessisdesired, a systematic channeling
of farmers’ demands through farmer participation in planning and decision
making isrequired. In this way, farmers’ needs canbeincorporated into the
problem identification, priority setting and progamming stages.

However,asin the caseof decentralization, there arerisks attached to this
strategy. One is the possible corporate takeover of farmers’ organizations.
Another is the possibility that research and extension institutions will
become arenas for resolving intrasectorial conflicts; if the interests and
demands of farmers who are pressurizing the institutions are not homo-
genous, research willbe pulled in onedirection, extension inanother. Thus,
integration between the two activities is adversely affected. This is less
likely to occur in situations where research and extension have a narrow
commodity or geographical focus; the greater the disparity in the produc-
tion systems with which the activities are confronted, the more likely it is
that farmer participation will threaten integration.

Cooperation between the public and private sectors. Technology transfer is
carried out notonly by publicinstitutions butalso by private agencies, and
problems arise in the attempts to set up operational coordination mecha-
nisms between the two sectors. How to establish an effective cooperative
relationship between publicand privateinstitutions (suchasNGOs, private
companies, cooperatives and farmers’ organizations), with a clear division
of roles and well-defined complementarities, is an issue that has assumed
a new relevance in the light of declining state resources and growing
technological awareness among farmers.

In many cases, to establish this relationship requires a change in orienta-
tion, attitudesand methodsand aredesign of the prevailing linkage mecha-
nisms. Public institutions have paid only slight attention to private sector
development of new scientificand technological capabilties, partly because
of the public sector’s traditional bias against the private sector. The results
of public research have been transferred through a limited number of
channels, without the involvement of the private sector.

Publicinstitutions must develop methods tobring researchersintocloser
contact with the farmer and make research results accessible to all those
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involved in technology transfer (Bunting, 1986). Extension services mustbe
more flexible, in recognition of the fact that there are many different types
of farmersand thus many different waysof transferring technology, and the
activities of extension workers must reflect a greater awareness of the
services being provided by private institutions. Whereas commercial serv-
icesand collaborativearrangementsare becoming more widespread among
larger farmers, cooperatives and NGOs are providing services to small
farmers, thus complementing the work of traditional extension services.

Itislikely that the outcome of adjustments to take accountof these factors
will resultin theestablishmentof nefworks of institutions, linked bya variety
of mechanisms.

Interaction between researchand extension. The new challenges to theorgan-
izational structure of research and extension have highlighted the need to
establish more effective interaction between the two activities. In order to
meet this need, revisions must be made in three particular areas: use of
financial and material resources; evaluation criteria; and personnel man-
agement.

Linksatthelocallevelrequirea flexible use of resources, but publicsector
regulationslimit this flexibility by inhibiting the exercise of discretion at this
level. These constraints also limit participation in decisions concerning
resource management. This rigidity must be overcome.

The differences in the nature of research and extension means that
follow-upand evaluationaie usuallybased on differentindicators. Whereas
research is evaluated on the basis of conventional scientific criteria, the
evaluation of extension is concerned with the effective transfer of technol-
ogy- These differences give rise to different routines and behaviors aimed
atsatisfying the evaluation criteria. New evaluation criteria, which combine
relevance, adequacy and tra nsferability, must be developed.

Public sector personnel management regulations require a clear defini-
tionof the powers and obligations of each staff member. Currently, the defi-
nition of a researcher’s role is much less controversial than the definition of
the role of the extension worker. Associated with these definitions are im-
portantsalary, promotion, and career developmentdifferencesbetween re-
searchers and extension workers, which contribute to the lack of effective
interaction. Policies related to these issues must be revised.

Conclusions

A general pattern of progressive institutionalization of research and ex-
tension emerges from the historical review of public sector agricultural re-
search and extension in Latin America. From this pattern, certain conclu-
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sionscan bedrawnas to themain factors which should be takenintoaccount
in the design of new organizational and institutional structures.

Organizational and Institutional Pattern of Development

As indicated in the introduction to the historical review, the Latin
America experience does not differ substantially from that in other devel-
oping regions. However, itmustbe borne in mind thatin some respects the
heritage ci government organizations and the challenges that they face
differ from one region to another, and thus some elements of the pattern
outlined here are peculiar to Latin America.

The pattern of organizational and institutional development in relation
to agricultural research and extension is as follows:

. The initial situation is characterized by the existence of a variety of
independent institutions, each institution fully exercising its own
decision-making powers and pursuing its own objectives; there is
little distinction between research and extension. There is mirimal
complexity, interactions are random and linkage does not seem to
constitute a problem.

+ The number of institutions participating in research and extension
activitiesincreases,and thereisacorresponding increase in structural
complexity and functional specialization. The state attempts to reor-
ganize the structure by placing both activities under the same author-
ity. Research and extension are seen as forming part of a functionally
related whole; this pooled interdependence is controlled through
hierarchical arrangements aimed at achieving coherence.

- The objectives of the state policies expand. As a result, more institu-
tions, with a wider range of client groups, commodities and environ-
ments, are created and there is greater differentiation between re-
search and extension. This increas. in structural and situational
complexity leads to a change in the concept and objectives of exten-
sion; it is first seen to be sequentially related to research, but later a
reciprocal relationship is evident. National planning attempts to
achieve compatibility between the policies governing the two activi-
tiesand between theseactivitiesand sectoral objectives. The organiza-
tional structure is redesigned, based on the systems approach, in an
attempt to orientate institutions towards a common goal and coordi-
nate their actions through centralized control.

» Complexity continues to increase, and the inadequacy of previous
arrangements becomes evident. The nature of research and extension
and the diversity of the environmental conditions they confront
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renders hierarchical arrangements ineffective in terms of orientating
the activities. The attempt to monitor activities leads an overflow of
data at the upper levels of the organizational structure. Centralized
planning mechanisms fail to promote effective linkage at operational
levels. In an effor:: to provide specific responses to the variety of
economic and social demands, there are instances of some links being
created at the operational level, based on mutual adjustment between
activities.

In the context of increasing complexity, the state recognizes the need
toimprove the efficiency and effectiveness of research and extension,
to introduce a greater degree of flexibility and to derive maximum
benefit from accumulated scientific knowledge. This, in turn, leads to
a recognition of the need for constant interaction between research
and extension, and hence less differentiation between the two activi-
ties. A major reorganization becomes necessary. The central features
of this reorganization are an increase in decentralization, farmer
participation, cooperation between the publicand privatesectors, and
the establishment of interactive linkages between research and exten-
sion. Associated with this process, new modes of action are devel-
oped, including on-farm research, researchers working with tachnol-
ogy transfer groups, and the allocation of some research responsibili-
ties to extension workers.

Design of New Organizational and Institutional Structures

The historical review shows that the design of new organizational struc-
tures should take into consideration the policy context in which they
operateand the type, source and frequency of the interactions researchand
extension institutions are expected to develop with the different sectors of
society. Contingency theory, a well-developed perspective in organiza-
tional analysis, postulates thatan institution’seffectiveness dependsonthe
“goodness of fit” between policy context and organizational structure.

This implies that prior to reorganization, the policy context should be
analyzed. The more fragmented the power structure and the larger the
number of people involved in formulating and implementing researchand
extension policies, the greater the complexity of the organizational struc-
ture will have to be. Given this greater complexity, the most effective
reorganization should incorporate a reduction of differentiation between
research and extension at lower institutional levels which are closer to the
farmers while, at the sametime, creating buffer mechanisms to protectbasic
and strategic research activities from short-term demands and political
uncertainties.
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The evaluation and selection of organizatioral structures is influenced
by the conceptualization of the state’s ability to formulate and implement
coherent policies. Thus, to design appropriate structures, an analysis must
first be made of the assumptions underlying these conceptualizations and
of how these assumptions conflict with realiiy; the analytical tools used
must be capable of capturing the complexity of the environment and of the
interaction of research and extension with this environment. In general, a
modest view of the state’s managerial and administrative capabilities
should be adopted, with planning being guided by strategic considerations
at the central level an 1 fostering participation and interaction at the opera-
tional levels (Cro.mer, 1987). To establish more effective interaction, the
design of new structures must take into account the need for greater
flexibility in the use of resources, for coherence in the evaluation of research
and extension activities and for personnel management policies which
incorporate a clear definition of roles and more equitable terms and condi-
tions of employment between researchers and extension workers.

In terms of the design of the institutions themselves, the choice consists
of various ways of allocating tasks, of regulating interdependencies and of
allowing for complexity. Ithas been shown that excessive differentiation of
research and extension, based on functional specialization, has resulted in
severe linkage problems. However, the nature of the twoactivities makes a
certain degree of differentiation unavoidable. Thus, institutional design
should aim at achieving an adequate balance: differentiation should incor-
porate therecognition of the particularknowledge and skills required in the
generation and delivery of technology, but it should not be so great as to
isolate one part of the process from the other. It is important to remember
that rescarch is not a homogeneous activity. While, on the one hand, a
logical step towards avoiding linkage problems may be to reduce the
differentation betweenextensionand adaptiveand applied research, on the
other a differentiation between these activities and basic and strategic
rescarch may be necessary to protect the latter from everyday demands.

Inthelightof a growing understanding of the nature of the interdepend-
ence between research and extension, the design of linkage mechanisms
and the perception of linkage problems has changed. Team interdep:d-
ence, whereby the technological needsand prioritiesina givensituatio are
established as a result of close collaboration between research and exten-
sion, is now seen as the most effective way of carrying out these activities.
Thus, institutional design should allow for mutual adjustment at opera-
tional levels, and this implies inat the decentralization of certain decision-
making powers must be undertaken. The need for decentralization is
reinforced by the high levels of complexity which now characterize the
organizational structure of researchand extension and the policy contextin
which they operate.
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Intergroup Relationships in Institutional
Agricultural Technelogy Systems

Paul Bennell

Links between agricultural research and technology transfer can be ana-
lyzed from a number of perspectives, including economic, political, organ-
izationaland socio-psychological perspectives. Todate, muchof the discus-
sion on the links in developing countries has focused on organizational
issues and much less on the human behavior that shapes the relationships
between agricultural rescarch and technology transfer personnel. How-
ever, as Frosch points out, “the single most important point about technol-
ogy transfer is that it is a human process.... Unfortunately, it is frequently
treated asan organizational difficulty, or acommunications problem, tobe
dealt with by the establishment of the appropriate reports, planning sys-
tems and organizational modes” (Frosch, 1984). This observation is based
on the findings of a survey of relationships between rescarch and develop-
ment (R & D) groups in industrial corporations in the USA, but it appears
equally valid for agricultural rescarch and technology transfer groupsin de-
veloping countries.

The purposc of this paper is to investigate the potential impact of various
behavioral and socio-psychological processes on the relationshipsbetween
agricultural rescarch and technology transfer personnel in developing
countries. Building effective links within institutional agricultural technol-
ogy systems (IATS) requires that the individuals participating in these
systems have certain values, attitudes, beliefs and goals which motivate
them to relate to cach other as well as possible. Normally, cach IATS
comprises two major groups of individuals (typically “researchers” and
“extensionists”) whointeract in various ways. From a socio-psychological
perspective, my primary concern is, therefore, with the perceptions, moti-
vations, feelings and actions of these individuals, in order to identify how
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they influence, and are affected by, the relationships between the two
groups. Social psychology — the study of behavior in social contexts — is
able to offer considerable insights into the nature of these relationships.

Thepaperisstructured as follows. The first section, “Links between IATS
Groups”, briefly discusses the types of relationship which are officially
prescribed, which are theoretically possible, and which actually exist —
they areusually different— between the two groups. A simple model of the
organizational structure and associated occupational subgroupscommonly
found in public sector IATS is presented in order to facilitate the analysis.
Thesecond section, “Relationshipsbetween Groups”, considers the distinc-
tionbetweeninterindividual and intergroup relationships. In the third and
fourth sections, I examine the usefulness of the two main socio-psychologi-
cal theoretical approaches to intergroup relationships, Realistic Conflict
Theory and Social Identity Theory, for explaining relationships between
groups within IATS.

Other relevant characteristics of groups notspecifically covered by these
theories are dealt with in the fifth section, “In tragroup Characteristics and
Intergroup Contact”. The sixth section, “Occupational Groups and Struc-
ture”, focuses on more strictly sociological explanations of occupational
groupsand theirinter-relationships. In final section, | summarizeand draw
some conclusions.

Links between IATS Groups: An Overview
The Desired Relationship

The importance of establishing cffective research-technology transfer
relationships has been constantly reiterated by developing-country politi-
cians, policy makers, IATS leaders and other experts in official statements
and policy documents, as well asat national and international seminarsand
other meetingsspecially convened todiscusslinks within IATS (forexample,
see FAQ, 1979; Asian Productivity Organization, 1980; Cernea et al, 1984).

The linkage requirements of IATS are determined by the specific nature
of each technology generation and technology transfer subsystem. In gen-
eralterms, however, individual members of these subsystems mustinteract
with each other to perform all or some of the following functions:

- diagnosis of producers’ problems

« testing of new technologies

+ communication of new information from research to technology
transfer
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. feedback of information about the performance of agricultural tech-
nologies from technology transfer to research

. training, mainly of technology transfer staff by researchers

. provision of services and regulatory functions (for example, seed
testing, pesticide registration, soil testing, plant pathology services)

Indeveloping countries, itis the third function, the commuricationof in-
formation from research to technology transfer, that has received most
attention from public sector institutions. However, increasing emphasis is
now being given to the need for more intensive collaboration between re-
searchersand technology transfer workers in developing technology pack-
ages for producers. Lionberger refers to this process as the “informationin-
tegration” function (Lionberger and Chang, 1970; Lionberger, 1986). Con-
sequently, the testing and feedback functions have assumed greater impor-
tance.

This has critical implications for the nature of links within IATS. In the
past, links were characterized by sequential, functional interdependence, in
that the research grcup was scen primarily as providing knowledge and
technology to the extension group which, in turn, transferred these to
farmers. However, in operational terms neither group impinged signifi-
cantly on the other. The new emphasis on information integration means
that links within IATS are now conceived in terms of reciprocal, task inter-
dependence. Thatis, neither research nor extension can fulfill its responsi-
bilities without the operational involvement of the other.

Given the high degree of interdependence between the two groups it is
usually argued that links should be strongly collaborative, facilitated by -
good communications, and with themembersof each group wellmotivated
and endowed with the necessary skills to interact in the prescribec! fashion.
Feelingsand attitudesof trust, mutual respect,empathy and understanding
should therefore underpin linkage relationships.

Possible Relationships

The types of relationship between 1ATS groups that are theoretically
possible can be categorized as follows:

. cooperative-collaborative,asisnormally officially prescribed by IATS,
where both parties are strongly motivated to interact effectively with
one another

. competitive-collaborative, where there is considerable competition
between the groups but where each group’s need to collaborate with
the otherinkey areas enables workable compromises tobereached on
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the basis of constructive bargaining (cooperative- and competitive-
collaborative relationships should be seen as part of a continuum
rather than as pure categories)

« conflictual-engagement, associated with negative feelings and atti-
tudes (such as hatred, dislike, mistrust, annoyance, condescension,
disdain, jealousy, lack of respect) and where group members openly
engage in conflict with little scope for compromise

+ conflictual-avoidance, again associated with negative feelings and
attitudes, but where one or, more typically, both groups avoid ‘nter-
acting with cach other to varying degrees

+ indifference on the part of one or both groups; here interdependence
between the groups is perceived as zero or insignificant

This is a useful categorization of possible relationships between groups
in IATS. In practice, however, relationships are often more complicated
than this. For example, the categorizationimplies that each group has sym-
metrical viewsabout the other. While collaborative relationshipsare gener-
ally based on symmetrical motivational needs of both groups, relationships
in which the motivation for one grou ptointeract with the otheris asymmet-
rical canalso exist. In this situation, one group is dependent on the other
and is therefore motivated to collaborate, whereas the other group haslittle
or no motivation and is largely indifferent. The nature of the relationship
depends on the distribution of power between the two groups but, given
that one group is unwilling to collaborate, the outcome is likely to be con-
flictual.

Itis also possible for different combinations of relationships to co-exist
with respect todifferent functions or individuals: “Two organizations may
engage simultancously in different types of cooperation or contest interac-
tion focused on different issucs and involving different configurations of
personnel, interest, domain sectors, and types of resources applied to the
issues” (Thomas et al., 1972).

The Relationship in Practice

Areview of the recent literature on links in IATS, including papers given
by IATS personnel at international and national meetings, shows that the
research-extensionrelationshipsin developing countriesrarely correspond
to expectations or officially prescribed norms, given the nature of the
alleged interdependence between the two. That is, linksare only exception-
ally cooperative-collaborative or even competitive-collaborative. Palmer
and hisassociates, forexample,nodoubt heavilyinfluenced by their Central
and South American experience, su ggest that conflictual-engagement rela-
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tionships are the norm between research and extension organizations in
developing countries:

The research-extension relationship is often poor. This situation has
resulted over many years as a result of competition for funds, man-
power and physical facilities and the perception of each service’s
performance by the other. Administrative and budget structures
generally discourage rather than encourage communication, coopera-
tion and integration of the two services. There is often little or no
contactand a lack of respect between the two groups. Often there are
power strugglesbetween the heads of the two agencies (Palmer ctal.,
1983).

I argue, however, that such openly conflictual reiationships are in fact
fairly rareamongIATS indeveloping countries. The available evidence sug-
gests that relationships characterized by conflictual-avoidance and indif-
ference are more common. As Compton remarks, “the biggest problemmay
be that such strainsand tensions (between research and technology transfer
groups) exist but there is a general failure to recognize or accept this fact....
The failure to see the need for more effective interactive exchange between
research scientists and extension personnel is of greater concern” (Comp-
ton, 1989).

Ahighlevelof indiffereaceisborne outby tworecent surveysof research
and extension staff. In a questionnaire survey of extension directors in 59
countries, Sigman and Swanson found that “contrary to the general expec-
tations of the literature, only 17% and 16% respectively of those responding
perceivelinkages and technology as serious problems” (Sigman and Swan-
son, 1982); the directors ranked links cighth out of nine possible factors
affecting their institutions' performance.

A survey of Indian research scientists, carried out by Balaguru and
Rajagopalan, found that the scientists ranked an efficient extension service
as the least important of 12 factors determining their resecarch output. The
authorsconcluded: “Itisrather strange to note that the agricultural scientist
gave least importance to the extension service, which is considered the
hallmark of agricultural rescarch output in the country” (Balaguru and
Rajagopalan, 1986). Rather than being strange, this situation is probably
quite common in developing countries. Ishall return to this in the section
on Realistic Conflict Theory.

Poor links are notconfined toIATS in developing countries. Problemsin
therelationshipsbetweenrescarchand development and /or between mar-
keting and production departments in industrial organizations in both de-
veloped and developing countries is a major theme in R & D management
literature. Furthermore, despite the differences between organizational
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environments, many factors seen as responsible for poor links in industrial
organizations are very similar to those which undermine relationships
between IATS groups in developing countries.

However, there are two factors confronting these IATS which distin-
guish them from their counterparts in the developed world. First, they are
often institutionally much weaker, with limited human and financial re-
sources and frequently with inadequate political support. In addition,
many [ATS institutionsarerelatively young, particularly incouniries which
have gained political independence in the past 20 to 30 years.

Second, the status and educational and cultural gaps between research-
ers, extension workers and farmers are usually considerably larger in
developing than in developed countries. Ishall return to this issue in the
sixth section of this paper.

Organizational Structure and Group Composition
IATSin developing countrieshavea variety of organizational structures.

The most common structure within the public sector is the existence of
separateresearch and extension departments, located in the same organiza-

Figure 1. Group composition and links betwaen subgroups in the
two-department single-apex management structure

RM\ /'_E%

RP‘\ kv
@\ AED) L‘@

4+—— mos! Important links

AM apex management; RM research management; RP research professional; RS rasearch
support; EM extension management; SMS subject-matter specialist; EFW extension field
worker; RL research liaison; EL extension liaison
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tion (a ministry, parastatal or university) or the responsibility of separate or-
ganizations (Swanson and Rossi, 1981). Here, I shall focus mainly on the
two-department structure with both departments controlled by a single
policy making/management group, which I'shall refer to asapex manage-
ment (AM).

Even within this fairly simple structure, intergroup relationships are
likely to be complex. In a typical research organization, three main sub-
groups can beidentified: the research managers (RMs), the research profes-
sionals (RPs) and research support (RS), the latter including all technical
and administrative staff.

Extension personnel can be divided into the following subgroups: the
extensionmanagers (EMs), the extension specialists (subject-matter special-
ists, or SMSs), and the extension ficld workers (EFWs). Inaddition to these,
some IATS, especially the larger ones, have specific liaison positions, in-
cluding liaison officers and information and training specialists. These
people may constitute distinct subgroups, research liaison (RL) and exten-
sion liaison (EL).

In most discussions of the links between research and technology trans-
fer withinIATS, the greatestamount of emphasistends to be placed (at least
implicitly) on the RP-SMS relationship and the RP-EFW relationship.
However, as Figure 1 shows, there are at least another tive intergroup
relationships whichhaveakey bearing on theeffectivenessof linksbetween
IATS groups.

These intergroup relationships a:-e:

« the RM-EM relationship

. theseparate relationships of EM and RM with AM (that is, the EM
and RM relationships with government ministers, deputy minis-
ters, permanent secretaries, directors general and their senior assis-
tants)

« theSMS-EFW relationship (extension departments are increasingly
seen as being part of the agricultural research system, to the extent
that SMSs are becoming heavily involved in adaptive and systems
research; while this may strengthen the intcgration of the IATS as a
whole, it may weaken links between SMSs and EFWs; one of the
most critical linkage relationships at present is thus intra-depart-
mental)

« the RL-EL relationship

These relationships need not be identical and may even be highly di-
verse, ranging from cooperative-collaborative relationships to those which
are characterized byindifference (seeFigure 2 overleaf). Thus, eachsubgroup’s
relationships should bestudied independently. However, the relationships
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between the management subgroups are likely to be critical in setting the
tone for those of the other subgrou ps.

Figure 2. Possible relationships between IATS subgroups

Type of
rolation- | &, carative- Competitive- | Confiictual- | Conflictual- | indiiterence
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Subgroups engag

AM — EM

AM — RM

RM — EM

1P —SMS

RP —EFW

SMS — EFW

RL — EL

Relationships between Groups

Inanalyzing therelationships between groups, aprecisedistinction must
be made between interindividual and intergroup behavior and relation-
ships. Some socio-psychological theories place primary emphasis on the
role of interindividual relationships in explaining relationships between
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groups. In contrast, the dominant theoretical perspective of contemporary
social psychology focuses on the existence of intergroup relationships and
behavior which, because they are the outcome of group processes, are quite
distinctive from those governed by strictly interindividual relationships.

Sherif defines intergroup behavior as occurring “whenever individuals
belonging to one group interact, collectively or individually, with another
grouporits members in terms of their groupidentification” (Sherif, 1966; italics
mine). Similarly, Turnerargues that “the perceptionof ourselvesand others
is more influenced by group memberships (rather than by personal iden-
tity) in somecontexts. The transition in cognitive functioning from personal
togroup identity correspondsand underpinsashift frominterindividual to
intergroup behavior” (Turner, 1982).

Interindividual Relationships between Groups

From inis perspective, the main concern is to identify the personality
characteristics and the values and attitudes of individual group members
which exist independently of interaction between groups.

Individual personalities. At the simplest level, the linkage relationships
within IATS can be explained in terms of the interaction of individuals. If
the balance of personalities is favorable, then good relationships will
prevail.

Certainly,a common perceptionamongIATS personnel and senior man-
agers in developing countries is that poor links are often the result of per-
sonality clashes. If this is so, then presumably removing key individuals in
extension and research who cannot get along would go a iong way toward
overcoming poor relationships between groups.

Individual personalities are likely to be an important factor in shaping
relationships between IATS groups in certain situations. For example,
Akinbode, in his study of agriculturai rescarch and extension links in
western Nigeria, concluded that personality factors were the most frequent
cause of conflict between the two groups (Akinbode, 1974). Nor would it
seem that this factor becomes any less important with increased economic
development: in a survey of R & D organizations in the USA, Souder
concluded that “many distrust cases (between individuals in R & D and
other groups) are characterized by personality conflicts” (Souder, 1980).

It is quite common for social conflicts to be attributed to personality
clashes, both by observers and by participants. However, this still begs the
question whether individual personalities are the real cause of conflict, or
whether they are merely a symptom of poor relationships between groups
as a whole.
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Itiswell known thatpeople with broadly similarattitudesare morelikely
to get on with each other than those who hold different views. If mutual
attraction is a component of a successful working relationship, then good
links between IATS groups will depend on ensuring that EMsand RMs and
other research and extension personnel who deal with each other have
similar attitudes. However, a major weakness of this argument is that it
does not address the question of why people from different groups might
have differentattitudes in the first place. In other words, the very disparity
inattitudes which is thought to be causing the problem may well origiate
from some group or intergroup source.

Unfortunately, no empirical evidence has been collected on whether
there are systematic differences in the attitudes of research and extension
personnel thatareindependentof groupand intergroup processes. Itiscon-
ceivable that people with different views and attitudes are attracted to
different occupations and hence different groups. For example, it is some-
times argued that research scientists tend to be individualistic, and are
therefore loners. As such they would be less likely to establish cooperative
relationships with technology transfer personnel.

Personality, culture and modernity. One of the major preoccupations of
anthropology is to identify the effect of specific aspects of an individual’s
culture in shaping his/her personality and/or behavior. Some of the main
personality characteristics thathave beenshown to beculturally influenced
include need achievement, aggression, dominance, conformism, anxiety,
self-estecem and cooperativeness. Such characteristics, if they are wide-
spread within a population, could be important in explaining the nature of
intergroup relationships within IATS.

A society’s cultureand structure shape social relationshipsand behavior.
Again, thishas critical implications for relationships between IATS groups.
For example, the more socially stratified, authoritarian and/or status-
consciousasociety is, the mere difficult itislikely tobe for individuals from
different classes, status groups, castes or cthnic groups employed by an
IATStocollaborate effectively. Leonard’s study of agricultural extension n
Kenya showed how formal organizational relationships were frequently
supplanted by behavior based on informal, political and ethnic patron-
client relationships (Leonard, 1977). Cultural attitudes and behavior con-
cerning relationships between people of different ages and sex are also
potentially significant.

According to modernization theory, poor relationships between IATS
groups in developing countries can be directly attributed to the extent to
which individual employees have internalized “modern” values and atti-
tudes. Thisis because “all forms of complex organization entail inconsisten-
cies with prevailing norms and values in traditional societies more than in
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modern ones” (Tannenbaum, 1985). Modern values and attitudes are
characterized by high achievement needs and a strong attachment to
occupational roles (professionalism). However, modernization theory is
too vague to be of much value in getting to grips with the complexities of
intergroup relationships withit. IATS.

In the absence of hard evidence, it is difficult to assess the role of inter-
individual relationships in shaping linkage relationships in IATS. I hy-
pothesize, however, thatinterindividual relationships are more likely to be
an important contributory factor if: (1) the group identity of rescarchers
and/or technology transfer personnel is low; (2) there are relatively few
individuals in cach group (as is the case in small countries); and (3) both
groups work in close proximity to each other, especially inremote locations.
Akeyindicator of the importance of interindividual relationships would be
the degree of their variability, that is, the absence of stereotyping.

Intergroup Relationships

As noted carlier, the group rather than the individual is now the main
unit of analysis for theories of intergroup relationships. Groupsare seen as
distinctive socio-psychological entitics which condition their members’
perceptions of the world around them, and especially their relationships
with other groups. Thisis thought to be a collective process thatis not only
not the sum of the individual attitudes and actions of group members but
may even depart considerably from some individual preferences.

IATS comprise specific occupational groups whose members, by defini-
tion, share the same or similar organizational pc.:tions, participate in
equivalent work experiences, and consequently have similar organiza-
tional views. However, it is important to recognize that individuals also
belong to otker groups — for instance, extended families and ethnic,
religious, gender, recreational and political groups — which may affect the
relationships between occupational groups in various ways. For example,
ifaresearcherand an extensionist belong to the same political party this may
be an important influence on their professional interaction, transcending
otherinfluences. In short, membership of the research and extension groups
cannot be looked at in isolation from membership of other groups.

Intergroup relationships can be broadly divided into two distinct but
interrelated types — instrumental and expressive. Certain stakes and
processes are associated with each type.

Instrumental stakes and processes. Instrumental stakes are the resources,
both tangible and intangible, put atrisk by each group undertaking shared
activities. They reflectthe commitmentof each group, and its potential gains
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orlosscsin the joint venture. According to Walton, instrumental stakes are
revealed when the following questions are answered:

+ In intergroup plans, how much emphasis is given to the policies,
programs and philosophies of each participating group?

« What proportion of each group’s resources will be committed to
implementing intergroup activities?

« Howmuchoperational control will each group beabletoexercise over
jointactivities?

» How much credit or blame will each group receive in the event of
success or failure? (Walton, 1973).

Waltonargues that the instrumental stakes of collaborating groups may
be compatible, containing integrative potential, or they may be fundamen-
tally incompatible, in which case they will give rise to conflict. Two types
of process are associated with compatible and incompatible instrumental
stakes between groups, namely problem solving and bargaining, Problem
solving occurs when the joint gain to both the groups is perceived as
variable, while bargaining occurs when the joint gain is perceived as fixed.

Instrumental stakes and processes reflect the goals and preferences of
each group and the objective conditions which facilitate and frustrate their
attainment. Realistic Conflict Theory (RCT) analyzes the relationships be-
tween groups primarily in relation to group goals. RCT is the oldest and
most influential theory of intergroup relationships within social psychol-
ogy. It will be discussed in greater detail in the third section.

Expressive stakes and processes. Expressive stakesand processes concern
thebehavior of theindividual that “expresses who the personand the group

Figure 3. Instrumental and expressive stakes and processes: Mixed
motive situations

Instrumental stakes Expressive siakes
and processes and processes
Compatible Problem solving Identity reinforcement

Group goals are —-—

—~—— Incompatible Bargaining Identity conflict
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he represents wants to be in the situation and. . how he perceives and fecls
aboutother participantsand the group they represent” (Walton, 1973). Both
individuals and groups have identity attributes, all or some of which may
be at stake in their relationship. Compatible attributes lead to identity
reinforcement, whileincompatible oneslead toidentity denial. Social Iden-
tity Theory (SIT) secks to explain the nature of expressive stakes and proc-
esses.

Walton argues that most relationships between groups contain all four
processes— problem solving, bargaining, identity reinforcementandiden-
tity denial — and, as such, are “mixed-motive” situations (see Figure 3).
Furthermore, the prevalence of each of the four processes differs from one
setting to another and can change over time.

Realistic Conflict Theory

In this section I will explore the uscfulness of RCT in explaininig the
dynamics of relationships between groups within IATS. RCT was origi-
nally developed by Sherif and his associates in the USA during the 1950s
and hassubsequently formed theintellectual basis formuch of the literature
on inter-organizational/departmental conflict (Sherif etal., 1961).

The fundamental proposition of RCT is that intergroup attitudes and
behavior are determined mainly by the nature of the goals that link groups.
RCT is therefore concerned with analyzing the goals of each group and, in
particular, the exter.t to which these groups are interdependent.

The intergroup relationship is dominated by one of two types of inter-
dependence whichRCT termsas cooperativeand competitive. RCT further
assumes that there is normally a clear, inverse relationship between coop-
erative and competitive interdependence.

Competitive Interdependence

As its name indicates, RCT takes conflict between groups as its starting
point. Conflict is seen as the result of competition between groups for the
same rescurces. This may scem an unduly narrow perspective: surely, it
could beargued, there are sourcesof conflict other than just resources. RCT
overcomes this objection by adopting a wide definition of resources, which
itseesasbothconcrete and abstract. Thus, groups may competefor tangible
resources, such as fundsor physical inputs, or for less tangible ones, suchas
power and status which, despite their abstract nature, have direct conse-
quences for the realization of a group’s goals.
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Publicsectoragricultural rescarch and extension groups havea common
overall objective (toimprove agricultural productivity), are often partof the
same organization, and are government funded. Thus, within the RCT
perspective, conflicts about their goals and priorities are bound to reflect
competition for both concrete and abstract resources.

Extensive research on RCT has demonstrated the powerful psychologi-
cal forces which come into play between competing groups. According to
this resecarch, personality differences or previous interindividual relation-
ships play only a limited role in influencing intergroup relationships.

Typically, open hostility escalates rapidly between groups which have
a strong sense of ingroup identity and solidarity ( “usand them” feelings).
In such groups there is a marked overestimation of ingroup achievements
and underestimation of outgroup achievements. Misperceptions and mis-
understandings play an important part in the development of competition.
Members of one group think that they understand perfectly the other
group’s position, when in fact they do not. Arcas which the groups share
in common are likely to go unrecognized, and to be seen as characteristic of
onc’s own group only. Aggressive group leadership emerges.

Where competition between two groups is intense and unavoidable,
RCT predicts that open hostility will break out between them. However,
apex management may refuse to allow hostility tomanifest itself openly, in
which case the relationship will be characterized by conflictual avoidance
and suppressed hostility.

In other situations, competition between groups may be low, but indif-
ference or conflictual avoidance still dominate the relationship. Walton
argues that this is mainly because of the lack of pressure to integrate
activities. In such cases the costs associated with failure to solve problems
or bargain appear to be very low — merely the disapproval of bureaucratic
superiors, a disapproval that is frequently more apparent than real. “Fail-
ure to cooperate only involves opporturity costs, not regression from the
statusquo” (Walton, 1973). The factors that dissuade groups from cooper-
ating with oneanotherinclude the burcaucratic time involved, the risk that
cooperation will fail, the lack of symmetrical gains in interdependent
ventures, higher vulnerability to attack as a result of increased organiza-
tional visibility, and a desire to preserve a particular identity or status.

How important is competition for resources in shaping relationships be-
tween [ATS groups in developing countries? 1 shall consider intergroup
competition for the following types of resource: power and responsibility,
tangible inputs, status and rewards, and impact recognition.

Power and responsibility. The ability of a group to achieve its goals
depends completely on the power it possesses. Power is therefore the
ultimate resource on which all other resources depend. Intergrorp compe-
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tition for power is likely to be important where: (1) one or both groups are
unhappy with the currentbalance of power between them, and (2) the total
amountof power available is seen asa fixed resource tobedivided between
the two groups; that is, the more research has, the less extension has.

In formal organizational terms, public sector agricultural rescarch and
technology transfer institutions rarely have clear-cut de jure power or
control over each other. However, because there are other source. of power
(coercive, expert, political, charismatic/personal) which either grcup can
exploit, de facto power is not normally equally distributed. Apex manage-
ment often favors one group over the other (or is perceived as doing so),
especially when research and technology transfer are parallel branches or
departments of the same ministry or parastatal. The favored group is usu-
ally agricultural rescarch, because of its higher status and because apex
managers frequently have research backgrounds, but occasionally exten-
sion may be favored by managers concerned about the limited impact of
resecarch. Policy makers may also favor extension because it has a short-run
rather than a long-run time horizon, and because some extension activities
may pay substantial political dividends.

In formal organizations, competition between groups for power usually
takes place mainly at theleadership level. Senior IATS managers may have
spent many years reaching their present positions and strong rivalries
between them may have developed. Thus, the “heavy hand of the past” is
likely to be much in evidence in the current competition for power. Inter-
individual competitionamongsenior managers, especially for the few apex
positions that offer promotion, is also an important factor. Leadership
conflictsof this kind can destroy departmental cultures conducive tostrong
linkage relationships.

A group’s power depends on the extent of its formal responsibilities.
Consequently, intergroup competition for power often manifests itself as
conflict over functional responsibilities. However, the desire of one group
to take over some of the functions of another group may also be mctivated
by the conviction that the second group is not performing those functions
satisfactorily. This is often the case beiween research and extension. In
practice, then, it is rarely possible to disentangle the extent to which a
group’s bid for power is influenced by its attempts tu stake out its access to
resources in a Machiavellian sense, and its desire to fulfill what it believes
are its rightful responsibilities.

Competition between groups over functional responsibilities can have a
number of consequences. One or both groups may try to reduce their
dependence on the other. Thus, in some countries technology transfer
institutions have tried to take increasing responsibility for adaptive re-
scarch. Conversely, where agricultural researchers have held negative
views about the efficacy of technology transfer they have sometimes at-
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tempted to internalize various technology transfer functions (especially
where these have a strong client orientation) or, alternatively, have dis-
missed the role of technology transfer institutions in the belief that “good
technology sells itself”.

Theextent to which interdependence can be reduced varies according to
the type of research involved, as well as the topics covered. Technology
transfer institutions cannot usually undertakesstrategic or applied research,
especially on tree crops and on crop and animal breeding. With regard to
adaptive research, however, particularly in the areas of agronomy and the
social sciences, there is considerable scope for expanding the role of the
technology transfer group.

Tangible inputs. Competitionbetween groups for tangible inputsiscentral
to RCT. With regard to financial resources, the extent of competition will
depend on:

- Theoverallavailability of funds. The greater the shortage of funds in
relation to present and future needs, the greater the competition is
likely to be.

+ The extent to which the two groups view the resources available to
them as being fixed rather than variable in amount. If rasources are
seen as largely fixed and emanating from the same source, this will
tend toencouragea competitive, bargaining type of resource procure-
ment and allocation process.

« Thedegree to which the present breakdown in resources between the
two groups is seen to be equitable and stable. Frequently, norms
become established over time concerning this breakdown, with the
preceding budget being used as the main criterion for deciding
current allocations. Initiatives by apex management to change the
budgetary allocations can precipitate conflict.

As part of the programming and budgeting processes, it may be useful
to establish common resources that are ecarmarked for specific linkage ac-
tivities. In this way, linkage resource requirements are clearly established,
thereby reducing competition for them.

Comnpetition between groups for human, as well as financial and physi-
cal,resourcesisalsoan important factor in many 1ATS. The intensity of this
competition will depend on the availability of individuals who meet the
required recruitment standards, and on the relative success of each group
in recruiting them.

The extent to which potential recruits are attracted by the prospect of
employment in each group is a critical factor. University graduates often
prefer a career in agricultural research, with the result that the research
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group is normally able to attract recruits of relatively high calibre. Exten-
sion, on the other hand, is often regarded as less stimulating, even hum-
drum, and may fail to attract sufficient numbers of high-quality graduates.
In addition, competitive feelings and attitudes may be intense when one
group habitually “poaches” recruits from the other.

The degree of intervention by apex management in the recruitment
process can also be a factor. For instance, ministries sometimes assign
recruits to extension departments instcad of allowing them to work in
research, as partof adeliberate policy tostrengthen extension. Sucha policy
may be resented by the rescarch group as favoritism, thereby exacerbating
competition.

Status and rewards. Intergroup competition over status and rewards is
endemic in the public sector labor markets of most developing countries.
Within IATS, this can often be directly attributed to the significantly higher
statusand rewardsenjoyed by theresearch group. Even whererewards are
broadly similar, competitionnay stillbeintensebecause, when negotiating
increases inrewards, each group mayrely heavily on making comparisons
with the other. Where professional rescarchers have higher status than
professional extensionists — as they usually do — the latter are likely to
resent having to continually convince their governments that they are as
valuable as researchers. ‘

Generally speaking, there is an ascending “hierarchy of status” which
goes from farmer to extensionist toresearcher. According to Lionbergerand
Chang, this hierarchy becomes less marked as agriculture advances and
becomes more specialized and sophisticated (Lionberger and Chang, 1970).
Thus, one would expect competition over staius and rewards to become a
less serious factor inundermining linkage relationships inIATS as countries
develop their agricultural sectors.

In order to assess the impact of competition for rewards and status on
intergrouprelationshipsinIATS, itwould be necessary to: (1) determine the
size (over time) of status and reward differences between the relevant
occupational subgroups (AM, RM, EM, RP, RS, SMSand EFW, inmy simple
model); (2) analyze the factors responsible for the differences; (3) ascertain
the extent to which the inferior subgroups (invariably those in extension)
perceive themsclvesasdisadvantaged;and (4) discover the extentto which
they interact competitively with the more privileged group or subgroupsin
order to improve their positions. In view of the importance of this topic, it
will be discussed further in the section on “Occupational Groups and
Structure”.

Impact recognition. Conflict between rescarch and technology transfer
groups can arise as a result of the difficulty of disentangling their specific
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impacts on agricultural productivity and production. When both groups
are ineffective there is a strong tendency for each to blame the other. Over
timethiscandevelopintoa perversekind of interdependence whereby each
group needs the other as a scapegoat.

From an RCT perspective, the resource implications of any attempt to
improve the links between research and technology transfer are critical,
sincethebenefitsand costs of changesaare unlikely tose the sameamong the
two groups. It may be necessary to substantially increase the resources
available to one or even both groups. The introduction of the Training and
Visit (T and V) extension system, for example, is usually accompanied by
budget increases for both groups. However, even this may be insufficient
toovercome competition that hasexisted overalong period or thathasbeen
created as a dircct result of the attempt to bring the two groups closer
together.

Insuch cases it may be necessary to increase apex management control,
thereby reducing, in varying degrees, the power and autonomy of one or
both groups. Group, as well 2s apex, managers will normally be required
to exercise closer supervision. Attempts to improve linkage re.ationships
are often unpopular, and staff discontent will usually be targeted at their
own group managers in addition to members of the other group. Strong
leadership is needed to weather the storm.

Ultimately, if intergroup competition cannot be resolved cffectively, the
only solution may be to reconstitute the groups through organizational
changes. This should be an option of last resort, however.

Cooperative Interdependence

Superordinate goals. RCT postulates that shared superordinate goalsmust
be established if conflictual intergroup relationships are to be transformed
into collaborative ones. A superordinate goal is one that has “a compelling
appeal for members of each group, but one that neither group can achieve
without the participation of the other” (Sherif et al., 1961).

In principle, IATS groups share the same superordinate policy goals,
since they are both formally mandated to pursue the national agricultural
objectiveslaid down by government. Clearly, however, in many countries
exhortations for research and extension to meet the technological needs of
farmers are not sufficient to ensure that they will collaborate effectively.
This is often attributable to an unstated lack of government commitment to
agricultural development, coupled with the inability of agricultural pro-
ducers, in particular smallholder subsistence farmers, to put sufficient
pressure on rescarch and extension to ensure collaboration. Furthermore,
when agricultural development policies are only broadly stated, there is
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considerablescope forresearchand extensiontointerpret these as they wish
sothat,in practice,each group’sgoalsare notonly significantly differentbut
may, in fact, be incompatible.

Operational measures. RCT places primary emphasis on the establishment
of superordinate goals, but the mere statement of such goals is not enough
to ensure more integrated IATS performance. To be successful, the intro-
duction of superordinate goals mustbe accompanied by operational meas-
ures, including the redefinition and redistribution of roles and tasks in such
a way as to stimulate a joint problem-solving approach. The following
conditions will normally have to be met:

« The technology transfer process must become central to both groups.
Where necessary, other responsibilities and activitics should be
downgraded or eliminated in order to create the required focus on
technology transfer. This has been a key aspect of the T and V ap-
proach to extension (Benor and Baxter, 1984).

« The two groups must become more interdependent in operational
terms. This invariably entails important changes in the functional
responsibilitiesof each group and therefore a significantredrawing of
groupboundaries. In the past, extension departments have often been
too passively dependent on resecarch for information, and generally
unable or unwilling to engage in problem-solving activities. The
desire tochange this relationship has underpinned recentattemptsby
governments and donor agencies to move away from the traditional
concept of extension (as “techniques, methods and means of adult
education”) toanew concept, thatof “technology transfer”,involving
a major new emphasis on adaptive research and the integration of

information.
« Operational goal statements and objectives shoul¢ “hlished for
both research and technology transfer groups. Wh. possible

these should be objectively verifiable, and they must . . suaictly en-
forced by apex and group managements. The activities and linkage
responsibilities of each group member should be clearly specified in
job descriptions and, more importantly, as part of the annual pro-
gramming process.

« Formal and/or informal linkage groups (or teams) comprising both
research and extension personnel should be created. These would be
similar in approach to task forces or to the product teams used in
industrial R & D.

The leadership of new linkage groups is critical, requiring sensitivity to
the different backgrounds and needs of the research and technology trans-



128 Bennell

fer members making up the new group. In bringing individuals from two
groups together, it is important that each subgroup within the new group
should continue to have distinct functions. Careful consideration must be
given to identifying the appropriate positions and individuals to make up
thenew group. Thefarming systemsrescarchand extension (FSR/E) teams
established recently ina number of developing countries, especially insub-
Saharan Africa, are perhaps the most concrete examples of formally consti-
tuted linkage groups of this kind. Such groups must often keep a low
organizational profile during their carly years, in order not to be perceived
as a threat by other groups. Inaddition, it is important that they do not sce
themselves as a new functional group having separate aims from both
research and extension.

Therole of management. “Mana gement, not the researcher, defines what
it wants R & D to do” (Berman, 1973). Superordinate goals must be
formulated and inculcated by policy makers and managers atboth theapex
and grouplevels. Developing political, managerial and staff commitment to
superordinate goals is normally a considerable challenge. It may well be
necessary to replace current management with new personnel who are not
encumbered by the legacy of past tensions between the two groups. Even
thisdrastic measure may fail if traditional institutional culture and practices
are decply ingrained at professional and subprofessional levels.

Apex management should be seen as impartial, concerned only with
fulfilling client needs. This will require the elimination of any inequality in
the power of the twogroups fostered, consciously or unconciously, by apex
management in the past. Steps should also be taken at the highest political
level toencourage farmersand their organizations to takea more activerole
in determining the rescarch agenda and ensuring that prescribed linkage
activities arc effectively undertaken.

Asmentioned carlier, creating superordinate goals will normally require
anincrease inthe supervisory control exercised by apex management, espa-
cially during the carly stages of change. Nonetheless, interaction between
apex and senior group managers, while becoming more intensive, should
remain flexible, informal and open in order to create strong collegial
relationships based on trust. There must also be some tolerance of failure
among all three management groups.

The establishment of superordinate goals will normally depend on
changes in the institutional cultures of research and extension. Schein
defines institutional culture as “the pattern of basic assumptions that a
given group hasinvented, discovered ordeveloped in learningtocope with
its problems of external adaptation and internal integration” (Schein, 1984).
Thestrengthofaninstitutional culture depends largely on the homogeneity
and stability of group memberships and the lengthand intensity of shared
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experiences, as well as on leadership. Apex and group managers have the
primary responsibility for establishing institutional cultures conducive to
positive intergroup relationships. Normally, the greatest potential for in-
stilling the new culture will be among recent recruits, particularly at the
professional level.

The informal personal goals of both managers and staff can seriously
interfere with their commitment to superordinate goals. The existence of
complex networks of social obligation, coupled with pervasive patron-
client relationships, are the most significant manifestations of this phe-
nomenor. There are no easy solutions to this problem.

Donorsoften play key roles in formulating new superordinate goals and
in the activities subsequently undertaken in pursuit of these goals. Such
interventionscan be useful during the early stages of an attempt toimprove
links,butonly if theyarebased ona detailed understanding of the dynamics
of intergroup relationshipsin IATS. In the past this has been the exception
rather than the rule.

The commitment of staff. RCT p« stulates that superordinate goals can
exert a positive influence only when the following conditions are met:

« The status and/or reward gricvances of disadvantaged and dissatis-
fied groups are adequately resolved.

« Individualgoalsare sufficiently compatible with superordinategoals.
The relative importance of individual attitudes and behavior which
adversely affect the performance of formal occupational roles must
therefore be taken into consideration.

« Sufficient weightis given to the attainment of superordinate goals in
performance appraisal and reward systems. The conventional ap-
praisal criteria used in agricultural research (publications, potential
impact of new technology) and ext2nsion (visits/contacts, inputs
distributed) often give little weight to linkage behavior.

Blake and Mouton argue that commitment to improving relationships
between groups has to be based on the direct participation of group
membersatalllevelsinintensive, carefully structured interactions with one
another. Theybelieve thatconventionalapproachesto reducing conflict (or
indifference) and building cooperation are “useful” but not sufficiently
“focused on penectrating the underlying dynamics” of the relationship
(Blake and Mouton, 1984).

Blake and Mouton’s “interface conflict-solving model” helps groups
“generate the motivation and commitment required to escape an undesir-
able history of conflictand establish new norms of cooperationand collabo-
ration”. Their approach requires that the key members of each group to
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interact both with each otherand with the other group, using the following
steps:

Step 1: Developing the optimal relationship. Each group works sepa-
rately tocreatea model of the optimal relatiorship, in thelightof their
own problems and needs.

Step 2: Consolidating the optimal relationship. A model of a sound rela-
tionship is then generated through the two groups’ joint efforts.

Step 3: Describing the actual relationship. The current relationship is
described by each group separately, with members analyzing the his-
torical factors that have shaped it.

Step 4: Consolidating the actual relationship. The two groups’ perspec-
tives are amalgamated in a jointly agreed picture that objectively de-
scribes the current relationship.

Step 5: Planning for change. The operational changes to be made a-e
jointly agreed upon and described in detail.

Step 6: Progress review and replanning. Dates are fixed for the two
groups to reconvene 3 to 6 months after the initial session in order to
review progress, criticize their new relationship, and plan the next
steps.

Individuals whoare “respected neutrals” should be used as group facili-
tators.

Inmost societies, people havelittleidea how they operate ingroupsin the
workplace. Consequiently, additional management initiatives should be
regularly undertaken toincreasc managers’ own self-awareness and that of
their subordinate staff.

Healthy competition. Establishing compelling superordinate goals rarely
means that all competition between groups will be eliminated. Some
management specialists argue that notonly is some competition inevitable
within oramong complex organizationsbutthatitisalsodesirable. Healthy
competition motivates both managers and their staff: if agricultural re-
search and extension personnel are “too good friends” (Souder, 1980), the
resulting relationship is unlikely to be sufficiently challenging. Such com-
petition also helps ensure that difficult problems are not suppressed but
dealt with quickly and openly. Where two groups have been uninterested
i (or have avoided) each other, healthy competition forces them to relate,
thus providing a moreeffectivebasis for the establishmentof superordinate
goals.

The notion of healthy competition is based on iinpressionistic evidence,
mainly from the highly competitive environment of the USA. There is no
rigorous evidence within social psychology that competition between
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groups is desirable : - iis own right. Field and laboratory studies have
almost always show:: \.:at cooperative goals elicit superior performance
and that therefore the ¢verall aim of management should be to encourage
as much collaboration as possible.

Social Identity Theory

Group Identity and Comparison

Therehasbeen criticizism of RCT because of its exclusive focus on group
goalsand competition for resources, and its corresponding lack of attention
to individual motivation and the psychological processes associated with
this. Thus, RCT takes the existence of groups as given and posits a simple
one-to-one correspondence between the objective existence of the group
and how it is perceived by group members.

SIT addresses these weaknessesof RCT by offering more strictly psycho-
logical explanations of intergroup behavior and relationships. An impor-
tant difference in the application of the two approaches is that SIT has been
developed primarily in situations where there is unequal power between
the groups which are being studied.

Withregard tolinks within IATS, SIT offers many useful insights. It was
originally developed by Tajfel and his associates in the late 1960s in order
to analyze socio-psychological processes underlying tensions between
major social groups or categories, most notably ethnic, national and linguis-
tic (Tajfel, 1982; Tajfel and Turner, 1975; Turner et al., 1979). However, SIT
has also been applied tointergroup behavior in more inicro-level organiza-
tional settings, and as suchis directly relevantto the analysis of links within
IATS (Bourhis and Hill, 1982; Brown, 1981; Brown and Williams, 1984;
Brown et al., 1986).

SIT has its intellectual roots in socio-psychological theories which are
concerned with the processes by which individuals interpret events. Ac-
cording to these theories, a fundamental human drive is the comparison of
oneself with other people (Festinger, 1954 and 1957). All individuals desire
to be at least as proficient as those with whom they compare themselves.
They are thus motivated to test their own abilities against the abilities of
others, but they will only do so in ways that are unlikely to threaten their
own self-esteem. This determines the targets which are selected for com-
parisons, and whetheran individual’s feelings towards others are positive
or negative.

A key proposition of SIT is that a group exists only in so far as it relates
to other groups. The imperative to compare is what drives relationships
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between groups. SIT relies on four key concepts: social categorizatior,
social identity, social comparison, and positive group distinctiveness.

Social categorization: Human beings are assumed tobe continually active
in their efforts to define themselv ¢s in relation to the world they live
in. A key aspect of this basic cognitive process is social categorization,
whereby eack: individual categorizes the social groups to which he/
she belongs and also those of other people. This segmentation of the
individual’s world imposes a certain order and provides the focus of
self-identification.

Social identity: The individual’s knowledge of his/her membership of
various social categories or groups and the intellectual value and
emotional significance attached to these memberships are defined as
his/her social identity.

Social comparison: This is the psychological process throi:gh which char-
acteristics of the individual’s own group (the ingroup) are compared
with those of other relevant groups (outgroups): “The characteristics
of the individual’s own group achieve most of their significance in
relation to perceived differences from other groups and vaiue conno-
tations of these differences” (Tajfel, 1982).

Positive group distinctiteness: Individuals act in a manner to make their
own groups as favorably distinctive as possible from other groups:
“Every social groupattemptstoachieveand preserveasocialidentity,
and such an identity is always achieved in contradistinction to an
outgroup” (Tajfel and Turner, 1979). It follows, crucially, that “an
ingroup may discriminate against outgroups not because there isany
realistic conflict of group interests but simply to differentiate them-
selves and maintain a positive social identity for their members”. In
other words, the process of comparison creates competitive relation-
ships,and thisisasmucha subjective, psychological processasitis the
result of objective conditions.

If a group has “an inadequate social identity”, its members will, accord-
ing to SIT, attempt to change this situation in a number of ways. If the
inferiorstatusis generally accepted, memberswill seek toachievea positive
self-imageby individualistic means, notably by makirg favorable compari-
sons withotheringroupmembers, thereby negativelyaffectingingroup co-
hesion, or by trying to gain entry into the higher-status outgroup. If,
however, members reject their lower status, SIT identifies three possible
strategies for group action: (1) gain equality with the outgroup on relevant
characteristics;(2) redefine negatively valued characteristics positively (the
“black is beautiful” counter-resoonse); (3) create new dimensions not
previously used in intergroup comparisons. Based on empirical analysis of
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the processes of group categorization and comparison, SIT theorists have
developed a number of general propositions:

« The stronger the importance attached to belonging to a group, the
stronger ingroup favoritism and outgroup prejudice will be. In other
words, the level of conflict between groups is likely to be that much
greater the more group membersarecommitted and loyal to theirown
group and the less interested they are in the goals of other groups.

« During intergroup conflict, group cohesivenessincreases because the
external threat to the group brings members closer together.

. Stercotyping, based on the conviction that “they are all the same”, is
a widespread syinptom of conflict between groups.

« There is a universal tendency to exaggerate the differences between
individuals falling into different categories and to minimize these
within categorics (Tajfcl’s law of categorization).

« Themoresimilargroupsareintermsofa characteristic, the greater the
need to crcate positive group distinctiveness with regard to this
characteristic and the more likely, therefore, that mutually competi-
tive behavior will occur.

« The more threatened the ingroup by the outgroup, the greater the
ingroup antipathy towards the outgroup.

. Disadvantaged/dominated group members define themselves more
in terms of their social position and their group membership, whereas
more advantaged group members conceive of themselves less in
terms of the group and more in terms of personal chz-acteristizs.

« Aningroupcanmaintain positive social identity by avoiding unfavor-
able comparisons with more advantaged outgroups.

« Themoredistinctive a particular groupattribute, the more it wili tend
to be evaluated positively.

. Itisnot possible to predict with any certainty what strategies a group
will adopt in order to improve its identity.

The Relevance of Social Identity Theory

Although SIT is more abstract and theoretically complex than RCT, it
provides a highly relevant framework within which to analyze relation-
ships between groups within IATS. SIT nicely complements the neo-
Weberian theories of occupational structureand interaction, described later
in this paper. On the limited evidence available, the processes of categori-
zation and comparison identified in SIT seem universal, not specific to
certain cultures. And theanalytical methods of SIT, while requiring careful,
structured questioning of respondents, are relatively straightforward.
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In accordance with the key concepts outlined above, a SIT analysis of
relationshipsbetween groupsin IATS would seck to: (1) unravel the process
of groupcategorization undertaken byindividualsengaged in researchand
extension (including apex management); (2) ascertain the relative impor-
tance attached to ingroup memberships; (3) evaluate positively valued
group characteristicsand thelevel of groupdistinctiveness;and (4) identify
the strategies used by individuals or groups to rectify negative social
identity. This latter part of the analysis would be particularly relevant to
extension personnel, who often suffer from negative social identity.

SIT is more pessimistic and thus more conservative than RCT on the
potential role of management in improving intergroup relationships, at
least in the short term. This is because comparisons between groups are
usually the outcome of a long history of decp-seated status differences
between them. Nor does SIT claim to be able to predict the likely strategy
ofadisadvantaged group. Thus, in practical terms, SIT tends to place most
emphasis on changing group structures as the onl y cffective way of break-
ing down disfunctional group categorizations and comparisons.

With regard to IATS, this implies abandoning or radically changing the
current division of labor between “research” and “extension” staff. This is
perhaps most feasible in small countries, where there are fewer and more
closely knitstaff. For example, in Jordan research and extension as separate
job categories have been replaced by production specialists. The more
ambitious FSR and on-farm research programs may also be radical enough
to trigger the reconstitution of group identities. But it remains to be seen
whether this wiii also be truc of T and V extension systems, which usually
do not fundamentally change the job structure of extension or research.

Intragroup Characteristics and Intergroup Contact

In thissectionI will consider two sets of factors which, although they are
not directly covered by RCT and SIT, can influence the relationships
betweenIATSgroups. The firstsct of factors concerns intragroup character-
istics; these are work orientation and style, competence, and group size,
complexity and cohesiveness, while the second set focuses on intergroup
contact and communication.

Intragroup Characteristics

RCT emphasizes those characteristics of groups thatare directly related
to competition for resources. SIT, on the other hand, being concerned with
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groupidentificationand comparison, focuses more ongroup characteristics
as explanatory factors in their own right. Nevertheless, it is usually not
poscible to determine a priori how specific similarities and differences
between groups will affect their relationships. In general terms, both RCT
and SIT predict that the greater the similarity between groups, the greater
the likelihood of conflict. However, it is usually the differences, not the
similarities, that are seen by the group members themselves as the cause of
conflict. These differencesare most evident in theareasof work orientation
and style.

Work orientation and style. Rescarch and extension are distinct functions
withdistinctive tasks and other characteristics. Thus, regardless of resource
competition and/or group identity issues, cach group is “bound to see
thingsdifferently” (Thomasetal., 1972). Thisleadstolegitimatedifferences
of opinion between the two groups. When these get out of hand, intergroup
relationships become openly hostile.

Thealleged differences, in developed countries, between R & D person-
nel and those involved in operations (mainly marketing and production)
have been extensively discussed in the R & D literature. The most com-
monly cited differences are listed here:

- “Researchers primarily identify with their profession, not their em-
ployer. They have no natural affiliation with industry” (Biller and
Shanley, 1975). Consequently, rescarchers keep themselves separate
and isolated from the production process.

« Thegoalsofrescarchersarebroader, less precise and measurable than
those of operational personnel: “R & D are mostly concerned with big
fundamental changes, whereas operations are happy with small in-
creraental ones” (Westwood, 1984).

+ Resecarchers have a longer time perspective, whereas opeiational
personnel are constantly engaged in resolving immediate problems.
The latter therefore tend to perceive their environment as being more
uncertain, and are more dependent on the activities of other col-
leagues.

« There is more informality and collegiality among rescarchers than
among operational personnel, and ageneral aversion tobureaucracy.

Similardifferences between researchersand extensionistsare thought to
exist in developing countries. However, hard evidence to support the
existence of these differences in both develcping and developed countries
is lacking. Indeed, where alleged differences have been systematically in-
vestigated, the findings have often been inconclusive. In a comprehensive
survey of industrial corporations in the USA, Gupta and his associates
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concluded that “the widely held notion thatR & Dand marketing managers
are simply different and thus cannot cooperatc with each other appears to
have little substance” (Gupta ct al., 1986).

Competence. The competence ofagroupin performing prescribed linkage
activities is clearly a critical factor. Within the extension group, the main
skill deficiencies arelikely to centeron the ability to gatherand disseminate
information and to package and test technologies. Among the research
group, communication and training skills (rather than technical/intellec-
tual competence per se) usually give the greater cause for concern.

In order to interact as equal partners with rescarchers, technology
transfer personnel responsible for linkage activities should have similar
levels of technical competence to those of rescarchers. As the agricultural
sector develops, ordinary extension field workers too will exrerience
pressure to upgrade their abilities as their role as simple information dis-
seminatorsbecomesinstead one of knc: /ledgeintegratorand farmadvisor.

Group size, complexity and cohesiveness. Thete is little firm evidence
concerning the effects of group size, complexity and cohesiveness on
relationships between groups. Itis sometimes argued that the largerand/
or more complex the group, the more disputesiitis likely to have with other
groups. This is because it is more difficult to achieve a consistent point of
view among group members; inconsistency confuses the members of other
groups, putting a strain on relationships with them (Zander, 1982). How-
cver, the opposite argument could also be true: since a smaller group will
find it casier to maintain cohesion, it might develop stronger prejudices
against other groups.

It has also been suggested that groups which have coped successfully
with serious intragroup tensions and conflicts are less likely to develop
strong feelingsagainst other groups (Billig, 1976). Again, theopposite might
alsobe truc: group leaders might exacerbate intergroup tensions to distract
attention from current intragroup problems.

Intergroup Contact and Communication

The level of contact between groups hasan important influence on their
relationships. Often, contact betweenIATS groupsindeveloping countries
isrelatively limited. There arc s2veral reasons for this: (1) the spatial sepa-
ration of research and extension personnel across different geographical
locations, a factor often exacerbated by poor transportand telecommunica-
tion links; (2) inadequate mechanisms for bringing together research and
extension personuel to discuss issues of mutual interest; (3) high rates of
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staff attrition, thwarting the development of close reiationships between
individualsin each group, especially among those who occupy key linkage
positions. In many IATS, therefore, poor intergroup communication is
simply the consequence of the relevant groups being “out of sight, out of
mind”. The implication s that all contact is beneficial and should be encour-
aged. However, RCT argues that if contact between groups takes place in
the absence of compelling superordinate goals, it may serve only as a
medium for further accusations.

Contact theories. These theoriesare generally based on the belief thatdirect
interaction between individuals from different groups builds up mutual
understanding and reduces tensions. The theories have been tested mainly
among ethnic groups with deeply ingrained prejudices (Hewstone and
Brown, 1986). Such prejudices are unlikely to exist between occupaticnal
groups within IATS. However, contact theories highlight the need to think
carefully about how contact between groups should be structured. Cook
predicts thatless derogatory outgroup attitudes will result when individu-
als have personal contact with members of a group they dislike under the
following four conditions:

« participants fromthetwogroups have equal status within the confines
of the contact situation

« the characteristics of outgroup members with whom there is contact
refute the prevailing outgroup stereotype (thatis, the outgroup mem-
bers are seen as atypical)

- the contact situation has high “acquaintance potential” (that s, iten-
ablesindividuals to get to know each otheras individuals, rather than
as group memt.rs)

« the social norms within and surrounding the contact situation favor
“group equality” and “egalitarian intergroup association” (Cook,
1978)

There is not complete agreement among contact theorists concerning
these four conditions. Brown and Hewstone argue that unless contact
personnel are viewed as typical of the outgroup, there will be no generali-
zation tothe restof the outgroup — the contact personnel will be seen as the
exception that proves the rule. They propose that the contact situation
should be such as to encourage participants to interact with each other as
members of their respective groups. The trick is then to ensure that the
positive attributes of each group’s stercotype of the other are emphasized
(Brown, pers. comm.).

Another aspect of contact theory concerns contact initiation. It has been
suggested thatifone group predominatesininitiating contacts with another
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group, thelatter tends tobecomeirritated and resentful (Whyte, 1957). This
maybeanimportant factorinfluencing relationshipsbetween IATS groups,
especially where the research-to-extension communication function is
dominant and extension has an essentially passive role in the technology
generation process.

R & D communication processes. “The overall pattern of the innovation
process can be thought of as a complex net of communication pathslinking
the various stages of the process” (Rothwell and Rovertson, 1973). How-
ever, sociometric studies of research organizations in advanced industria!
countries have consistently found that:

- Formal organizations create serious barriers to effective communica-
tion. with external sources of information.

» “The technologist cannot communicate well with outsiders” (Allen,
1971).

* A high proportion of the communication that does take place is
undertaken informally. Itis therefore not possible to design a pattern
of communication based wholly ona particular organizational struc-
ture and/or set of job positions.

+ Afairly small numberofindividualsis responsible for a high propor-
tion of internal and external communication. These “gatekeepers”
evolve to fulfill a need the organization itself cannot satisfy (Allen et
al., 1979). .

+ Givengroupand intcrgroup goals, thereisan optimal flow of commu-
nication. Trying to establish more intensive communication beyond
this level is disfunctional and leads ultimately to chaos.

Detailed sociometric research on the communication networks of IATS
indevelopingcountries has notyetbeen undertaken. However, many of the
findings are likely to be the same as those in developed countries.

Certainly, itis highly probable that IATS contain individuals who can be
regarded as gatekeepers. Management should focus on identifying actual
or potential gatekeepers in each group and, where appropriate, should
provide training or other kinds of assistance to help them fulfill their com-
munication roles more effectively.

Other, more obvious ways of improving contact and communication in
IATS center on intensifying the level of personal contacts between groups.
On a day-to-day leve! this could be achieved by increasing the physical
proximity of groups by, for example, locating group members in the same
office buildings. Regular meetings, including joint workshops and semi-
nars, are of paramount importance. In some situations, contact can be
facilitated by the temporary secondment of individuals from one group to
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another. This has been tried by some IATS for young, newly recruited
professional staff, as part of their apprenticeship training.

Occupational Groups and Structure

As mentioned earlier, the distribution of status and rewardsis critical in
influencing relationships between groups within IATS. Inorder toidentify
thedeterminantsof group statusand rewards, however, itis necessary togo
beyond the socio-psychological explanations of intergroup relationships
that have been the focus of attention so far, and briefly consider more
mainstream sociological theories which help to explain the occupational
structureof a socicty. As with other related groups of o~cupations (such as
health, law and engineering), especially in the service sectors, the occupa-
tional structure of IATS is powerfully influenced by the constitution of their
professional groups and, in particular, by the relationships of these groups
with each other and with rion-professional occupational groups.

Neo-Weberian Theory

The traditional definition of a profession is that its practitioners acquire
a set of skills which are, in some way, superior to those skills possessed by
otherindividuals: “Itis the existence of specialized techniques acquired as
a result of prolonged training which gives rise to professionalism and ac-
counts forits peculiar features” (Carr-Saunders and Wilson, 1964). Adher-
ence to certain ethical codes and the overall regulation of work practices by
members are the other commonly cited characteristics of a profession.

This approach to the professions has two main problems. First, it is
ahistorical: little attempt is made to investigate the profession’s evolution.
Suchaninvestigation would focus on the processes whereby the profession
establishesits placein society and its response to pressures for change, such
as technology developments, government policies and practices, and shifts
in economic and social power. Second, this approach uncritically accepts
the profession’s own definition of itself, which focuses on its perceived role
and contribution tosocicty. Only those aspects of professional behavior that
conform with the profession’s own ideology are emphasized.

Instead of the traditional approach, I propose to adopt a neo-Weberian
perspective in analyzing occupational relationships in IATS. The basic
proposition of the neo-Weberian theory of occupational structure is that
occupational groups compete with one another for status and economic
rewards. The main form this competition takes is the attempt by groups to
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“inclose” themselves, excluding rival groups. Through the labor market,
bargaining occurs between individuals with different skills and formal
qualifications which constitute their “market capacity”.

The principal means by which occupational groups preserve or attempt
to improve upon their position in the hierarchy is through the erection of
“barriers to entry” based mainly on the acquisition of academic qualifica-
tions which are sufficiently superior in content and length of training to
create the desired distance between themselves and rival groups. This
emphasis on credentials is likely to become acute at times when education
and training are expanding, as occupational groups attempt to escalate the
qualification barriers between themselves and their increasingly well-
educated rivals further down the hierarchy (Dore, 1976).

The neo-Weberian approach focuses mainly on the process of profession-
alization. Professionalization is the development over time of the market
capacity ofanoccupation, which eventually enablesittoestablisha monop-
oly overspccificareas of the division of labor. Originally,a professioncould
attain and maintain its position “by virtue of the protection and patronage
of some elite segment of society which had been persuaded that there was
some special value inits work” (Friedson, 1972). In time, thv role of patron
and protector may be gradually assumed by the state, especially when the
occupation is employed mainly in the public sector, s is often the case for
agricultural research and technology transfer in developing countries.

Professionalization comprises the processes of inclusion and exclusion
that characterize the development of a professional group. Successful “in-
closure” depends on the ability of a profession to establish control over two
key processes; namely, the creation of an exclusive protected market for its
skills, and the education and training of new recruits into the profession.

To be marketable, the “professional commodity” has to be distinct and
recognizable to clients and the public at large. This necessitates the estab-
lishment of an intellectual basis for the profession. Hence the creation and
regulation of a marketof professional skills hinges on the ability of the pro-
fession to control the production of the professionals themselves (that is, to
control therelevant part of the formal education and training system). “The
singular characteristic of professional power is that the profession has the
exclusive privilege of defining both the content of its knowledge and the
legitimate conditions of access to it, while the unequal distribution of
knowledge protects and enhances this power” (Friedson, 1972).

Status and Income Differences

Marked differences in occupational status and income between profes-
sional and subprofessional personnel are a common feature of the occupa-



Bennell 141

tional structure of many developing countries. This is especially true of
groups within IATS.

The main factor responsible for these differences is that an individual’s
occupational position iin the modern sector of most developing countries
continues to be overwhelmingly dependent on educational attainment.
(This is also true in developed countries, but the importance of education
and qualifications is generally less pronounced). In determining public
sector grades and remuneration, considerably lessimportanceis attached to
experience and skills gained on the job by subprofessional personnel,
compared with equivalent positions in Europe and North America.

Another contributory factor in much of Africa and, to a 'esser extent,
Asia, is the continuing legacy of colonial public sector grade and salary
structures. Government jobs were racially segregated during the coionial
period; Europeans occupied professional positions and were remuncrated
on the basis of metropolitan salary structures.

Nationals,on theotherhand, were generally confined tosubprofessional
positions and were paid on the basis of prevailing local fabor market
conditions. In many developing countries political independence did not
resultina major reformof theinherited colonial gradeand salary structures.
Nationals took over the jobs of the European colonizers, but there waslittle
desire on the part of the new political and bureaucratic elites to undermine
the privileged economic and social position of themselves and their col-
leagues. Althoughsuccessive government financial crises, coupled with the
increasing supply of trained personnel, have gradually eroded income
differences, they remain considerable in many countries (Bennell, 1982).

In more general terms, the marknd separation of professional and sub-
professional staff in many developing countries is symptomatic of the
greater dominance of professional groups in the class structure of these
societies. This dominance has inhibited the emergence of occupational
structures conducive tomeeting the needs of predominantly poorand rural
societies (Bennell, 1982; Bennell, 1983). It is against this background that
relationships between IATS groups must be examined.

Agricuiture Research: An Established Professional Group

From their inception, agricultural research organizations in developing
countrics have generally enjoyed relatively stable occupational structures,
with few pressures for change. Inlarge part thiscanbeattributed to the fact
that, as research organizations, they have been labelled “professional”, a
status originally acquired through the transfer of professional rescarchers
from the colonial countries. The emergence of a local agricultural research
establishment is a fairly recent development. As a result, the professional
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status of theagricultural researcherin mostdeveloping countries has never
been seriously questioned.

Againstthisbackground, the professional “inclosure” of theagricultural
researcher has generally been highly effective. The heightened occupa-
tional separation between professional and subprofessional personnel has
meant that agricultural researchers in developing countries have not, in
general, felt threatened by support staff seeking significant restructuring of
the occupational division of labor.

Nevertheless,agricultural researchers have frequently had to struggleto
maintain or improve their status in comparison with higher-status, more
established professions, such as medicine, law and engineering. In com-
parison with these professions, agricultural researchers are a relatively
small group whose close association with farmers and agriculture has not
helped their image. In addition, their bargaining power has traditionally
been weak, often reflecting the lower priority afforded by government to
rural as opposed to urban development.

In order to promote their group identity, agricultural researchers have
generally tried to ensure that their market capacities remain at least equal
to those of other professions. This has encouraged greater specialization
and sophistication, often associated with raisingqualification requirements
to the post-graduate level (of course, there have alsobeen genuine technical
reasons for increased specialization and training). Equally important has
been the corresponding need to distance the profession from lower-status
professions and occupations, in particular, with which it tends to be most
commonly associated, namely agricultural extension. This may involve
attempts to maintain the subordinate statusand income positions of exten-
sion workers which, for obvious reasons, is likely to engender conflict.

Thereare exceptions to this picture. Insome countriesresearchers do not
perceive themselves as a separate professional group, or at least attach
limited importance to the difference. In Taiwan in the 1960s, for example, it
was observed that “agricultural technicians in research institutes and
improvement stations do both extension and research and regard them-
selves generally as being part of both. They rarely regard themselves as
exclusively one or the other” (Lionberger and Chang, 1970).

Status distinctions among the various disciplines within agricultural re-
search may also affect intergroup relationships in IATS. However, the
Precise nature of these effects remains unclear. According to the proposi-
tions of SIT, lower-status disciplines (typically social scientists and general
agronomists) with insecure social identities should belesslikely to cooper-
ate with technology transfer groups, which havea lowerstatus still. On the
other hand, perhaps the belief systems and work orientation of such
disciplines make them more inclined than other disciplines to cooperate
with technology transfer groups.
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Agricultural Technology Transfer: Ar Emerging Professional Group

In many developing countries, public sector technology transfer activi-
ties were not formally institutionalized until after the establishment of ag-
ricultural research organizations. As latecomers, technology transfer per-
sonnel experienced difficulty in gaining credibility with other public sector
agricultural personnel, in particular agricultural researchers.

A key characteristic of agricultural technology transfer organizations
during this early period, particularly in Africaand Asia, was that they were
staffed mainly by subprofessionals. In part this reflected the relative under-
development or novelty of public sector agricultural extension in the
colonial countries, in contrast to agricultural research. More important,
however, was the narrow concept of technology transfer, in which the
extensionist was for the most partseen merely as a disseminator of informa-
tion to peasant farmers, concerned to “show how” rather than to “know
how". Thatsucha concept prevailed was notsurprising given the hugessize
of farming populations and the chronic shortage of skilled staff. Moreover,
extension workers had to live near their farmer clients, and only relatively
low-status, non-professional employees could be expected towork in these
rural environments, which at that time gererally lacked pasic amenities.
Thus, in many countries there were few professional extensionists or even
well-trained subprofessional extension workers who could have acted as
effective intermediaries between research scientists and field-level exten-
sion workers.

Given this historical legacy, links within IATS were, and in many
countriesstillare, characterized by a professional research-subprofessional
extensionrelationship. The distinction between mental and manuallaboris
particularlyimportant here. Research scientists areseen as theembodiment
ofa high level of mental labor, while the extension workers’ roleisoften seen
asinvolving low-level mental activities (“delivering messages”) and man-
ual activities (delivering inputs and preparing demonstration plots).

The professional research-subprofessional extension relationship has,
more often than not, resulted in tensions between the two groups, mainly
because researchers have tended to adopt patronizing attitudes towards
extensionists who, not surprisingly, have resented being treated in this
manner.

Extension’s close association with small farmers has further served to
undermineits status, during a period when governments have been gener-
ally preoccupied withindustrialization. Nor, exceptina few countries with
more advanced agricultural sectors, have there been any significant num-
bers of peopleengaged intechnology transferactivitiesin the private sector,
whose higher status and pay could have served as a powerful reference
point for their public sector counterparts.
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With their relatively low status and poorer pay and working conditions,
agricultural extension services have generally been unable to attract good
quality recruits. Research has invariably been the preferred career choice
among university graduates in agriculture. Some governments have re-
sponded by compelling graduates and others to take up jobs in extension,
but this has merely increased resentment and job dissatisfaction. In many
countries, particularly in Asia (including Nepal, Philippines, Sri Lanka,
Taiwan and South Korea), it appears that extension recruitment standards
havecontinuedtodeteriorate. In South Korea, 48% of extension agentswere
university graduates in 1965; this had fallen to 25% by the late 1970s (Asian
Productivity Organization, 1980). Many agricultural extension organiza-
tions have found itdifficult to retain their more able and experienced senior
staff, especially where private sector employment opportunities have been
relatively plentiful. Asa result of high levels of attrition, the average age of
extension staff is often relatively young, making it more difficult for them
to build relationships with older research personnel.

The inferior status of agricultural extension staff has made the occupa-
tional structureof extension organizations in most developingcountriesin-
herently unstable, as extension personnel have tried to improve matters.
Only a small proportion have been able to overcome their negative social
identity by joining research organizations. The other individualistic re-
sponse postulated by SIT (making favorable comparisons with other in-
group members) may have occurred in some developing countries, with
professional extensionists trying to distance themselves from subprofes-
sional junior colleagues.

However, the most common response by extension staff has been to try
to improve their position through professionalization. On the one hand,
this has beenjustified instrictly functional and technical terms, given: (1) the
increasing sophistication of farmers and the agricultural sector in general,
and the corresponding need to upgrade extension workers’ skills; (2) recent
recognition of the importance of certain functions and activities (in particu-
lar, information integration and adaptive research) which hitherto have not
been adequately performed by research or extension; and (3) the greater
availability of skilled personnel. On the other hand, professionalization is
also a social process, enabling extensionists to attempt to increase their
market capacities and thus their status and incomes. If the attempt is suc-
cessful it should, according to bothRCT and SIT, create the necessary socio-
psychological conditions for more effective intergroup relationships.

The professionalization of extension has taken different forms according
tolocal conditions. In many countries, the introduction of T and V marked
the beginning of the process; it is likely to be a slow one, passing through
several different stages. The characteristics of the new professional group
have to be formalized and the necessary government bodies convinced of
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the need for change. The impact on government funding, particularly
where the technology transfer subsystem is large, as in many Asian coun-
tries, isa critical issue. Professionalizing extension will increase salary costs.
Hence the pace of professionalization in most countries will be slow.

Generally, the new professional extension service has Legun by covering
technical service functions undertaken mainly by subject-matter specialists
(includingcommunicationand training experts); gradually, ithasextended
itsactivities toincluce field service functions. Extension has needed to take
on significant additional responsibilities and functions in order for its
managers to makea convincing case for the professionalizationof their staff.

Theresponse of publicsectorresearch organizations to the professionali-
~ation of extension has varied. To the extent that rescarch has felt the need
to distance itself from extension, attempts by the latter to close the occupa-
tional gap have worsened tensions between the two groups. Typically,
disputes have centered on the involvement of extension in adaptive re-
search and knowledge integration.

Arescarch departmentcanrespend in several wayvs. First, itcanrespond
cooperatively, accepting the need for greater involvement of extension in
adaptive research and seeking to integrate the activities of the two depart-
ments as prescribed. Second, it can respond evasively, by redefining its
mandateand sphereof knowledge, oftenby increasing the sophistication of
rescarch which, with greater emphasis on postgraduate training, forms the
new basis for group distinctiveness. Inother words, rescarchers give up re-
sponsibility for adaptive research, which in most countries they regard as
lower status anyway. Thus, they maintain their scparate professional
identity and subvert official attempts to establish closer research-extension
links. This response is most likely to occur in larger IATS, especially those
that have traditionally shown little interest in adaptive research in the first
place.

The third response is to engage in conflict. This is common where adap-
tive research forms the major part of the mandate of the research depart-
ment/subsystem, as it does in most developing countries with small IATS.
Disputes under these conditions can be serious: the research subsystem’s
raison d'étre (at least officially) is to undertake adaptive research; thus any
attempt to increase the involvement of extension threatens its professional
and institutional identity. This has occurred in some countries where
rescarch has been weak. Whether organizational arrangements such as
FSR/Eteamsarecffective in overcoming conflictsof thiskind remains tobe
seen.

In some South Amcrican countries (Argentina, Chile, Colombia, Vene-
zuela and Uruguay), recognition of the professional role of extensionists
occurred much carlier — even during the establishment phase of the
relevant public sector institutions. This was mainly because of the relative
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sophistication of the agricultural sector and the greater availability of
graduates. Another important factor is the part played by US aid agencies
and universities in setting up national IATS, given that extensionists had
achieved full professional parity in the USA by the early 1950s. The
professional identity of the South American ingeniero agrénomo has also
been strengthened by the introduction of compulsory registration and the
development of national professional associations for agriculturalists.

Although the differences between research and extension have been less
pronounced in South America, linkage relationships are still poor. Froman
RCT perspective, this is attributable to deep-seated competition between
the two groups. For SIT, on the other hand. it is precisely the similarity of
the two groups (in terms of background, age, qualification, etc), in addition
to power differences between them, which is likely to have been the major
cause of tension.

Another possible contributory factor has been the growing numbers of
extensionists and researchersemployed in the private sector, whose higher
levels of pay have posed an increasingly serious threat to the viability of
public sector research and extension. Faced with this challenge, intergroup
professional relationships ina number of countries have been placed under
increasing pressure as the morale and confidence of staff have declincd,

Conclusion

The purpose of this paper has been to explore the relevance of socio-
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factors. As with all social science research, however, neatly separating out
the influence of socio-psychological factors from explanations provided by
other disciplinary areas will remain problematic.
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Links between On-Farm Research
and Extension in Nine Countries

Peter Ewell

In most developing countries, agricultural research and extension are
separate public institutions with different mandates and different ways of
operating. Even where they are formally located in the same ministry, they
usually have very different organizational structures and operational pro-
cedures.

The predominant model for the generation and transfer of agricultural
technology is based at least implicitly on systems for breeding, testing, and
distributing improved crop varieties. Researchers are expected to develop
superior genetic material and/or production techniques, which they then
turn over to extension for demonstration and diffusion to farmers.

Top-down systems of this kind have functioned reasonably well to meet
the demands of resource-rich farmers, as well as those of both large- and
small-scale producers of high-value commodities. These farmershave been
able to communicate their needs to rescarchers, either directly or through
producers’ organizations, and to assess and adapt the recommendations
which come to them through the extension system.

However, the lack of effective links between research and extension
institutions has impeded the development and transfer of technology
appropriate for small-scale, resource-poor farmers, particularly those in
low-potential, heterogencous agro-ecological arcas. These farmers have no
effective organizations through which to make their needs known.

Researchers do not receive enough information about these farraers’
conditions and resources to sct relevant pricrities and goals. At the same
time, local extension agents do not receive the information and cooperation
they need to first adapt and then diffuse appropriate technology. The lack
of good communication between rescarch and extension has particularly
limited the transfer of technologies other than improved crop varieties, such
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as storage and pest management methods. Rather than improved inputs,
whichare physically distributed, these often consist of concepts whichmust
bereinterpreted and adapted tocach newsituation (Horton, 1986; Rhoades,
1987).

Extensionists are caught in the middle in many ways. They are often
responsible for a broad range of government services in rural areas, of
which technology transfer is only one. Seldom do they receive adequate
resources for ficld work and travel. They are obliged to promote whatever
technology comes down to them, even if it is not adapted to local agro-
ccological or socio-economic conditions. They are almost always separated
from researchers by wide gaps in educational level, status, salaries and
social class. Researchersblame them for their failure to transferinnovations
which have shown promise under experimental conditions, and for their
apparent inability to provide systematic feedback. Farmers often see them
as incapable of providing answers to local problems and needs (Collinson,
1985).

Farming systems resea: ch (FSR), and especially on-farm research, has
been promoted asa way of developing appropriate technology and adapt-
ing it to the specificagro-ecological and socio-ccrnomic conditions of small-
scale farmers. Many nationalagricultural rescarch systemshave developed
interdisciplinary programs of this kind, with two major objectives:

1. Todiagnose needs and constraints at the farm level
2. Toadapt technologies to the agro-climaticand socio-economic condi-
tions of target producers

Parallelinitiatives within extension institutionshavealso been launched
(Swanson, 1984; Cernea, ct al., 1985). The initiatives of both research and
extension focus on farm management and the factors affecting farmers’
daily decisions and overall strategics.

Ithas been hypothesized that these approaches can break down the tra-
ditional barriers between research and extension. On-farm research teams
should themselves become the critical link: “Farm-management oriented
research/extension personnel can serve in a research and extension capacity
to work with farmers and research scientists in technology development”
(Andrew and McDermott, 1985; italics mine).

Theachievement of thisadmiraole goal isa major challenge for the man-
agers of both research and extension institutions, On-farm research cannot
in itself solve the problems of technology transfer, or substitute for an
effective extension system. Indeed, moving resecarchers off the station into
the “space” conventionally occupied by extension and development insti-
tutions requires the careful rethinking of mutual rolesand functions, as well
as the development of new ways of working together.
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This process often brings other organizational and managerial probleins
into relief. If either the research or the extension institution suffers from
poorleadership,inadequate funding or poor staff mo ale, linking them will
not solve the problem. If effective mechanisms for the joint planning and
implementation of tasks related to common goals are not developed,
information on farmers’ needs will not be used effectively, no matter how
many surveys, experiments, trials or demonstrations are carried out(Stoop,
1988). If farmers do not participate fully, the technology developed is
unlikely to meet their needs.

Scope of This Analysis

This paper forms part of two studies being undertaken by the Interna-
tional Service for National Agricultural Research (ISNAR): the study of the
links between research and technology transfer; and theresearch projecton
the organization and management of on-farm client-oriented research
(OFCOR) in national agricultural research systems.

OFCOR is designed to establish closer links between research and re-
source-poor farm households. Numerous anproaches to this type of re-
searchhavebeendeveloped, including “cropping systemsresearch”, “farm-
ing systems research”, “on-farm adaptive rescarch”, “farmer-back-to-
farmer”, “farmer-first-farmer-last” (Byerlee et al., 1988; Collinson, 1987;
Gilbert et al., 1980; Harwood, 1979; Rhoades and Booth, 1982; Zandstra et
al., 1981). Whatall these approaches have in common is a focus on farmers
astheclients of rescarch, an emphasis on diagnosing constraintsand setting
research prioritics in the context of the whole farm system, the design of
technological solutions in response to opportunities or constraints identi-
fied on farm, and the involvement of farmers at various stages in the
research process.

Theanalysisisbuiltaround case studiesof nationai agricultural rescarch
systems which have formally included OFCOR asa major activityand have
at least 5 years’ experience with this rescarch approach (Avila ct al., 1989;
Budianto et al., 1989; Cuellar, 1989; Faye and Bingen, 1989; Jabbar and
Zainul Abedin, 1989; Kayastha et al., 1989; Kean and Singogo, 1988; Ruano
and Fumagalli, 1988;Soliz et al., 1989). Nine countries were included in the
study: Bangladesh, Ecuador, Guatrmala, Indonesia, Nepal, Panama, Sene-
gal, Zambia and Zimbabwe. Improving cooperation between researchers,
extensionists, development agencies and farmers was an explicit goal of
most of the programs reviewed. A variety of mechanisms had been devel-
oped to link rescarchers and extensionists in the planning and implemen-
tation of various tasks. Nevertheless, forging cffective, sustainable links
across institutional barriers proved a major challenge.
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The case studies review the experience of nearly 20 on-farm programs,
organized in a variety of ways, following different approaches and using
different methods. The word “program” is used loosely, to describe any
organized on-farm activity; it does not necessarily imply the existence of a
formal program analogous to a semi-autonomous, multidisciplinary com-
modity program of the kind commonly found in national and international
institutes. The role of on-farm research as a means of strengthening links
between research and extension was a key arca of analysis in the case
studies. Itshould be noted, however, that the studies were written from the
perspective of research, an.i do not provide a detailed analysis of the
extension institutions with which the on-farm research programs intzract.

In the first scction of this paper, the relationship between on-fann re-
search and extension is contrasted in three countries — Guatemala, Nepal
and Zambia. The second section draws on evidence from all nine countries
toanalyze the experience with six mechanisms for linking on-farm research
and extension. The final section points out the lessons that emerge from the
case studies for rescarch managers using on-farm research as a means of
strengthening the links between rescarch and extension.

Assessing the Effectiveness of Linkage Mechanisms

The effectiveness of mechanisms linking on-farm research with exten-
sion will be assessed in terms of thesc questions:

1. How well docs the mechanism, or group of mechanisms, facilitate the
flow of information on farmers’ conditions and needs toresearchers —
does it improve the system’s responsiveness to the needs of its
targeted clients?

2. How well does the mechanism facilitate the flow of information and
techniques from the research system to resource-poor farmers —does
itimprove the system'’s capacity to transfer relevant technology?

3. How sustainable is the mechanism, given the various institutions
involved?

Responsiveness to the needs of targeted clients. The diagnosis of farmers’
conditions and needs is the basis for setting prioritics and planning re-
search. Informal and formal surveys, on-fana trials, meetings, field days
and other special events all provide opportunities for researchers to learn
from farmers (Biggs, 1989; Ewell, 1988). A number of mechanisms have
been used to analyze farmers’ needsand then carry the lessons learned into
the process of planning and programming research on experiment stations
(Merrill-Sands and McAllister, 1988).
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Most approaches to on-farm research assign primary responsibility for
the functions of diagnosisand feedback to social scientists from the research
institution (Byerlee et al., 1980; Bycrlee and Tripp, 1988; Zandstra et al.,
1981). Some authors have envisioned a much broader role for extensionists
inon-farmresearch programsas the principal “voice” of the farmer (Johnson
and Claar, 1986; Johnson and Kellogg, 1984; Lionberger, 1986). Neverthe-
less, on-farm rescarch programs have taken over this function in most cases
precisely because the professional capacity of extensionists has been judged
unequal to the task.

The case studies show that extension agents have participated in the
processes of characterization and diagnosis of local farming systems pri-
marily asinformants. They have provided information on the agro-ecologi-
cal conditions and farming systems in their arcas as a preliminary basis for
planning research; they have helped to locate farmers for surveys, experi-
ments and field days; and in some cases they have served as enuinerators.
They have been seen as a resource — as a broadly distributed network of
people in day-to-day contact with farmers. However, they have seldom
been treated as equal partners, or given co-responsibility for setting priori-
ties or channeling more dctailed information into the research system.

Capacity to transferrelevant technology. In the countries studied, the tasks
involved inadapting ar.d transferring improved technology to farmers had
traditionally been assigned to extension institutions. By developing on-
farm reseaich programs, the rescarch institutions have taken on new
responsibilities for working directly with farmers. This has changed the
demands placed upon extension services: instead of demonstrating a uni-
form package of technology, extensionists are now expected to adjust the
flexible recommendations resulting from on-farm research to suit local
variations in agro-ecological and socio-economic conditions. This requires
training and other resources which have often been beyond the capacity of
the extension departments.

Somecn-farmresearch programs haverelied on the demonstr- tion effect
of on-farm trials and on informal communication among farmers to diffuse
technology, with very little contrib .ation from the official extension service.
Others have used conventional mechanisms suchas technical bulletinsand
field days to communicate the results of on-farm research to extension
agents, whoare then expected todiffuse them more widely; special projects
haveoccasionally been set up tolink on-farmresecarch with the Training and
Visit (T and V) system of extension. Still others have sought more direct
collaboration and have defined explicit roles for both researchers and
extensionists at established stages in an integrated approach to technology
generationand transfer. Therationale for thisintegrated approach has been
thatif extensionistsare involved in, or at least informed about, the on-farm
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research program, they will be much more knowledgeable about and
confident in the technologies and recommendations produced and, thus,
more ccmmitted to their transfer and diffusion.

Institutional sustainability. The case studies report several examples of
links between research and extension that have not lasted. Many on-farm
research programs have been developed with the support of international
agricultural research centers (IARCs) and donors. Linkage mechanisms
that have secemed very promising in a pilot project supported wiil: special
funding and expatriate staff have not always been successfully incorpo-
rated into the procedures of the institutions responsible for maintaining
them after support has been withdrawn.

The most successful cases of institutionalization are those where links
have been forged simultancously at several levels of the administrative hi-
erarchies of the organizations involved. Good cooperation at the field level
is impossible to sustain unless regular opportunities to meet and work to-
gether are actively supported by management. Again, joint goals agreed
upon by high-level coordinating committees cannot be realized unless
specific operational procedures are worked out at both regional and local
levels.

Tiwree Case Studies

Out of the nine case studies, three exemplified markedly different de-
grees of integration between on-farm research and extension. Two cases,
Guatemala and Zambia, lay at opposite extremes, while one, Nepal, was
“intermediate”, representing the kind of situation commonly found in de-
veloping countries.

Guatemala provides an example of an on-farm research programdevel-
oped separately from the extension service, on the assumption that new
technology adapted to farmers’ conditions would diffuse spontancously.
The limitations of this approach led to the organization of a large project to
bring extension into the process, over 10 years after on-farm research had
been started. In Nepal, extension agents were involved in various on-farm
research activities under the auspices of different agencies, but solid links
had proved elusive. Heads of stations or programs had set up links on an
ad hoc basis, but a high-level policy commitment and strong leadership
fromanintegrated senior managerial group were lacking. The new national
on-farm research program in Zambia was organized from the start with
strong research-extcasion links at various levels of the administrative
hierarchy, including the highest level. It is too soon yet to tell whether the
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Zambian modelis successful, but good progress hasbeenmadein integrat-
ing the research and extension systems, such integration being one of the
hallmarks of successful agricultural technology generation and transfer in
developed countrics.

The material in this chapter draws extensively from Ruano and Fum-
agalli (1988) in the case of Guatemala; Kayastha, Rood and Mathema (1989)
in the case of Nepal;and Singogo (1987) and Kean and Singogo (1988) in the
case of Zambia.

Guatemala

Guatemala’s national agricultural research system was totally reorgan-
ized in the early 1970s because the existing system for the generation and
transfer of technology was not meeting the nceds of an important group of
clients. The agricultural sector of the Guatemalan economy is highly polar-
ized:large-scale farmers, who constituted less than 1% of the population in
1970, controlled over 80% of the country’s cultivable land. Most of their
farmsarelocated ongood soilson the coastal plain or at mid-elevations, and
specializein the production of high-value export crops. Thisgroup haslong
had privileged access to modern technology, credit and inputs from pubiic
and private institutions.

The majority of rural houscholds are concentrated in the highlands.
Working on small plots, these small-scale farmers produce food crops both
for home consumption and for sale. In the early 1970s, the capacity of this
peasant sector to meet the demand for food in the rapidly growing urban
arcas was deteriorating, while imports were increasing.

Since the 1940s, research and extension services within the Ministry of
Agriculture had followed procedures based on models from the USA
(Mosher, 1957). Researchers developed programs within their disciplines
according to their own interests and judgement. Extension was seen as a
“top-down” program of adult education, spreading information about
modern methodsof farming. Neither was based on anyanalysis of the needs
of particular groups of farmers. Some of the results were useful to large-
scale farmers, but peasant producers received very litile benefit.

ICTA: Aninstitution integrating on-station and on-farm research. Asone
response to the mounting crisis in food production, theInstituto de Ciencia
y Tecnologia Agricolas (ICTA) was founded in 1973 as a semi-autonomous
researchinstitute togenerate, adapt and transfer technology appropriate to
the conditions of small- and medium-scale farmers. A team of senior
national scientists developed an integrated research system which linked
on-station and on-farm research in 2 single process based on the diagnosis
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of farmers’ conditions and needs. They drew heavily on the experience of
the Office of Special Services (OSS), which had included extensive on-farm
testing in the successful development of improved wheat varieties in both
Mexico and Guatemala during the 1950s.

The pioneering institutional arrangementsand worki ng methodsdevel-
oped at ICTA had a major impact on on-farm client-oriented research in
many other countries. However, no explicit, formal role was provided for
extension in the initial plan.

Technology development system. Figure 1 illustrates how ICTA’s system
has structured both the flow of information from farmers into the research
process,and theadaptationand transfer of relevant technology.The agenda
for applied research developed by scientistsin the commodity programs at
the regional experiment stations is based on three types of input. The first
isthebasicand strategicresearch whichiscarried out byIARCsand univer-
sities, and the contributions of other public institutions and the private
sector.

The second isan evaluation of farmers’ needs through studiesorganized
by ICTA’s Socio-economics Department: both scientists and senior admin-
istrators participate in informal interdisciplinary surveys called sondeos;
more detailed data on costs and returns are then collected from the farm
records of a smaller sample of farmers. The third type of input is feedback

Figure 1. Diagram of the flow of Information through ICTA’s
system for the generation, testing and transfer of technology
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from on-farm research: all the technology produced by the stations is run
through a standard sequence of on-farm trials, which are the responsibility
of the Technology Testing Department. This department is organized as
subregional teams, each consisting of five or six agronomists assisted by
locally hired technicians.

First in the sequence of on-farm trials are multi-factorial experiments
called “agro-technical trials”. These are designed and implemented by re-
searchers; the farmers contribute land, some labor and their assessment of
the results. Next, the costs and returns of t.ie most promising technologies
are compared with those obtained using farmers’ current practices in
simpler experiments known as “agro-economic trials”. Technology which
passes this stage is then validated in on-farm tests, which follow a simple,
standard design, on a larger number of farms. In theory, the information
from ali three stages is fed back into the process of planning and priority
setting at thestations. Finally, surveysknown as “acceptability studies” are
carried out to sec how many of the farmers who participated in on-farm ex-
periments haveactually adopted at least some elements of the new technol-
ogy, and if so, which.

Here the process stops. The only systematic mechanism for transferring
technology to the wider target group of farmers are field days for the
neighbors of the participants and for extension workers. The assumptionis
that geod technology spreads spontancously through informal networks of
farmers.

Does good technology spread spontaneously: There is evidence that some
new crop varieties have indeed spread spontancously. Over time, suitable
inputsand management practices toaccompany the new varieties havealso
been adapted to local conditions by farmers. An evaluation carried out in
the La Maquina area of the coastal plain where an ICTA team had intro-
duced an open-pollinated maize variety found that the extension service
had played almost no part in its diffusion. The principal mechanism had
been the on-farm tests, the results of which had been diffused through the
neighbors and friends of collaborators. A second and much more modest
influence was exercised by the commercial agrochemical companies pro-
moting improved seeds and pesticides.

This kind of impact is concentrated in arcas with high yield potential.
Although thebeneficiariesare small-scale farmersrelative to thelarge-scale
export-oriented sector, theyare nonetheless those with relatively privileged
access to resources within their communities. The much larger number of
resource-poor farmers working on steep slopes and under other marginal
conditions are largely left out.

Weak links with extension. These have been a major constraint on the
adoptionof ICTA’stechnology. The Direccién General deServicios Agrico-
las (DIGESA), the national extension service for crops, did not change its
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philosophy and inethods in response to the development of ICTA. The
service lost its best professionals when ICTA was formed, and lost status
relative to the new, highly visible, internationally connected organization
(Gostyla and Whyie, 1980). Extension agents were less well educated than
researchers, with significantly lower pay and status. They were not for-
mally included in sondeos, planning meetings or other mechanisms built
into ICTA’s system for obtaining feedback from farmers. Researchers were
responsible for all on-farm experiments.

DIGESA continued to follow the model of an adult education program,
promoting modern methods to”ignorant” farmers (Ruano, n.d.). Local ex-
tension agents remained responsible for anumber of bur-aucratic tasks be-
sides those directly connected with agricultural production. Until 1982,
they played a key role in the processing and approval of applications for
credit. In most areas, extension *orked quite independently of ICTA. A
survey conducted in 1982 found that very few extension agents could
explain how the research system worked. Most did not know what its
technical recommendations were or, if they did, could not explain their
potential economic benefits to farmers (McDermott and Bathrick, 1982).

Good informal working relations developed between ICTA’s technology
testing teams and local extension agents in some areas, particularly where
technology in high demand from farmers was becoming available (Whyte,
1983). ICTA personnel depended on extensionists for the selection of col-
laborators, and to widen their arca of influence. DIGESA and ICTA have
different approaches to ficld days, but often combine them in practice.

Formal mechanisms to involve extension agents in the research work
proved difficult to sustain. In one region, extension agents were invited to
take part in the implementation of on-farm tests. For 2 years, a special
course for rescarchers new to ICTA — the Curso de Produceién Agricola
(CAPA) — included a subcourse for extension agents, so that they would
understand the three stages of ICTA’s work and convey its results to
farmers. Both of these initiatives fell foul of the same institutional bottle-
neck. Although they were based on formal agreements between the direc-
torsof ICTA and DIGESA, local extension managers did notreduce theload
of other tasks agr:nts were expected to perform. Work with ICTA came tobe
seen as an extra burden which could not be sustained.

A new joint program. To improve matters, the Proyccto de Generacién y
Transferencia de Tecnologia Agropecuaria y Produccién de Semillas
(PROGETTAPS),anew program for the generation and transfer of technol-
ogy and the production of sced, was established in 1986. The program is
based on the cr ncept of close links between research and extension (Ortiz,
1987). Fundea vy the International Fund for Agricultural Development
(IFAD) and the Inter-American Development Bank (IDB), it draws on
ICTA's earlier experience in collaborating with a World Neighbors project



Ewell 161

in San Martin Jilotepeque (Ruano, pers. comm.). This program was de-
signed to be implemented jointly by ICTA, DIGESA and the Direccién
General de Servicios Pecuarios (DIGESEPE), the national livestock exten-
sion service,

Local extension workers are given the title “promoters”, responsible for
promoting specific technologies, not for providing general technical assis-
tance. In contrast to the situation in many other countries, the task of
promotion has become the full-time responsibility of the extension agents
working in the program. Sclected farmers, known as “rural leaders”, are
trained in the management of new technologies and hired on a half-time
basis. One, two or three promoters are tied to cach research scientist on the
technology testing teams. Each of these promotersisexpected to work with
15 to 20 ruralleaders. Technology which has already been validated in on-
farm trials is demonstrated in “transfer parcels” managed by the rural
lcaders on their land. Each rural leader then supervises similar demonstra-
tions on the farms of 20 neighbors. Through this “branching tree” approach,
the work of cach on-farm research scientist is expected to reach up to 600
iarmers. Farmrecords surveys permitresearchers to evaluate the economic
benefits of a new technology, to monitor its adoption and to provide
guidelines for credit.

The project has set up several support activities, including seminars and
workshops for training the promoters. Funding for new staff, vehicles and
other facilitiesis provided. A national coordination committeeand regional
subcommittees have been sct up by government decree.

Inshort, theprogramisan attempt todraw extensionintoastructureand
approach based closcly on what ICTA has already developed. It has
expanded the network of farmers exposed to new technology through on-
farmtrials, butdoes notenvision qualitatively different extension methods.
In other words, itis an attempt to broaden and institutionalize the concept
of OFCOR as the basis for the diffusion of technology.

Early reports cn theimplementation of PROGETTAPS indicate that good
progress has been made. In only 2 years, research teams have carried out
validation trials at 3000 sites and rural leaders have laid out about 8000
transfer parcels. The program appears to be reaching the very poor, and
farmers’ demand for new technology is such that the program has had to
organize small-scale seed production units (Ruano, pers. comm.). How-
ever, success in the longer term, particularly if external fundingis reduced,
will depend on close collaboration between institutions with a disappoint-
ing history of cooperation. They will need to institutionalize common
objectives, a uniform operational approach, and integrated work plans.

Conclusions. ICTA’s past provides a clear example of an innovative on-
farm research program whose success in meeting the broad range of needs
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of its targetclients was limited by poorlinks with extension. Its presentdem-
onstrates an imaginative approach to overcoming linkage problems.

Responsiveness to the needs of targeted clients. Until PROGETTAPS was
formed, the extension service played a very limited role in diagnosis and
feedback. The primary responsibility for bringing information on farmers’
conditions and priorities into the rescarch processes was given to ICTA’s
Socio-economics Department. The social scientists developed an innova-
tive approach, but the department lost most of its senior scientists in the
carly 1980s after the departure of its first expalriate director. For several
years, ICTA was unable to channel a continuous flow of information on
changing rural conditions into its research program; nor was extension
offered any role in this process.

The agronomists in the technology testing teams were in constant com-
munication with the farmers with whom they worked, and had informal
contacts with local extension agents. They provided feedback into the rest
of the research system on the performance of particular technologies under
farmers’ conditions.

Capacity to transfer relevant technology. ICTA has successfully transferred
new technology — primarily new crop varicties — onto the farms of
producersofbasic food crops who had not previously benefited from public
sector research. In general, the beneficiaries are the less disadvantaged
members of their communities, with privileged access to resources. This
subgroup of clienisis ina good position to pick up new technology through
informal networks and to purchase the necessary inputs. The lack of an
cffective extension system has limited diffusion to farmers with more
limited resources working in more marginalarcas. The new joint PROGET-
TAPS program promises to broaden the coverage and increase the effi-
ciency of the same basic system of diffusion by demonstration.

Institutional sustainability. Before 1986, attempts to link ICTA’s on-farm
rescarch with extension proved unsustainable. The PROGETTAPS pro-
gram has been initiated with substantial external financing. Its lonig-term
effectiveness will depend on how solidly it can be incorporated into the
regular procedures and budgets of the three institutions involved.

Nepal

Agricultural development in Nepal faces severe constraints. The moun-
tainous topography and lack of roads inhibit communications and make
inputs expensive and difficult to obtain. Despitessignificantinvestmentsin
research since the early 1970s, production of basic food grainsbetween 1970
and 1981 increased at an average annual rate of under 1% — far below the
annual population growth rate of 2.7% in the same period (Yadev, 1987).
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One of the few areas with a relatively high potential is the Tarai, the
lowland plain along the border with India. The control of malaria and the
building of roads and other infrastructure opened up the Tarai for settle-
ment, starting in the 1950s. Rescarchers concentrated on developing high-
yielding crop varieties appropriate for conditions in the Tarai. However,
most of the rural population lives and farms in the lower potential, hetero-
geneous hill districts. The generation and transfer of technology capable of
increasing their outputand incomes has presented major difficulties for on-
farm resecarch and extension programs.

The institutional structure. In Nepal, extension and most rescarch is
carried out under the Ministry of Agriculture. On-farm client-oriented
researchisorganized inseveral differentrescarch departmentsand organi-
zations. In each case, extensionists have been asked to perform a role.

The basic units for the extension service are the 75 political districts into
which thecountryisdivided. Agricultural District Officers direct extension
workers outposted in rural arcas, each comprising several villages. Each
extension worker is theoretically responsible for an average of 2500 farm
households. Technical programs are planned and coordinated both at the
national level and in the five development regions into which the country
isalso divided.

Village-level extension is not an established professional career. Atone
time, all students of agriculture were required to serve as extension agents
for2years—ayecarasanassistantin the middle of their secondary training,
and another year as a technician —before being admitted to the university.
Then, because of manpower shortages, permanent extension positions were
created, withno chance of advancement into rescarch. Salaries and benefits
for these extension workersare low, and staff turnover is high. Only during
the 1980s have professional subject-matter specialists been appointed in
some districts as a part of the T and V system.

The national agricultural research system in Nepal is organized as de-
partments and commodity programs, supported by a network of experi-
ment stations and farms. The case study highlights the on-farm programs
of the National Rice Improvement Program, the Cropping Systems Pro-
gram — which subsequently became the Farming Systems Research and
Development Division — and the externally funded Lumle and Pakhribas
Agricultural Centres.

Each program has developed its own on-farm and outreach agenda.
Each has different types of links with extension, but all participate in
nationally organized on-farm demonstration programs as well. Research
and extension are coordinated informally at both national and regional
levels, butnoformal mechanisms for joint planning orevaluationacross the
sector had been developed at the time of the study.
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Outreach activities of the National Rice Improvement Program. All the
major commodity programs in Nepal have outreach activities in the areas
immediately surrounding their principal experiment stations. These activi-
ties were organized in response to requests for greater technical support
from theregional extension officers. Theoutreach activitiesalso provide the
scientists based at the stations with opportunities to obtain first-hand
experience of the issues being faced by farmersand extension agents in the
ficld.

Theoutreachactivities of the National Rice Improvement Program, high-
lighted in the case study, are typical of those which are found in the com-
modity programs. They are part of a larger World Bank program centered
ontheestablishmentofa Tand V system of extension. Two outreach officers
located on the research station administer an on-farm research program
designed to adapt crop varieties and other technology to local needs. The
implementation of the trials is delegated to local extension agents. The
outreachofficers provide back-up to therice subject-matter specialists of the
extension service, who in turn provide technical support to the extension
agentsatvillagelevel. They havealso organized regular bi-monthly and bi-
annual meetings at the station, when research specialists and the senior
extension staff discuss problems identified in the field, potential solutions,
and plans for future rescarch. In addition, village-level extension workers
arcbrought to the station for training in problem identification, methods for
on-farm trials, and the background of new recommendations.

The Cropping Systems Program. The Cropping Systems Program oper-
ated from 1977 to 1985 within the Agronomy Division of the ministry. The
program’s approach was developed by the International Rice Research
Institute (IRRI), working in cooperation with national agricultural research
systems in a network covering Asia (de Datta ctal,, 1978). An integrated
approachtorescarchand extension wasdesigned, with theaim of replacing
farmers’ current production practices with improved cropping systems
over large arcas. Rescarch and extension were given precise, predeter-
mined roles.

Rigid approach through production programs. Those who developed the
approachstarted from theassumptionthata “submissiveapproach”, which
depended entirely on improved technology lying within farmers’ existing
limitations, would be unlikely to have significant effects on food produc-
tion. Instead, they proposed an “interventionist approach”, combining
improved technology with packages of credit, inputs, irrigation and other
improvements. As these services were supplied by separate government
organizationsin mostcountries covered by the network, special production
programs werc set up as “buffer” institutions to concentrate the necessary
resources and to coordinate their use (Zandstra et al., 1981).
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The researchers developed a uniform set of methods for the develop-
ment, testing and promotion of new technologies based onimproved grain
crop varictics. Target arcas for development were sclected before research
sites, the whole process being directed towards specific, production-ori-
ented goals (Denning, 1985). The technology generation and transfer proc-
ess followed a set sequence of steps:

1. site selection

2. sitedescription—benchmark surveys, crop-cutstudies, farmerinter-
views, and farm management studics

3. design of improved cropping systems, under controlled conditions

4. cropping systems testing, in farmers’ fields

5. pre-production evaluation — multi-locational on-farm testing of
promising technical alternatives, implemented in cooperation with
extension

6. production programs, to diffuse the innovations over large areas,
under the management of extension and development agencies

Extension became involved only at steps 5 and 6. Pre-production verifi-
cation trials were designed by researchers, but extensionists were usually
involved in theirimplementation. Eventually, responsibility for managing
the programs was transferred to extension and development agencies.

Success in the Tarai. The program in the Tarai was designed to promote
packages of technology based on improved rice and other crop varieties,
mostof which wercalready available “on the shelf”. National scientistsand
their expatriate advisors determined which varieties could be fed into on-
farm resecarch. Interdisciplinary teams of researchers were given responsi-
bility for the carly stagesof the process — the selection of sites, the diagnosis
of local conditions, the design of improved cropping systems, and the
preliminary testing of these systems in farmers’ fields.

Detailed manuals explained how extension personnel were expected to
carry out their part of the process — the broad testing of promising
technology and the administration of input supplics and credit. Senior
extension officers were represented at the planning and review meetings
held before cach cropping season. Initially, the researchers ran pre-produc-
tion verification trials in pilot arcas. Little by little, procedures were simpli-
fied and responsibility was handed over to local extension staff.

The researchers were concerned to maintain the consistency of the data
collected, and thus discouraged adaptation of the content or design of trials
tolocal circumstances. Analysis was handled centrally, with the result that
extensionists could not easily use the results of the experiments they had
implemented. Modifications to theoriginal packages were made, butonthe
recommendations of the researchers, not the extensionists.
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Thehighly structured Cropping Systems Program was reasonably success-
ful in the two of its five sites which were located in the relatively high-
potential Tarai. The responsibility (or production programs in 22 districts
was passed on to extension after 6 years.

Difficulties in the hills. Developing appropriate technology and forging
links with extension proved much more difficult in the heterogeneous,
densely populated hill regions, with their poor communications facilities.
Once again, the goal of the rescarchers was to have a dramatic impact on
production. Sites were chosen on the basis of rapid reconnaissance tours
using two criteria — high theoretical potential for the technology the
projramintended to promote, and low current use of improved technology
of any kind. There was no size limit — that is, no specified number of
villagesorhouseholds—and no relationship between thesites selected and
the operational zones of extension. .

This program encountered several implementation problems. Theexten-
sion workers regarded the trials they were expected to administer as a
burden on top of their regular work. Rescarchers complained that pre-
scribed steps in the methods to be followed had been omitted, and that ex-
tensionists had been carcless with trial managementand data (Lipinskiand
Rizal, n.d.). The basic problem was that extension had been handed an
impossible task. The high-input technology that researchers were promot-
ing could not realistically be supported through production programs
under resource-poor conditions.

Reorganization: Farming Systems Research and Development Division.
The advisors and planners concluded that the technology being promoted
in the hills was too narrowly based on the major grain crops. A broader
range of more flexible technologies was needed to provide farmers with
produciivealternatives. In 1985, the Cropping Systems Program was reor-
ganized withabroader farming systems mandate and elevated to the status
of a fully fledged research division. Known as the Farming Systems Re-
scarch and Development Division, it works exclusively in the hills.

The Cropping Systems Program had beena special program with a pro-
duction-oriented mandate. Researchers from various commodity programs
had worked closcly with local extensionistsin the targetarcas. Thecreation
of the new independent division weakened the links with other research
divisions and with extension. Its ficld assistants have been employed
directly and, so far, have had almost no contact with the Agricultural
District Officer or other extension personnel in the districts where they
work.

Socio-economic rescarch, which had been an integral part of the Crop-
ping Systems Program, was recently separated from the Farming Systems
Division to form the Socio-economic Research and Extension Division. In
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spite of its name, this group has not worked with extension, except for a
single survey of the methods used by different agencies. Its professionals
feel over-extended, and have lobbied to have their mandate narrowed by
dropping the word “extension” from the name of the division.

Lumle and Pakhribas Agricultural Centres. The Lumle and Pakhribas
Agricultural Centres were established in 1968 and 1973 respectively, in
differentareasof the hills. Funded entirely by the British Government, their
initial purpose was to support the resettlement as farmers of Gurkha mer-
cenaries returning from the British army. The centers developed their own
extension activities to serve specific target areas, and organized both on-
station and o1. ‘arm research.

The centers later expanded their mandates to include the provision of
technology toall farmers, covering larger areas. They have takenadvantage
of the flexibility provided by external funding to develop some innovative
methods and procedures, including the involvement of extension in the
planning and implementation of research. Nevertheless, neither of them
has established close working relationships with the ministry’s regular
extension staff, although both centers have recently been officially inte-
grated into the public sector national agricultural research system.

The Lumle Centre has concentrated its work in a single target area sur-
r¢.inding the station. Originally, cach commodity section at the center
organizeditsown extension efforts. A farming systems research section was
set up withitsown field staff, which implemented on-farm trials in selected
subdistricts. As the center’s activities multiplied, farmers became unsure
whom to ask for information on specific topics. In response, the center
created a separate extension section responsible for synthesizing informa-
tion from the researchers and passing it on to farmers. This service com-
pletely replaced the work of the ministry’s extension agents in the target
arca. Links with extension in the larger region were developed only in the
mid-1980s, with the naming of outreach research staff to feed technology
intoaTand V program.

The Pakhribas Centre has its own extension programs in two separate
targetareas, servinga total of about 9000 houscholds by 1986. The center has
also established on-farm research as a mechanism for feeding information
to extension in the four districts covered by the Koshi Hills Arca Rural De-
velopment Project (KHARDEP).

Both centers have sct timetables for integrating their work more closely
with that of the ministry, including extension.

National on- farm demonstrations. Twodifferent types of on-farm trials—
farmer ficld trials and minikits — are routinely implemented through the
ministry’s extension department. Farmer field trials are standardized tests
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of promising technology. They are designed by scientists in the commod-
ity programs, and run cither by researchers on regional stations and farms,
or by extensionists on farmers’ ficlds. Data are collected, sent back to the
commodity programs and analyzed centrally. For thelocal extension agents,
the trials are simply one more routine task. They have not been authorized
to modify the designs in any way, and the results are never analyzed in
terms of local conditions. The uscfulness of the trials at national level has
also been limited. The trials clearly show a wide gap between yields on
stationsand on farms, but they donot provide enoughinformation on farm-
level conditions to identify specific constraints or suggest potential solu-
tions.

Minikits were initially designed as a relatively cheap and easy way to
provide feedback to the breeding programson the performance of different
varieties and advanced lines under farmers’ conditions. Small packets of
secd, sometimes accompanied by measured amounts of fertilizers or pesti-
cides,aredistributed through extension to farmers, along withaform which
the farmer s expected tofill out with his or her reactionsand return by mail.
In most parts of the country, few cardsare returned and little or no analysis
is done of the data from those that are. Extensionists have a role in
administering the program, butare not given enough discretion to provide
useful feedback. The minikits are ar effective mechanism for the wide
distribution of new seed, but they are ineffective as a research tool and as a
means of demonstrating new technology for extension purposes.

The integrated research and extension programs at the Lumle and
Pakhribas Centres use minikits, in a modified procedure, as a tool within
their target areas. Instead of distributing just one kind of improved seed,
they includelocal varieties in the package. The extension agents follow up
with the farmers and collect the forms, which are analyzed at the local
station beforebeing sent on to the national program. Feedback is effectively
stimulated on several levels.

Group treks. Systematic feedback from farmers is difficult to obtain in
Nepal, given the difficulties of communicationsand travel. Several on-farm
rescarch programs have met this challenge by organizing group treks at
regularintervals. Seniorscientists and on-farm researchers travel together
through the target areas, interviewing farmers and officials. They assess
local conditions and constraints, and put together work plans for on-farm
rescarch on the spot. The Lumle and Pakhribas Centres, where this ap-
proach was first developed, include senior extersion staff on their treks.
Managers of the Farming Systems Research and Development Division
sometimes invite Agricultural District Officers on their treks as a formal
courtesy, but have on the whole made much less effort than have other
programs to draw on the experience of extension personnel.
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Conclusions. Personnel from extension participate in on-farm research in
Nepal in various ways, but formal links have proved difficult to institution-
alize. Although rescarch and extension operate within the same ministry,
links at national level are weak. Apex management has not played a strong
role in encouraging the integration of the research and technology transfer
system as a whole. A recent reorganization which has strengthened the
ino 2pendence of the research branch has, if arything, reduced the formal
opportunities for joint planning and coordin tion.

Responsiveness to the needs of targeted clients. All the on-farmresearch pro-
gramsexamined in Nepal had accepted primary responsibility for diagnos-
ing nceds and constraints at the farm level. The group trek is the primary
mechanism for bringing senior rescarchers directly into contact with farm-
erson a regular basis. Extension has played only a supporting role.

Capacity to transfer relevant technology. Outreach programs haveprovided
ameans of getting information fron. rescarch into the hands of extension-
ists,both through the Tand V systema:.d through KHARDEP. The support
of extensionists has been enlisted to extend the coverage of on-farm re-
search. Farmer ficld trials and minikits have brought new varieties and
other technology to the attention of large numbers of farmers. However,
these mechanisms have notbeen flexible enough togive extension an active
role in adapting technology to local conditions.

Institutional sustainability. Agricultural research in Nepal, and on-farm
research in particular, has been heavily supported by donors and IARCs.
Specific linkage mechanisms, such as the group treks at the Lumle and
Pakhribas Centres and the production programs of the Cropping Systems
Program, havebeendependenton external funds. These mechanisms have
proved difficult to institutionalize in the ministry, with its highly restricted
budget for operations.

Zambia

In Zambia, rescarch and extension are the two branches of a single ad-
ministrative structure within the Ministry of Agriculture. On-farm client-
oriented research has beenintroduced asanational programin theresearch
branch. Ficld work is organized through semi-autonomous provincial
operational units known as Adaptive Research Planning Teams (ARPTs).
Each team carries outon-farmresearch inanumber of smallarcas whichare
selected to represent agro-ecological “recommendation domains”. The
work of these teamsis intended to complement that of the Commodity and
Specialist Research Teams (CSRTs) which are responsible for applied
research on the experiment stations. The managers of the ARPT program
have placed a great dcal of emphasis on institutional issues and, of the nine



170 Ewell

countries studiced, Zambia "as developed the most elaborate set of mecha-
nisms to link research and . xtension.

The extension service in Zanbia is based on the T and V system and is
administered by Agricultural Officers at provincial and district levels.
Although a formal structure has been created to support this extension
system, in many parts of the country itsimplementation has been inhibited
by low population densities and organizational problems.

Improvedlinks with extension: An explicit goal of ARPTs. Before ARPTS
were set up, farmers’ needs were brought to the attention of station-based
rescarchers through provincial research tours, followed by meetings of the
Provincial Experimental Committees. These tours enabled junior and sen-
ior extension saff to meet rescarchers, but they were not systematic or
frequentenoughto provideaccurateinformation for setting research priori-
ties. At the meetings, more time was spent discussing administrative
problems and bottlenecks than technical rescarch issues.

Ona practical, day-to-day level, there was little interaction between re-
search and extension. Extensionisis saw the work being done on experi-
ment stations as irrelevant to the needs of the farmers with whom they
worked; researchers blamed extension for not transferring technology to
farmers. When the ARPTs were set up in 1980, two explicit goals of the
program were:

1. Todraw the extension staff into the process of generaling and adapt-
ing technology
2. To passinformation on toextension, creditand marketinginstitutions

Each provincial ARPT is funded by a different donor, and has experi-
mented with different methods and procedures for organizing on-farm
rescarch and linking with extension. The ARPT program was intended to
supportextension workers in various ways, particularly by sharpening the
focus on the conditions of small-scale farmersand the logicof their decision
making. Much has been learned, although surveys of extensionists have
revealed widespread confusion as to whether on-farm trialsarean adaptive
rhase of rescarch or a demonstration phase of technology transfer.

Complementary links between research and extension have been estab-
lished at variouslevels of the administrative hicrarchy. The major points of
contact are summarized in Table 1.

National policy and coordination. Cooperation between on-farm research
and extension has received high-level support within the Department of
Agriculture. Senior staff, including the Assistant Director of Agriculture for
Extension, were directly involved in sctting up the ARPT program. The
Assistant Directors of Research and Extension have adjacent offices. For
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Table 1. Zambla: Links batween on-farm research and extenslon at various
levels of the administrative hlerarchy

Administrative level Linkage mechanism

Nationaladministration The: Assistant Directors of Agriculture for
Researchand Extension have been involved
in the on-farmresearch programsince it was
iirst established, and confer frequently.

Provincial administration Provincial ARPT committees are chaired by
the Provincial Agricultural Officers, who are
the heads of extension in each province.
Meetings are attended by subject-matter
specialists from extension. The committees
recommend sites for on-farm research and
review the an-farmclient-uriented research
programs. The conimittees have not bean
as effective as their creators hoped.

ARPT provincialteams A Research-Extension Liaison Officer Is
assignedto each provincial team. A profes-
sional employed by extension, he or she is
responsible for facilitating the flow of infor-
mation in both directions.

On-farmresearch teams The Trials Assistants, who implement sur-
veys and on-farm experiments, are sec-
onded to ARPTs from extension.

Local extension workers Contacts between researchers and local
extension workers outside the research
areas have been limited,

several years while the ARPT program was first being developed, its
national coordinator had his office in the same building as well. This close
contact between policy makers and senior administrators permitted fre-
quent consultations over problems as they arose.

Coordination at provincial level. Provincial ARPT committees were set up
as a forum for the joint planning and review of on-farm research and
extension at the operctiu: “1level. The meetings are chaired by the Provin-
cial Agricultural Cfficer, who is thekey figureresponsiblefor the ministry’s
activities in each province, ani are attended by both researchers and
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subject-matter specialists from extension. In theory, these committees are
a critical linkage mechanism, but in practice their record has been disap-
pointing. The only kind of decision on which they have had much impact
has been the selection of target arcas for on-farm research. Reviews of the
research programs have been perfunctory, and there is little evidence that
plans have actually been altered in response to comments from extension
staff. Nevertheless, thc committees have kept the subject-matter specialists
informed about the purpose and progress of on-farm research activities.

Roleof Research-Extension Liaison Officers. In early discussions of the corn-
position of ARPTs, it was suggested that senior professionals from exten-
sion should be included as fully fledged members. This suggestion was
adopted, but there has becn no universal agreement as to what the job
description of these officers should be.

The first Research-Extension Liaison Officer, an expatriate, was ap-
pointted to the team in Coatral Province, with funding from the United
States Agency for International Development (USAID). He thought that
neither theleadership of the ARPT nor the FSR methodology developed by
the Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT)
involved extension su féivziently, and he worked to broaden its role. He
stressed theimportar.cc - "+ king technology through atesting stagein close
cooperation with the local extension workers. He organized training work-
shops, demonstrations and field days, and also started a monthly newslet-
ter for extensionists.

In other provinces, the dual responsibilities of the Research-Extension
Liaison Officers led 1o delays in recruitment and contusion over the job
description (Hudgens, 1986). Forexample, noliaison officer was appointed
tothe team in Eastern Province until 1986, partly because the Farm Manage-
ment Oficer of the World Bank’s extension program had nearly identical
terms of reference. In fact, however, the latter spent almost all his time
organizing the Tand V system. A long delay in appointing a liaison officcr
for Luapula Province hindered interactions with extension. Little by little,
the Research-Extension Liaison Officers demonstrated their usefulness,
and by 1986 six of them — foreigners as well as nationals — were on the
ARPT staff. Interest in filling the posts increased as the provincial ARPTs
acquired technologies that were ready for broader testing and validation.

Use of extension workers as Trials Assistants. The single most important
linkage mechanism was developed on an ad hoc basis. The program
organizersdid notatfirsthaveaclear plantoposttechnicianstothe research
areas to supervise the day-to-day operations of on-farm research. They did
notreally face thisissue until they began to plan the trials for their firstmajor
field season in 1981. Rather than hire technicians directly, they decided it
would be cheaper and more effective to use extension personnel seconded
on a full-time basis.
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These people playacritical role in the on-farmresearch process. Theyare
usually from the areas where they work, speak the local languages, under-
stand local farming practices, and serve as an effective link with village
communities. They are responsible for implementing on-farm trials, and
also assist in the organization of field days to diffuse the results.

Some extensionists without diplomas are recruited, but the standard of
competence is generally high. Most of the Trials Assistants regard the
o~portunity to work in research as a privilege. Nevertheless, it has taken
tin.e totrain themtobecome effective research technicians, When the ARPT
program wasbeginning, training was conducted centrally, witha course for
all Trials Assistants given at the central research station. Subsequently, the
provinciai teams assumed responsibility for prov.ding informal training
because it was thought that this would help develop stronger regional
teams. The original idea was to rotate local extension workers through the
ARPT program, to expose them to the research process and make them
familiar with the new technology. In fact, the research teams try to retain
them for aslong as possible, to save the expense and trouble of constant re-
training.

Trials Assistants are paid by the extension branch but supervised by
researchers. This joint jurisdiction leads to some conflicts. For example,
critical repairs to field housing were delayed while the two administrators
argued over v e should pay. Nevertheless, good comnaunication at the
provincial ar d nationallevels makes it possible to resolve issues of thiskind
before they bu-ome serious problems.

Linkswithnon-ARPT extension workers. Contacts between researchersand
local extension workers who do not work directly withan ARPTare limited
(Edwards et al., 1988). Local agents are used as the main informants in
informal, preliminary surveys carried out to demarcate farming systems
and recommendation domains. They also help identify new research areas
by introducing researchers to farmers and acting as interpreters. Once the
research programsare established, however, 2ven routine communications
prove difficult to sustain. In Central Province, for example, only half of the
extension staff regularly received the newsletter produced by the Research-
Extension Liaison Officer for their benefit. Informal contactsbetween Trials
Assistants and their colleagues who are local extension workers have been
useful, but this influence has not extended beyond the research areas.

Conclusions. The ARPT program in Zambia has made significant progress
in forging links with extension at various levels from the field up to the top
of the bureaucracy. However, evenin thissituation, where senior research
managers have given priority to developing strong links through on-farm
research, there are still problems. The different methods employed in
rescarch and extension have led to problems of overlap and inadequate
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coordination. Various shortcomings have been identified for each of the
linkage mechanisms, and important differences in attitudes and in organ-
izational culture remain. The local extension workers are overworked and
underpaid, and staff turnover is high.

Responsiveness to the needs of targeted clients. Extensionistsat variouslevels
have opportunities to bring farmers’ perspectives and needs into the
research process. The Trials Assistants are in constant contact with the
farmers who cooperate in the on-farm research program. Nevertheless, as
in many other cases reported from the nine countries, it has proved difficult
to capture the results of this experience adequately. Only a few of the
provincial ARPTs havesystematically included the Trials Assistantsin their
annual research planning and review processes.

The primary responsibility for feedback lies with the social scientists in
the ARPTs. The sociologists areorganized as a special unit which conducts
studies on a mulli-provincial basis. They also provide support to the
provincial teams for particular pieces of research. Economists are assigned
directly to most teams, to conduct surveys and analyze the results of
experiments; rather than use local extensionists, they hire and train their
own enumerators. Some scientists argue that the economists on the teams
should be replaced by Research-Extension Liaison Officers, who would be
agronomists with some training in economic analysis.

Capacity to transfer relevant technology. In the early years, the ARPTSs con-
centrated on the development of technology, on experiment stations and in
farmers’ fields. The program was only 6 years old at the time of the study,
and the process of verifying promising results in broader on-farm tests was
juststarting. The choiceof sites had been organized throu ghlocalextension
workers, under the coordination of the Research-Extension Liaison Offi-
cers. Where possible, demonstrations were located on the land of the contact
farmers working with the T and V system. Lengthy discussions on the
technology to be demonstrated were held with the subject-matter special-
ists. It was still too early to assess the effectiveness of the transfer process.

A variety of mechanisms are used to transfer preliminary information
from the ARPTs to extension workers. Researchers participate in training
courses for extensionists. ARPT agronomistsand subject-matter specialists
collaborate in therevision of formal recommendations. Scientists from both
branches contribute material to newsletters for the field-level staff.

TheTand Vsystemcreatesincentivesand formal settings forinteraction,
but also places very strict controls on the time and activities of extension
workers. Unless they work directly in the research areas, they have few
opportunities to receive information from ARPT researchers outside a few
formal events.

Institutional sustainability. The ARPTs and extension depend on several
donors with different approachesand priorities. Although formallinkage
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mechanisms have been put in place at national level — Provincial Coordi-
nating Committees, Research-Extension Liaison Officers, the secondment
of Trials Assistants to provincial ARPTs — their effectiveness has varied
considerably among teams. Moreover, a great deal of administrative time
has been spent on keeping critical linkages functioning. A strong comunit-
ment to research-extension links by senior administrators will be required
if these are to be sustained once donor support ends.

Mechanisms Linking On-Farm Research
and Extension

Six types of linkage mechanism were identified in the case study pro-
grams. They are not mutually exclusive and are usually found in various
combinations with one another. These linkage mechanisms are:

« informal cooperation at field level

- national and regional research-extension coordinating committees

» participation of extension field staff in the implementation of surveys
and trials

« participation of senior extension specialists as scientists in on-farm
research, or of researchers as outreach officers in extension programs

« participation of on-farm research staff in rural development projects

» integrated on-farm research and extension programs

The first and second linkage mechanisms provide opportunities for
members of staff to talk — to exchange information and ideas with each
other and to plan joint activities. Such mechanisms are essential, but they
must be backed up with more formal arrangements if shared programs are
to be effective.

The third and fourth mechanisms involve the secondment of staff be-
tween extension and on-farm research programs. Direct collaboration of
thiskind isan effective way to pool experience and to get on-farm research
activities moving. In the longer run, joint staffing often proves difficult to
administer as seconded personnel lose their identity and become isolated
from normal career opportunities in their parent institutions.

The last {wo mechanisms involve the joint participation of research ard
extension inintegrated programs. This might seem to be theideal solution,
butin practiceitis difficult to maintain the focus and continuity of research
goalsin the face of the strong, short-term pressures to produce quick results
experienced in a development project.
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In this section, the experience with these six mechanisms is discussed,
and their effectiveness is assessed in terms of three basic criteria:

1. Their responsiveness to the needs of targeted clients
2. Their capacity to transfer relevant technology
3. Theirinstitutional sustainability

Informal Cooperation at Field Level

Examples from the case studies. The on-farm research field staff in all the
programs studied depended heavily on the informal cooperation of local
extension agents for assistance in such arcas as securing the cooperation cof
local leaders, identifying collaborators and organizing field days. Cbvi-
ously, the success of any link depends on good working relationships
between the peopleinvolved. Nevertheless, informal exchanges of informa-
tion between people cannot by themselves serve as dependable linkage
mechanisms.

As the experience in Guatemala demonstrates, informal cooperation.
must be supported by formalmechanisms, orresearchers and extensionists
will inevitably driftinto the routine proced ures of their parent institutions.
In turn, many of the formal mechanisms functior: best when informal coop-
eration is already strong.

The Programa de Investigacién en Produccién (PIP), the on-farm re-
search program in Ecuador, provides another good example of the limita-
tions of unsupported informal cooperation. Several of the provincial PIP
teams had shared offices with extension agents from the Ministry of
Agriculture. They consulted each other about issues such as the selection of
farmers, andorganized joint field days, but variousbarriers prevented close
collaboration.

First, the extension system was divided into operational regions which
did not correspond with the recommendation domains developed by PIP.
Second, the extensionists’ experience in conventional programs had put
them in contact with relatively large and prosperous farmers, not the re-
source-poor target group PIP was trying to reach. Third, the naticnal
extension program had been extensively renrganized several times; the
resulting shifts in responsibilities made it difficult for researchers to de-
velop and maintain working relationships with senior specialists. Finally,
the day-to-day operating procedures of the two institutions did not mesh
easily. The field extension workers were busy with their own tasks, and
their budgets were limited. Their schedules did not give them enough
flexibility to visit research sites with any frequency, even if the on-farm
research teams offered transportation.



Ewell 177

Assessment. The following assessment of informal cooperation at field
level as an effective linkage mechanism is based on the three criteria listed
above.

Responsiveness to the needs of targeted clients. Informal contacts with cxten-
sionagentsand other officials with experienceat villagelevel are a valuable
first step through which on-farm researchers can learn about local farming
systems and the constraints faced by farmers. They can also provide
valuable introductions into the local community. Nevertheless, care must
be taken toavoid introducingextensionists’ biases into theresearch agenda.
Extensionists often work with relatively prosperous farmers whoare influ-
ential members of their communities. Over-reliance on their assistance can
bias the samples and rescarch priorities selected away from the needs of
resource-poor farmers (Biggs, 1989; Ewell, 1988).

Capacity to transfer relevant technology. Informal ficld visits, which are
supplementuid with regular events such as field days, can be valuable
mechanisms for transferring technology to extensionists in the immediate
areas where on-farm trials are conducted. New crop varictics and some
other technologies will then diffuse spontancously through the informal
networks of farmers. Nevertheless, as the experience in Guatemala shows,
extension activities which are based on more formal links are necessary to
transfer more complex technologies and to reach clients in marginal areas.

Institutional sustainability. Links which depend on informal, personal
contacts between individuals fluctuate in their effectiveness not only ac-
cording to changing circumstances in the field, such as staff turnover, but
also according to the degree to which diey are encouraged and supported
at more senior levels. They are often invoked as evidence of a working
relationship when in fact the institutions involved have not succeeded in
devcloping more permanent mechanisms for cooperation.

National and Regional Research-Extension Coordinating Committees

Examples from the case studies. Coordinating committees with members
from both on-farm research and extension institutions had been set up in
several of the case study countries at both national and regional levels.
National coordination in Zimbabwe. Prior toindependencein 1980, research
and extension in Zimbabwe were organized toserve the needs of European
farmers in the large-scale commercial sector. A major policy of the new
government was to expand their mandates to meet the needs of African
farmersin thecommunalareas. The cominiznal arcasarealegacy of colonial
land policy, which authorized the private ownership of commercial farm-
land forthe bencfitof the white settlers, and recognized traditional commu-
nal patterns of land tenure for the African population in the remaining,
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more marginal areas of the country. Today, the communal areas consist of
170 separate territorial units. About 760 000 households farm and raise
livestock on this land, much of which has very low productive capacity.

The Department of Agricultural, Technical and Extension Services
(AGRITEX) was formed ‘n 1981 by uniting the staff and facilities of two
organizations. Ore of 1ese organizations had served the commercial
farmers and had long worked in close association with rescarch, while the
other had been a much less technically oriented division of the ministry
responsible for Tribal Trust Lands, which had supported the African
farmers.

There was a substantial exodus of experienced staff during thereorgani-
zation. Nevertheless, AGRITEX was one of the few agencies with an estab-
lished structure in the communal areas, so heavy demands were placedon
itby numerous agencies trying to comply with political directives to work
there. Among the mostdemanding were the semi-autonomousinstitutes of
the Department of Research a1 d Specialist Services (DR and SS) of the
Ministry of Lands, Agriculture and Rural Rescttlement. These institutes
had setup entirely separate and uncoordinated on-farm rescarch programs.

Various seminars and workshops to address the problem were organ-
ized sporadically, but there was no forum for regular consultation or coor-
dination untilthe Committee on On-Farm Research and Extension (COFRE)
was established in 1986 at the initiative of research and extension staff
working in the communal arcas. The committee consists of the deputy
Director of AGRITEX, and senior representatives from each of the research
institutes of DR and SS working in the communal areas. It has been effective
because its members have the authority to implement the decisions made.
It has also been strongly supported by the Directors of DR and SS and
AGRITEX, and resources have been allocated as required to carry out joint
field activities.

The first coordinating bady to cut across the decentralized structure of
DR and S5, the commit! - : immediately had a positive impact in several
areas. It published a general directory of on-farm trials and demonstrations,
toavoid overlap and duplication of effort. It organized joint field monitor-
ingtours for scnior staff fromboth research and extension. Specificresearch
proposals and extension recommendations are now discussed at subcom-
mittee meetings of specialists in the major commodities. Thisis a way of
getting proposals screened and, if necessary, modified at an carly stage, at
a forum where it is not humiliating for a scientist to back down. Meetings
between research and extension staff are held in each province to discuss
their results and plans in the light of the comments made by the sub-
committee. Workshops on special topics are held at intervals. The coordi-
nating committee hasbeen well received becauseit ties national planstothe
concrete products of both research and extension at regional level.
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Regional committees. In Zambia, among the mecharisms linking the ARPT
on-farm research program with extension are the Provincial Coordinating
Committees. As we have already seen, these have not been as effective as
was first hoped. Few extension administrators or senior staff realize the
power they could wield by taking a more active role in their meetings.
Nevertheless, the committees have been far more cffective than their
counterparts in Guatemala and Ecuador, whichare regional committeesin
form only. They hzve had no effective influence and seldom even meet.

Assessment. Coordinating committees can be an effective linkage mecha-
nism if several conditions are met. At the very least, the objectives of the
committee must be clear and there must be general agreement among
members over what needs to be done. Members must have the authority
and thebudgetallocations needed toimplement the decisions made. There
must be enough flexibility in the agenda of cach agency to accommodate
new joint tasks.

Responsiveness to the needs of targeted clients. As the experience in Zim-
babwe shows, a coordinating committee can catalyze the translation of a
national policy favoring a particular client group of farmers into coordi-
nated research and extension programs.

Capacity to transfer relevant technology. Coordinating committees canbe a
valuable way of generating consensus and will be needed if research and
extensionare to cooperate in developing and disseminating a new technol-
ogy. Much depends on whether both parties consider the technology has a
high potential tobenefit the welfare of targeted clients. The participaticn of
on-farmrescarchersand extensionists on committees tcapprove the release
of new plant varieties or modify technical recommendations to farmers can
facilitate the work of both groups. This has been an effective function of
COFRE in Zimbabwe. In Zambia, meetings convened to revise recommen-
dations have been one of the few occasions which have brought subject-
matter specialists from extension and on-farm researchers together.

Institutional sustainability. As a mechanism, committees are usually for-
mal, representing somedegree of institutionalization. Yet, tobe sustainable,
they have to be incorporated into the regular procedures and staff respon-
sibilities of the institutions involved. Coordination commitiees thatexist in
name only are all too common in research and extension systems. Such
comnmittees also need to be flexible and dynamic. Their composition may
need to change to reflect the nature of the technology currently being
transferrad, or the kind of information sought fiom farmers and extension
agents. If committees become routinized, members will come to feel that
membership does not contribute to their work and attendance at meetings
will decline. Thus, the effectiveness of the committee as a iinkage mecha-
nism is reduced.
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Participation of Extension Field Staff in Implementing
Field Surveys and Trials

Examples from the case studies. Ina number of the programs reviewed in
thecasestudies, field-level extension staff weredirectly involved in on-farm
research, both asinterviewersin surveysand asassistants in the day-to-day
managementof experiments. Thereare two ways in which thiscanbedone:
routine tasks can be delegated to extension agents in addition to their
regularduties, orextension agents can be formally seconded to the research
agency to perform certain tasks.

Delegation of research tasks to extension agents. Delegation is a tempting
option, because it allows the geographical coverage of a research program
tobe increased through the use of existing extension personnel. Neverthe-
less, the case studies show that unless researchers work closely with them,
extensionagentsare rarcly able tomanage experiments successfully. When
the management of experiments is added to their normal duties, extension
agents do not have the time, training, experience, mobility or motivation to
keep loss rates and cocfficients of variation down. It is a recipe for frustra-
tion — everyone involved ends up feciing they are wasting their time.

The problems of obtaining good da'a from the farmer field trials and
minikit programin Nepal havealready beendiscussed. The case study from
Zimbabwe providesanothergood example of this pr¢blem. The Agronomy
Institute, a division of the rescarch unit of DR and SS, instituted an on-farm
testing program immediately after independence in 1980. Called the
Communal Arcas Research Trials (CART), the program’s goal was to adapt
existing technology to the conditions of resource-poor farmers in the
communal areas. Experiments on a range of different crops were scattered
widely. They weredesigned by the research staff, but their routine manage-
ment v . left to local agents of the extension agency (AGRITEX) and to the
farmer. *. mselves. Assistants were trained atannual 4-day workshops on
trial design and data collection.

It was not an cffective strategy. The research scientist in charge was
forced to travel constantly, but still did not have time to think through the
experimental design appropriate for each site or to interact with the exten-
sion agents and farmers. Many trials were lost altogether, and few useful
data were fed back into the research process. Almost no technology imme-
diately suitable for transfer to farmers was identified. The program was
reorganized in 1984 with an increased focus on applied research. A greatly
reduced numberof trials were clustered in a few representative areasunder
the direct management of technicians from the research institute who were
outposted to the sites. The results became much more valuable.

Secondment of technicians from extension toon-farm research. The ARPT pro-
gram in Zambia is the only instance in the case studies in which the
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technicians responsible for on-farm trials are formally seconded from
extension. Once trained, these Trials Assistants become effective members
of thefield research teams. They speak the local languages, and understand
local agronomic practices and food preferences. However, the mechanism
has not functioned effectively as a link with extension agents outside the
areas where the ARPT field tcams have conducted on-farm trials.

Assessment. Research organizations need field technicians when they set
up on-farm research programs far from their normal bases of operation.
Extension agents can meet this need at relatively low cost, but careful
management is required if they are to produce satisfactory research results
and also serve as a link with the extension system as a whole. _
Responsiveness to the needs of targeted clients. If extension agents are local
peoplewhospeak the farmers’ language and are familiar withlocal farming
practices and constraints, their participation in the research process can
increaseitsresponsiveness. However, the experiencesinNepaland Zambia
demonstrate that merely including extensionists in on-farm research does
not guarantee that their knowledge and experience will actually be used in
research priority-setting and planning — if this is to happen, specific feed-
back mechanisms to higher levels must be developed and managed.
Capacity to transfer relevant technology. Participating in on-farm research
can help extensionists understand a new technology and explain it to
farmers, but this s effective only if the data arc analyzed and interpreted in
terms of local conditions. Extensionists almost inevitably have lower status
and educational levels than researchers. I this mechanism is to be effective,
they mustbe respected as valuable team members, notused simply as cheap
labor toincrease the number of trials that can be run. Theirdirectexperience
with research canalso help them explain results to other extensionists who
do not take part dircctly. This influence will not extend beyond the imme-
diate arcas where research is done unless extensionists are rotated through
the on-farm research program or participate in formal training courses.
Institutional sustainability. Theincorporation of field staff from extension
into on-farmrescarch can be sustained on a regular basis only if their other
responsibilitics are reduced and if permanent funding arrangements are
made. Mechanismsensuring thatinformation flowsin both directions must
be developed if the link is to improve the cffectiveness of both institutions.

Participation of Senior Extension Specialists as Scientists in On-Farm
Research or of Researchers as Outreach Officers in Extension Programs

Examples from the case studies. Senior extension personnel can serve as
valuable members of on-farm research teams. They can facilitate flows of
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information inboth directions: summarizing reportson farmers’ conditions
from local extension agents for usc by researchers, and synthesizing the
results of research into communications materials forextensionists tousein
the field. Outreach officers from research can play analogous roles in
extension programs. On the other hand, it is not casy to work in a job where
responsibilities and lines of responsibility are split between two institu-
tions.

Partial participation in Nepal and Zim’abwe. In Nepal, the British-funded
Lumle and Pakhribas Agricultural Centres have their own extension pro-
grams in selected target areas. Their extension professionals participate in
both the planning and analysis of on-farm rescarch, although they are not
fully integrated with field research activities. Outreach officers from the
commodity prugrams have worked within extension programs, although
this role has rGt hecome permanent.

In Zimbabwe, the cotton specialist of AGRITEX, the extension service,
has his office or the experiment station of the Cotton Research Institute,
which is a division of DR and SS. He participates in both research and
training for the communal areas, and develops messages for AGRITEX's
radio programs.

Research-Extension Liaison Officers in Zambia. These officers are fully
fledged members of some of the provincial ARPTs. They are involved in a
wide range of activities, including the planning and implementation of on-
farm demonstrations, the organization of field days and in-service training
programs, the production of regular newsletters for distribution to re-
searchers and extension workers, and the preparation of extension materi-
als. The divided responsibility and ambiguous job descriptions for these
positions makes them difficult to fill.

Assessment. Most links between research and extension require communi-
cation between differentinstitutionsand between people of different statas
and educational level. The few cases where professionals from extension
have been broughtin to participate as equals in on-farm research programs
show this to be a promising strategy.

Responsiveness to the needs of targeted clients. Senior professionals from the
extension department have both the mandate and the stature to keep on-
farm rescarch programs focused on farmers’ priority needs. Outreach
officers from research are well placed toalert the research group to technol-
ogy adoption problems encountered by extension agents.

Capacity to transfer reievant technology. Full-time specialists with a clear
understanding of the structureand needs of the extension system expedite
the flow of uscful information and technology from on-farm research.
Outreach officers from research are in a good position to synthesize exper-
mental results into a useful form.
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Institutional sustainability. In spite of these advantages, it is difficult to
workforoneinstitution and operateinanother. Researchand extensionare
parallel branches cf the same organization in Zambia, the only example in
which this mechanism is well developed, and even there the position of the
Research-Extension Liaison Officers has been ambiguous. The long-term
sustainability of cooperative participatory arrangements between research
and extension probably depends on whether or not the two groups as a
wholeare developing shared goals and operatiun:] procedures. Ifthey are
drifting further apart, with the result that rivalry is developing between
them, participatory arrangements are unlikely to survive.

Participation ¢f On-Farm Research Staff in Rural
Development Projects

Examples from the case studies. Integrated rural development projects
have often sought out on-farm research programs to coopersate in the
development of locally adapted technology. The advantage of these ar-
rangements is that researchers and extensionists can collaborate closely
under a single funding and management structure. However, there are
some dangers. Development programs are vulnerable to frequent shifts in
the goals and focus of their donors. They often ask rescarchers to work on
whatever problems are most pressing at the moment. This can conflict with
broader, long-terin research goals, and make it difficult to accumulate and
interpret data according to consistent criteria.

Coordination with regional development agencies in Senegal. For over 20
years, on-farm research in Senegal has included the issue of technology
transferon itsagenda. Integrated researchand extension programs known
as unités expérimeniales (experimental urats) were designed by French re-
searchers in the 1950s to raise groundnut yields through the diffusion of
tested technolegy (Bingenand Faye, 1985; Frescoand Poats, 1986). This was
the background for the on-farm research program set up by the Institut
Sénégalais de Recherche Agricole (ISRA) in the 1980s with funding from
USAID and the World Bank.

Extension services were organized within regional development agen-
cies for Senegal’s major river basins. They developed two different kinds of
link with on-farm research at ISRA. The Senegal River basin authority
signed contracts with ISRA for particular lines of research designed to
contribute to well-defined development objectives. On-farm experiments

vere organized jointly by research scientists and extension agents. The
trials were used asan opportunity to train the authority's field staff in farm-
level conditions. In the Casamance Riverbasin, collaboration between ISRA
and the Société pour la Mise en Valeur de la Casamance (SOMIVAC) was
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mandated by two separate donors. USAID made the disbursement of the
second phase of funding contingent upon the establishment of a formal
protocol between research and extension. A liaison committee was estab-
lished to implement the agreement.

Joint activities consisted primarily of regular meetings between senior
researchers and senior management in the agency. These had several
positiveresuits. SOMIVACagreed toredefine its sperational zones, which
had been based solely on soils and hydrographic data, using an alternative
system developed by the on-farm research tear which included socio-
economic criteria. Several lines of research on the local experiment station
were initialed in response to needs identified by the development workers.

A major weakness was that the meetings were attended primarily by
senior personnel from both agencies, most of whom were expatriate scien-
tists. Neither ficld-level extension workers nor farmers were directly in-
volved. Because the link was not institutionalized, the process of active co-
ordination did not survive the departure of a few key individuals.

Quite separately, an appraisal of the project by the World Bank recom-
mended the appointment of a Research-Extension Liaison Officer. The
proposal was never fuily discussed with cither ISRA or SOMIVAC, and
neither agency would appoint a person to fill the position.

Providing manpower to rural development in Ecuador. Five of the 10 regional
PIP teams in Ecuador have participated directly in projects of the Programa
de Desarrollo Rural integrado (PDR1), the country’s integrated rural devel-
opment program. Researchers assigned by the Instituto Nacional de Inves-
tigacione'. * gropecuarios (INIAP) work closely with the projects’ extension
staff. Farmers volunteer as collaboratorsat meetings convened for broader
purposes by the project. The major advantage of the close association of
research with other aspects of the project is that locally tested technology is
provided to the beneficiaries in an integrated package of inputs, credit and
advice. A disadvantage has been that, under pressure to show short-term
results, on-farm research scientists have been drawn into service functions
such as the multiplication of seed and the distribution of inputs. Restric-
tions on the projects’ budgets have further reduced the range of subjects
researched.

Jointmanegementn Indonesia. The Upland Agricultureand Conservation
Project in Indonesia is a regional development project managed coopara-
tively by the severalagencies involved, including both research and exten-
sion. The research agenda of the project is designed and moritored by a
technical advisory team of senior research scientists, who have identified
component technologies for adaptation and testing on-farm. Extension
staff are consulted in the planning and implementation of on-farm experi-
ments as frequently as once a week. Once prornising technology is identi-
fied, special training courses for ficld extension workers are held in the
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target areas. The field extension workers are then responsible for imple-
menting pre-production verification trials and for instructing farmers on
how to apply the nevs technology.

Assessment. All the on-farm rescarch programs that have collaborated
closely with large-scale rural development projects have experienced a
tension between the advantages of more efficient links with technciogy
transfer and support systems on the one hand, and the disadvantages of
losing autonomy and being subject to the pressures of the short-term
production goals of the development projects on the other. Conflicts can
casily arise because of the differing goals, methods and operational time
frames of the rescarch programs and the development projects.

Respor:siveness to the needs of targeted clients. Rural development projects
are planned on the basis of an assessment of local conditions and needs.
When they are targeted at increasing productivi'y on small farms, their
managers often tind that little appropriate tcchnology is available. Adap-
tive on-farm research teams are often called in after the targets and goals
have beer. set. This provides the on-farm research program with clear
objectives, but zlso reduces its flexibility to develop and adjust its own
agenda on the basis of its expericiwce with farmers.

The integration of on-farm research with development projects has
another cost. Almost invariably, the link between on-farm adaptive re-
search and the applied resecarch carried out on experimient stations weak-
ens. On-farm research comes to be viewed as an extension rather than a
research activity, and opportunities for communication and interaction be-
comemore limited. Asaresult, feedback on farmers’ needsisinhibited, with
potentially negative consequences for the relevance of applied rescarch
(Merrill-Sands and Mc.\llister, 1988).

Capacity to trarsfer relevant technology. Although providinig feedback to
research may be more difficult in these situations, it bec ymes much easier
for on-farm research to contribute to technology transfer. Projects provide
established channels through which technology can be transferred to farm-
ers, along with the necessary credit and inputs. Links are clearly most
successful whenthereis technology available “on the shelf”, ready forlocal
adaptation.

Institutional sustainability. Development projects are normally funded by
donors for relatively limited periods. Funds for personnel, vehicles, travel
allowances and other operating costs facilitate close working relationships
between researchers and extensionists. These are vulnerable to major
changesina project, or to its terrnination, unless special efforts are made to
incorporate th2 linkage mechanisms into the regular procedures of the
institutions involved, and unless sufficient funds are provided through
regular channels.



186 Ewell

Integrated On-Farm Research and Extension Programs

Examples from the case studies. The case studies document two types of
program designed to bring on-farm research and extension together in an
integrated system: production programs, and T and V extension.

In thefirstsectionof this paper, theapproachof the production programs
developed by IRRI through its Asian Cropping Systems Network was de-
scribed with respect to Nepal. Successful progress through the research,
extension and implementation stages is limited to regicns with two basic
characteristics: the yield potential of the major grain crops in the improved
system must be high, and the distribution of the necessary inputs must be
feasible.

The Tand V system of extension is a highly programmed system devel-
oped in the late 1970s by the World Bank (Benor and Baxter, 1984). It has
been financed and promoted in many developing countries. According to
the model, village-level extension workers deliver technological messa ges
to selected contact farmers according to a reguiar schedule. These farmers
areexpected to pass theinformationon toothersin theirarea. The extension
workers attend fortnightly training sessions, each of which is focused on
messages appropriate to farmers’ activities at the current stage of the
growing season. Tand V isa rigid, hierarchical system which emphasizes
continuous monitoring and evaluation. Some countries have included on-
farm research directly in their T and V system; others have depeaded on
cooperation with on-farm work implemented by research institutions.

The spirit underlying the top-down structure of the T and V system is
very different from that of most on-farm research programs, with their
emphasis on flexible, adaptive research. Nevertheless, T and V systems
create an institutional demand for locally adapted technological “mes-
sages” to present at the regular extension meetings. Several of the on-farm
research programsin the case studies had developed mechanisms to satisfy
this need for a constant stream of information.

A successful T and V program in Bangladesh. The most successful example
in the case studies of a program of this type developing effective research-
extension links through on-farm research is the Extension and Research
Project cf the Bangladesh Agricultural Research Institute (BARI). It was
initiated in 1978 in the high-potential northwestern region of the country.
Extension activities had previously been scattered between eight special-
ized organizations, each with its own mandate and methods. The World
Bank provided substantial funding to reorganize theminto a single T and
Vsystem, supported by new facilities, staff, vehicles, trainingand operating
expenses for both research and extension.

The primary goal of the research project was to provide answers to the
many questions posed by farmers and extension workers. Other objectives
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included delineating the areas where existing packages of improved seeds
and practices were and were not appropriate, developing agronomic rec-
ommendations for local varieties, and identifying the potential for new
crops within existing farming systems.

It took some years for BARI and the new extension organization to
developeffective mechanisms for joint planning and coordination. in 1980,
a2-day meeting was called to discuss links betvseenagencies, toplan the on-
farm research program for the following year, and to set supply and equip-
ment needs. It was over in less than 2 hours, because nobody present knew
how to prepare or carry outan exercise of this kind. The approach used by
IRRI's Cropping Systems Network was subsequently adopted precisely
because it provided clear guidelines on how to proceed.

The hierarchy of coordinating committees created on paper under the T
and V modelnever functioned, because the senior ad ministrators named as
their chairmen did not have the timeor incentive to organize them. Because
the researchers and extension workers felt the need to coordinate their
activities, they organized their own technical committees at regional and
district levels. These became important bodies which met 5 to 10 times a
year.

Asthey gained experience, theresearchers instituted anumber of impor-
tant innovations. They involved personnel from extension directly in site
selection and diagnostic surveys, and in the design and testing of cropping
patterns. They made an effort to identify innovative farmers, learn what
they were doing, and pass the results laterally along to farmers in other
arcas. They developed flexible procedures for on-farmresearch which were
later adopted by other divisions of BARI. At the same time, they satisfied
their specialized mandate by organizing ficld days and training programs
for extension workers, and by providing various kinds of information to the
extension system:.

Other experiences. Thebasic challenge of the Tand V system s to provide
enough new information to farmers to justify the cost. Experience in both
Zambia and Nepal suggests that unless farmers receive concrete benefits,
they become bored, refuse to be contact farmers, and stop attending
meetings (Sutherland, 1986). The system has worked best in densely popu-
lated regions where production systems are relatively homogeneous, so
thatasingletechnical message is appropriate for a large numbercf farmers,
and where theratioof closely supervised local extension workers to farmers
is high. It has been much less successful elsewhere, in part because it
becomes impossible to identify enough widely appropriate technology to
send down through the complex structure (Howell, 1988).

Assessment. Both production programs and T and V provide a framework
for establishing links between on-farm rescarch and extension. Both are
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organized hierarchically, with set roles fixed for all parties in advance.
Production programs are initiated from the research side, and include
mechanisms for extensionists and input-supplying agencies to carry the
technology on to farmers. Tand V systems are initiated from the extension
side, and include mechanisms to obtain the necessary technological mes-
sages from resecarchers.

Responsiveness to the needs of targeted clients. The cropping systems pro-
grams in the case studies did not involve extensionists in the selection of
sites or in surveys of farmers’ practices and constraints. T and V systems
operate within hierarchical, formalized organizational structures which
emphasize the close supervision of local extension workers. Neither system
facilitates feedback from farmers to researchers, either through extension-
ists or directly.

Capacity to transfer relevant technology. Both systems are oriented towards
increasing production as rapidly as possible, and have developed a variety
of linkage mechanisms t> move technology to farmers. Both are successful
primarily in high-potential arcas with relatively homogenous farming
systems. Resource-poor farmers in more heterogeneous farming systems
tend not to benefit. Both are biased towards the introduction of packages of
new technology with associated inputs.

Institutional sustainability. Production programs and T and V systems
have been funded by external donors. Many of their linkage mechanisms
depend on vehicles, maintenance, reliable travel funds for regular meet-
ings, and other recurrent costs, as well as on a continuous supply of
technical inputs and messages. Unless the usefulness of these mechanisms
is clearly demonstrated, they will become vulnerable as the programs are
institutionalized and unless natioral programs are firmly committed to
meeting their operating costs.

General Lessons
Conditions for Building Effective Links

Ideally, an effective program of researchand extension for theadaptation
and transfer of technology to small-scale farmers should be based on the
following conditions:

1. ashared analysis of target farmers’ conditions and problems

2. technical alternatives to farmers’ current practices which can be
successfully adapted to suit local circumstances through on-farm re-
search



Ewell 189

3. well-trained and committed professionals in the institutions respon-
sible for both research and extension

4. acleardivision of responsibilities, assigning toeach institution a setof
tasks for which it has a relative advantage

5. effective linkage mechanisms, together with administrative and
budgetary support, whichallow researchersand extensionists to plan
and carry out coordinated programs

None of the countries in the case studies met all these conditions. Only
in a few cases had research and extension even attempted to orgarize joint
activities directed towards common goals. In most cases, public research
institutions had established on-farm programs on the assumption that this
would overcome the most important barriers to getting improved technol-
ogy to small-scale farmers. Often there was a feeling that this was necessary
precisely because the extension institutions were not doing their job effec-
tively.

On-Farm Research: No Substitute for Extension

The on-farm research programs documented in the case studies made
important contributions towards improving the process of defining the
needs of resource-poor farmers; it would seem that they are better suited for
this role than extension services, which are sometimes biased in favor of
more prosperous farmers. In many cases they also successfully adapted
technology and transferred ittosmall-scale farmers within their immediate
project area. Recommendations tailored to location-specific circumstances
have been developed —a great improvement over the blanket technology
packages extension services often promote.

However, the coverage of on-farm research is not broad enough. Wide-
spread impact is limited by the chronically weak links between on-farm
researchand extension. Thecase study experiencesargue forcefully thaton-
farm rescarch cannot substitule for extension. Good institutional coopera-
tion is crucial if new technology is to be broadly verified and transferred to
a full rarge of clients.

Anticipating the Need for Links with Extension

Links with extension were a secondary priority in many on-farm re-
search programs, and virtually all the case studies concluded that this had
been aweak area in the implementation of on-farmresearch. Often, manag-
ershad failed to think aboutlinks with extension until technology wasready



190 Ewell

to transfer. Thus, one of the major conclusions of this comparative study is
 thaton-farm research programs need to pay more attention to forging links
with extension orother technology transfer agericies, if the processof trans-
ferring and diffusing technology is to become more effective.

Links between on-farm research and extension are likely to be more ef-
fective whenthey arebuiltin atthecarly stagesof anon-farmresearcheffort,
rather than when they are hastily created, as on-farm research produces
technologies for widespread verification and demonstration. Establishing
linksatan early stage, while it mayappear wasteful when there isasyetlittle
technology to transfer, has twoimportantadvantages: itallows extension to
contribute to the planning of research and hence increases the likelihood
that research will be relevant to clients’ needs; and, more important still, it
means that the structures and procedures for technology transfer will bein
place when they arenceded — theresearchand extensior: staff responsible
for linkages will be better trained and motivated, and will share a common
sense of purpose. Indeed, the early establishment of linkage mechanisms
may exert a positive demand for relevant technology on the adaptive and
applied research system, increasing the pressureson the sysi2m to perform.

Targeting Resource-Poor Farmers

Equity wasamajor concerninall thecase studies. Theon-farm programs
had attempted to develop technology appropriate for resource-poor farm-
ers in marginal agro-ecological zones. The record was & mixture of success
and failure, butit mustbe recognized that thisisa challenging problem even
in developed countries with well-established institutions. On-farm re-
search programs as different in their philosophies as ICTA in Guatemala
and the production programs in Nepal were inost successful with relatively
prosperous small-scale farmers working under relatively favorable condi-
tions. Links with extension had not contributed much, in part because most
extension institutions are biased toward so-called “progressive” farmers,
who are in a position to adopt yield-enhancing technologies. On-farm
research programs had partially compensated for this bias in the area of
diagnosis and prioritization of farmers’ needs.

Alternatives outside the publicsector need tobe explored carefully.Non-
government organizations (NGOs) often have a long-term, focused com-
mitment to development in poor rural areas and are less hampered by
bureaucratic constraints (Sager and Farri ngton, 1988). In the case studies,
there were several examples of successful cooperation between on-farm
research programs and NGOs. In Guatemala, World Neighbors effectively
transferred ICTA's adaptive research results to one area of the highlands.
Once methods and procedures have been worked out on a pilot basis in
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collaboration with an NGO, they could be transferred to the public exten-
sion service.

The Status Problem

There is a hierarchy of prestige in agricultural science throughout the
world. Maintaining effective two-way communication between lower-
status field researchers in on-farm programs and their higher-status col-
leagues on experiment stations, even in the same institutions, was a real
problem in all the programs studied (Merrill-Sands and McAllister, 1938).
The gap in status between researchers and extensionists is cven greaterand
more deeply entrenched; in addition, there is often a wider institutional
boundary to cross. On-farm research programs have tended to view exten-
sionistsasimplementors rather than as partners. Thereislittle evidence that
the needs identified by extension institutions played a significant role in
setting theresearchagenda of the on-farm programs. Morecover, theempha-
sis on adaptive research responsive to local conditions has put new de-
mands onextensionists without providing them either witha more efficient
structure or with additional resources to carry them out effectively.

The use of Research-Extension Liaison Officers in on-farm teams, as in
Zambia, isaninteresting developmentin the search for ways of bridging the
status gap between research and extension. Although their intermediate
position between the twoleads to organizational and personnel problems,
their role as technology packagersand consolidators can provide extension
with a professional contribution to make to the transfer of technology and
itsfine tuning tolocal conditions. The problemsencountered indefining the
role of such officers — awkwardly straddled between organizations with
different objectives and procedures— shows their task tobe a complex one.

One of thelessonsemerging fromthe case studiesis that, when settingup
on-farm research programs, managers must not to do so at the expense of
the existing extension service. The transfer of prestigious tasks or senior
staff from extension to research can b demoralizing for extension pro-
grams, and thus reduce the chances of developing effective links in the
future. Seconding staff from the extension service to the research program
may help overcome this problem — aslong as such officers are seen as still
“belonging” to extension, and not as outsiders.

In the short term, managers must recognize that programs attempting to
integrate the work of professionals, technicians and farmers across institu-
tional boundaries and in defiance of status differences will encounter
problems. In the longer term, emphasis must be placed on upgrading
extension: more equal education, better training and more joint appoint-
ments are some of the measures needed.
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Developing Linkage Mechanisms

Better ways of working together despite the difficulties need tobe devel-
oped. Thelinkage mechanismsanalyzed in the second section of this paper
area good starting point. The first two—informa! contacts in the 4Geld and
formal committees at higher levels of administration — are necessary first
steps for any kind of collaboration; they providc abasis for communication
about common goals and a framework for joint planning. The next two —
secondment of jinior and/or senior staff to specific res¢ arch or extension
programs -— have a mixed vecord of effectiveness; they have been most
successful whererolesand jobdescriptions wererealistically and clearlyde-
fined. Thelast two— which involve joint participation in common projects
— clearly facilitate the transfer of technology, but have often suffered from
unrealistic expectations and excessively rigid structures.

Links at Multiple Levels: A Key to Success

The most successful cases of integration of on-farm research and exten-
sion are those in which links have been forged simultancously at several
levels of the administrative hierarchy of the organizations involved: techni-
cians in the field, scientists and administrators at regional level, and high-
level national committees. It is clear from the case studies that on-farm
research alone cannot solve the linkage problem.

When therearelinksat multiple levels,astrongapex management group
can develop that not only combines the viewpoints of research and exten-
sion, but also has access to the structures and mechanisms needed to
implementits vision. In Zambia, senior extension staff were involved in the
initial planning of ARPTSs. Provincial Agricultural Officers also providead-
ministrative support and supervision in the field. This has kelped to keep
the ARPTs actively pursuing stronger links with extension.

It is too early to gauge the success of the Zambian experiment, but
Research-Extension Liaison Officers working in the field may provide the
crucial link between on-farm rescarch and extension. Often seconded from
extension, yetcommitted to the technology developed by theon-farm team,
they are well placed to become product champions, enlisting the coopera-
tion of the extension service in the verification stage and thus broadening
the impact of on-farm research.

The Sustainability Issue

The sustainability of a linkage mechanism should be judged in the
context of how well the mechanism contributes to an effactive working
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relationship between research and extension institutions over the longer
term. Forexample, an expatriate Research-Extension Liaison Officer whois
working as part of a donor-funded project may stay in the job for only a few
years, after which his/her position may not necessarily be replaced by a
national staff position. Nevertheless, if he/she organizes workshops which
lead to a regular program of joint planning and review, then the post will
havebeenan effective mechanism. Thiskind of progress, however, requires
leadership from senior management. Clear goals must be set, linkage
mechanisms must be supported with the necessary resources, and incen-
tives must be created to reward cooperation.
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Private Sector Agricultural Research
and Technology Transfer Links in
Developing Countries

Carl Pray and Ruben Echeverria

Within the context of the current ISNAR study on the nature and causes of
linkage: problems between agricultural research and technology transfer,
and its aim to suggest ways in which these problems might be overcome,
this paper has two broad objectives. These are to identify:

« characteristics of private sector links which could be used to improve
links between research and technology transfer in the public sector

« changes that could be made to government policy to strengthen links
within the private sector and between the private and public sectors

The paperisbased on material gathered by theauthorsduring interviews
and literature surveys for a CIMMYT-sponsored study of private sector
research in Latin America and USAID-sponsored studies of private sector
research in Asia. From an analysis of this material, the authors present a
number of working hypotheses on which to base further studies of linkage
problems.

Links between research and technology transfer serve to transform
farmers’ needs into researchable problems and to communicate the results
of this research back to the farmers. Many types of public and private
institutions conduct research and transfer technology, and the characteris-
tics and effectiveness of these links depend upon the institutions involved.
Figure 1 shows the links between public and private sector research and
technology transfer (see overleaf).

In the public sector, most research is carried out by departments within
ministries of agriculture, by semi-autonomous institutions and by univer-
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Figure 1. Research and technology transfer links among private and
public institutions

Public Private
Agribusiness Compenies
Ressarch and Development Govemment Institutions | __ Cooperatives ——
’-_ and Unlversities Foundations
J}' 37 wL
Input Production Govemment — Input-supply
Corpt "ations Firms and Cooperatives
Advisory Services
Technology Transfor -D Government Extension Distribttors
Daalors
> ranMeRs

sities. Research output is embodied in an input, suchasan improved plant
variety, or takes the form of new knowledge, such as improved farn
management techniques. Embodied technology requires an inpu t-supply
organization to produce the improved input. In many cases, input produc-
tion is handled by a government corporation, which then transfers the
improved inptt to a government extension department; in other cases, the
technology is given or sold to cooperativesorprivate companies for further
developmentand distribution. Management technology requires extension
services to transfer the technology to the farmer. Usually, these servicesare
provided by a government extension department; sometimes they are
provided by other government organizations which are responsible for
specific commodities or inputs (such as fertilizer production, sugarcane
development or supervised credit). Some universities a:so have their own
extension projects.

As indicated in other papers in this publication which focus on public
sector links, the interaction betweer: public research and technology trans-
fer may be ill defined or inefficient. The two activities are often carried out
by separa’einstitutions which have to compete with each other for govern-



Prayand Echeverria 199

ment resources and thus have little incentive to cooperate. It appears that
themosteffectivelinksexist where the resources aredistributed on the basis
of the impact of technology in farmers’ fields.

Theinvolvement of private institutionsin the generation and delivery of
agricultural technology has increased rapidly in developing countries
during the past 20 years. Six types of private institutions conduct research:
input production and supply companies; large farms and plantations;
processing companies; consuiting firms and agricultural publishing com-
panies; cooperatives and commodity groups; and research found:tions.
Researchininput-supply companies isaimed mainly at producing technol-
ogy that can be embodied in their products; the other types of institutions
tend to produce technologies that are not embudicd in a particular input.
These productsand technologies reach the farmer through private market-
ing and, in some cases, through government extension organizations.

For the purposes of this paper, “marketing” includes the activities of both
the marketing personnel and the technical advisors of input producers,
distributors and dealers, as well as the extension services of other types of
institutions.

Research and Marketing in the Private Sector
Categories of Private Institutions

Each of the six types of private institutions which carry out agricultural
research has differentresearch/technology transfer links. The private agri-
business companies — input-supply companies, large farms and planta-
tions, processing companies and consulting firms — are categorized ac-
cording to what they produce: agricultural inputs, agricultural products,
processed productsand information. Cooperativesand commodity groups
aredistinct in that they are coopei 1tively owned by a number of farmers or
companies. Research foundations are characterized by the fact that they
have an independent board of directors and independent sources of fund-

ing.

Input industries. Most private sector research in developing countries is
carried out by the seed, pesticide and livestock feed industries. These
industries conduct mainly applied research, and within each industry this
research tends to be restricted to the largest companies. Many companies
concentrate only on production, and an even larger number only on
distribution and marketing.
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Seed and livestock feed research is conducted by multinational coorpo-
rations (MNCs) and local companies. Seed production focuses on breeding
hybrid cultivars of maize, sorghum, sunflower and a few other crops. Most
livestock feed research focuses on producing new materials to reduce the
cost of high-quality feed. Pesticide research is conducted mainly by MNCs.
They carry out theintitial research (suchas synthesizingnew chemicalsand
screening new pesticides) in Europe, the USA and Japan; screening new
pesticidesin field trialsisconducted at their experiment stations in various
agro-climatic zones, including tropical and subtropicalsites; the final trials,
the trials required forregistrationand thedevelopmentof safeand effective
ways of applying pesticides are conducted by local subsidiaries.

Whereas most small companies involved in research handle their own
productionbutappointdistributors to market their productsina particular
regionorcountry, largecompanies usually have notonly their own produc-
tion division but also a marketing system that reaches farm level. These
large companies, especially those which produce agricultural chemicals,
also have their own technical services or extension staff who set up on-farm
trials, organize farmers' ficld days, train sales staff and distributors and
handle complaints about the effectiveness or quality of company products.

Large farms and plantations. Most research carried out by these institu-
tions concentrates on improving management techniques. For example, in
recent years Malaysian plantations have developed ways of reducing
fertilizer and pesticide applications withc at reducing yields, and have
introduced a pollinating beetle that has both cut the costs of pollinating oil
palms and increased yields. Many of these institutions also develop new
inputs; some of the most important rubber and oil palm varieties, for
example, have been developed by private plantations.

Some large Malaysian plantations have technical advisory services that
provide managementassistance both within the plantation and outsideit to
other plantations. These technical service staff act as a communication
channel between the scientists and the farm managers.

Processing companies. This category consists mainly of tobacco compa-
nies, sugar mills, brewery companies and horticultural processors. Theaim
of research in these institutions is to increase the productivity of the farms
that supply them with the raw materials, and at improving the quality of
these materials. Most research focuses on management; some is concerned
with procuring new inputs, such as new tobacco and sugarcane varieties.

Processing companies have their own extension staff, who are also
buyers of the crops. Itis these people, rather than the marketing personnel,
who have the most contact with farmers and who transmit the nceds of the
farmers to the researchers. Marketing personnel, particularly those in
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tobacco companies, provide researchers with objectives as to the quality of
the product but they seldom provide information on farmers’ needs. Some
tobacco companies, and many companies in the dairy, processed vegetable
and brewery industries, have contractual relationships with farmers whereby
the company provides inputs, technicaladviceand creditand then buysthe
product at a guaranteed price.

Consulting firms and agricultural publishing companies. These institu-
tions specialize in technology transfer, and some of them conduct applied
research. Consulting firms based in the USA and Europe, such as Che-
monics, Harza International, Arthur D. Little and Winrock International,
play an important role in transferring technology internationally.

Insomedeveloping countries, consulting firms service the needsof large
farmers. In Uruguay and Argentina they conduct applied research on
cultural practices, such as fertilizer application and pastoral management,
for ranches specializing in livestock and crops, and transfer information
from public research stations to these clients; the information and/or the
inputs are usually sold to the clients as part of a package. Consulting firms
in Asia tend to concentrate on plantation crops; mostof themare, in fact, the
technical services departments of these plantations. A growing numberarc
independent of a plantation base and are staffed by ex-plantation managers
and technicians, but these firms conduct little or no research.

Companies that publish agricultural magazines play an importantrolein
the transfer of technical information from the public and private sectors to
farmers and from one farmer to another. Examples of such magazines are
the Latin American publication Agricultura de las Américas and the Asian
publication Agricultural Mechanization. These publications depend heavily
on advertising from the input-supply industry.

Cooperatives and commodity groups. Many of these institutions conduct
research. Their members are usually large commercial farmers, plantation
owners or processors. Examples of cooperatives and commodity groups
which have their own research programs are SUL and CALNU, the Uru-
guayan wool and sugarcane associations; FEDEARROZ and CENICAFE,
the Colombian rice and coffee federations; CEPLAC, the Brazilian cacao
research organization; the vegetable oil mills association in India; and the
Davao banana plantations in the Philippines.

An example of a smaller organization is the Consorcios Regionales de
Experimentacion Agropecuaria (CREA), in the southern part of Latin
America, which consists of small groups modelled on French farmers’ as-
sociations. Eachgroupislocated inaspecificregion, hires expertsto provide
techni- al advice on farm management and commercialization issues and
concucts applied research as part of regional and national programs.
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Foundations. There are foundations in Latin America that conductor fund
research and provide technical assistance to farmers in the Dominican
Republic, Ecuador, Honduras, Peru and Venezuela. In Asia, a number of
small foundations conduct research; an example is the Tata Energy Re-
search Institute in New Dehli, India, which conducts research in agricul-
tural biotechnology.

Characteristics of Private Sector Research and Marketing

The goal of private agribusiness companies is to maximise profits. Thus,
to produce new technologies, they mustallocate funds as efficiently as pos-
sible to the variousactivitiesinvolved —researchand development (R &D),
marketing, production and others.

Toallocate the rightamounttoR & D, these companies need information
from scientists and engincers on what new products can be produced, the
costof R & D, and the probability that the products will be developed within
acertain time. They also need estimates from their marketing personnel on
future prices and sales of the products.

Toallocate the right amount tomarketing, agribusiness companies need
financial information on theimpactofadollar spenton marketing on prices
and sales of new products. They also need technical information from
scientists about the products they interd marketing; for example, informa-
tionthatpestsarelikely todevelop resistance toanew pesticidein fiveyears
or that disease resistance in a new maize hybrid is likely to break down in
a few years will affect the amount of money companies consider should be
spent on advertising these products.

The economic value of linksbetweenresearchand marketing isthat they
provide information which reduces the amount of research resources
wasted on developing products for which there is no market and the
amountof marketing resources wasted cn advertisingand transferring new
technology. The costs of linking research and marketing relate to the time
staff spend in informal linkage activities and the salaries and facilities for
staff engaged in formal linkage activities. In the case of agribusiness
companics which rely on other companies to provide market information
and tosell their products, the costs relate to the expenses incurred in buying
this information and educating the dealers or technology transfer agentsin
these other companies.

The research, development and production process. The two characteris-
tics of the R & D process which distinguish it from all other activities in an
agribusiness company are that it may take many years to complete and its
outcome is very uncertain. For this reason, companies periodically re-
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evaluate research projects to establish whether they are still technically and
commercially viable. The process of researching, developing and produc-
ing new technology can be divided into six stages (Booz et al., 1987):

Exploration: Searching for product ideas which meet the company’s ob-
jectives

Screening: Determining on the basis of a quick analysis which ideas are
pertinent and merit more detailed study

Businessanalysis: Expanding theidea intoa concrete business recommen-
dation, including product features and a production program

Development: Transforming theidea intoa demonstrable and producible
product

Testing: Conducting the necessary commercial experiments to verify ear-
lier business judgements

Commercialization: Launching the product in full-scale production and
sale, thus committing the company’s reputation and resources

As an idea for a new product moves from the exploration stage to the
commercialization stage, costs arc low at first and then rise rapidly. As
shown in Figure 2 (see overlezf), a very small share of the total cost of a new
product is spent at the screening and business analysis stages, while the
largest share is spent at the commercialization stage. This provides manag-
ers with the incentive to identify and eliminate doubtful product ideas as
early as possible; thus, most ideas are eliminated at the screening or
businessanalysisstage. A study of USagribusiness companies showed that,
on average: a firm reduces its product ideas from 60 to about seven at the
screening and business analysis stages; abouta third of theideas which then
go through the development, testing and commercialization stages are
cornmercial failures; and the time and money spent on the many ideas that
are eliminated in the early stages and on those which fail after introduction
account for about 70% of total cost (see Figure 3 overleaf).

At every stage of the process, marketing plays a key role in setting
priorities. In most companies, marketing personnel (along with scientists
and others) contribute ideasduring the exploration stage; they areinvolved
in eliminating ideas at the business analysis stage; they play the major role
in the testing stage; and they manage the commercialization stage.

Throughout this process, R & D personnel communicate technical know-
ledge about a new product to marketing and production personnel. If the
business analysis and testing are done internally, educating marketing
personnel about the product is well under way before the product reaches
the commercialization stage, at which point more marketing personnel
have to be educated about the product through literature and formal
training courses.
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Figure 2. Cumulative expenditure and time required to develop new products
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Thus, the two linkage functions — information to marketing and feed-
backtoscientists—are goingon throughout theresearch, developmentand
producticn process.

The activities which are related to these functions take place within the
company, or some of them may be contracted out to other companies. For
example, some of the small biotechnology companies in the USA hire con-
sultants to assess the market for their proposed product and they then
contract large pharmaceutical or food companies to commercialize the
product.

Three types of links are important:

Informal links: The norm in small organizations in which there is little
need for specialized divisions; research, marketing and technical
assistance personnel meet almost daily

Formallinks: Commonin large companies;examplesinclude the stralegic
planning departmentsof the training departments which characterize
such companies
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Figure 3. Mortality of new product Ideas
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Market links: Occur when R & Dand marketingare conducted by different
companies, and the service is provided for a fee

As one moves from informal links to formal links, and then to market
links, the expense and difficulty of linking researchand technology transfer
increase. Formal links are more expensive and communication more diffi-
cult than informal links because the specialization which gave rise to the
formal links is in itself expensive and it leads to status, institutional and
perhapseven geographicbasriers tocommunication. Market links are more
expensiveand diificult than linksestablished withinacompany because, in
addition to the problems of specialization, thereis the problem of protecting
proprietary information and this further restricts the flow of information.

The Booz, Allen and Hamilton model is applicable to small companies.
They may contract out for market information and commercialize their
products in joint ventures, but they can cut costs and increase the number
of successful innovations by involving in-house marketing personnel or by
contractingmarketsupportin theearly stages of R & D. If they donot dothis,
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they will spend more money on R & D, have fewer successful preducts and
be less competitive.

Private research in developing countries. Private agricultural R & D in
developing countries has grown rapidly in recent years. However, on the
basis of the limited amount of detailed data available, it is estimated thatin
most of these countries expenditure on private R & Drarely exceeds 10% of
the total national expenditure on research. In comparison, it is estimated
thatin the USA 66% (represen’ ng US$ 1.7-2.6 billior) of all research on food
and agriculture is conducted by private companies (Crosby, 1986).

The most detailed data available on private R & D in developing, coun-
tries derive from a survey in the mid-1980s of R & D companies in Asia
(Pray, 1985; Ruttan and Pray, 1987). Most large Asian agribusiness compa-
nies with formal R & D programs werecontacted (the survey did notinclude
research conducted by commodity groups, cooperatives, consulting firms
or foundations; during th: colonial period most of the research was carried
out by commodity groups, but since independence most of these groups
have been taken over by governments).

Asshownin Table 1, the data gathered during the survey were divided
into five categories of private research: sceds; pesticides; machinery; live-
stock; and processing and plantations. The first four are input industries.
Processingand plantations were placed in one category because most of the
processing industries that were conducting their own research also had
their own plantations. R & D by input industries makes up 60% of the
private R & Din Asia. Only in two countries, the Philippines and Malaysia,
doesthetotal expenditureon private research exceed 10% of public research
expenditure.

Private research in Latin America at least equals, or may even surpass,
the amount done in Asia. The input industries are particularly important
(de Obschatko and Pificiro, 1985; Echeverria, 1989). Most of the major
MNCs and some large local companies invest in R&D in Brazil, Argentina,
Mexico and Chile. In Central America ar.d northern South America <ome
plantations invest in R & D. Farmer cooperatives and commodity §;zoups
take a far more active role in R & D in Latin America than is the case with
their counterparts in Asia or Africa.

Much less private research is conducted in Africa than in Asia or Latin
America (Eicher, 1984; Hobbsand Taylor,1987).Ina few countries there are
private rescarch programs on oil palm, rubber and tea plantations. Private
rescarch on maize and sorghum plant breeding and, to a limited extent, on
pesticides is conducted in Egypt, Cote d'Ivoire, Kenya, Nigeria, the Sudan
and Zimbabwe.

In general, private research in developing countries tends to be applied
in nature. International seed companies develop new hybrids by crossing



Table 1. Private sector research expenditure in seven Asian countries, 1985 (US $1 000's)

India Philippines Thailand Indonesia Malaysia Pakistan Bangladesh Total

Seeds 833 1583 665 0 0 182 Less than 3 264
(8) (4) () 3 1000 (1)

Pesticldes 3500 1170 887 800 500 387 40 7284
(20) ® (5) (1 3) (5) (2

Machinery 6775 none none none ? none none 6775
()

Livestock 2275 500 1725 600 ? nonc none 5100
(3 (6) (2 @

Processing and Plantations 3324 1137 1034 600 10 000 234 50 16 379
(25) @ 3 (©) &) (2 (1

Total Private Research 16 707 4 390 4 311 2000 10 500 804 90 38802

Govt Agricultural R & D> 248 000 7 000 73 595 6 700 44 400 §6170 8 000

Private as % of Govt Research 7 63 5 3 24 1 1

Agricultural Value Added ($ billions) 59.7 8.7 5.6 211 66 6.6 6.7

Private as % of Agricultural GDP .03 .06 .05 .01 A7 .01 .01

* Number of firms in parentheses. ® These numbers are not consistent in their inclusion or exclusion of capital expenditures; the Philippines does not include

capital expanditures, but Pakistan does, and in some other cases itis unclear whether or not capital expenditures have been included.

Reprinted by permission from Ruttar and Pray, 1987, p. 415. Data sources: India, 1983—India, Department of Science and Techrology, Research and Development
Statistics, 1982-83, New Delhi, 1984, Philippines, 1984—Moises Sardidn unpublished statistics collected for UNDP study. Thailand, 1984—Rungruang Isarangkura,

1984—~Pakistan Agricultural Research Council, Natiorial Agricultural Research Plan, Islamabad, 1986. Bangladesh, 1985—personal communication with A. Kaul, Winrock
International.
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their clite lines with local germplasm. Local companies use the results of
public rescarch to develop hybrids. Multinational pesticide companies
screen new products for efficiency at their experiment stations located in
variousagro-climatic zones, including tropical and subtropical zones. Local
subsidiaries carry out the final ficld trials and the trials required for
registration. Mostagricultural machinery research takes the formof experi-
mentation by implement producers, who incorporate modifications sug-
gested by their own staff and by farmers.

Marketing in developing countries. The amount of money spent on
marketing varies between industries and between types of companies.
Much of this expenditure is not, in fact, related to transferring technology
oreducating farmers about new technologies butis simply product promo-
tion.

No data have been fourd on the amount spent overall by agribusiness
companies on marketing in developing countries. It is likely that this
amount is exceeded by the amount spent on public extension services, but
as countries become more developed the expenditure on public extension
will probably decrease while expenditure on private marketing will in-
crease (de Andrade Alves, 1984). In comparison, private marketing is
predominantin aeveloped countries, whereas publicextension isreiatively
limited.

Onthebasis of data gathered from Asianagricultural, chemical and seed
companices, it is estimated that inputindustries that conduct R & D in Asia
spend at least two or three times as much on marketing as they do on
rescarch. Inaddition, thereare a large number of companies that do little or
no research but have substantial marketing departments. The Indian seed
industry is an example: about 3% of sales of the main seed companies is
spent on research, whereas about 15% of the market price goes to the
distributor, of which 10% is supposed to be passed on to the dealers (Pray
et al., 1989). This 15% represents the main marketing cost of Indian seed
companies, but they also spend money onadvertising and on training their
distributors ard dealers.

Plantations, processing companies and cooperatives “market” the re-
sults of their rescarch primarily through their own technology transfer or
advisory services. They do not have the costs of advertising their new
products or management techniques, which reduces their total marketing
budget relative to input industries. However, in most cases, the amount
they spend on technology transfer probably exceeds that spent on research.
Processing firms such as cigarette companies have many more technology
transfer agents than rescarchers (although these agents are also buyers of
tobacco leaf from farmers). In Pray’s Asian survey, the only firms which
invested more in research than marketing were the Malaysian plantation
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companies; they spent about twice as much on research as they did on
advisory services.

Private marketing includes most of the techniques which are used by
public extension: farmers’ meetings; demonstration plots; short courses for
farmers, distributors and dealers; radio programs; and information bulle-
tins. There are also a number of actvities not commonly used by public
extension, such as advertising on television and radio and in newspapers
and magazir-es.

Theamount of technical information that companies provide with a par-
ticular input depends on at least two factors:

. the complexity of the input in terms of management and farmers’
safety (for example, more information is required on the safe and
effective use of pesticides than on new crop varieties)

. the structure of the market (for example, pesticide companies selling
their own product through their own distribution systeminvest more
inproviding technical services toensure its proper use than if they sell
it to the government for distribution through public extension serv-
ices; companies may also invest in advertising to maintain their
market share in a product if there are no property rights, such as
patents, or if a patent expires)

Links between Research, Marketing and Farmers

This section describes the informal, formal and market links in R & D
planning and the dissemination of research information in the private
sector, and then briefly outlincs regional differences in private research-
marketing links.

Research and development planning

Informal links. The seed companies in India, Guaterrala and Mexico
provide examples of the way informal links help determinc how much and
what type of researchis done. InIndia, until the early 1980s local companies
were engaged mainly in marketing hybrid seed produced by public re-
search. These companies are now investing in hybrid research because of
the profitability of a pearl millet hybrid and a fodder sorghum hybrid. It was
only when the marketing personnel were convinced of the profitability of
research than the companies started plant breeding. Marketing personcl
and rescarchers are in regular contact with each other, and thus no formal
linkage mechanisms are needed.

In contrast, the Mexican and Guatemalan maize seed industries were
started by companies with a heavy emphasis on rescarch. There seem to
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have been three well-defined phases in the development of research-
marketing links. In the first phase, marketing had little influence on research
priorities; most resources went into breeding and/or adapting hybrids
from elsewhere, while marketing simply tried to sell what the researchers
produced. In the second phase, marketing was concerned with the collec-
tion of basic data on seed prices and quantity and market share; there was
atwo-way flow of information between researchers and marketing person-
nel, with both groups playing an equally important role in marketing and
research planning decisions; and companies were still small enough to
allow the two groups to have daily contact with each other. In the third
phase, marketing had developed to the point where it sct the research
priorities, asking researchers to develop specific products to meet farmers’
needs in a particular region.

Inmany smallagricultural machinery shops, the “researcher” is actually
the owner, who is also in charge of production and marketing (Mikkelsen,
1984). He spends part of his time tinkering with the machines he produces
inorder toimprove them, often on the basis of suggestionsmadeby farmers,
and to find cheaper ways to produce them.

Formal links. In large companies, formal links take the form of strategic
planning programs and decision-making procedures that bring together
research and marketing. Major decisions on importantresearchissues (such
as whether, in the case of an agricultural chemical company, research
should concentrate on herbicides and fungicides and drop insecticide
rescarch) are made by top management, in conjunction with the strategic
planning department. Strategic planning groups usually include both
marketing personnel and technical scientists. In US-based MNCs, top
management consists mainly of non-scientists.

Formal planning procedures are also used to help top management of
agricultural chemical comparies decide on such as issues as what type of
biotechnology research to invest in. For example, once the US-based MNC
DuPont decided to invest in agricultural biotechnology, a DuPont team of
scientistsand marketing personnel surveyeda large rumber of agricultural
scientists and farming experts to assess which products they expected tobe
affected by biotechnology and when. In conjunction with advice given by
scientific and marketing experts, this information was then used to deter-
mine biotechnology priorities.

Multinational agricultural chemical companies decide which crops and
pests should be included for screening the biological efficacy of new
chemicalsby assessing the potential economicimportance of controlling the
pest. To do this, marketing personnel assess major markets by using public
data on market size, purchasing market information from outside the
company, and conducting surveys among relevant experts. Because the R
& D costs of producing new technologiesare so much greater than the costs
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of screening and business analysis, marketing personnel and information
play a key role in determining which products should be developed.

R & D projects undergo regular reviews to ensure that progress is being
made towards producing a technology that will be viable for the company.
For example, if in the R & D process it is discovered that a chemical is
effective only against insects, whereas the company is specializing in
herbicides and fungicides, development might be stopped and the chemi-
cal, if the company had patented it, might be licensed to another company.
If a herbicide is developed that is found to be effective against a weed that
is a problem only in a small area, further development work would
probably be stopped unless thegovernment provided subsidies to meet the
costs of the final development and government approval processes.

MNCs may have difficulty in overcoming distances and cultural differ-
ences between headquarters and subsidiaries. The top management ofa US
company, for example, decided incorrectly not tc commercialize a particu-
lar herbicide in Thailand because it considered that the market wasnotlarge
enough tojustify costs; thehead of thecompany’s Thai subsidiary, however,
was able to reverse this decision by using local funds and frequent commu-
nication with headquarters to prove that the demand was higher and the
commercialization costs lower than headquarters envisaged.

In many companies, before funds can be allocated for research on a new
product which accords with the general goals of the company, scientists
have first to convince production and marketing personncl that the out-
come has a good chance of being not only technically feasible but also
profitable. At Hindustan Lever in India, for example, various profit centers
in the company (such as animal feed, or plantations) decide what type of
rescarch they need, and then provide money to the central research facility
in Bombay to carry out that resecarch. Ongoing research programs are
reviewed at leastannually to establish whether they still serve the purposes
of the profit center and, if they do not, they are stopped.

Private companies are willing toinvestlarge amounts of money in formal
linkage mechanisms to ensure that they have the information necessary to
set research priorities. A good example which highlights the differences
between privateand public investment in this sphere concerns the Virginia
tobacco breeding programs in Bangladesh. One program is run by the
government, the other by the Bangladesh Tobacco Company (BTC). Both
entities are aware that smoking quality is the key factor in the profitability
of a new varicty. The BTC built a laboratory for testing the quality of its
varieties, incorporated thisinformationintoits plantbreeding programand
developed a high-quality varicty which is popular with farmers and ciga-
rette producers. The government, on the other hand, has notbuilta quality-
testing facility and continues to produce new varieties which have low leaf
quality, fetch low market prices and are rarely grown by farmers.
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Somc of thelargest companies have found waystoshorten the “distance”
betwceenresearchers, marketing personnel and farmers. At Pioneer Hi-Bred
inthe USA, the seed producer/distributorisa farmer himself. He feedsback
information directly to marketing or production personnel who, in turn,
pass this information on to rescarchers at regular meetings held between
marketing and rescarch personnel. Plant breeding stations are scattered
throughout the important maize-producing regions of the USA, and the
plant breeders at these stations, who are influenced by their close contact
with the farmers, work with the scientists at headquarters to set research
goals. In Latin America, this is taken one stage further in that in many cases
Pioneer’s plant breeders are farmers themselves.

Product development personnel from agricu!tural chemical companies
and private sector plant brecders regularly work with the marketing
personnelin their companies to conduct trials of new productson farmers’
ficlds. The companies then invite local farmers to field days at which the
farmersand plantbreedersdiscussdesirable improvementsin the varieties.
The farmers’ commentsare taken intoaccountin the conduct of subsequent
trials. This pattern of using both internal and external sources of informa-
tion is exemplified by the way Northrup King setsitsresearch priorities (see
Figure 4). Seedstock (inbred lines of hybrids and pure lines of varieties) is
produced on the company’s farms; the farm managers inform researchers
whetheran experimental variety is commercially producible;and commer-
cial seed is produced externally by contract farmers.

Market links. These links are more commen among smaller companies
than in larger concerns. New companies made up primarily of scientists
have to link R & D with marketing personnel by hiring marketing services
rather than building internal links in the company.

In the USA, the expansion of private R & D in biotechnology was led by
scientists from the privateor publicsector wnoinvested capitalinsettingup
small rescarch companies. The companiesreceived some guidance from the
investors, and to obtain the market information they required they hired
consulting firms. Many of these companies are now approaching the
comimercialization stage. Those that started vvitha strong marketing contin-
gent in top management seem to be doing better than the science-driven
companies whichdid nothavecloselinks with marketing attheearly stages
of product development.

Many companies, including both MNCs and small local firms, sell their
products through other companics. By doing this, they may lose access to
information on which to base revearch .nd development planning. For
example, Monsanto, which concentrates on product development and
manufacturing, sells its products in Southcast Asia through other compa-
nies. In the case of the Philippines, Monsanto products are sold through
Bayer; Monsanto has productdevelopment staff who work with Bayerand
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Figure 4. Research product feedback
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thus are in a position to provide feedback which would help set future
research priorities, butbecause Monsanto and Bayer are rival companiesin
many other parts of the world, there are limits as to how muchinformation
Bayer will pass on to Monstanto and vice versa.

Companiesin developing countriesoftenbuy information for usein their
R & D planning activities. They buj technical expertise by hiring scientists
from universities, government research programs and consulting firms as
consultants and, in countries where relatively sophisticated market re-
search firms exist, they may buy marketing information.

Dissemination of research information
Informal links. Insmall firmsin which the onlylinksare informal ones, the
dissemination of information about a new technology is inseparable from



214 Pray and Echeverria

the research process itself. In small agricultural machinery shops in the
Philippines and Thailand, for example, product and marketing personnel
spend some time on research, and thus no special communication links are
needed. Similarly, in smallseed or tobacco companies, thedealers, technical
advisors and purchasing agents conduct field trials; thus the only technical
information needed is on how to conduct the trials and record the results.

Ifafirmislarge enough to have some specialized personnel, information
may still be disseminated through informal links. When marketing or
technical services personnel in such companies face a technical problem,
they can go directly to the scientists to discuss it.

Formal links. Large input-supply companies have several formal mecha-
nisms for transferring research information to their productionand market-
ing personnel. These include regular meetings at which scientists report
their results to technicians and marketing personnel, and regular training
sessions, often held just before cach crop season, at which scientists explain
new technologies or farm management practices to marketing personnel.

Another type of formal research-marketing link used by many compa-
niesison-farmresearch and/or demonstrations. Seed companies’ regional
marketing personnel conduct trials of the hybrids in the final testing stages
onrented land or farmers’ fields, and in this process they acquire informa-
tion about the new technology. Scientists also work with distributors and
dealers to set up demonstration plots of proven new technology. Agricul-
tural chemical companies, processing companies and cooperatives use
experiments and demonstration plots to bring together researchers, mar-
keting personnel and technical advisers.

Companiesalsodisseminate research information throughinternal news-
letters and, in some cases, electronic-mail networks. For example, Cargill
has an electronic-mail network through which managers throughout the
world reportonimprovements they have madein their feed millsoron new,
less costly materials for producing feed. Cargill’s central research depart-
ment uses this network to disseminate information on its results and on
public research results around the world.

Many large companiesincorporate into their recruitmentand personnel
policies the recognition that personal communication may be the most
effective way of facilitating the dissemination of research information. One
way of encouraging this type of communication is to recruit marketing
personnel whosetechnical background and experienceissuch that they will
not feelintimidated by the scientists and will feel free toask them for ad vice.
Another strategy is to move, when possible, personnel between R & D,
technical advisory and marketing roles. MNCs constantly move scientists
and technicians between headquarters and subsidiaries in developing
countries. Scientistsfrom headquarters often visit the subsidiaries, carrying
the latest information from the central research department and bringing
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back information from the developing countries; likewise, scientists and
technical personnel from the subsidiaries visit headquarters to exchange
technical and marketing information.

Market links. When market links are the main channel through which
researchinformationisdisseminated, companies have to trainnotonly their
own marketing and technical personnel but also the personnel in the
companies to whom they sell new technology. Input companies in Asia
train thousands of dealers each year. In Bangladesh, for example, Ciba-
Geigy conducted a 3-day training course inbasicagriculture and the use of
pesticides for 2000 pesticide dealers in 1985.

Regional differences. In Latin America, the local private sector is less
actively involved than the MNCs in R & D and marketing. The production
of chemicals (herbicides and pesticides) is done almost entirely by MNCs.
However, a few local companies have played an important role in some
areas (wheat seed in Argentina, agricultural machincry in Argentina and
Brazil, rice and coffee in Colombia and cacao in Brazil).

Within Latin America there are regional variations in the links between
researchand marketing. Incountries with large markets, such as Argentina,
Brazil and Mexico, it is common to have foreign and local companies doing
both researchand marketing. Thereisless research in countries with smaller
markets, such as Bolivia, Ecuador, Paraguay and Uruguay, and the pre-
dominant research-marketing links are those between R & D headquarters
(regional, or in the USA or Europe) and local marketing subsidiaries; there
are also a few foreign and local companies in these countries which
specialize in marketing public research results.

Much of the private research effort in Asia is conducted by large local
companies, and thus there are more research-marketing links within local
companiesthanisthecaseinLatin America.In Africa, somecountries, such
as Cote d'Ivoire, have strong commodity organizationsinvolved inboth re-
search and marketing, as well as a few private input-supply companies
which are regulated by the government.

Relationship between the Private and Public Sectors
Links between Private and Public Research and Technology Transfer

Governments intervene in the provision of new technologies for several
reasons. Firstly, they act in response to market failure. When private firms
are unable to make a profit from investments in R & D and marketing, they
begin to underinvest in these activities; governments respond by investing
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in research or implementing policies that increase private sector incentives
toinvest. Secondly, they intervene to keep markets competitive and protect
local producers from foreign competition. Thirdly, they intervene to im-
proveincomedistribution in thecountry. Fourthly, they regulateindustries
through legislation designed to safeguard healthand protect the natural en-
vironment. In addition, governments may implement policies, such as
import barriers, which, although not specifically aimed at R & D and
technology transfer, do have an important impact on these activities.

The most important type of government involvement in the provision of
new technologies is publicsector research and extension. In Latin America,
research and technology transfer was dominated initially by public organi-
zations; this was followed by a period when private sector R & D and
marketing grew substantially, especially in agricultural chemicals and
machinery and improved seed varieties.

In Asia, private R & D and marketing started from a small base and has
grown .uite rapidly in recent years, but public research and extension
continues to be predominant. Thus links between public research and
private marketing are more common in Asia than in Latin Anerica. In
Africa, private R & D ard marketing is very limited; onlyin a few countries
has there been any growth in private sector involvement.

Public and private sector research links. The interaction between private
and public sector research usually takes place at the individual level. This
ismainly because scientists from both sectors have often studied at the same
university, the number of scientists working on a specific project is small,
and many private sector researchers worked initially in the public sector.

Inaddition to these informal channels of communication, there are some
formallinks, suchas publicationsin scholarly journals, professional society
meetings and meetings to set public research priorities. Cooperative re-
search projectsare also a form of linkage mechanism; for example, compa-
nies may providea new technology (in most cases, seeds or chemicals) to be
tested by public experiment stations, and the discussions of the results of
these tests provide a good opportunity for interaction.

Market links between public and private research consist of contract
research by public institutions and public sector scientists working in
private institutions as consultants. In India, several large agribusiness
companies contract researchers from university agricultural departments
or from management institutes. In Southeast Asia, many university scien-
tists work as consultants on private research projects. In Latin America,
government scientists often do part-time research for private companies.

Public and private sector technology transfer links. Informal links be-
tween public extension agents and private company marketing personnel
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are less common than in the case of public and private sector scientists.
Among thereasons for thisare differences in background, training, the size
of the region covered and the type of farmer with which each sector works.

In some countries there are formal arrangements for cooperation be-
tween the two groups. Private companies sometimes provide government
extension departments with training in the use of new inputs. Government
extension agents may arrange meetings between farmers and private
marketing personnel or technical advisors.

There are also some examples of market links between the two groups.
In several Southeast Asian countries it appears that some government ex-
tensionagents “moonlight” as salesmen or demonstrators for privateinput-
supply companies. There are alsoreportsthatin somedeveloping countries
distributors from private input-supply companies pay government exten-
sion agents to push their products.

Private sector transfer of publicsector technologies. Thereare many cases
in developed and developing countries where public research results are
transferred to farmers by private companies. Local companies whichdo not
have research programs depend on technologies developed by public
research; they market public research results and compete with larger
companies which have their own research programs.

Inmany developingcountries, publicrescarchimprovesgermplasmand
develops hybrids and other varieties which seed companies then commer-
cialize. In India, the flow of seed from the public to the private sector
involves using informal, formal and market links. An example of the use of
informal channelsis when companies receive seed samples from friends or
relatives who work in public research institutions. Companies also acquire
new varieties through formal channels; for example, coordinators attached
to the All India Crop Improvement Project (AICIP) may release seed to
private companies upon request; most Indian public research institutions,
as well as the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), provide breeder seed free of charge.

Seed companiesalso use marketlinks toacquire new varieties developed
by public research. A few universities in India and the Kasetsart University
in Thailand sell their maize inbreds to private companies. Companies also
buy foundation seed from the National Seed Corporation and the State Seed
Corporation in India. Local sced companies in Guatemala buy maize
foundation sced from the public research institute and pay a royalty for
basic seed developed by the institute.

Public sector transfer of private sector technologies. The transfer of
privately developed technology by public extension agents occurs when
these agents recommend and/or sell privately developed inputs. An ex-
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ample of formal private research-publicextension links can be found in the
US dairy industry, when public extension agents recommend a new milk-
ing parlour which will use privately developed milkingequipment; private
companies, such as Alfa-Lsval and Surge, set up demonstration farms
where they explain the advantages of the new equipment to the extension
agents. These companies may also provide equipinent to universities for
testing, and send information about their products to extension agencies.

Farmers frequently ask public extension agents for advice about inputs
which have been privately developed. When public extension is partof a
governmentcredit system, private sector inputsare usually included in the
credit and extension package.

Market links are found in the input distribution systems in many devel-
opingcountries. Fertilizers, seedsand pesticidesdeveloped by privatecom-
paniesareimported and/ or purchasedlocally by the governmentand then
recommended and sold to farmers by the extension agents.

Effect of public research and extension on private sector links. Private R
& D activities are influenced by public sector research in several ways.
Private sector scientists get new ideas and inputs from government scien-
tists when the two groups meet informally or formally, such as at confer-
ences. Theresults of projectsundertaken by the public sector to compare the
usefulness of similar technologies can help shape private research pro-
grams.

Theexistence of an effective government extension system caninfluence
researchand marketing, and thelinks between them, in private companies.
A company may change its research priorities to « ‘btain government ap-
proval; for example, a private research company in India may aim to
produce a variety which stands a chance of winning the AICIP yield trials,
although producing seed from this variety is not economically viable.
Companies will also formulate marketing strategies aimed at convincing
government scientists and extension agents about the effectiveness of their
products, and thus the information that flows between a company’s re-
search and marketing personnel will have more to do with what extension
wants, rather than what farmers need.

Government procurementof agricultural inputsaffects the typesoflinks
between private research and marketing, and the information flowing
throughtheselinks. If government purchasesaccount fora largeshareof the
market, private input companies have to devote some of their time to
predicting and influencing government demand rather than meeting the
needs of commercial farmers. Thus, instead of using technical marketing
personnel who are skilled in communicating with farmers, companies hire
people who have government connections and are able to communicate
effectively with government personnel.
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In some countries, government ministries or extension systems have en-
couraged the establishment of input industry associations or comrmercial
farmers’ organizations. Among the tasks which industry associations per-
formareeducating the publicabouttheuse of new inputsand gathering and
disseminating information, some of which is useful to individual compa-
niesin helping them determine their research priorities; thus, these associa-
tions perform some of the linkage activities which othierwise would have
been undertaken withinacompany, or notatall. For example, the Fertilizer
Association of India collects and publishes a considerable amount of
agricultural data, and has played an importantrole in popularizing the use
of fertilizers through setting up thousands of demonstrations throughout
the country.

Impact of Government Policies on Private Sector Links

The structure and efficiency of linksin the private sectorand between the
private and public sectors are affected by how much private research and
marketing government policies and regulations allow or encourage, their
effecton company decisionsas to whether touse informal, formal or market
links, and the manner in which regulations are executed by government
policy makers, scientistsand extensionagents. The policiesand regulations
which have most impact on private sector links are those concerned with:
governmentapproval of new technologies; importrestrictions; restrictions
on MNCs; property rights; price controls on new technology; and tax
incentives for R & D.

In Table 2 (see overleaf), an assessment of the impact of these measures is
givenincolumns2and 3.(For example, importrestrictions on acommercial
product which embodies new technology, such as a pesticide, would
protect local companies and might encourage them to conduct more re-
search -— hence, the plus sign in column 2; such protection would, at least
initially, have a negative effect on technology transfer in that the product
would notbeavailable tofarmers —hence, the minussignin column3.) The
role of public research in making or enforcing policies and regulations is
given in column 4. (Using the example of import restrictions, public sector
scientists do not have a majorimpact on policy but may be asked foradvice
on which imports are particularly important to the country’s agriculture.)

Government approval of new technologies. The regulation of new tech-
nologies can be seen as a linkage activity in that it determines which
technologies should pass from the R & D to the marketing stage. In several
countries, privately developed seed varieties must be approved by the
government before the company is allowed to sell the seed. Government
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Table 2. Impact of government policies and regulations on private research
and marketing

Policles and Regulations Impacton Impacton Public
Private Private Research
Research Marketing Role

Gowt approval of new technology

Seed certification required - - Run tests/approve

Registration of chemicals - - Runtests/approve
Import restrictions

Commercial products + - Advise

Ressearch inputs - - Advise
Restrictions ¢ MNCs

Research permission - - Advise

Foreign ownership - - None

Repatriation of profits - - None
Property rights

Patents + + Little

Plant variety protection + + Oppose
Price controls on new technology - - Advise
Tax incentives for research + Approve
Note: + positive impact; - negative Impact

field tests are conducted to ensure that a new variety is resistant to impor-
tant diseases and produces higher yields than other commercial varieties.
On thebasis of these tests, a government-appointed board decides whether
the new variety should be released; these boards usually include public
sector plant breeders, some of whom may have their own varieties in the
trials, and thus the decision may be a biased one. The process involved in
obtaining government approval of a new commercial variety may take
several years.

Cr.mpanies thatintroduce new pesticidesare required toshow thatthese
products are effective and meet certain toxicology and environmental
standards; these requirements are almost universal, but their enforcement
varies greatly from one country to another. Public institutions are called
upon to test the effectiveness of the productagainst pests, and government
scientists may be asked for their advice on whether or not the product
should be approved.
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The process of approving new technologiesbrings the publicand private
sectortogether during the testing stages, the formulation of new regulations
and the publication of results. This may lead to more informal contacts and
better communication between the sectors; in some cases, however, it may
reduce communication(forexample, where there isconflict of interest, oran
adversarial relationship develops between the two groups). If government
trials to test new technologies are well organized, they can influence the
direction of private research. By testing a new technology and then publi-
cizing the results, governments canencourage companies to competcon the
basis of the product itself, rather than on the basis of advertising.

Government regulations may also alter the links between private sector
R & D and marketing. For example, t¢: meet regulations concerning the
toxicology and environmental impact ot pesticides, more scientists may be
required; this prevents smali firms from entry into the industry. Such
regulations may alsoinfluence company decisionson the type of marketing
personnel torecruit,and may require thanmarketing personnel focusmuch
of their attention on working a product through the regulatory system.

Import restrictions. Governments in many developing countries impose
importrestrictions oninputs whichembody new technology. These restric-
tions range from a total ban on importation to the introduction of tariffs.
Some countries have limits on the levels of royalties that can be paid to
import new technology. The Philippines Board of Investment, for example,
tries to keep royalties below 2% of sales, while India limits royalties to less
than 1% of profits.

If import restrictions encourage local companies to undertake R & D,
rather than relying on foreign technology, this may strengthen links be-
tweenR & Dand marketing because the twoactivities would be taking place
in the same countries and thus there would be fewer cultural barriers to
communication. However, import restrictions may also have the effect of
reducing the opportunitics for local applied rescarch to adapt foreign
technology, thus providing little incentive for local R & D and having a
negative effect on links between R & D and marketing,.

Restrictions on MNCs. These restrictions are almost universal. Many
countries allow MNCs to operate in the country only if they establish joint
ventures with local companies; some countries require majority local
ownership of such ventures, or even as much as 60% local ownership. In
some cases, certain industries are reserved completely for local ownership.
There may also be restrictions on the amount or percentage of profits that
can be repatriated by MNCs.

In order to operate within the constraints imposed by such restrictions,
the links between R & D and marketing withina particular MNC may have



222 Prayand Echeverria

tobereplaced by market links between the company’s R & D section and the
local partner or distributor.

Property rights. The property rights to new technologies are strengthened
through patents. Some developing countries have patentregulationsbutdo
nothave thejudicial oradministrative machinery toenforce them. Inseveral
cases, new agricultural technology is specifically excluded hom patent
regulations Legislation on plant variety protection, which is a property
right similar to patents, exists in both the USA and Europe but, in the
developing world, is found only in Argentina and Chile.

Patents arc a formal linkage mechanism between R & D and marketing
in that they require the disclosure of a new technology to the public. Once
anew technology is made public, other companies may attempt to produce
asimilar product, thus increasing competition within the industry. Patents
also provide the basis for market links between companies that develop
new technologies and those that want to market these technologies. In the
absence of patents, companies protect their new technology through trade
secrets, which restricts the flow of technological information and may
reduce their incentive to license the technology widely.

Price controls. Many developing countries impose price controls on agri-
culturalinputsand outputs. Theseregulationsreduce orincrease the profits
that companies engaged in R & D and marketing can expect to make, and
thus influence the amount of R & D and marketing being undertaken in a
particular country.

Tax incentives. Some developing countries have tax incentives to encour-
age R & D (for example, writing off rescarch costs for corporate taxes, or
reduced import duties on machinery or chemicals required for R & D). Tax
incentives in India and the Philippines have induced some coimnpanies to
organize their research activities into separate research institutions; this
may create an additional barrier between researchers ..ad marketing per-
sonnel, and thus reduce the cffectiveness of the company’s research and
marketing activities.

Summary and Conclusions

The private sector is playing an increasingly important role in agricul-
tural research and technology transfer in developing countries and, in
general, spends more money on linking the two activities than is the case in
the public sector. To further benefit farmers in developing countries, gov-
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ernments should not only implement policies that improve private sector
links but should also draw on the lessons provided by the private sector to
improve public sector links.

Policies to Improve Private Sector Links

Government policies should aim atensuring that public sector research,
extension and input-supply complemen! the role being played by the
private sector. As discussed earlicr, government policies and regulations
influence not only the amount of private R & D and marketing being
undertaken in a country but also the nature of the links, and the type of
people who operate them, within the private sectorand between the private
and public sectors. In the case of some of these policies and regulations, it
isdifficulttoascertain v. hat changes in them would lead toimproved links.
However, there are certain arcas where changes could have a positive
impact on links.

Unbiased and well-publicized government trials of privately developed
inputs (whichare relevant to farmers’ needs) would encourage competition
onthebasis of technology rather than of ad vertising. Release of information
from these trials would also accelerate the diffusion of new technology.
Government extension recommendations and procurement policies based
on such trials would encourage the private sector to set research priorities
that reflect farmers’ needs.

Extension could play a role in training dealers in basic agriculture, the
potential of various inputs and management practices, and the safe hand-
ling of agricultural chemicals. It could also encourage the development of
industrial associations which would improve communication within pri-
vate companies and between these companies and their clients.

The existence of well-defined property rights to new technology would
have a positive effect on links in so far as it would encourage more transfer
of knowledge by developers of new products. Insome cases, if adeveloping
country reduced the restrictions on MNCs and on technological imports,
this would improve links with other countries (both developing and devel-
oped) which are involved in producing technologies which are important
to that country.

Another arca of governmentactivity which can play animportantrolein
improving private sector links is in the provision of agricultural education
facilities atlocal universitiesand technical colleges. If marketing personnel
reccived better technical training, for example, they would assimilate
specific technical knowledge more rapidly and with less input from the
company, as well as beirg better equipped to communicate with scientists
and to assess farmers’ needs.
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Lessons for Public Sector Links

Private companies are more efficient than public institutions in develop-
ing new products primarily because their marketing personnel play a
greater role than their public sector counterparts in decisions as to what R
& D projects should be funded and when they should be terminated. For
example, most successful Indian seed companies werestarted by marketing
personne’and continue tobe controlled by them. In multinational chemical
companies, marketing personnel are involved both in strategic planning to
set the overall research priorities and in the decisions as to whether or not
to end research projects.

All this is in contrast to the procedures which charaucterize public sector
links. Here, decisions on research priorities are usually made against the
background of little information on the potential market for research
output. The result is that many projects continue through inertia to termi-
nate themand/or develop products whichareirrelevant to farmers’ needs.

The Booz, Allen and Hamilton model su ggests that efficient companies
make a substantial investment in gathering and using marketing informa-
tion in the early stages of the R & D process. Data gathered from a number
of successful companies in developing countries, including BTC, Hindus-
tan Lever Ltd and Mexican and Indian seed companies, indicate that they
follow this model. Public research programs, on the other hand, rarclyhave
the expertise to make effective use of market information in planning and
managing the rescarch process.

Most publicagricultural research systems could increase their efficiency
by investing more in social science research to assist in research planning
and by improving the links between extension, government social scientists
and private sector marketing personnel during the carly stages of the
rescarch process. Extension agents, for example, usually have little “veto
power” indecisions regarding the nature and duration of research projects.

Increased public sector efficiency would result in a reduction in the
number of improved animal or crop varieties that farmers do notuse and in
the number of farm management recommendations that farmers do not
adopt. However, bearing in mind the fact that a large proportion of
privately developed technologies are not commercially successful (for
example, 33% of new products developed and marketed by the private
sector in the USA fail after they have beenintroduced into the market), even
the most efficient public sector research programs will still produce some
results that have little impact.

There area number of measures which could be adopted to improve the
flow of information within the public sector about new technology. If
extensionagents wereinvolved inevaluating research projects, they would
learn about the characteristicsof a new technology as it progressed through
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the screeningand field testing stages; this information could then be passed
on to other extension agents. Another measure would be to include re-
searchers in extension teams engaged in popularizing major new technolo-
gies, suchasa high-yielding hybrid seed or a new fertilizer. Toimprove the
flow of information in both directions, governments can increase the
amount of personal contact between researchers and extension agents and
dismantle as many status and institutional barriers as possible; in some of
the larger public agricultural research systems, personnel could be rotated
between research and extension.

Private companies have profitas their goal, and scientistsand marketing
personnel arerewarded withanincrease insalaries when they contributeto
ans increage in profits. Communication between rescarch and extension in
the public sector would improve if the two activitics had a common goal
and an institutional structure that rewarded contributions towards that
goal. Too often, public research and extension are separated into different
institutions with differentgoais; researchers wantto advancescience, while
extension agents want to spread technology. Inaddition, unlike the private
sector, the cost of unsuccessful attempts tocommercializea new technology
isborne by extension or public input-supply companies; rescarchers donot
suffer any immediate consequences from developing technology which is
not accepted by farmers.

The flow of technical information within the public sector may also
benefit from more investment in modern communication devices, such as
computers and electronic communications networks, and in training per-
sonnel touse these deviceseffectively. This would be particularly beneficial
in large countries where public sector personnel are widely dispersed
throughout the country. Inmany developing countries, large companiesare
making far more effective use of modern communication systems than
public sector institutions.
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A Conceptual Framework for
Studying the Links between
Agricultural Research and Technology
Transfer in Developing Countries

David Kaimowitz, Monteze Snyder and Paul Engel

Many studies and program evaluations have identified weaknesses in the
links between institutions responsible for agricultutal research and those
concerned with transferring technology to farmersasa major obstacle tothe
developmentand application of beneficial new technologiesin developing
countries (World Bank, 1985). In response to this, the leaders of these
institutions, as well as those who fund and oversee them, have attempted
toidentify policies and organizational structures that would strengthen the
relationship between research and technology transfer.

A number of models have been put forward as possible solutions.
Among the most prominentare the US Land Grant model, which combines
research, extension and education in one institution; the Training and Visit
system (T and V), which involves subject-matter specialists and regular
training of extension workers; and farming systems research (FSR), which
emphasizes the role of constraint diagnosis and on-farm trials. Other sug-
gestions include setting up joint committees of various sorts and establish-
ing or strengthening agricultural information departments.

Experience has shown, however, that itis impossible tocome up with a
set of general recommendations which would be appropriate inall circum-
stances. Solutions which work well in one context perform poorly in others.
Whilesome characteristicsare common to all situations where technologies
are successfully developed and delivered, these tend to be of a general
nature; the specific mechanisms for maintaining the links between research
and technology transfer vary considerably from one situation to another.
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However, when asked foradvice on how to improve thelinks, weshould
be in a position to say something more than “it depends on the circum-
stances.” This paper presentsaconceptual framework and aset of hypothe-
ses which may enable us to ofier more meaningful advice once our study
has been completed. It does not attempt to prescribe solutions to the prob-
lemsoflinking research with technology transfer, althou ghwehave fleshed
out our conceptual framework with relevant observations wherever we
hav.: felt able to do so at this stage in our study.

In particular, the paper addresses four basic questions:

+ What linkage mechanisms exist and what are their characteristics?

+ What contextual factors influence which linkage mechanisms are
appropriate to use and how?

+ Which of these contextual factors can be controlled or influenced by
policy makers and leaders of researchand technology transfer institu-
tions?

- Whatlimitations do contextual factorsimpose upon the useof linkage
mechanisms?

The term “linkage mechanisms” refers to the specific organizational
procedures used to maintain research-technology transfer links. “Contex-
tual factors” includes all the factors that affect the use and relevance of
linkage mechanisms. Somecontextual factorsareinternal in that theycanbe
controlled orinfluenced by theleaders of the institutions; othersare external
and areinfluenced by theinstitutions’ broader physical, political and socio-
economic environment (Merrill-Sands and McAllistair, 1988).

Contextual factors can be divided into political, technical and organiza-
tional factors (Lane et al., 1981). “Political” does not refer here to party
politics or broad government policies but to institutional politics and the
interest groups which play a role in them; among these groups are those
which are internal (such as research and technology transfer personnel),
those which are external (such as national policy makers, foreign agencies
and private companies) and those whose involvement can be both internal
and external (such as farmers). We need to know what role these groups
play in the creation of values, rewards and sanctions which inhibit or
facilitate collaboration between research and technology transfer institu-
tions.

The technical factors are the activities and methods which are associated
specifically with thedevelopmentand transfer of different typesof agricul-
tural technology to different environments and target groups. The organ-
izational factors include the division of tasks, resources and au thority
between differentorganizationsand individuals,and the internal manage-
ment and informal dynamics of each organization and its components.
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In some situations, the research-technology transfer relationship is not
the critical constraint. such that manipulating linkage mechanisms and the
contextual factorsthat condition them would makelittle difference. Changes
in other areas must come first. In those situations where the relationship is
critical, the linkage mechanisms and contextual factors which can be ma-
nipulated and those which are fixed may vary in each situation. Manage-
ment must, in each case, identify the factors that can be controlled, deter-
mine the options available, and make hard decisions.

This framework and the overall study of which it forms a part are
intended to provide a road map for that process. It should help leaders of
researchsystems find out what pathsexistand where they lead. The specific
routes to guaranteed improved performanceof research systemsarenot yet
known, butthis paper gives some indicationsas to their general direction.

The paper opens with an elaboration of the key concepts of the frame-
work, and then discusses the criteria for evaluating performance. This is
followed by analyses of the political, technical and organizational factors
which affect linkage mechanisms in the development and transfer of agri-
cultural technology.

Key Concepts
Research and Technology Transfer

The terms “research” and “technology transfer” have both functional
and institutional meanings. The functional meaning relates to the tasks
involved in the development and delivery of new technology. The institu-
tional meaning relates to the institutions and personnel responsible for
carrying out this process. Throughout this paper we have used these terms
in both senses, as is common practice; it will be evident from the context in
which the terms appear which usage is being referred to.

The main tasks of research are:

« discovery
. exploratory development
- technology consolidation

Discovery is the process of collecting information and/or searching for
relationships between variables, the specific usefulness of which is as yet
undetermined. This process is often also referred to as “basic research”.

Exploratory development is concerned with the identification, under-
standing and control of the interaction betweena proposed technology and
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the physical, economicand/orsocial environmentin which this technology
will ultimately be used. This process is often labelled “applied research”.

Technology consolidation is the process of translating the results of basic
and applied research into specificationsfor a new technology and ensuring
that these specifications suit the type of farmers for whom the technology
isintended. Thisinvolves some adaptiveresearch, but italsoincludesall the
work carried out to determine how to present and package a new technol-
ogy and to identify exactly who might be interested in using it.

The main tasks of technoiogy transfer are:

« technology production
+ delivery of technologies to farmers
» monitoring and evaluating the use of technologies

Technology production is the process of producing the materials (physi-
cal inputs and/or information) in sufficient quantity and of making these
materials available to those responsible for technology delivery.

Technology delivery is the process in which the technology is promoted
and distributed to farmers. In most instances, agricultural technology is de-
livered through many channelsand over varyinglengths of time; asaresult,
what the farmers receive is often incomplete and con tradictory.

Monitoringand evaluating the use of technologiesinvolves ascertaining
whether farmers have acquired the new technology, assessing the extent to
which they adopt, adapt or rejectit, and identifying the reasons underlying
their response to it.

Implicit in the tasks outlined above is the assumption that they occur in
a logical sequence; indeed, common sense and much of the available
literature support this assumption (McDermott, 1987). In practice, how-
ever, many of these tasks may be performed simultaneously. Work may
begin withexploratory developmentratherthan discovery,ornew research
may be carried outona technology already in the process of consolidation,

A variety of institutions and personnel play a part in carrying out
research and technology transfer tasks. Itisalso important tonote thatmany
research institutions and personnel maybeinvolvedin producing, deliver-
ing and evaluating new technologies, while many technology transfer
institutions and personnel may be active in discovering, developing and
consolidating new technologies.

Technology Transfer or Extension?

We have used “technology transfer”, rather than the more familiar term
“extension”, throughout this paper, apart from a few contexts in which
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national extension services are specifically discussed. The reasons for this
decision are:

1. It is important to include the role of inputs and services in the
discussion of technology development and delivery. This broader
view is captured by the term “technology transfer”, whereas “exten-
sion” implies a more limited focus on education/information.

2. Some activities associated with “extension”, such asinformal educa-
tion in nutrition and health, are not within the scope of this paper.

3.“Extension” is now usually associated with conventiona! public sector
extension services. “Technology transfer”, however, can be applied
not only to these services but also to those provided by many other
institutions or organizations, such as private firms, parastatals, non-
governmental organizations, formal educational institutions and
producers’ associations.

In this paper, “technology transfer” is not restricted to meaning a one-
way flow of materialsand infcrmation from those whodevelop and deliver
the new technology (usually professional and paraprofessional personnel)
to those who useit(the farmers, whoare often mistakenly assumed tobeless
knowledgeable than the first group). “Technology transfer” implies a two-
way flow of technical information between these groups. Materials and in-
formation are never simiply “transferred” to the farmers; they are adapted
and assimilated. Farmers do not only receive materials and information;
they also provide information, both to other farmers and to those who are
responsible for delivering materials and information.

Institutional Agricultural Technology Systems

Anagricultural technology system (ATS) consists of all the individuals,
groups, organizations and institutions engaged in developing and deliver-
ing new or existing technology. This definition is somewhat different from
that of R6ling (1988) and others, in that we make no assumption that the
differentinstitutionsin the system work together orin a compatiblefashion,
nor are we using the word “system” in the dynamic sense commonly found
elsewhere in the literature. ATS participants may nonetheless be linked in
terms of their geographical focus or in terms of their focus on a particular
commodity, or both (Engel, 1988). “New technology” refers not only to
technology that has been recently developed but also to older technology
which is being introduced to a new area or a new group of users.
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In many ATS, some sources of information, knowledge, physical inputs
and services may be entirely unconnected with any formal institution, but
this featureis not within the scope of this paper. Weare concerned here only
with those parts of an ATS in which a set of formal institutions or units is
involved;todenote this, wehave used the phrase “institutional agricultural
technology system(s)” (IATS) in this paper.

Inorder tocarry outtheir various researchand technology transfer tasks,
IATS engage in a number of basic activities. These activities can be catego-
rized into:

+ thoseconcerned with problemidentificationand with theacquisition,
transformation, storage, retrieval, dissemination and use of know-
ledge

+ those concerned with the production of material goods, including
conceptualization, design, prototype production, testing, multiplica-
tion, packaging and distribution

- thoseconcerned with the management of and administrative support
for the above activities

In all three categories, there are various types of skills involved; these
range from specific technical and socio-economic skills to more general
managerial, communicationsand participation skills. This variety of skills,
combined with the fact that most IATS encompass many different client
groups, agro-ecological and administrative regions, products, approaches
and disciplinary fields of interest, makes even the smallest IATS quite
complex.

Links and Linkage Mechanisms

As indicated above, “research” and “technology transfer” have both a
functional and an institutional meaning. Thus, the links between them may
be discussed from two points of view: they may be seen as functional links,
which relate to research and technology transfer activities; or as institu-
tional links, which relate to the institutions and personnel that carry out
theseactivitics. Inthe former case weare thinking of links asactivities which
aim toforma bridge betwcen research and technology transfer. In thelatter,
we are discussing the exchange of resources (such as information, money,
labor and materials) between institutions and personnel. In this paper, the
general term “link” is usually used, since both viewpoints are normally in-
cluded in the discussion. However, there are a few contexts in which we
specify our viewpoint by using the terms “functional links” and “institu-
lionai links”.
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The organizational procedures used to establish, maintain or improve
links are termed “linkage mechanisms”. These mechanisms can be charac-
terized according to the following attributes:

« whether they are formal or informal, regular or ad hoc, mandated or
voluntary, permanent or temporary

. whether they are facilitative mechanisms (that is, they provide re-
sources) or control mechanisms (that is, they determine how resources
shculd be used) (Leonard, 1982a)

« the amount and type of resources exchanged

« the administrative level at which they operate

. whether they focus on programming activities or are concerned with
implementation or evaluation

+ the numbers of individuals involved

A scale can be created going from the least to the most demanding types
of linkage mechanisms. Mechanisms for facilitating the exchange of infor-
mation would be at the lower end of this scale; those for implementing joint
activities would be at the higher end; and those for the joint planning of
independently implemented activities would lie somewhere in between.

Formal and informal links. The degree to which a link is formal refers to
whether or not it is given official sanction (Snyder, 1988). In theory, formal
linkage mechanisms follow officially specified patterns, whereas informal
ones do not, being built on personal relations. In practice, the distinction
between the two is less clear cut: most formal interactions have informal
aspects, and vice versa.

Formal linkage mechanisms mentioned in the literature include: com-
mittees, task forces, liaison units and officers, agricultural communications
units, pre-extension units, subject-matter specialists, joint activities, con-
tracting research by development agencies, farming systems programs,
publications, presentations and demonstrations, staff exchanges, inter-
agency agreements, service provision, matrix management, joint plans,
shared supervisors, policy mandates, and meetings.

Informal mechanisms consist of the exchange of resources and informa-
tion without official sanction or through personal contacts. Communica-
tions studies have found that people who maintain personal contacts
outside their unit play a key role in inter-unit communication.

Just because a mechanism is informal does not mean it cannot be
managed. Management can either foster or hinder the establishment of
informal links. This can be done by changing the physical proximity of
groups, promoting joint social activities, encouraging staff rotations, pub-
licly sanctioning informal contacts, placing people in certain positions on
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the basis of their compatibility and previous personal ties, and a number of
other measures.

Institutionalization refers to the degree to which a pattern becomes
routine and follows set rules. For the most part, institutionalized mecha-
nisms are more permanent and formalized, ad hoc mechanisms more
temporary. Ad hoc and temporary mechanisms, such as tack forces, have
the advantage of being designed to meet a specific objective. Their extraor-
dinary nature can create a sense of urgercy. Institutionalized mechanisms
permit the development of mutual expectations and can be improved over
time. Although there are important exceptions, recurrent problems lend
themselves more to formal approaches.

Criteria for Evaluating Links

Any discussion on improving the relationship between research and
technology transfer requires some idea of what constitutes a good relation-
ship. We have established five criteria for evaluating the links which form
the basis of this relationship:

+ IATSintegration

- availability of new technologies

« relevance of new technologies

+ responsivenessof new technologies toneedsof resource-poor farmers
« institutional sustainability

These criteria will enable us to study links from a purely analytical and
objective standpoint. Although only one criterion, integration, refers to the
links themselves, high performance on the others provides indirect evi-
dence of effective links.

The criteria chosen hereare not necessarily those which are used in IATS
to evaluate links, for such criteria often contain a more subjective element
in that they reflect not only the official goals of an institution but also the
goals of the individuals within it. This is an important point, because too
often people who evaluate IATS assume that the individual goals are the
same as the official goals; in reality, however, each individual has his/her
own set of persnnal, institutional, social welfareand /or political goals over
and above the official goals. These individual goals may be both rational
and legitimate, and they should be taken into consideration when seeking
to understand the behavior of aninstitution and the staff within it, but they
donot providea basis upon which to evaluate the efficiency and effective-
ness of an IATS.
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AIIATS will perform better with regard to some criteria than to others.
Although wehaveused several criteria, noattempt hasbeen made to weight
them; each one is regarded as just as important as the others and must be
examined independently. Neither has any attempt been made to produce
an overall success indicator. Instead, the criteria are best used simply as a
checklist. Policy makers and managers may {ind there are trade-offsin their
achievements.

The criteria are defined here; a brief note is added on the impact of new
technologies on welfare. We will then examine how political, technical and
organizational factors affect the performance of IATS in relation to these
criteria.

Definition of the Criteria

IATS integration. The idea that a high level of coordination, collaboration
and communication within an IATS is a prerequisite for high system
performance constitutes our first criterion, integration. Thelevel of integra-
tionisgauged according to theamount of resources exchanged between the
parts of an IATS and the importance that each part attaches to these
resources.

IATS which regularly make available relevant new technologies exhibit high
levels of integration between research and technology transfer.

However, it must be pointed out that the existence of a high level of
integrationinanIATS isnota guarantee that relevant new agricultural tech-
nologies will regularly be made available, because there are other condi-
tions that mustalso be met. There is little value in coordination, collabora-
tion and communication for their own sake. Similarly, although alow level
of integration will contribute to the failure of an IATS toregularly make new
technologies available, it need not necessarily be the only reason for this
failure.

Highlevelsof integration do not necessarily imply the absence of conflict
between researchers and technology transfer workers. And where conflict
exists, itmay makea more positive contribution to the research- technology
transfer links than is often thought; it can prevent stagnation, highlight
important issues which might otherwise be overlooked, stimulate both
groups to work harder, foster creativity and provide a forum for problem
solving (Arnold and Feldman, 1986). High levels of integration are best
achieved by effectively managing conflicts, not trying to suppress them.

Anotherimportantaspectofintegrationis efficiency. Integration is costly
in terms of time, money and other resources and generally involves a
reductionin autonomy. Someintegrationis necessary, butbeyond a certain
point devoting additional resources to integration in preference to other
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Figure 1. The relationshlips between the performance
evaluatlon criteria

Technology development
and delivery process
(Integration)
Efficiency*

(Availability)

Improved new technologies > Continued performance over time
delivered (Institutional Sustainability)

Appropriateness of technologies
delivered in general
(Relevance) for resource-poor
(Responsiveness)

Y

Impact*
Increased productivity
income/stability/equity

Note: * not explicitly covered In this paper

Source: Adapted from Engel, 1988b

activities will be counterproductive. On purely theoretical grounds, effi-
ciency isimportantenough tobeincluded asa separate criterion. In practice,
however, it is difficult to assess.

Availability of new technologies. The term “availability” is used to cover
the process in which a new technology is invented, technology transfer
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workers and producers are made aware of it, and producers are provided
with access to the inputs and services necessary to use the new technology.
The degree of availability depends on how much technology is produced,
how effectively it is promoted and how reliable and convenient the inputs
and services needed by the producers are.

Relevance of new techriologies. A new technology isrelevant toa group of
farmers if it responds to their needs. The best way to assess the relevance of
a technology that is widely available is to look at the extent of its adoption.
There arc a number of variables which determine the extent of adoptior,
including the profitability and social acceptability of the technology, its
importance to producers’ systems of production, and whether or not it was
developed in response to a clearly articulatec demand from producers or
technology transfer workers.

Responsiveness of new technologies to the needs of resource-poor farm-
ers. This is exactly the same criterion as relevance, only it refers to whether
the technologies are relevant for resource-poor producers as opposed to
other types of producers. It has been included because there is strong
evidence that the linkage mechanisms required to serve high-resource
farmersmay be significantly differentand, generally, casicertodevelop than
those needed to serve their poorer counterparts.

Institutional sustainability. IATS which seem quite successful according
toan evaluation carried out over a particular period may seem less success-
fulinancvaluation carried outatalater date. Thusanimportantcvaluation
criterion is the ability of an institution to sustain its performance. Because
of the sustainability issue and the fact that technology development and
delivery is a slow and often discontinuous process which may take years
before coming to fruition, performance should beassessed only overalong
period.

Impact of New Technology on Welfare

None of the criteria which have beenoutlined above relates specifically
to the iinpact of IATS on the welfare of producers and consumers.

The first criterion, integration, deals only with the system’s efforts, not
with the results of those efforts. Availability focuses on the ability to
produce and deliver outputs, not on the impact those outputs may have
(Snyder, 1988). Sustainability deals with the performance of institutions,
not with theimpact that that performance has on producers. Only relevance
and responsiveness to the needs of resource-pcor producers are in some
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sense connected toimpact in that producers would be unlikely toadopt new
agricultural technologies which adversely affected their welfare.

Theimpact of new technology on welfare could be examined on the basis
of such aspects as increased farm income, reduced risk, resource conserva-
tion, improved health, better security and overall economic growth. How-
ever, because so many variables affect these aspects, itis almost impossible
toestablisha direct correlation between research-technology transfer links
and the impact of new technology on welfare.

Political Factors

The political factors which influence research-technology transfer links
can be divided broadly into:

» those which determine the external and internal pressures on institu-
tionsand personnel withinIATS toachieve high levelsof peiformance

« those which determine the quantity and quality of the resources
within IATS

Withregard tothe firstgroup, imposing goals oninstitutionsand person-
nel within IATS and providing them witii the resources needed to meet
these goals would havelittleeffect unless they had the desire toachieve such
goals; thatdesire depends largely on whatincentivesare provided. Regard-
ing the second group, many political factors come into play in determining
whether or not IATS have adequate resources to fulfil their mandates.

In essence, then, without adequate resources and the desire to use them
cffectively, no mechanism created to improve links is likely to produce
satisfactory results.

Political Pressures

In the absence of positive external pressure from national pol icy makers, foreign
agencies, farmers or the private sector, the dynamics of an institution tend to be
dictated by internal processes, resulting in povr performance.

This kypothesisisborne out by the situation found in many low-income
countries and is the result of historical factors and current political and
social structures (Sims and Leonard, 1989).

The historical legacy. In most low-income countries there is a marked
difference between the historical legacy of the commercial agricultural
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sector and that of the subsistence sector. In the case of the former, foreign
settlers and indigenous landed clites had closc and generally direct contact
with rescarchers. Researchers endeavored to meet commercial farmers’
needs for several reasons: they felt obliged to do so; they had a relatively
small group to deal with; and they nad similar backgrounds to the farmers
and therefore could communicate relatively easily.

Responsiveness to the needs of the subsistence sector, however, was
poor. Little or no technology was produced specifically for this sector, and
where extension services existed they often focused on non-technological
activities. Research-technology transfer links were characterized by a great
difference in status between rescarchers and technology transfer workers
and between thelatterand farmers. Information flowed only one way, from
the researchers “down” to the farmers. Responsiveness to the needs of
resource-poor farmers would often increase significantly in times of famine
and other similar crises, only to decrease again once the crisis was over.

Thus, in terms of the criteria defined above, the commercial sector
benefited from substantial technology availability and relevance, as wellas
frominstitutional sustainability; there was integration ina sense, but much
of it was directly between researchers and producers. For the subsistence
sector, however, IATS performed poorly in relation to all the criteria.

Current political and social structure. Where exiernal pressures on JATS
have not intervened to change the historical pattern, it has persisted or, in
some cases, degenerated to the point where the attempts being made to
meet the needs of either the commercial or the subsistence sector meet with
little success.

In many cases, the IATS in low-income countries face little external
pressure to improve the links between research and technology transfer
other than that applied by foreign donors. For political rcasons, govern-
ments are reluctant to allow farmers’ organizations to be formed or to
become too powerful. Usually, the only types of organizations which are
found among resource-poor farmers are informal networks of the patron-
client type; stronger members take on the rolc of patrons, while the rest of
the members assume the role of clients. The members of these networks
exchange goods and services, with most of the benefit accruing to the
patrons. They may takeadvantage of the credit, inputs or services whichare
offered by IATS but they rarely exert pressure on the IATS to produce new
technologies.

The dominance of patron-client politics in low-income countries has a
twofold effect on research-technology transfer links:

. technology transfer services come under pressure to provide more
than just advice and are pushed towards concentrating on activities
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likely to make them less integrated with research; for example, they
offer credit and inputs rather than information, or concentrate on
servicing the nceds of the patrons, who may have some political
power, rather than those of the clients, who have none

research institutions tend to become oriented towards the rest of the
scientific community or towards their hierarchical superiors, which
results in the tendency among researchers to prefer to do on-station
rather than on-farm work, to concentrate on export crops and to live
in urban arcas where they can interact with people of similar back-
grounds rather than in remote areas where they would have more
interaction with resource-poor farmers

In essence, the lack of external pressures may result in institutions and
personnel becoming motivated more by theirown social and political needs
than by the needs of resource-poor farmers. Many of these institutions
suffer fromiack of funding, and this further reduces theleveland quality of
the work done by their personnel.

Effects of external pressures. As implied in the hypothesis, good institu-
tional performancerequires positiveexternal pressures on [ATS by national
policy makers, foreign donors, farmersand the private sector. The nature of
these pressures is described here; this is followed by an outline of how
external pressure may, in some cases, ad versely affect research-technology
transfer links,

National policy makers. Geerally, national policy makersintervene force-
fully in technologyissues only inexceptional circumstances, such asdisease
outbreaks, major crop shortfalls, rapidly rising food imports, rural unrest,
a highly publicized international breakthrough in technology or a radical
changeingovernment. Atsuchtimes, they willexert pressureon IATS to cut
through red tape and bottlenecks to prociuce quick results; new resources
are brought in, objectives are clarified and there is an overall, albeit often
short-term, dramatic improvement in performance. More consistent pres-
suresare exerted by national policy makers usually only in those countries
where one or a few crops play a dominant role in society, as in the case of
rice in Asia or sugar in the Caribbean.

Foreign dongrs. This term includes multilateral and bilateral aid agencies,
externally sponsored non-governmental organizations (NGOs) and inter-
national agricultural research centers (IARCs). These groups provide a
substantial proportion of the resources required by national institutions in
low-income countries; their tendency to concentrate their funding on pro-
gram expenses, equipment and training, rather than on salaries, and their
ability to elicit government matching funds for their projects give them
greater leverage than their overall budget share might warrant.
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Until recently, foreign aid agencies regarded research and technology
transfer as separate systems. This approach is now changing, and they are
making the improvement of links between the two systemsa precondition
for further funding. Inaddition, they are increasing financial support for the
developmentof technologies relevant to the needs of resource-poor produc-
ers. Externally sponsored NGOs are carrying out innovative participatory
projects.IARCsare providingresearchersand, toalesserextent, technology
transfer workers with incentives to engage in more relevant work; tiey are
also trying to mobilize more external funding for linkage activities, such as
extension training, agricultural communication and liaison, farming sys-
tems research, social science programs and the useof subject-matter special-
ists. This has provided an incentive for those working in the national
institutions to focus more attention on the links between research and
technology transfer.

Farmers. Asindicated above, resource-poor farmersinlow-incomecoun-
tries are scldom able to exert pressure on national institutions, but there are
situations in which they may benefit from the pressures exerted by other
producers. This is most likely to occur where there is a group of more
affluent and politically influential farmers who have the resources and
incentives toinvest in research-generated technologies. Although this may
bias researchers and technology transfer workers towards the needs of this
more affluent group and thus detract from efforts to meet the needs of
resource-poor farmers, to the extent that the two groups of farmers grow
similar crops, contend with similar agro-ecological conditions and face
similar pricestructuresand resource scarcities “resource-poor farmers may
gain considerably more benefit from the political ability of the large owners
tolobby for agricultural interests than they lose in the bias of system against
their particular needs” (Sims and Leonard, 1989).

Private sector. Private companies influence public sector performance
both directly and indirectly. Examples of direct influence are representa-
tion on public advisory boards, funding of public research projects, direct
contact with researchers and technology transfer workers, and private (or
public) delivery of publicly (or privately) developed technologies. An
example of indirect influence is the implicit competition which takes place
when private and public sector agencies are simultaneously irvolved in
similar activities (Israel, 1987). The degree of private sector involvement
and of itsinfluence on research-technology transfer links depends upon the
level of a country’s development and on government regulations and
incentives.

Although the involvement of private companies may strengthen some
links between research and technology transfer, it may also bias public
research and technology transfer towards producing capital-intensive tech-
nologies which have little relevance to the needs of resource-poor farmers.
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However, as in the case of the pressures exerted by more affluent farmers,
the spin-offs for the poorer farmers may outweigh this disadvantage, at
least in the short term; in the longer term, because of the profit motive,
private company involvement may mean that little attention is paid to the
effect of new technologies on the physical environment.

Animportantaspect of private sector pressures on [ATS is the influence
exerted by large plantationsand processors, particularly those witl. monop-
oly power. These concernsare usually in a position to finance technological
activitiesand tomake full useof new technologies; sometimes they develop
and deliver technologies themselves, sometimes they contract out these
activities to the publicsector or a private company. This will havea positive
effect in terms of all the evaluation criteria except responsiveness to re-
source-poor farmers, few of whom grow crops for processing.

Limitations of external pressures. In many cases, external pressures are
heavily resisted by the institutions within the IATS. This is partly because
of people’s natural tendency to resist any incursion on their autonomy, but
there are a number of other more valid reasons for such resistance.

Firstly, those exerting pressure often do not adequately understand the
problems they wish tosee solved. Thus thcy may demanc results whick are
not feasible or cost-effective, may overlook potential dangers or secondary
effects, and may place undue emphasis on short-term problemsand on the
symptoms of problems rather than the underlying causes.

Secondly, the technology development processisoftenlongterm, whereas
external pressures often emanate from transi tory and unstable sources. For
example, frequent changes in government result in changes in national
priorities and policies; within the international donor community, topics
and approaches go in and out of fashion. If institutions always respond to
these fluctuating external pressures by changing their structuresand activi-
ties, the chances of building up the effective relationships needed to create
sound research-technology transfer links are severely reduced.

Thirdly, competing external demands may have a very damaging effect
on institutions. The emphasis placed on one aspect of an institution’s
activities by a foreign donor might conflict with the demands made by
government ministries, and this conflict will be echoed in the institution’s
performance. In some countries, competition between donors has brought
national institutions to a state of complete paralysis.

Fourthly, as already noted, external pressures often reduce rather than
increasetheresponsiveness of researchersand technology transferworkers
to the needs of resource-poor farmers.

Lastly, external pressures may force leaders of institutions to indul gein
“window-dressing” inordertocreate the impression that they are respond-
ing to external demands. For example, if improvement in thelinks between
research and technology transfer is a precondition for external financing,
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committees may be constituted and documents published to create the
illusion this improvement is under way; but such manoeuvres may bear
little relation to the real situation (R6ling, 1989). Although window-dress-
ing may have some positive results, it does add to the workload of institu-
tions and it makes critical assessment of linkage mechanisms difficult.

The Ability of IATS to Command Resources

The quantity and quality of resources available for technology develop-
ment and delivery varies according to region, country, client group and
commodity. In general, high levels of appropriate resources are associated
with:

. agricultural products which are strategically important because they
generate foreign exchange or are staples in the diet of the urban
population

. clientgroups whohavetheability and incentivestoexert pressureson
technological institutions

. favorable agro-ecological and socio-economicenvironmentsin which
there is substantial use of purchased agricultural capital goods

A more tentative relationship exists between those IATS with high
resource availability and the “size” of the commodity, client group or area
they serve. Size is difficult to define; possible factors on which a definition
could be based are value of outputof the IATS’ clients, the number of people
served and the availability of resources which can be tapped to support
technological activities.

Greater access to resources implies the ability to sustain larger, more
sophisticated institutions. This assumption underlies the following hy-
pothesis:

IATS which have high resource availability are more differentiated than those
with low resource availability, leading to more complex, well-endowed and sophis-
ticated linkage mechanisms.

IATS with high resource availability are generally characterized by a
greater division of labor than that found in IATS with low levels of
resources, and by a greater ability to make use of slack resources, toallocate
more funds to linkage-related activities and to create more structured and
formal linkage mechanisms (Stoop, 1988). Researchers and technology
transfer workers in well-endowed IATS tend to be from similar back-
groundsand toshare similar values, which promotes better communication
and empathy between them; however, it should be noted that this commu-
nication is likely to suffer if these personnel become too specialized.
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High-resource IATS are generally those in areas which offer » relatively
wide range of amenities (schools, hospitals, cultural opportunities, etc) for
researchers and technology transfer workers. Hence, these IATS are ableto
recruit and retain more educated, specialized, higher caliber personnel,
which in turn promotes more effective communication. As technology
transfer workers become better educated, they are more able to assume
responsibility for acaptive research and specialist tasks formerly handled
by rescarchers.

Farmers served by high-resource IATS are often better educated and
organized and thusmoreable to exert pressure on institutions and tounder-
stand the information provided by them. There tends to be more direct
contact between farmers and researchers in these circumstances and a
larger varicty of channels through which farmersreceiveand provideinfor-
mation (Stoop, 1988).

Inthe light of the points outlined above, itmight well be asked what can
be done for those regions, countries, client groups and commodities where
the quantity and quality of resources commanded by IATS are low. There
are three possible courses of action.

Firstly, an attempt could be made to improve the resource base through
the use of people who have an ideological commitment to working in
situations where others, motivated solel y by material considerations, would
notbe willing to work. Such people can be found within NGOs which have
a hurnanitariar or religious base; other possible candidates are politicized
professionals and, in developing countries ruled by highly ideological
regimes, young adults.

Sccondly, the tasks carried ont by IATS can be simplified to allow them
tobe performed with the resources, particularly human resources, that are
available. It may be feasible, for example, to carry out farmer-to-farmer
interchanges, simple trials and practical experiments with new plant spe-
cies using relatively limited local resources. More use can be made of
paraprofessionals and farmers. Although the results of such efforts will
probably be more limited than those when specialists are involved, some
results are better than no results.

Thirdly, efforts can bemade to provide disadvanta ged groups withskills
and levels of organization that will cnable them to interact effectively with
the institutions in the IATS and to demand resources from policy makers
and external agencies. In some cases it may be more effective to devote any
available resources to creating this organizational capacity than to cpend
them on the IATS.

Indiscussing the ability of IATS to command resources it s necessary to
distinguish between resources which are externally generated and those
whichare generated from within the grouporarca the IATS serve. Asnoted
previously, resources which are externally generated may be unstable.
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Internally generated resources might be more stable in those situations
where the relevant group’s own resources and its concern with technologi-
cal issues are relatively stable; ,roups which provide IATS with resources
during a crisis, or are vulnerable to fluctuations in the prices of their
products, are unlikely to be able to sustain their efforts in the long term.

Technical Factors

What type of research-technology transferlinks are mostappropriatede-
pends agreatdeal on the nature of the activities the IATS isassigned to carry
out. This section discusses the technical factors relevant for linkage design.
It looks first at the problem of how to involve the farmer in technology
developmentand delivery and then examines how the activities associated
with these tasks vary according to the types of environments and technolo-
giesinvolved.

Farmer Input and Targeting

Linkage mechanisms that give farmers and technology transfer workers oppor-
tunities for input and feedback early on in technology development and the
accurate identification of target groups are both required for the production of
relevant new technologies.

Links may be direct, consisting of participation by farmers in settirig the
research agenda or of diagnostic research in the farming community to
assess user preferences and needs (Roling, 1989). Alternatively, inputs and
fuedback may be channeled through technology transfer workers, who then
serve as an indirect link.

For these links to be effective, producers, researchers and technology
transfer workers will often have to be taught participation skills to allow
them to interact effectively with ecach otner. These skills may include
learning local languages, using instruments to obtain technical measure-
ments, articulating needs and taking part in experiments.

The early targeting of user groups is a prerequisite for the successful
developmentof new technology. Within the bread category of agricultural
producers are many subgroups, each with its own technological require-
ments. These subgroupsand their needs mustbe identified, and technology
development and delivery must take their existence into account. This
targeting process is closely related to what the farming systems literature
calls “identifying recommendation dcmains” and commercial marketing
research refers to as “market segmentation” (Rdling, 1989).
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Environmental Diversity

The level of integration and the complexity and/or differentiation of the tasks
performed by IATS must increase as the environment becomes more diverse or
unknown.

Complex tasksare thoseinvolving many variables, high levels of abstrac-
tion and sophisticated analysis. To carry out such tasks, institutions must
have highly trained staff from a svide varicty of backgrounds. Often,
complexity isalsoassociatcd with the dispersion of work locations (Snyder,
1988). To be handled effectively, complex tasks require a more open
communication system than that found in hierarchical decision-making
structures, and flexibility at lower levels in determining appropriate tech-
nological responses(Lancetal., 1981). Decentralization of authority, whether
formal or informal, is also essential (Martinez, 1989).

Hierarchical systems are those with heavy constraints on communica-
tions outside the vertical authority channels, more authoritative decision
making and greater status differentials (Lane etal., 1981). Examples are the
T and V system of extension, agricultural technology promotion cam-
paigns, and commodity systems such as the Kenya Tea Development
Authority (Chambers, 1988). Such systems are normally successful only
where few commodities are grown in relatively uniform, controllable and
predictable conditions.

Thus, task complexity is closely related to environmental diversity. This
is especially rarked outside the fairly uniform green revolution areas.
Physical and biological diversity is found in arid areas but is most pro-
nounced in semi-arid, subhumid and humid zones. Physical variations
within the same field can require different crop varieties or combinations.
Soil, slope and vegetation differences compound the problem, while mul-
tiple canopies of plants, multiple tree-crop-livestock interactions and the
sheer numberof different speciesused can bebewildering. Moreover, social
diversity is interwoven with environmental diversity, such that each place
and social group can be seen as unique, requiring its own path for develop-
ment (Chambers, 1988).

Diverse environments require more location-specific diagnosis of con-
straints and the adaptation of technologies. As a result, research efforts
must be more widely dispersed. This dispersion, although it separates re-
searchers from one another, often brings them into closer contact with
technology transfer workers, offering opportunities for increased commu-
nication.

The most marginal farming systems tend to be the most compiex and
diverse and to face the greatest risks. Rainfed cropping systems in upland
arcas are generally both less productive and more diverse than irrigated
systems. These environments pose more complex technical problems not
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only becauseof themultipleactivitiesassociated with them butalsobecause
less is known about them and the constraints are greater.

If IATS are to perform as well in these environments as they do in more
homogenous ones that are better endowed, they must accomplish more
complex tasks. This, in turn, requires features typically found unly in well-
endowed IATS. The more difficult environments are usually served by
IATS with very limited resources. “There are far fewer scientists per
farming system, both because of the scarcity of scientists and because of the
many farming systems” (Chambers, 1988).

The adaptive, problem-solving approaches demanded by these diverse
environments require levels of experience, education and professionalism
that cannot usually be found among those working there at present. Most
people with alternative employment opportunities prefer not to work in
these environments, and leave after short periods of time. This imposes
strong limitationson thelevelsof performanceachievable. Thus, producers
with the greatest need for a sophisticated IATS are least likely to have one.

Other Environmental Factors
Otherimportantenvironmental factors whichaffect IATS tasks include:

« theavailability of communications channels and infrastructure

. the development of the necessary infrastructure and traditions for
farmers to make useof inputs and information produced outside their
communities

« the Ievel of pre-existing knowledge about the environment

. thedispersion and accessibility of the farming population

The choice of communications channels that could be used as links will
depend on producers’ access to and ability to use them. Thus the level of
literacy among producers, the availability of television, radio, telephones
and reading materials, and the way producersnormally use these channels,
have animportantbearing. Where inputdistribution channels, particularly
thosein the private sector, are weak, extension services often concentrateon
input delivery. Dissemination of technical information becomes a less
important part of their work, reducing the links with research.

Researchers face limitationsin the types of technologies they can produc-
tively work on, since for many inputs the necessary infrastructure is simply
not available to produce and distribute them. Furthermore, as we have
already seen, producers who make little use of research-generated tech-
nologies, particularly purchased inputs, areless likely to exert pressure on
their IATS for results.
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Knowledge of the environmental conditions, farmin g systems and tech-
nologies that producers work with also has strong linkage implications. As
recent literature has shown, producers have a considerable amount of
practical knowledge to contribute regarding the regions, technological
regimes and systems for organizing production with which they are famil-
iar (Tripp, 1988). The same may also apply to technology transfer workers.
However, thisadvantage disappears when these groupsarefaced withnew
situations, as is the case when farmers are resettled, radically change their
farming system, or move from individual to collective production. In these
unfamiliar circumstances, the input from producers and technology trans-
fer workers may still be important, but it will reflect preliminary impres-
sions rather than detailed knowledge.

Research, when faced with new environmental conditions, often has to
concentrate on basic exploratory work, and in the short term has little of
practical value to offer. When young institutions are pressured to produce
quick resultsatthestage when theyarestill puttingtogether the knowledge
base to respond to their task, the results are often disastrous. Progressing
prematurely to technology consolidation in these conditions may be espe-
cially dangerous. In these situations researchers and technology transfer
workers have the greatest need for information from producers.

When services are provided to dispersed and inaccessible farm popula-
tions, researchers and technology transfer workers have fewer opportuni-
ties for direct interaction. To be effecti ve, technology transfer workers must
be close to the population they serve. Research, however, must for reasons
of cost be concentrated in relatively few locations. The resulting lack of
contact between the two groups s not necessarily bad; in many cases direct
contact is not the most effective or efficient means of linking research and
technology transfer.

Therelative dispersion and inaccessibili ty of researchers and technology
transfer workers increases the need to decentralize decision making on
minoradministrative matters. If such decentralization does not take piace,
communications problems between the central offices and the field loca-
tions can paralyze operations and/or make those activities which dooccur
less relevant to local conditions.

Activities Associated with Different Types of Technology

Different types of technology require different linkage ruechanisms; one set of
mechanisms will not be adequate for IATS which deal with a wide variety of
technology types.

Discussionson how linkage mechanisms work tend tobebased partly on
unsubstantiated generalizations. Mostexisting literatureimplicitly takes as
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a model the links required to develop new plant varieties. There is little
reason to believe that this pattern can be applied to other technologies.

Technologies should be classified into different typesonly if they require
distinctlinks for their development and delivery. The broad types we have
so far identified include:

. existing and new technologies

- physical inputs and information

« private and public goods

. complicated and simple technologies

. centrally and locally generated technologies

. producer-, research- and policy-driven technologies

Existing and new technologies. Specific linkage mechanisms are required to
effectively develop and deliver new technologies inaddition to themechanisms used
for delivering already existing technologies.

Most of this paper discusses the development and delivery of new
technologies. Much of the work within IATS, however, involves technolo-
gies which are already well established, at least rationally or internation-
ally, for which the IATS does no original rescarch or adaptation.

Most links between rescarch and technology transfer concern such
already established technologies. For example, researchers often give ex-
tension workers lectures on the production of a specific crop based on the
general state of the art rather than on new trial results or a new technology.
Nor is any new technology involved when a technology transfer worker
comes to a researcher with a sample from a diseased crop and asks for
assistance in identifying the pest which caused the damage. Similar com-
ments could be made regarding a wide variety of support activities which
researchers typically provide to technology transfer workers, such as draft-
ing manuals or recommendations, providing laboratory and library facili-
ties, and backstopping extension activities.

In high-performance IATS, most researchers will play some, evenif only
a small, role in technology transfer, and most technology transfer workers
will play some part in research. In addition, those who work on the
exploratory developmentofa new technology should alsobeinvolved inits
consolidation and production.

Product champions are essential for the development and delivery of
new technologies. These are people who have both sufficient interest and
authority to push the new technology through the developrnentand deliv-
ery process and help to overcome obstacles (Peters and Waterman, 1982).

Work withalready established technologies does not necessarily require
either product champions or the direct involvement of researchers. In fact,
most high-performing IATS shield researchers from having to devote a
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large proportion of their time to *his type of work in order to ensure they
have sufficient time for their primary responsibilities.

Toproduceand deliver new technologies requires substantial modifica-
tions in the technology transfer infrastructure (in the case of physical
inputs). This slows down the rate at which they become available. More
contact between research and technology transfer when and /or before the
technology is being consolidated reduces this time lag (Snyder, 1987).

Crops and other technologies with which producers and technology
transfer workers are completely unfamiliar have similar implications to
those described for new environments. In other words, researchers, tech-
nology transfer workers and producers must work closely together to
ensure that they gain maximum advantage from each other’s insights.

Physical inputs and information. Some technologies take the form of
physical goods. Others involve only information or cultural and manage-
ment practices. The units which must be linked, the predominant commu-
nications channels, and the output control mechanisms required arediffer-
entin the two cases.

The delivery of physical inputs requires a set of actors and roles which
does not exist in the case of pure information technologies. These actors
include input producers and distributors and, where high levels of invest-
ments are involved, credit agencies. The presence of these additional
actors/rolesgreatlyalters thelinkage dynamic. Whereaseducational mate-
rials, both scientific and popular, lie at the heart of links in the case of
information technologies, product distribution and market promotion are
more important when physical inputs are involved.

Therelation betweenresearch and inputsuppliers providesa potentially
important additional channel for user feedback and market information.,
Indeed, the importance of the links between research and the supply of
inputs can eclipse extension’s role in disseminating technical information.
Thus, breeders’ relations with seed multipliers can prove more important
for transferring new varieties than their relations with extension.

A more formal process for approving recommendations is generally
advisable for physical inputs, becauseitis more costly to produce or import
anew item than to recommend a new cultural practice. New products may
also pose higher health, safety or environmental risks. In the case of new
plant material, seed committees meet to decide whether a new variety
should be released. Formal requirements are usually established for deter-
mining a pesticide’s effectiveness and toxicity before it can be sold. These
processes providea forum for interaction between researchers and technol.
Ogy transfer workers. In contrast, a new recommendation for planting
dates, pruning methods or similar practices need not be subject to a formal
review process.
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Private and public goods. High performance according to all our criteria,
exceptresponsiveness to the needs of resource-poor farmers, is more likely
if the technologies are private goods. Most physical inputs are private
goods, the main exceptions being goods which can be produced easily by
farmers, such as self-pollinating plant varieties and natural fertilizers. As
theseinputsareless profitable toproduceand farmers may have nointerest
in purchasing them, it is often as difficult to achieve high performance with
them as it is with pure information technologies.

Complicated and simple technologies. Technologies which are more
complicated to use or produce require greater and more sophisticated
educational efforts. Manuals and/or intensive training cfforts may be
required. Researchers will probably need tobeinregulardirect contact with
manufacturers.

Skills training for producers and even for technology transfer workers is
often required for using complicated technologies. This, in turn, requires
changes in the roles of researchers, technology transfer workers and pro-
ducers. If use becomes very complicated, specialists (veterinarians, profes-
sional fumigators, iractor mechanics, etc) may replace farmers as the main
users. The use of these complicated technologiesin concentrated areas (such
as large irrigation projects, capital-intensive horticultural concerns or fully
mechanized farms) lendsitself particularly well to the developmentof these
specialized groups.

The livelihood of these groups depends on detailed knowledge of the
research-generated technologies with which they work. This makes their
interaction with researchers and technology transfer workers quite differ-
ent from that of most producers in developing countries at present. They
have more direct contact and make greater use of specialized communica-
tions channels. In time, farmers too may become mcre sophisticated in their
approach to research-generated technologies, s their enterprises become
more specialized.

Centrally and locally generated technologies. Certain technologies lend
themselves to being generated in one or a few central locations. Othersdo
not.

Technologies applicable over widerareas orin many situations can more
easily be generated from central locations. For example, a new pesticide
may be developed at the international headquarters of a multinatior.al
corporation for use around the world. Other technologies have only very
local applicability and require multilocational field trials or other adaptive
research activities.

Research on topics such as livestock and perennial crops tends to be
concentrated in a few places because it is both costly and complicated.
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While the need foradaptive research maybegreat, such trialsare expensive.
Thus only a small number of trials can be done and the potential losses
caused by doing thembadly are very high. Thisresearchisalso longer term
and more difficult todo on farm (data requirements are heavy and farmers
are less willing to risk their animals or tree crops).

Economies of scalein the production of inputs favor the concentration of
research. Even if it is preferable to have a wide varicty of pesticides,
inorganic fertilizer formulae or tractor models to meet local conditions,
producing themisusuall; prohibitively expensive. (Economies of scalealso
affect the organization of input delivery, and thus have other linkage
implications).

When rescarch is not concentrated, the physical dispersion of research-
ers makes them more directly accessible to technology transfer workers,
whose knowledge of local conditions is likely to be relevant for the genera-
tion of location-specific technologies. Technology transfer workers also
have more opportunities tobecomeinvolved in research when this consists
of a considerable number of decentralized, low-cost field trials with rela-
tively unsophisticated data requirements.

Producer-, research-and policy-driven technologies. Technology transfer
workers and producers concentrate their demands for research on the
problems which they perceiveas urgent. Frequently these concern pests or
diseases. These groups also pay more attention to technologies that offer a
clear short-term advantage than they do to those that appear only margin-
ally superior tu current practices or that require effective management to
bring substantial benefits.

When clearly advantageous technologies become available, a consider-
ableamountof pressure may be exerted on research foradditionalinforma-
tion and adaptation. Most rescarch, however, tends to concentrate on the
less spectacular technologies or on providing maintenance to sustain tech-
nologies which havebeen developed previously. Theincremental improve-
ments thus provided are harder to perceive, and hence they elicit less
interest and participation.

Producers and technology transfer workers rarcly emphasize long-term
or less obvious problems such as preventative (as opposed to curative)
health issues or resource conservation. Roling refers to technologies re-
sponding to these latter problems as “policy-driven”, because g tting pro-
ducers to adopt them usually requires incentives provided by policy
makers (Roling, 1589). These incentives can be positive (bonuses, subsi-
dized credits and inputs) or negative (regulations, sanctions) and must be
incorporated into the overall activities of the IATS,

Asa result of the bias in the type of technologies demanded by produc-
ers and technology transfer workers, some rescarchers will be under
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constant pressure, while others will be practically ignored. Since perform-
ance improves when external pressure is high and there is producer input,
performance for producer-driven technologies will tend to be better than
for those technologies which are policy- and researcher-driven.

Organizational Factors

Institutional Structure

The range of tasks which are performed by IATS can be divided among
institutions, units and individuals in a variety of ways.

Formal boundaries between different entities simultaneously increase
the interaction of those within the boundary and limit access to those
outside. They permit cach entity to specialize in terms of the tasks it under-
takes, the inputs it uses, the outputs it produces and the groups with which
it interacts. While conflicts and diverging interests or strategies do notdis-
appear, within the boundaries it becomes easier to accommodate them.

The evolution of institutional structures is a complex process. IATS
change slowly through theinterplay between competing interests. Person-
alities and informal links play an important role. Key decisionsare madeat
many different locations within the government hierarchy. In addition,
private companies, NGOs, producers’ associationsand other external agen-
cies over whom the government has only a limited amount of control are
now beginning to play a more importantrole inIATS. Differences in current
structural arrangements can often be traced back to models copied fromor
promoted by different external groups.

While managers have some opportunities to manipulate structure, they
frequently find themselves constrained by inertia, political oppesitionand
existing legislation and regulations. This may be just as well, since major
structural reorganizations are costly, create uncertainty and, if carried out
too frequently, lead to attempts by lower level staff to preserve the status
quo. The historical record is full of reorganizations which failed because
they focused only on structure and did not address the other issues
discussed in this paper.

For these reasons, structural reorganization should usually be a last-
resortoption. Thisdoes notmean thatinstitutional structuresareirrelevant.
Structuraldifferences havestrong implications for linkage mechanismsand
for the performance of IATS. We will now discuss these implications.

Interdependence. This can take the form of task interdependence (joint
activities and interchanges necessary to perform a specific task) and/or
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resource interdependence (where one IATS component depends on an-
other for the resources needed to perform its activities and meet its goals).

The literature has identified various types of task interdependence
(Thompson, 1967; van den Val and Delbeck, 1976). The four bioad catego-
ries are:

* pooled, in which each part uses a common resource base and makes
a contribution to a common overall goal but there is minimal interac-
tion between them

+ sequential, where resources flow from one partto another asymmet-
rically

+ reciprocal, when each part produces a product which is an input for
the other

+ tcam, whenresources and products flow freely between all members
of a communications network which combines two or more parts

Perceptions about the interdependencies between research and technol-
ogV transferactivitieshave changed. “Initially, both activities were consid-
ered tobeindependentofeach other but contribu ting toa common purpose
(as in pooled interdependence). Later, extension was considered to be se-
quentially linked to rescarch, receiving its inputs from research and incor-
porating theseintoap ~kage of services for the farmer. Su'ssequently, their
reciprocal interdeper.ence was recognized, with extension identifying
problems and supplying information which enabled researchers to define
priorities” (Martinez, 1989). Finally, as in team interdependence, there is
now less distinction between the two groups, with extensionagents partici-
pating in experimentation and researchers coming closer to producers.

This change of concept in the literature has not, however, been fully
accepted by the relevant institutions themselves, A major current linkage
problem is that while research institutions tend to recognize their depend-
ence on extension for promoting the application of research results, exten-
sion institutions frequently feel less dependent on research. In a recent
survey of extension directors from 59 low-income countries, technology
and linkage problems consistently received low rankings on the directors’
lists of major concerns (Sigman and Swanson, 1985). Either extension
directorsbelieve sufficient technology already exists for their institutions to
extend, or they give lower priority to promoting new technologies than to
input distribution, creditsupervision or other non-technological activities.

Given the tendency for formal boundaries to obstruct the free flow of
information and other resources, in theory it might be desirable to try to
organize structures so that all the people dependent on each other are
grouped together in a single institution. In practice, however, this s rarely
possible. Firstly, thereare too many differentinterdependencies (Mintzberg,
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1979). Secondly, factors other than interdependence must be taken into
consideration when designing the structure of an IATS.

A classic example of the problems of trying to accommodate too many
interdependencies through structural means can be seen where input
distribution, creditsupervision and the dissemination of technical informa-
tion have been combined in a single agency. This improves coordination
between the three activities, but dilutes the technical information compo-
nent of the resulting organization to such an extent that interaction with
research is sharply reduced.

The opposite can also occur. Strong research-extension links may be
achieved by removing activities other than the dissemination of technical
information from extension’s mandate, but this will probably hinder the
integration of inputdistribution and credit supervision. Thishas frequently
occurred in the case of the T and V system.

Other important determinants of structural design. Besides interdepend-
ence, there are five other factors of importance in designing organizational
structures. These are:

« the compatibility of the management styles required by different
tasks/activities

« whether the tasks/activities involved have the same sources of legiti-
macy

» size considerations

« the proven capacity of different units

« differences in staff orientation

If two activities require different management styles and practices, they
are generally better placed in separate units. The same holds true if they
receive their political support from widely divergent groups. Administra-
tive and supervisory economies or diseconomies of scale for different
activitiesimply thatinstitutionsand units havea certain optimalsize. There
are sound arguments ‘or assigning essential activitics to a unit with a
proven capacity to get the job done, even if it is not the one whose overall
mandate would normally cover it. Differences in orientation among staff
are another potential reason for division.

The institutional merger of research and technology transfer. Merging
research and technology transfer institutions is frequently recommended in
the literature as a way of increasing integration (Samy, 1986). However,
bringing the twoactivities togetherin oncinstitutionis usually problematic.

In practice, research and technology transfer often exhibit surprisingly
few interdependencies. Their management requirements and political
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constituencies are frequently divergent and somewhat incompatible. The
combined institution’s resulting size may be unmanageably large. The
potential benefit of increased interaction may be limited by putting the two
in separate units within the same institution, and the loss of autonomy
caused by being in the same institution can lead to conflicts and growing
resistanci:among personnel whosee their independenceincreasingly threat-
ened (Kiauss, 1979).

The only situation in which bringing research and technology transfer
activities together within asingle institution is successful is wherea system
is organized around a specific region, commodity or problem. The inter-
dependencies between researchand technology transfer in these situations
are much greater because both activities focus exclusively on the same crop
or on the same client group. Inaddition, the combined size of the research
and technology transfer institution is generally more manageable than it
would be if broader mandates were involved.

Evenifresearchand technology transferare combined in thesame formal
organization, this will not, in itself, guarantee adequate functional links
between the two activities.

Functional and market-based organizations. Another common structural
issue is whether to organize the IATS on a functional basis (for example,
research, extension, input distribution) or a market basis (for example,
client, output, place). The evidence suggests that market-based grouping is
generally more successful according to all our evaluation criteria, at least
when task complexity is not very great.

Structural divisions based on function lack a built-in mechanism for
coordinating the work flow. In contrast, “market-based groupingisused to
set up relatively self-contained units to deal with particular work flows.
Ideally, these units contain all the important sequential and reciprocal
interdependencies.... And because each unit performs all the functions for
agivensetof products, services, clientsor places, it tends toidenh'fydirectly
with them, and its performance can easily be measured in these terms. So
markets, notprocesses, get the employees’ undivided attention” (Mintzberg,
1979).

Theempirical evidence provides qualified supportfor these conclusions.
One study concluded that “commodity-specific extension agencies exhib-
ited greater coordination and less conflict than did general extension
agencies” (Kang, 1984). Another study found a commodity extension
program performed better than general extension according tosevenout of
eight criteria, including the “organization of joint programs with staff of
other agencies” (Ekpere, 1973).

Commodity-specific agencies may be more integrated but their integra-
tion is still far from ideal (Kang, 1984). Moreo er, performance diff-»ences
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are sometimes morerelated to commodity-specific agencies’ greater access
to resources than to their organizational characteristics (Ekpere, 1973).
When geared towards cash crops, such agencies are relatively easy toset
up and operate. It is more difficult to create them for subsistence crops and
in low-resource areas, where they have problems dealing with the interac-
tions between their crops and other elements of the farming system.

Missing tasks. Often, nounit is assigned to, or effectively carries out, one
or more of the tasks necessary for the development and delivery of new
technologies. Who should take on missing tasks is a difficult problem for
IATS leaders.

Such tasks can be assigned either to units which already exist or to new
ones. The existing units have established work patterns which would have
to be altered to accommodate a new task. Hence, this task may not receive
sufficient attention; or, if it does, the personnel assigned to traditional unit
tasks may become resentful. On the other hand, assigning the task to a new
unit inevitably creates an additional set of barriers which have to be
overcome before the task can be effectively integrated with others with
which it is interdependent.

Toachieve high performance, there must be at least one unit responsible for, and
with the capacity to carry out, the following tasks: exploratory development,
technology consolidation, technology productionand technology delivery—aswell
as to provide the links between them.

Often, it is not clear whether these tasks should be carried out by
researchers or technology transfer workers, or both. Unless cach group’s
responsibilities are clearly defined, researchers will generally prefer the
task of exploratory development, while technology transfer workers will
prefer the task of technology delivery. This leaves no-one to assume
responsibility for technology consolidation or (toa lesser extent) technology
production. McDermott calls this the “fatal gap” and argues that, unless it
is filled, the division between research and technology transfer will be too
wide to bridge by establishing linkage mechanisms (McDermott, 1987).

Where high performance does take place it is generally in technology
consolidation and technology production that the greatest degree of inte-
gration occurs. Some linkage-related activities within these tasks are often
weakly performed. These are:

« publishing and synthesizing research results

« assessing the economic and social viability of new technologies

. transforming experimental results into specific recommendations

« producing information materials for technology transfer workers

» organizing information to make past research results more accessible
« producing and distributing physical inputs
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Duplication of efforts. While thereare some tasks oractivities for which no-
one takes responsibility, there may be others in which more than one unit
is involved. These are either joint activities or represent a duplication of
efforts. Here, only the latter situation is discussed.

Redundancy results either from atiempts to seek greater autonomy or from
competition for resources. It leads to conflict between the redundant units, but is
often associated with higher performance.

One reason for duplicating efforts is to increase a unit’s autonomy.
Rather than relying on someone else to provide information or get some-
thing done, a unitdecides that it will carry out this task itself. A unitismore
likely to seek autonomy ifrelations betweenitand the other unitarealready
strained, if it perceives the costs of the necessary coordination to be high, or
ifit has doubts about the ¢apacitr or motivation of the other unit to fulf] its
responsibilities.

The second major reason for the duplication of efforts is competition for
resources. Units take on new activities which they perceive as being of
interest to donors or policy makers if this will bring them additional
funding, power or prestige. In so doing they may weaken their mandate
focus. The pursuit of the same activities by several units brings them into
competition and often precipitates conflicts.

The existing literature is divided about whether the net result of dupli-
cation of efforts is positive or negative (Landau, 1969; Leonard, 1982b).
Although the waste of resources created by duplication of efforts is fre-
quently deplored, the worst consequence of such duplication is probably
the deterioration of relations between institutions, a deterioration which
results in an unwillingness to share information, learn from each other’s
experience and coordinate activities. On the other hand, redundancy does
increase the chances of getting the job done. It permits multiple approaches
loa problem, and can promote healthy competition.

The Differences between Researchers and
Technology Transfer Workers

For high performance, specific linkage mechanisms are required to manage the
conflicts and communication problems caused by differences between researchers
and technology workers in background, training, experience, responsibilities,
status and physical location.

Informal groups. Informal groups, which may or may not reflect formal
divisions, have shared languages, values and attitudes, making internal
communication and collaboration easier. However, asin the case of formal
boundaries, such groups also lead to intergroup differences, resultingina
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“them-and-us” attitude that makes intergroup communication difficult.
Amongthemostimportant determinants of informal groups are differences
instaffbackground, training, experience, responsibilities, statusand physi-
cal location. Important staff background attributes include age, gender,
rural or urban origin, ethnicity, nationality and educational level.

These differences have major implications for communication between
rescarchers and technology transfer workers. One of communication
rescarch’s most consistent findings is that pcople communicate most fre-
quently and effectively with those who are most similar to themselves
(Réling, 1989). Thus, sharp differences between research and technology
transfer staff with respect to their backgrounds and other characteristics
may make it very difficult for the two groups to communicate with cach
other.

Twoparticularly importantdifferences between the two groupsare their
distinct work environments and responsibilities. These ditferences lead to
different orientations with respect to goals, use of time, interpersonal
relationsand formality (Lawrenceand Lorsch, 1967). Researchers’ goalsare
said to be broader, less precise, but more measurable. Researchers look
mostly to thebroad research community for approval, whereas technology
transfer workers tend to seek approval within their specific institutions.
Researchers’ time perspectives are supposedly longer. They are also more
used to working in informal and collegial environments (Bennell, 1989).

Occupational groups. Occupational groups, such as researchers or exten-
sion agents, have many of the same characteristics as informal groups, as
well as some important additional ones. They compete with each other for
statusand rewards. The main form this competition takes is the attempt to
exclude rival groups. “Barriers to entry” are erected mainly on the basis of
academic qualifications (Bennell, 1989). Thus, to justify theirown statusand
rewards, researchers may perceive a need to distance themselves from
lower status occupations such as extension.

In most low-income countries, atleast outside Latin America, extension
is not regarded as a professional occupation. It has also had a low status
because of itsassociation with farmers and rural life, which themselves have
very low status. Generally speaking, the status distinctions between profes-
sional and subprofessional occupations are greater in developing than in
developed countries, and rescarchers often adopt patronizing attitudes
towards extension agents (Bennell, 1989). Low pay means extension serv-
ices are unable to attract quality recruits, and this has only worsened the
status problem.

Strong status differences between occupational groups are difficult to
bridge through linkage mechanisms. These will be mere difficult to design
insuchawayastoallow the flow of information from lower to higher status
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members. Where low status members have significant information about
environments and technologies not well understood by researchers, poor
performance will result.

Inrecent years extension agents have tried to solve the status problemby
making their occupation more professional. This has involved taking over
someactivities previously performed by research, suchas carryingout field
trials or deciding whether to recommend a new technology, a move which
has elicited mixed responses from researchers. In some cases they have
resisted what they perceiveasanincursioninto theirdomain. Inothers, they
have willingly relinquished activities to extension, but only after down-
grading them and reserving the higher status activities for themselves. On
rare occasions, researchers have chosen to accept an equal role with exten-
sion, and to collaborate fully.

Although differences between the two groups is a problem, so also
would be too great a similarity between them. Similarity between groups
erodes the unique contribution each group can make and the advantages of
specialization. This implies that there is an optimum level of dissimilarity.

Personnel and Financial Management

Personnel and financial management policies and practices which encourage
integration and provide flexibility in IATS result in higher levels of performance.

Differences in policies and practices between research and technology
transfer institutions can greatly hinder the integration of the two activities.
Policies and practices are among the contextual factors most subject to
control by managers.

Recruitment, job responsibilities and training. Toachicve high perform-
ance, staff should be recruited who are capable both of fulfilling their
specialized tasks and of interacting effectively with other specialists. Job
descriptions (as well as informal expectations) should specify the linkage-
related activities required. Managers of each unit should ensure all parties
involved are clear about these responsibilities.

Status, as well as links, can be enhanced by building an emphasis on
collaboration into the work programs of both researchers and technology
transfer staff. When a researcher is assigned to an adaptive trial runby an
extension worker, thisgives statusand incentives to the latter. An extension
worker who provides diagnosticinformation fordevelopingresearch projects
and thereby improves the design and relevanceof the projectimprovesboth
his/her status and that of the researcher.

In practice, these goals are rarely met in full. The pool of candidates for
researchand technclogy transfer jobs islimited and may notinclude people
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with the right qualifications and characteristics. It is hard to attract staff to
some geographical areas. Communication problems may prove unsur-
mountable. Job descriptions are often vague, non-existent or soon forgot-
ten.Normally, little emphasisis giventocollaborativeactivities. Highlevels
of graduate unemployment create pressures to hire large numbers of staff
who cannot be effectively used. All this hampers an institution’s ability to
develop effective relations with other groups.

Limitations on the staff recruitment side can be overcome to some extent
by subsequent training or work experience. To promote effective links it
may be necessary to teach people additional technical or communications
skills. Staff exchanges and rotations can improve knowledge cf counter-
parts’ activitiecsand build empathy. A common orientation programor joint
participation in training activitics can also help to create mutual under-
standing. Although specialization is not abandoned, professionalsin inte-
grated IATS which regularly make relevant new technologies available
usually participate in or have enough experience of the work of their
technology transfer counterparts to understand and wish to enhance what
the other group does.

Again, in practice, IATS often fall short of these ideals. Many training
programs fail to encourage researcher-technology transfer worker interac-
tion, provide few tools for effective interaction, and reinforce statusdistinc-
tions.

Compensation. The earlier discussion of political factors pointed to the
fundamental importance of incentives, atboth the institutional and individ-
ual level, in promoting performance.

The most direct and effective incentives are those accruing to staff as
compensation. Compensation includes salaries, honorariums, promotion
opportunities, working conditions, prestige and positive feedback, fringe
benefits, the attractiveness of the work involved, and opportunities for
earning supplementary incomes. These benefits can be distributed on a
number of different bases, one of which is the performance appraisal/
evaluation of staff members. The criteria used for performance appraisal
cominunicate the values of an organization. The emphasis giventocollabo-
ration and the types of behavior evaluated will determine the value given
to linkage behavior.

Compensation affects performance in various ways. Workers perceive
the rewards or »unishments resulting from their performance (including
their interactions with others). The levels of conflict, competition and
coordination vary as a result. Compensation packages can be perceived as
fair or unfair and can diminish or increase the distinctions and divisions
between groups. Compensation levels and criteria which result in high
Ievels of staff attrition and transfer can hinder effective institutional links
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because the parties involved have less time to develop stable expectations
and communications channels.

Service orientation. No matter how enlightened the management, re-
searchers and technology transfer workers almost alwaysexperience some
tension between their duty to respond to the concerns of management and
their obligation to respond to the needs of the population served. IATS in
which field staff respond exclusively tomanagement desires are rarely very
successful. They also tend to have poor flows of information up the
organizational chain. However, if staff respond only to demands from
below, this is likely to hinder the institutions’ capacity to serve as instru-
ments of policy. The IATS with the highest performanceare those in which
Tnanagement promotes a service orientation and allows staff sufficient
flexibility to provide it, yet maintains firm control over general policy.

Financial management. The principal aspects of financial management
whichaffectintegrationand performanceare the sufficiency, flexibility and
reliability of funding, and the existence of slack resources. Here we are
referring to funding both for the IATS in general and for the financing of
linkage mechanisms in particular. With respect to the latter, many IATS
have practically no funding available for such key linkage-related activities
as the publication of rescarch results, visits by researchers toextension field
offices, and in-house training events,

The aim of providing slack resources is to assign more resources to an
activity thanarestrictly expected tobe necessary, soastoincreasc the proba-
bility that the job will be completed. Inour context this could mean financing
redundant linkage mechanisms so as to ensure greater integration.

Integration

The role of higher authority. Often, collaboration between separate units
of theIATSis ordered by a higherauthority, such asa common director,an
official mandate, a government regulation or plan, or a donor agency.

Instructions to collaborate vsually work only when the higher body
simultaneously intervenes to convince the staff concerned of the need for
integration. Otherwise, the higher body must have both adequate power
and sufficient information to impose its will. Thisis rarely the case.

The development and delivery of new agricultural technologies is a
complex process and difficult to monitor closely. Instructions from above
areusually vague and it is implicitly understood that not all of them canbe
carried out. Again, a great deal of information js lost or deliberately
withheld or distorted as it moves up the hierarchy. Senior managers are
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besetby a wide variety of problemsbesides their concern for integration. In
practice, research and technology transfer managersand staff haveeffective
veto power over external efforts to achieve integration, and thus must be
persuaded or motivated, as well as directed.

Failure to persuade frequently resultsin the creation of formal (relatively
ineffective) linkage mechanisms whose principal purpose is to please
superiors. In these cases open conflicts may be eliminated, but only to be
replaced by more subtle forms of mutual avoidance and hostility.

Policy makers and managers can facilitate integration through the creation of
superordinate goals and/or the promotion of a shared institutional culture.

Superordinate goals are those that have “a compelling appeal for mem-
bers of each group, but one that neither group can achieve without the
participation of the other” (Bennell, 1989). Bennell adds that such superor-
dinate goals are only likely to be accepted when:

. the status and/or reward grievances of disadvantaged and dissatis-
fied groups within the IATS are adequately resolved

. individual goalsare sufficiently compatible with superordinate goals

. sufficient weight is given to staff interactions in performance ap-
praisal and rewards systems

Organizational cultures conducive to integration are easier to promote
under conditions of staff homogeneity and organizational stability, and
when staff have had long and intense shared experiences.

Preconditions for voluntary linkage. Significant integration will occur only
if the parties involved perceive all of the following to exist: (1) interdependence,
(2) domain consensus, (3) ideological consensus, (4) domain correspondence, (5)
competence and (6) the capacity to deliver on agreements.

Since cooperation implies a certain loss of autonomy, groups will nor-
mally want to cooperate only if they perceive the potential gains to out-
weigh this loss. One factor in the decision vhether or not to cooperate will
be external pressures for improved performance, but there are also a
number of strictly internal organizational factors which are important.

The first of these is whether interdependence is perceived. Both parties
must feel the other has something they need. The second and third factors
aredomainconsensusand ideological consensus. Domain consensus means
that the units agree about each other’sappropriate roleand scope. Ideologi-
cal consensus means agreement regarding the nature of the tasks confront-
ing the units and the appropriate approaches to use of resources (Benson,
1975). For domain and ideological consensus to occur, neither unit must
perceive the other’s role, scope and approach as potentially threatening to
its own resource base.
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A fourth important factor is domain correspondence. Correspondence
exists when two units share a common set of clients and topics of concern.
The lack of domain correspondence between research and technology
transfer institutions is a common problem. Typical examples are:

- researchis organized on a national basis, while technology transfer is
provincial

« research units follow agro-ecological distinctions, while technology
transfer follows administrative ones

» researchisdivided on a disciplinary basis, while technology transfer
is divided by commodity or geographical area

+ Tesearchfocusesonasingle commodity, whiletechnology transfer has
a more general focus

« researchservicesare targeted toone client group, technology transfer
services to another

Often there is a fine line between domains being closely reiated and
therefore complementzry, and their being overlapping or even identical.
Yet thelikely outcomes in each case are markedly different. In the first case,
task interdependencies and common orientations will be greater, facilitat-
ing interaction. In the second case, competition may arise for funds.

Competence and capacity todeliver on agreements are other necessary
preconditions for voluntary linkage. If one group depends on another for
resources or activities the latter is unable to provide or carry out, the first
group will eventually seck alternatives which eliminate that dependence
(or clse use the second group’s incapacity as an excuse for poor perform-
ance).

Perceptions about the other group’s importance, relevance, effective-

‘ness, efficiency and reliability are as important as whether or not these
attributes really exist. Beliefs about other groups are based at least in part
on stereotypes and limited information, butare heavily influenced by past
experiences.

Otherfactors, suchasa group’sabsoluteand relative age, size, powerand
access to resources, have also been mentioned as affecting its inclination
towards voluntary linkage. Immaturity and insecurity in organizations
weaken their willingness tointegrate withothers. Organizationsareimma-
tureifthey have notyetclearly defined theirdomain, Insecurity implies that
an organization perceives its resource base to be vulnerable.

Theuse ofliaison positions. Liaison positionsor unitsare sometimes used
as buffers to mediate between groups which must communicate with each
other. They may be within one or both of the groups, or they may form a
separate entity. Inthelattercase theideais thatif two groupsdiffer so much
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that it is very difficult for them to communicate, a third group which
combines fezatures of each of the others can act as an intermediary.

The use of such positions is often suggested as a solution to the commu-
nication problems associated with people who specialize in the different
stages of technology development and delivery. Since there is typically a
larger gap betweenresearchers, technology transfer workersand farmersin
low-income than in high-income countries, more liaison roles are probably
needed in the former. Taken to its logical extreme, however, the communi-
cations chaincould become very long. The problem with having many steps
in the communication process is that the clarity and content of the informa-
tion communici.od diminishes with each additional link in the chain.

There is also a danger that liaison positions will accentuate rather than
attenuate the integration problem. If liaison staff begin to take on the
attributes of a separate group — with their own interests, beliefs, attitudes,
orientations and work styles — they can become an obstacle to communi-
cation rather than a facilitator. Two mechanisms which can prevent this
from happening are the incorporation of liaison positions into one of the
unitsbeingintegrated, and the rotation of staff assigned toliaison positions.

The use of liaison positions as intermediaries may prove more problem-
atic altimately than the difficulties such positions were designed to over-
come. Even when liaison positions exist, they do not obviate the nced for
direct communication between the parties being linked.

Decentralization, Formal and informal linkage mechanisms at scveral adminis-
trative levels (for example, national, regional, operational) are essential for high
performance. The leve! of integration between researchers and technology transfer
workers is higher whenadaptive research is decentralized and dispersed. This higher
integration leads to more relevant new technologies becoming available. Moreover,
decentralization and the delegation of responsibility within an IATS require well-
developed linkage mechanisms at the operational level.

If, for example, an exchange of technical information is required, it will
not be sufficienttobring together managerial staff wholack familiarity with
the topic concerned. Links must also be organized between the technical
staff. Conversely, regional coordination committees in highly centralized
IATS frequently fail because participants cannot speak authoritatively for
their institutions.

Summary

The most important environmental factors affecting IATS performance
and links are: external pressure, the resources provided to the IATS for
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servicing its clients, and the diversity of its environments. More integrated
systems, which are more successful at making available relevant new
technologies, generally face strong external pressures, have access to sub-
stantial resources, and focus on si mple and homogenous environments.

High-resource IATS are more differentiated than low-resource ones,
with more sophisticated links to which more resources are devoted. Di-
verse environments are associated with the need to perform complex tasks
to achieve IATS objectives. These tasks require greater professionalism,
decentralization and less hierarchical management.

Less important, but still significant, environmental factors include the
availability of different communications channels, the development of the
necessary infrastructure and traditions for farmers to make use of inputs
and information produced outside their communities, the level of pre-
existingknowledgeabout theenvironmentand its productionsystems,and
the dispersion and accessibility of the farming population served. Because
these factors are outside the IATS, managers have relatively little control
over them. They must, however, take them into account in making deci-
sions regarding the scope of their institution’s activities, its crganizational
structure, its working methods, and the rnanagement of its links.

High performance requires that IATS have the responsibility and capac-
ity to undertake the activities associated wiih each task in the technology
developmentand delivery process (with the pussible exception of discov-
ery), and that identifiable functional links exist between them. In practice,
the most important 1 1issing tasks tend to be technology consolidation and
production. Hence these mustbe given special attenticn by managers, who
are often in a good position to deal with these problems.

Different links will be required for different types of technology. In
particular, activities related to alread y established technologies require
different links to activities concerned with developing and delivering new
technologies. Managers can exercise considerable control over these links.

Organizational structure, personnel managementand financial manage-
ment strongly affect both IATS performance and links. While the managers
of technology institutions have only moderate control over orga1izational
structure and should be cautious about exercising it, they can have greater
influence over personnel policies and should take maximum advantage of
that influence. Their control over financial policies is limited.

Difficult personnel problems arise from the differences between re-
searchersand technology transfer staffin background, training, experience,
responsibilities, status and physical location. These problems can greatly
affect performance and need to be addressed as part of efforts to increase
system integration.

Successful IATS address task and resource interdependencies througha
combination of organizational grouping and linkage mechanisms. Their
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structural arrangements take into consideration the compatibility of the
management styles required by varioustasks/activities, divergencesin the
sources of political support for different tasks/activities, size considera-
tions, different units’ proven capacity to perform, and differences in task
orientation.

A market-based grouping is generally more successful at achieving
integration and relevance. However, this type of arrangement is not often
feasible in diverse environments served by poorly endowed IATS.

Pedundancy can have negative and positive consequences. it arises
when there are strong incentives for increasing unitautonomy and compet-
ing forresources. Although it wastes requires moreresourccs, it may ensure
that objectives are met.

High levels of integration are facilitated by interdependence, domain
consensus, domain correspondence, ideological consensus, competence
and the capacity to deliver on agreements. The creation of superordinate
goalsand the promotion of aninstitutional culture conducive tointegration
are also important.

Increasing system integration is not an end in itself, but it is important
because IATS that perform well according tocther criteria are characterized
by highlevelsofintegration. These systems have many formal and informal
linkage mechanisms, at multiple administrative levels. Many have liaison
positions and departinents, but these complement, rather than substitute
for, more direct links.
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