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INTRODUCTION TO THE ISNAR STUDY ON THE LINKS BETWEEN
AGRICULTURAL RESEARCH AND TECHNOLOGY TRANSFER
IN DEVELOPING COUNTRIES

David Kaimowitz
Study Leader

In 1987, the International Service for National Agricultural
Rescarch (ISNAR) initiated a major intemnational
comparative study on the links between agricultural
research and technology transfer in developing countries.
Like other ISNAR studics, this study was developed in
response to requests from agricultural research managers
for advicc in this arca. It is being carried out with the
support of the Governments of Italy and the Federal
Republic of Germany and the Rockefeller Foundation.

The objective of the study is to identily ways to strengthen
the links between agricultural research and technology
trans{er systems in order to improve:

(a) the relevance of research efforts through a better flow of
information about farmers’ necds for the rescarch
systems;

(b) the transfer of technology to agricultural producers and
other users of agricultural technologics.

Why the Study was Initiated

Many sources have noted the problem of poor links
between rescarch and technology transfer in developing
countrics:

“Bridging the gap betwecn research and extension is the
most scrious institutional problem in developing an effec-
tive rescarch and extension system.” World Bank, 1985

“Weak linkages between the research and extension
functions were identificd as constraints to using the
rescarch in 16 (out of 20) of the projects evaluated.” United
States Agency for International Development (USAID),
1982

“All the 12 countrics (in which rescarch projects were
cvaluated) had difficulties of communication between
research institutions and extension agencics.” Food and
Agriculture Organization (FAOQ), 1984

The serious conscquences of this problem is cffectively
summed up in the following statement by a leading
international expert in the ficld, Monteze Snyder: “The
poor intcrorganizational relations between the extension
agency and the rescarch organization almost guarantee that
rescarch results will not reach farmers, and if they do,
farmers will not be able to use them.” Despite this situ-
ation, howcever, no major international study has been
dedicated specifically to this issuc. While there are a few
good cvaluation reports and academic studics in individual
countrics, much of what has been written about rescarch-
technology transfer links has been general or anecdotal.
The results of the practical attempts which have becn made
to improve links have been disappointing,

A systematic study is needed to provide a sct of simple, but
not simplistic, suggestions on how rescarch-technology
transfer links can be improved in different situations,

Operational Strategy and Products

The study is to be conducted over a four-ycar period and
has been divided into three stages. The first stage consists
of a literature review, the development of a conceptual
framework and case study guidelines, the production of
‘theme papers’ (see page iii) and pilot casc study activitics

in Colombia. The second stage involves carrying out case
studics in six additional countries — Costa Rica, Cote
d'Ivoire, the Dominican Republic, Nigeria, the Philippines
and Tanzania. In cach of these countrics the studies will
concentrate on specific subscts of the national rescarch and



technology transfer systems. They will also document the
links which were involved in the gencration and transfer of
a small number of specific new agricultural technologics.
In the third stage, the various materials which have been
developed will be synthesized into one st of concrete
applicable guidelines.

Uliimatcly, four types of documents will be published as
part of this special series of papers on research-technology
transfer links:

1. Theme papers on key linkage-related topics. These have
been written by specially commissioned international
cxperts in the field.

2. Discussion papers which analyse one or a few major
issues emanating from the case studies. About 15 such
papers are expected to be produced, written by the case
study rescarchers. They will focus on the most
outstanding features of the links observed in the cases

and draw clear conclusions about them for practical use
by managers.

3. Synthesis papers which present the lessons emerging
from the case studics, These arc being wristen by
ISNAR staff.

4. Guidelines on how to design and manage the links
between agricultural rescarch and technology transfer
for policy makers and managers concerned with the two
activities. These will also be written by ISNAR staff,
with ir;ut from the case study researchers, managers of
national systcms, and others.

We expect the theme papers to be published during 1989,
Most of the discussion papers will be published during the
following year and the synthesis papers and guidelines will
probably be available in carly 1991. Individual copies of al!
these papers will be available from 'SNAR upon request, at
the discretion of ISNAR.
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Preface

DURING AN INTERNATIONAL workshop on agricultural rescarch management held by the Interational Service for National
Agricultural Research (ISNAR) in 1986, leaders of agricultura! rescarch systems asked ISNAR to help them improve the links
between research institutions and technology transfer institutions. The leaders of the more mature systems expressed concern
abouthaving technology which in many instances was not being adopted by farmers or, in some cases, was notevenreaching them.
For the leaders of less developed systems this problem had not yet arisen but they were concerned that when it did, it would often
have to be tackled in the context of weaker technology transfer institutions and almost non-cxistent links.

The leaders’ request had a sensc of urgency about it because in many countries the national policy makers, dependent upon
unreliable information on the impact of agricultural research and faced with intense pressures to cut budgets, have reduced the
national allocation of resources to rescarch. In addition, many fereign dowors have made improved links between agricultural
rescarch and technology transfer institutions a precondition for further funding.

In response to the request, ISNAR initiated a four-year intemational comparative study of the problem. The objective of the study
is to identify the key factors influcncing the cffectiveness and cfficiency of rescarch-technology transfer links, to isolate and
examine the weaknesscs in these links and to recommend ways in which these weakness might be overcome.

In the discussions on how to implement the study, it became obvious that the existing literaturc on the subject was largely
prescriptive, and would not provide the necessary basis for the study. A fresh approach was needed, and we decided 1o ask
internationally recognized experts on the subject to write aserics of papers examining all the issues relevant to rescarch-technology
transfer links. Seven papers were written, cach onc approacning the subject from a different perspective and yet complementing
the others in such a way as to provide the basis for drawing up a framework within which the study could be carricd out.

This framework is the subject of this paper, and represents the first phasc of the ISNAR study. It is the result of 18 months spent
synthesizing the experts’ contributions and reviewing the available litcrature. The second phase will use empirical case studics
from diffcrent countries to assess and illustrate the framework’s validity.

The hypotheses presented in this paper range from assertions which arc little more than common sense to those which are fairly
controversial; the hypothescs appear in italics, todifferentiate them from the rest of the text. The key point at this stage in the study
is not to rigorously defend the hypotheses, but to throw them open for wider debate and empirical cxamination.

Acknowledgements

This pap<r synthesizes the contributions of seven papers commissioned by ISNAR as part of an international project to study the
links between agricultural rescarch and technology transfer. The authors of these papers were: Paul Bennell, Ruben Echeverria,
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INTRODUCTION

MANY STUDIES and program evaluations have identificd
weaknesses in the links between institutions responsible for
agricultural rescarch and those concemed with transferring
technology to farmers as a major obstacle to the develop-
ment and application of beneficial new technologies in
developing countries (World Bank, 1985: 79-80). In
responsc (o this, the Icaders of these institutions, and those
who fund and oversce them, have attempted to identify
policics and organizational structures that would strengthen
the relationship between research and technology transfer.

A number of modcls have been put forward as possible
solutions. Among the most prominent are the US Land
Grant model, which combines rescarch, extension and
cducation in one institution; the Training and Visit system,
which involves subject-matter specialists and regular
training of cxtension workers; and farming systcms
rescarch, which emphasizes the role of constraint diagnosis
and on-farm trials. Other suggestions include setting up
joint committees of various sorts and establishing or
strengthening agricultural information departments.

Expericnce has shown, however, that it is impo.sible to
come up with a set of gencral reccommendations which
would be appropriate in all circumstances. Solutions which
work well in one context perform poorly in others. While
some characteristics are common to all situations where
technologics arc successfully developed and delivered,
these tend to be of a general nature; the specific mecha-
nisms for maintaining research-tcchnology transfer links
vary considerably from one situation to another.

However, when asked for advice on how to improve the
links, we should be able to say something more than “it
depends on the circumstances.” This paper presents a
conceptual framework and a set of hypotheses which may
enable us to offer more meaningful advice once our study
has been completed. It does not attempt to prescribe
solutions to the problems of linking research with
technology transfer, although we have fleshed out our
conceptual framework with relevant obscrvations wherever
we have felt able to do so at this stage in our study.

In particular, the paper addresscs four basic questions:

¢ What linkage mechanisms exist and what are their
characteristics?

o What contextual factors influence which linkage
mechanisms arc appropriate to usc and how?

o Which of thes: contextual factors can be controlled or
influenced by policy makers and lcaders of resca* ch and
technology transfer institutions?

o What limitations do contextual factors impose upon the
usc of linkage mechanisms?

The term ‘linkage mechanisms’ refers to the specific
organizational procedures used to maintain research-
technology transfer links. 'Contextual factors’ includes all
the factors that affect the use and relevance of linkage
mechanisms. Somc contextual factors are internal in that
they can be controlled or influenced by the leaders of the
institutions; others are external and are influenced by the
institutions’ broader paysical, political and socio-cconomic
environment (Merrill-Sands and McAlistair, 1988: 26).

Contextual factors can be divided into political, technical
and organizational factors (Lanec et al, 1981: 15). 'Political’
docs 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 intemnal (such as research and technology
transfer personnel), those which are external (such as
national policy makers, foreign agencies and private
companics) 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 facilitatc collabora-
tion between research and technology transfer institutions.
The technical factors are the activities and methods
specifically associated with the development and transfer
of diffarent types of agricultural technology to different
environments and target groups. The organizational factors
include the division of tasks, resources and authority
betwecn different organizations and individuals, and the
internal management and informal dynamics of each
crganization and its components.

In some situations, the research-technology transfer
relationship is not the critical constraint, such that manipu-
lating linkage mechanisms and the contextual factors that
condition them would make little difference. Changes in
other areas must come first. In those situations where the
relationship is critical, the linkage mechanisms and contex-
tual factors which can be manipulated and those which are
fixed may vary in each situation. Management must, in
each case, identify the factors that can be controlled,
dctermine the options available, and make hard decisions.

This framework, and the study of which it forms a part, are
mcant to provide a road map for that process. They should
help leaders of research systems find out what paths exist
and where they lead. The specific routes to guaranteed
improved performance are not yet known, but this paper
gives some indications of their general direction. It opens
with an elaboration of the key concepts of the framework,
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 agricultural technology.



KEY CONCEPTS

Research and Technology Transfer

THE TERMS ‘rescarch’ and ‘technology transfer® have
both functiona! and institutional meanings. The functional
mcaning relates to the tasks involved in the development
and delivery of technology. The institutional meaning
relates to the institutions and personnel responsible for
carrying out this process.

Throughout this paper we have used these terms in both
their functional and institutional sense, as is common
practice; it will be cvident from the context in which the
terms appear which usage is being referred to.

The main tasks of rescarch are:

o discovery;
o cxploratory development;
o technology consolidation.

Discovery is the process of collecting information and/or
scarching for rclationships between variables, the specific
uscfulness of which is as yet undetermined. This process is
oficn also referred to as ‘basic rescarch’,

Exploratory development is concerned with the
identification, understanding and control of the intcraction
between a proposed technology and the physical, cconomic
and/or social environment in which this technology will
ultimately be used. This process is often labelied ‘applicd
research’,

Technology consolidation i.: the process of translating the
results of basic and applicd rescarch into specifications for
ancw technology and of ensuring that these specifications
arc appropriate for the type of farmers for whom the
technology is intended. This involves some adaptive
research, but it also includes all the work which is canied
out to determine how to present and package a new
technology and to identify cxactly who might be interested
in using it.

The main tasks of teclinology transfer arc:

e .cchnology production;
e declivery of technologics to farmers;
e monitoring and cvaluating the usc of technologies.

Technology production is the process of producing the
materials (physical inputs and/or information) in sufficicnt
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 cases,
technology is delivered through many channels and over
varying lengths of time; as a result, what the farmers
receive is often incomplete and contradictory.

Monitoring and cvaluating the use of technologics involves
ascertaining whether farmiers have acquired the new
technology, assessing the extent to which they adopt, adapt
or reject it, and identifying the rcasons underlying their
IesSponse 1o it

Implicit in the tasks outlined above is the assumptior: that
they occur in a logical sequence; indeed, commoan scnsc
and much of the available litcrature support this assumption
(McDcrmott, 1987). In practice, however, many of these
tasks may be performed simultancously, Work may begin
with exploratory development rather than discovery, or
new rescarch may be carricd out on a technology that is
already in the process of consolidation,

A varicty of institutions and personncl play a part in
carrying out rescarch and technology transfer tasks. It is
also important to note that many rescarch institutions and
personnel may be involved in producing, delivering and
cvaluating new technologies, while many technology
transfer institutions and personnel may be active in discov-
cring, developing and consolidating new technologics.

Technology Transfer or Extension?

We have uscd ‘tcchnology transfer’, rather than the more
familiar term *extension’, throughout this paper, aparn from
a few contexts in which national extension services are
specifically discussed. The reasons for this decision are:

1. Itis imporant 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 ‘extension’ implics a
more limited focus on education/information.

2. Somec of the activitics associated with the term ‘exten-
sion’, such as informal education in nutrition and
health, are not within the scope of this paper.



3. 'Extension’ is now usually associated with conventional
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 materials and information from

those who develop and deliver the new tecanology (usually
professional and paraprofessional personne) to those who
use it (the farmers, who are often mistakenly assumed 1o be
less knowledgeable). It implics u two-way flow of technical
information between these groups. Materials and
information arc never simply ‘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 responsible
for delivering materials and information,

Institutional Agricultural Technology Systems

An agricultural technology system (ATS) consists of all the
individuals, groups, organizations and institutions engaged
in developing and delivering new or existing technology.
This definition is somewhat different from that of Réling
(1988) and others, in that we make no assumption that the
different institutions in the system work together orin a
compatible fashion, nor arc we using the word ‘system’ in
the dynainic sense commonly found elsewhere in the
literaturc. ATS participants may nonctheless be linked in
terms of their geographical focus or in terms of their focus
on a particular commodity, or both (Engel, 1988: 2). ‘New
technology’ refers not only to technology that has been
recently developed but also 1o older technology which is
being introduced 10 a new arca or new group of uscrs.

In many agricultural technology systems, some sources of
information, knowledge, physical inputs and services may
be entirely unconnected with any formal institution, but
this feature i not within the scope of this paper. We are
concerned here only with those parts of an ATS in which a
set of formal institutions or units arc involved; to denote
this, we have used the phrase ‘institutional agricultural
technology system(s)’ (IATS) in this paper.

* In order to carry out their various researqfand technology

transfer tasks, IATS engage in a number of basic activities,
These activitics can be categorized into:f

o thosc concerned with problem identstication and the
acquisition, ransformation, storage; rctrieval,
disscmination and usc of knowledp:;

e those concemed with the producticin of material goods,
including conceptualization, desigh, prototype
production, testing, mullip]iczuior,{ packaging and
distribution;

e thosc concerned with the managgment of and
administrative support for the atbve activitics.

In all three categorics, there are various types of skills
involved, ranging from specific technical and
socio-economic skills to more gencral managerial,
communications and participation skills. This varicty of
skills, combined with the fact that most IA TS cncompass
many different client groups, agro-ccological and
administrative regions, products, approaches and
disciplinary ficlds of intcrest, makes even the smallest
IATS guitc complex.

Links and Linkage Mechanisms

As indicated above, ‘research’ and ‘technology transfer’
have both a functional and an institut;onal meaning, Thus,
the links between them may be discussed from two points
of view: they may be scen as functional links, which relate
to rescarch and technology transfer activities; or as
institutional links, which relate to the institutions and
personnel that carry out these activitics. In the former case
we are thinking of links as activitics which aim to form a
bridge between rescarch and technology transfer. In the
latter, we are discussing the exchange of resources (such as
information, money, labor and materials) between
institutions and personncl. In this paper, the general term
‘link" is usually used, since both viewpaints are normally
included in the discussion. However, there arc a few

contexts in which we specify our viewpoint by using the
terms *functional links’ and ‘institutional links’,

The organizational procedures used 1o zstablish, maintain
or improve links are texmed ‘linkage mechanisins', These
mechanisms can be characterized according (o the
following attributes:

o whether they arc formal or informal, regular or ad hoc,
mandated or voluntiry, permanent or temporary;

o whether they are facilitative mechanisms (that is, they
provide resources) or contiol mechanisms (that is, they
detenminc how resources should be used) (Lconard,
1982: 36);



o the amount and type of resources exchanged;

o the administrative level at which they operate;

o whether they focus on programming activitics or are
concemned with implementation or cvaluation;

o the numbers of individuals involved.

A scale can be created going from the Icast to the most
demanding types of linkage mechanisms. Mechanisms for
facilitating the exchange of information would be at the
lower end of this scale; those for implementinig joint
activitics would be at the higher end; and those for the joint
planning of independently implemented activitics would lic
somewhere in between.

Formal and informa! links. The degree to which a link is
formal refers to whether or not it is given official sanction
(Snydcr, 1988: 84). In thcory, formal linkage mechanisms
follow officially specificd patterns, whereas informal ones
do not, being built on personal relations. In practice, the
distinction between the two is less clear cut: most formal
intcractions have informal aspects, and vice versa.

Formal linkage mechanisms which are mentioned in the
literature include: committers, task forces, liaison
deparuments and officers, subject-matter specialists,
agricultural communications units, pre-extension units, the
contracting of rescarch by development agencies, farming
systems programs, joint activities, publications, presenta-
tions and demonstrations, staff cxchanges, inter-agency
agrecments, service provision. joint plans, matrix

w

management, shared supervisors, policy mandates, and
meelings.

Informal mechanisms censist of communication and the
exchange of resources without official sanction or through
personal contacts. Communications studies have found
that pcople who maintain personal contacts beyond their
unit play a key role in inter-unit exchanges of information.

Just because a mechanism is informal docs not mean it
cannot bc managed. Management can cither foster or
hinder the establishment of informal links. This can be
done by changing the physical proximity of groups,
promoting joint social activitics, cncouraging staff
rotations, publicly sanctioning informal contacts, placing
people in centain positions on 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 foilows set rules. For the most part,
institutionalized mechanisms are more permancent and
formalized, ad hoc mechanisms more temporary. Ad hoc
and temporary mechanisms, such as task forces, have the
advantage of being designed to meet a specific objective,
Their extraordinary naturc can create a sense of urgency.
Institutionalized mechanisms permit the development of
mutual cxpectations and can be improved over time,
Although there arc important exceptions, recurrent
problems lend themsclves more to formal approaches.
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CRITERIA FOR ZVALUATING LINKS

ANY DISCUSSION on improving the rclationship
between rescarch and technology transfer requires some
idca of what constitutes a good relationship, We have
established five criteria for evaluating the links which form
the basis of this relationship:

IATS integration

Availability of new technologics

Relevance of new technologies

Responsiveness of new technologics to the needs of
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 thetaselves, high
performance on the othess provides indirect evidence of
cifective links, The criteria are not necessarily the criteria
uscd within TA TS to evaluate rescarch-technology transfer
links, for such criteria ofien contain a more subjective
clement in that they reflect not only the officially stated
goals of an institution but also those of the individuals
within it. This is an iniportant point, for too often those
who evaluate IATS assume that individual goals are the

same as the officiaily stated goals; in reality each
individual has his/her own set of personal, institutional,
social welfare and/o. political goals over and above the
official guals, These personal goals may be both rational
and legitimate, and should be taken into account when
seeking to understand the behavior of an institute and its
staff, but they do not provide a basis for evaluating the
efficiency and cffectiveness of an IATS.

Al TATS will perform better with regard to some criteria
than to others. Although we have used several criteria, no
aucmpt has been 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 find there are trade-offs in their
achievements,

The criteria arc defined below, aind a brief note is added on
the issue of the impact of new technologics on welfare.
Then, in the next three sections, we will examine how
political, technical and orgapizational factors affect the
performance of TATS 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 prercquisite for high system performance
constitutes our first criterion, integration. The level of
integration is gauged according to thc amount of resources
cxchanged between the parts of an IATS and the
importance that cach part attaches to these resources.

1ATS which regularly make available relevant new
technologies will exhibit high levels of integration between
research and technology transfer.

However, it must be pointed out that the existence of a high
level of integration is no guarantce that relevant new
technologics will regularly be made available, since other
conditions must also be met, There is little valug in
coordination, collaboration and communication for thei.
own sake. Similarly, while a low Icvel of integration
contributes to the failure of an IATS to regularly make new
technologies available, it need not necessarily be the only
rcason for this failure.

High levels of integration do not necessarily imply the
absence of conflict between rescarchers and technology
transfer workers. And where conflict exists, it may make a

mere positive contribution to research-technology transfer
links than is oftcn thought; it can prevent stagnation,
highlight important issucs which might otherwise be
overlooked, stimulate both groups to work harder, foster
creativity and provide a forum for problem solving
(Amold and Feldman, 1986: 210-211). High levels of
integration are best achieved by effectively managing
conflicts, not trying to suppress them.

Another important aspect of integration is efficiency.
Integration is costly in terms of time, money and other
resources and generally involves a reduction in autonomy,
Some integration is necessary, but beyond a certain point
devoting additional resources to integration in preference to
other activities will be counterproductive. On purely
theerctical grounds, efficiency is important enough to be
included as a 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 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. Te degree of availability depends on how



muck technology is produced, how cffectively it is
proinoted and how reliable and convenient the inpits and
services needed by the producers are,

Relevauce of new technologies. A new technology is
relevant to a 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 are a number of variables which determinc the extent
of adoption, including the profitability and sccial accepl-
ability of the technology, its imporance 10 preducers’
systems of production, and whether or not it was developed
in responsc 1o a clearly articulated demand from producers
or technolngy transfer workers.

Responsiveness of new technologies to the needs of
resource-poor farmers. This is exactly the same criterion

as relevance, only it refers to whether the technologies are
relevant for resource-poor producers as opposed (o other
types of producers. It has been included because there is
strong evidence that th: linkage mechanisms required to
serve high-resource farmers may be significantly different
and, gencrally, casicr to develop than those needed to serve
their poorer counterparts.

Institutional sustainability. IATS which appear quite
successful based on an evaluation carricd oat over a
particular period may seem less so during a subsequent
cvaluation, Thus an important criterion is the ability of an
institution to sustain its performance. Because of the
sustainability issuc and the fact that technology develop-
ment and delivery is a slow and often discontinuous
process which may take years before coming to fruition,
performance should be assessed only over a long period.

Impact of New Technology on Welfare

None of the criteria outlined above relates specifically to
the impact of ATS on the welfare of procucers and
consumers,

Integration dez!s only with the system’s efiorts, not its
results. Availability focuses on the ability to produce and
deliver outputs, but not on the impac. of those outpuls
(Snyder, 1987: 26-30). Sustainability deals with the
performance of institutions, not with the impact of that
performance on producers. Only relevance and
responsivencss to the nceds of resource-puor producers are
in some sense connected to impact in that producers would

be urlikely to adopt technologics which adversely affected
their welfare,

The impact of new technology on welfare could be
examined on the basis of a number of aspects,

including increased farm income, : .duced risk, resource
conservation, improved health, bet*zr security and overall
cconomic growth. However, because there are so many
variables which affect these aspects, it is practically
impossible to establish a 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 what pressurcs, external and
internal, there are on institutions and personnel within
1ATS 1o uchieve high levels of performance;

e those which determine the quantity and quality of the
resources of 1ATS.

With reference to the first group, to imposc goals on
institutions and personnel within IATS and to provide them

with all the recessary resources to meet these goals would
bave little effect unless they had the desire to achieve the
stated goals; and that desire depends largely on what
incentives are also provided. With reference to the second
group, many political factors come into play in determining
whether or not 1ATS 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.

Politic..: Pressvures

In the absence o) positive external pressure from national
policy makers, foreign agencies, farmers cr the private
sector, the dynamics of an institution tend to be dictated by
internal pressures, resulting in poor performance.

This hypothesis is bome out by the situation found in many
low-income countrics and is the result of historical factors
and current political and social structures (Sims and
Leonard, 1983: 1).

The historical legacy. In most low-income countrics there
is a marked difference between the historical legacy of the
commercial agricultural sector and that of the subsistence
scctor. In the case of the former, foreign scttlers and
indigenous lunded clites had close and generally direct
contact with rescarchers. Rescarchers 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 had similar backgrounds to the farmers and
therefore could communicate relatively casily,

Responsiveness to the nceds of the subsistence scctor,
hewever, was poor. Little or no technology was produced
specifically for this sector, and where extension services
cxisted they often focused on non-technological activities.
Rescarch-technology transfer iinks were churacterized by a
great difference in status between rescarchers and technol-
ogy transfer workers and between the latter and farmers.
Information flowed only one way. from the rescarchers
‘down’ to the farmers. Responsiveness to the needs of
resource-poor farmers would often increase significantly in
times of famine and other similar criscs, only to decrease
again once the crisis was over.

Thus, in terms of the criteria defined above, the commer-
cial sector benefited from <ubstantial technology
availability and relevance, as well as from institutional
sustainability; there was integration in a sense, but much of

it was dircctly between rescarchers and producers. For the
subsistence scctor, however, 1ATS performed poorly in
relation to all the criteria,

Current political and social structure. Where external
pressurcs on IATS have not intervened to change the
historical pattern, it has persisted or, in some cases,
degencerated to the point where the attempts being made o
mcet the needs of cither the commercial or the subsistence
sector inect with little success.

In many cases, the IATS in low-income countrics face littic
cxternal pressure to improve rescarch-technology transfer
links other than that applied by forcign donors. For political
rcasons, governments are reluctant to allow farmers’
organizations to be formed or (o become too powerful,
Usually, the only types of organizations found among
resource-poor farmers are informal networks of the patron-
client type; stronger members take on the role of patrons,
the others assume the role of clicnts. The members of these
networks exchange goods and services, with most of the
benefit accruing to the patrons. They may take advantage of
the credit, inputs or services offered by [ATS but they
rarcly exert pressure on the IATS to produce new
technologics.

The dominance of patron-client politics in low-income
countrics has a twofold cffect on rescarch-technology
transfer links:

e technology transter services come under pressure to
provide more than just advice and are pushed towards
concentrating on activitics which are likely to make
them less integrated with rescarch; for example, they
offer credit and inputs rather than advice and informa-
tion, or concentrate on servicing the necds of the
patrons, who may have some political power, rather
than those of the clicnts, who have none;



e rescarch institutions tend to become oriented towards
the rest of the scientific community or towards
their hierarchical superiors, which results in the
tendency among rescarchers to prefer to do on-station
rather than on-farm wr k, to concentrate on export
crops and to live in urban arcas where they can
interact with people of similar backgrounds rather than
in remote arcas whcre they would have more
intcraction with resource-poor farmers,

In essence, the iack of external pressures maz result in
institutions and nersonnel becoming motivated more by
their owa social and political needs than by the needs of
resource-poor farmers. Many of these institutions suffer
from lack of funding, and this further reduces the level and
quality of the work done by their personnel.

Effects of external pressures. As implied in the hypo-
thesis, good institutional performance requires positive
external pressures on 1ATS by national policy makers,
forcign donors, farmers and the private sector. The nature
of these pressures is described here: this is followed by an
outline of how cxternal pressure may, in some cascs,
adversely affect rescarch-technology transfer links.

National policy makers. Generally, national policy makers
intervenc forcefully in technology issucs only in cxcep-
tional circumstances, such as discase outbreaks, major crop
shortfalls, rapidly rising food imports, rural unrest, 4 highly
publicized international breakthrough in technology or a
radical change in government. At such times, they will
exert pressure on IATS to cut through red tape and boutle-
necks Lo produce quick results; new resources are broug t
in, objcctives are clarified and there is an overall, albeit
often short-term, dramatic improvement in performance.
More consistent pressurcs are exerted by national policy
makers usually only in those countrics where one or a few
crops play a dominant rolc in society, as in the case with
ricc in Asia or sugar in the Caribbean,

Foreign donors. This term includes multilateral and
bilateral ai¢ agencics, externally sponsored non-
governmental organizations (NGOs) and international
agricultural rescarch centers (IARCs). These groups
provide a substantial proportion of the resources required
by national institutions in low-income countrics; their
tendency to concentrate their funding on program expenses,
cquipment and training, rather than on salarics, and their
ability to clicit government matching funds for their
projects give them greater leverage than their overall
budget share might warrant.

Until recently, foreign aid agencies regarded research and
technology transfer as separate systems. This approach is
now changing, and they are making improved links ‘
between the two a precondition for further fi unding. In
addition, they are increasing financial support for the
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development of technologics relevant to the needs of
resource-poor producers. Externally sponsored NGOs are
carrying out innovative participatory projects. IARCs are
providing rescarchers and, to a lesser extent, technology
transfer workers with incentives to engage in more relevant
work; they are also trying to mobilize more external
funding for linkage activitics, such as exiension training,
agricultural communication and liaison, farming systems
fesearch, social science programs and the use of subject-
matter specialists. This has provided an incentive for those
working in the national institutions to focus more attention
on rescarch-technology transfer links.

Farmers. As indicatcd above, resource-poor farmers in
low-incomne countrics are seldom 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 1o occur where there is a group of more
affluent and politically influential farmers who have the
resources and incentives to invest in rescarch-generated
technologics. 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 fanmers, to the extent thay the two
groups of farmers grow siilar crops, contend with similar
agro-ccological conditions and face similar price structurcs
and resource scarcitics “poor farmers may gain considera-
bly more benefit from the political ability of the large
owners to lobby for agricultural interests than they losc in
bias of the systems against their particular needs.” (Sims
and Lconard, 1988: 49)

Private secfor. Ptivate companies influcnce public sector
performance both dircctly and indircctly. Examples of
direct influence arc representation on public advisory
boards, funding of public rescarch projects, direct contact
with researchers and technology transfer workers, and
privale (or public) delvery of publically (or privately)
developed technologics. An example of indirect influence
is the implicit competition which takes place when private
ard public scctor agencies are simultancously involved in
similar activitics (Isracl, 1987; 89-107). The degree of
private scctor involvement znd of its influcnce on research-
technology transfer links depends on the level of a
country’s development and on government regulations and
incentives.

Although the involvement of private companics may
strengthen some links between research and technology
transfer, it may also bias public research and technology
transfer towards producing capital-intensive technologies
which have little relevance to the needs of resource-poor
farmers. However, as in the case of the pressures excried
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 litde sttention



is paid to the effect of new technologies on the physical
environment,

An important aspect of private scctor pressures on IATS is
the influence exerted by large plantations and processors,
particularly those with monopoly power. These concerns
arc usually in a position to finance technological activitics
and to make full use of new technologies; sometimes they
develop and deliver technologies themselves, sometimes
they contract out these activitics to the public sector or a
privatc company. This will have a positive effect in terms
of all the evaluation criteria except responsiveness 1o
resource-poor farmers, few of whom grow crops for
processing,

Limitations of external pressures. External pressures are
often 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 several
other, more valid reasons for such resistance.

Firstly, those excrting pressure often do not adequately
understand the problems they wish to sec solved. Thus they
may demand results which are not feazible or cost-
cffective, may overlook potentizi dangers or secondary
cffects, and may place undue emphasis on short-term
problems and on the symptoms of problems rather than the
underlying causes.

Sccondly, the technology development process is often
long term, whereas external pressures often emanate from
transitory and unstable sources. For exainple, frequent
changes in government result in changes in national

prioritics and policies; within the intcrational donor
commuaity, topics and approaches go in and out of fashion.
If institutions always respond to these fluctuating extemnal
presswes by changing their structures ..nd activitics, the
chances of building up the effective relationships needed to
create sound rescarch-technology transfer links are scverely
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
ministrics, 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 increase the responsiveness of rescarchers and
technology transfer workers to the needs of resource-poor
farmers.

Lastly, external pressures may force Icaders of institutions
10 induige in ‘window-dressing’ 1o create the impression
that they are responding to external demands, For example,
if improvement in research-technology transfer links is a
precondition for external fidancing, committees may be
constituted and documents published to create the illusion
this improvement is under way; but such manocuvres may
bear litde relation to the real situation (Réling, 1988: 80,
96). Although ‘window-dressing’ may have some positive
resuits, it docs add to the workload of institutions and it
makes critical assessment of linkage mechanisms difficuls.

The Ability of JATS to Command Resources

The quantity and quality of resources available for
technology development and delivery varies according to
region, country, client group and commeodity. In general,
high levels of appropriate resources are associated with:

e agriculral products which are strategically important
because they generate foreign exchange or are
staples in the diet of the urban population;

o clicnt groups who have the ability and incentives to
cexert pressures on technological institutions;

¢ favorable agro-ccological and socio-cconomic
cnvironments in which there is substantial use of
purchased agricultural capital goods.

A more tentative relationship exisi; between those IATS
with high resource availability and the *size’ of the
commodity, client group or arca they serve. Size is difficult
1o define; possible factors on which a definition could be
based arc value of output of the IATS’ clients, the number

of people served and the availability of resources which
can be tapped to support technological activitics.

Greater access to resources implies the ability to sustain
larger, more sophisticated institutions, This assumption
underlics the following hypothesis:

IATS which have high resource availability are more
differentiated than those with low resource availability,
leading 10 more complex, well-endowed and sophisticated
linkagr mechonisms.

IATS with high resource availability are generally charac-
terized 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, to aliocate more funds to
linkage-related activitics and to create more structured and
formal linkage mechanisms (Stoop, 1988: 25). Researchers
and technology transfer workers in well-endowed TATS



tend to be from similar backgrounds and to share similar
values, which promoles better communication and cmpathy
between them; however, it should be noted that this
communication suffers if these personne! become too
specialized.

JATS with high resources are generally those in arcas
which offer a relatively wide range of amenitics (schools,
hospitals, cultural opportunitics, ctc) for researchers and
technology transfer workers. Hence, these IATS are able (o
recruit and retain more educated, specialized, higher caliber
personnel, which in turm promotes more effective commu-
nication. As ‘echnology transfer workers become better
cducated, they are more able to assume responsibility for
adaptive rescarch and specialist tasks formerly handled by
rescarchers.

Farmers served by high-resource IATS arc often better
educated and organized and thus more able to pressure
institutions and to understand the information provided by
them. There tends to be more direct contact between
farmers and rescarchers in these circumstances and a larger
varicty of channels through which farmers receive and
provide information (Stoop, 1988).

In the fight of the points outlined above, it might well be
asked what can be done for those regions, countrics, client
groups and commoditics where the quantity and quality of
resources commanded by JATS are low. There arc three
possible courses of action.

Firstly, an attempt could be made to improve the resource
base through the usc of pzople who have an ideological
commitment to working in situations where others,
motivaied solely by material considerations, would not be
willing to work. Such people can be found within NGOs
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which have a humanitarian or religious base; other possible
candidates are politicized professionals and, in developing
countries ruled by highly ideological regimes, the young

people.

Sccondly, the tasks carried out by IATS can be simplified
to allow them to be performed with the resources,
particularly human resources, that are available. It may be
feasible, for example, to carry out farmer-to-farmer inter-
changes, simple trials and praciical experiments with new
plant species using relatively limited Jocal resources. More
usc 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 be made to provide disadvantaged
groups with skills 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
cxternal agercies. In some cases it may be more cffective
to devote any available resources to creating this organiza-
tional capacity than to spend them on the IATS.

In discussing the ability of IATS to command resources it
is necessary (o distinguish between resources which are
extenally generated and those which are generated from
within the group or arca the IATS serve. As noted
previously, externally generated resources may be unstable,
Inicmally gencrated resources might be more stable in
those situations where the relevant group's own resources
and its concern with technological issucs are relatively
stable; groups which provide IATS with resources during a
crisis, or arc vulnerable to fluctuations in the prices of their
products, arc unlikely 1o be able to sustain their efforts in
the long term,



TECHNICAL FACTORS

WHAT TYPE OF rescarch-technology transfer links are
most appropriate depends a great deal on the nature of the
activitics the IATS is assigned 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 development and delivery and then examines
how the activities associated with these tasks vary accord-
ing to the types of environments and technologics involved.

Farmer Input and Targeting

Linkage mechanisms that give farmers and technology
transfer workers opportunities for input and feedback early
on in technology development, and the accurate
identification of 1arget groups, are both required for the
production of relevant new technologies.

Links may be direct, consisting of participation by farmers
in setting the rescarch agenda, or of diagnostic rescarch in
the farming community to asscss user preferences and
nceds (Réling, 1988: 28). Altemmatively, inputs and
fecdback may be channcled through technology transfer
workers, who then serve as an indirect link.

For thesc links to be cifective, producers, rescarchers and
technology transfer workers will often have to be taught
participation skills to allow them to interact effectively

with each other., These skills may include the learning of
local languages, the use of instruments to obtain technical
measurements, how to articulate needs and 'iow to take part
in experiments.

The early targeting of user groups is a prerequisite for the
successful development of new technology., Within the
broad category of agricultural producers there are many
subgroups, cach with its own technological requirements.
These subgroups and their needs must be identified, and the
development and delivery of technologics must take their
cxistence intn acrount. This targeting process is closely
related to what the farming systems literature calls
*identifying recommendation domains’ and commercial
marketing rescarch refers o as ‘market scgmentation’
(Roling, 1988).

Environmental Diversity

The level of integration and the complexity andlor
differentiation of the tasks performed by IATS must
increase as the environment becomes more diverse or
unknown.

Complex tasks arc those involving many variables, high
levels of abstraction, and sophisticated analysis. To carry
cut such tasks institutions must have highly trained staff
from a wide varicty of backgrounds. Often, complexity is
also associated with the dispersion of work locations
(Snyder, 1987: 44-45). To be handlcd effectively, complex
tasks require a more open communication system than that
found in hicrarchical decision-making structurcs, and
flexibility at lower levels in determining appropriate
technological responses (Lane ct al, 1981: 154).
Decentratization of authority, whether formal or informal,
is also cssential (Martincz, 1988: 6).

Hicrarchical systems are those with heavy constraints on
communications outsicde the vertical authority channels,
more authoritative decision making and greater status
differentials (Lanc et al, 1981: 154). Examples arc the
Training and Visit system of cxtension, agricultural
technology promotion campaigns, and commodity systems
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such as the Kenya Tea Development Authority (Chambers,
1988: 51). Such systems arc normally successful only
where few commoditics are grown in relatively uniform,
controllable and predictable conditions,

Thus task complexity is closcly related to cnvironmental
diversity. This is cspecially marked outside the relatively
uniform green revolution areas, Physical and biological
diversity is found in arid arcas, but it is most pronounced in
the scmi-arid, subhumid and humid zones. Physical
variations within the same ficld can require different crop
varictics or combinations. Differences of soil, slope and
vegetation compound the problem, while multiple canopies
of plants, multiple tree-crop-livestock interactions and the
sheer number of different specics used can be bewildering,
Moreover, social diversity is *~*zmwoven with environ-
mental diversity, such that each place and social group can
be seen as unique, requiring its own path for development
{Chambers, 1988: 51-52).

Diverse environments require more location-specific
diagnosis of constraints and adaptation of technologies, As
a result, rescarch cfforts must be more widely dispersed.
This dispersion, while it scparates rescarchers from one



another, often brings them into closer contact with tech-
nology transfer workers, offering opportunities for
ircreased communication.

The most marginal farming systems tend to be the most
complex and diverse and to face the greatest risks. Rainfed
cropping systems in upland arcas are generally both less
productive and more diversc than irrigated systems, These
environments pose more complex technical problems not
only because of the multiple activities associated with them
but also because less is known about them and the
constraints arc greatcr.

IfTATS are to perform as well in these environments as
they do in more homogencous ones that are better
cndowed, they must accomplish more complex tasks. This,

in turn, requires features typically found only in well-
endowed IATS. The more difficult environments arc
usually served by IATS with very limited resources. “There
are far fewer scientists per farming systcm, both because of
the scarcity of scientists and because of the many fanining
systems” (Chambers, 1988: 52).

The adaptive, problem-solving approaches demanded by
these diverse eavironments require levels of experience,
education and professionalism that cannot usualtly be found
among those working there at present. Most peaple with
alternative employment opportunitics prefer not to work in
these environments, and leave after short periods of time,
This imposes strong limitations on the levels of perform-
ance achicvable. Thus, producers with the greatest need for
a sophisticated [ATS are lcast likely to have one.

Other Environmental Factors

Other important environmental factors which affect JATS
tasks include:

e the availability of communications channels and
infrastructure;

o the development of the necessary infrastructure and
traditions for farmers to make use of inputs and
information produced outside their communities;

o the level of pre-existing knowledge about the
cnvironment;

o the dispersion 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 producers normally use these
channcls, have an important bearing.

Where input distribution channels, particularly those in the
privale scctor, arc weak, extension services often
concentrale on input delivery. Dissemination of technical
information becomes a less important part of their work,
reducing the links with rescarch,

Rescarchers face limitations in the types of technologics
they can productively work on, since for inany inputs the
necessary infrastructure is simply not available to produce
and distribute them. Furthermore, as we have alrcady scen,
producers who make little use of research-gencrated
technologies, particularly purchased inputs, are less likely
1o pressure their IATS ror results.

Knowledge of the environmenial conditions, farming
systems and technologies that producers work with also has

strong linkage implications. As recent literature has
shown, producers have a great deal of practical knowledge
1o centribute regarding the regions, technological regimes
and systems for organizing production with which they are
familiar (Tripp, 1988). The same may also apply to
technology transfer workers, However, this advantage
disappears when these groups face new situations, as is the
casc when farmers are resctiled, radically change their
farming system, or move from individual to collective
production, In these unfamiliar circumstances input from
producers and technology transfer workers may still be
important, but it will reflect preliminary impressions rather
than detailed knowledge.

Research, when faced with new environmental conditions,
often has to concentraie on basic exploratory work, and in
the short term has little of practical value to offer. When
young institutions arc pressured to produce immediate
results at the stage when they are still putting together the
knowlcdge base to respond (o their task, the results are
often disastrous. Progressing prematurcly to technology
consolidation in these conditions may be especially
dangerous. In these situations rescarchers and technology
transfer workers have the greatest need for information
from producers.

When services are provided to dispersed and inaccessible
farm populations, rescarchers and technology transfer
workers have fewer opportunities for direct interaction, To
be effective, technology transter workers must be close to
the population they serve. Rescarch, however, must for
reasons of cost be concentraied in reatively few locations.
The resulting lack of contact between the two groups is not
necessarily bad: in many cases direct contact is not the
most cffective or efficient means of linking research and
technology transfer,



The relative dispersion and inaccessibility of researchers
and technology tranifer workers increases the need to
decentralize decision-making on minor administrative
matters. If such decentralization does not take place,

communications problems between the central offices and
the field locations can paralyze operations and/or make
those activities which do occur less relevant to local
conditivns.

The Activities Associated with Different Types of Technology

Different types of technology require different linkage
mechanisms; one set of mechanisms will not be adequate
for IATS which deal with a wide variety of technology

types.

Discussions on how linkage mechanisms work tend to be
bascd partly on unsubstantizted generalizations. Most
existing litcrature implicitly takes as a model the links
required to develop new plant varicties, There is little
rcason to believe that this pattern is applicable to other
technologies.

Technologies should be classificd into different types only
if they require distinct links for their development and

delivery. The b. 1d types we have so far identified include:

existing and new technologics

physiczl inputs and information

private and public goods

complicated and simple technologies

centrally and locally generated technologics
producer-, research- and policy-driven technelogics

Existing and new technologics. Specific linkage
mechanisms are required to effzctively develop and deliver
new technologies in addition to the mechanisms used for
delivering already existing technologies.

Most of this paper discusses the development and delivery
of new technologics. Much of the work within IATS,
however, involves technologies which are already well
cstablished, at least nationally or internationally, for which
the IATS does no original rescarch or adaptation,

Most links between rescarch and technology transfer
concern such already established technologices. For
exampc, researchers often give extension 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 10 a researcher with a
sample from a diseased crop and asks for assistance in
identifying the pest which caused the damage. Similar
commenis could be made regarding a wide variety of
support activitics which rescarchers typically provide to
technology transfer workers, such as drafting manuals or
recommendations, providing laboratory and library
facilitics, and backstopping cxiension activities.
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In high-performance IATS, most researchers will play
some, even if 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
development of a new technology should also be involved
in its consolidation and production.

Product champions arc esscntial for the development and
delivery of new technologies. These are peop's who have
both sufficicnt interest and authority to push the new
technology through the development and delivery process
and help to overcome obstacles (Peters and Waterman,
1982: 203-207).

Work with alrcady established technologies does not
necessarily require cither product champions or the direct
involvement of rescarchers. In fact, most high-performing
IATS shield rescarchers from having to devote a large
proportion of their time to this type of work in order to
ensure they have sufficient time for their primary
responsibilities.

To be delivered and produced, completely new technolo-
gics require substantial modifications in the technology
transfer infrastructure (in the case of physical inputs). This
slows down the rate at which they become available.
Greater contact between research and technology transfer
when and/or before the technology is being consolidated
reduces this time lag (Snyder, 1987: 95-96).

Crops and other technologics with which producers and
technology transfer workers arc completely unfamiliar have
similar implications to those described for new environ-
ments, In other words, researchers, technology transfer
workers and producers must work closely together o
cnsure that they gain maximura advantage from cach
other’s insights,

Physical inputs and information. Some technologics take
the form of physical goods. Others involve only informa-
tioze or cultural and management practices. The unis witich
must be linked, the predominant communications channcls,
and the output control mechanisms required are diffsrent in
the two cases.

The delivery of physical inputs requires a set of actors and
roles whichi de not exist in the case of pure information
technologics. These actors include input producers and



distributors and, where high levels of invesimeais are
involved, credit agencies. The presence of hesc additional
actors/roles greatly alters the linkage dynamic. Whereas
cducational materials, both scientific and popular, lic at the
heart of links in the case of information technologics,
product distribution and market promotion are more
important when physical inputs are involved,

The relation between research and input suppliers provides
a potentially important additiona! channel for user feedback
and market information. Indeed, the importance of the
links between rescarch and the supply of inputs can eclipse
extension’s role in disscminating technical information,
Thus, breeders® relations with sced multipliers can prove
more important for transferring new varietics than their
rclations with extznsion.

Anore formal process for approving recommendations is
generally advisable for physical inputs, because it is more
costly to produce or import a rew good than 1o recommend
a new cultural practice. New products may also pose higher
health, safety or environmental risks. In the case of new
plant material, seed conmitizes meet to decide whether a
new variety should be released. Formal requirements are
usually established for detcrmining a pesticide’s effective-
ness and toxicity before it can be sold. These processes
provide a forum for interaction between researchers and
technology transfer workers. In contrast, a new recom-
mendation for planting dates, pruning methods or simitar
practices need not be subject to a formal review process.

Private and public goods. High performance according t0
all our criteria except responsivencss to the needs of
resource-poor farmers is more likely if the technologics are
private goods. Most physical inputs arc private goods, the
main exceptions being goods which can be prodr.ced easily
by farmers, such as self-pollinating plant varictics and
natural fertilizers. As these inputs are less profitable to
produce and farmers may have no interest in pur.. asing
them, it is often as difficult to achicve high periormance
with them as it is with pure information technologics.

Complicated and simple technologies. Technologics
which are more complicated to usc or produce require
greater and more sophisticated educational efforts, Manuals
and/or intensive training efforts may be required.
Rescarchers will probably need to be in regular direct
contact with manufacturers.

Skills training for producers and even for technology
transfer workers is often a prerequisite for using compli-
cated technologies. This, in tumn, requires changes in the
roles of researchers, technology transfer workers and
producers.

If use becomes very complicated, specialists (veterinarians,
professional fumigators, tractor mechanics, cic) may
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replace farmers as the principal users, The usc of these
complicaicd technologics in concentrated areas (fe:
cxample, in large irrigation projects, capital-intensive
horticultural concemns or fully mechanized faris) tonds
itself particutarly well to the development of these
specialized groups.

The livelihood of these groups depends on detailed
knowledge of the research-generated technologics they
work with. This makes their interaction with researchers
and technology transfer workers quite different from that of
mast preducers in developing countries at present. They
have more direct contact and make greater use of special-
ized communications channels. In time, farmers 100 may
become more sophisticatcd in their approach to rescarch-
gencrated technologies, as their enterprises become more
specialized.

Centrally and locally generated technologies. Certain
technologies fend themsclves to being generated in cne or a
few central locations. Oihers do not.

Technologics applicable over wider arcas or in many
situations can more casily be gencrated f.~m central
locations. For example, a new pesticide may be developed
at the intemational headquarters of a multinational
corporation for usc around the world, Qther technologics
have only very local applicability and require multiloca-
tional ficld trials or other adaptive research activitics.

Research on topics such as livestock and perennial crops
tends to be concentrated in a few places because it is both
costly and complicated. While the need for adaptive
rescarch may be great, such trials are expensive. Thus only
a small number of trials can be done and the potential
lorses caused by daing them badly arc very high. This
icsearch is also longer term and  ~ve: difficult o do on
farm (data requircments are heavy and farmers are less
willing (o risk their animals or tree crops).

Economics of scale in the production of inputs favor the
concentration of rescarch. Even if it is preferable 1o have a
wide varicty of pesticides, inorganic fertilizer formulae or
tractor models to meet local conditions, producing them is
usually prohibitively expensive. (Economics of scale also
affect the organization of input delivery, and thus have
other linkage implications).

When rescarch is not concentrated, the physical dispersion
of researchers makes them more dircctly accessible to
technology transfer workers, whose knowledge of local
conditions is likely 10 be relevant for the generation of
location-specific technologies. Technalogy transfer
workers also have more opportunitics to become involved
in research when this consists of a considerable number of
decentralized, low-cost field trials with rclatively
unsophisticated data requircments,



Producer-, research- and policy-driven technologies.
Technology transfer workers and producers concentrale
their ¢emands for rescarch on the problemis which they
perceive as urgent. Frequently these concern pests or
diseases. These groups also pay more attention to tech-
nologics that offer a clear short-lerm advantage than they
do to those that appear only marginally superior to current
practices or that require effective management Lo bring
substantial benefits.

When clearly advantageous technologics become available,
a considerable amount of pressure may be exerted on
rescarch for additional information and adaptation. Most
rescarch, however, tends to concentrate on the less
spectacular technologics or on providing maintenance to
sustain technologies which have been developed
previously. ‘The incremental improvements thus provided
are harder to perceive, and hence they elicit less interest
and participation,
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Producers and technology transfer workers rarcly
emphasize long-term or less obvious problems such as
preventative (as opposed (o curative) health issucs or
resonrce conservation. Roling refers to technologies
responding to these latter problems as ‘policy driven’,
because getting producers to adapt them usually requires
incentives provided by policy makers (Roling, 1988: 71).
These incentives can be positive (bo:uses, subsidized
credits and inputs) or negative (regulations, sanctions) and
must be incorporated into the overall ac tivitics of the IATS.

As a result of the bias in the type of technologics demanded
by producers and technology transfer word ers, some
rescarchers will be under constant pressure, while others
will be practically ignored. Since perfonace improves
when external pressure is high and there {s producer input,
performance for producer-driver tcchnologics 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
varicty of ways,

Formal boundaries between different entitics simulianc-
ously increase the interaction and communication of those
within the boundary and limit access to those outside.
They permit each entity 1o specialize with regard to the
tasks it undertakes, the inpuls it uses, the outputs it
produccs and the groups with which it interacts. While
conflicts and diverging interests or strategics do not
disappear, within the boundaries it lecomes casier to
accommodate them.

The evolution of institutional structures is a complex
process. IATS change slowly through the interplay between
comoeting interests. Personalities and informal links play
an impettant role. Key decisions arc made at many
different locations within the government hicrarchy. In
addition, private companics, NGOs, producers’
associations and other external agencics over whom the
government has only a limited amount of control arec now
beginning to play a morc tmportant role in IATS,
Differences in current structural arrangements can ofien be
traced back to models copied from or promoted by
different external groups.

While managers have sorie opportunities to manipulate
structure, they frequently find themsclves constrained by
incrtia, political opposition and cxisting legislation and
regulations. This may be just as well, since major
structural reorganizadions are costly, create uncertainty and,
if carricd out too frequently, lead to attempts by lower level
staff to preserve the status quo. The historical record is full
of reorganizations which faiicd because they focused only
ou structure and did not address the other issucs discussed
in this paper.

For thesc reasons, structural reorganization should usually
be an option of last resort. This does not mean that
institutional structures are irrclevant. Structural differences
have strong implications both for linkage mechanisms and
for the performance of IATS. We will now discuss these
implications.

Interdependence. This can take the form of task inter-
dependence (joint activities and interchanges necessary to
perform a specific task) and/or resource interdependence
(where one component of the IATS depends upon another
for the resources necessary to carry out its activities and
meet its goals).
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The literature has identified various types of task inter-
dependence (Thompson, 1967; Van de Ven et al, 1976).
The four broad categorices are:

e pooled, in which each part uses a common resource
base and makes a contribution to a common overall
goal but there is minimal interaction among them;

o scquential, where resources flow fromn one part to
another asymmetrically;

e reciprocal, when cach part produces a product which is
an input for the other;

o team, when resoarces and products flow frecly between
all members of a communicatiens network which
combincs two Or more parts.

Perceptions concerning the interdependencics between
rescarch and technology transfer activitics have changed.
“Initially both activitics were considered independent but
contributing fo a common purpose [as in pooled inter-
dependence]. Then, extension was thought to be
scquentially linked to research, receiving its inputs from it
and intzgrating them with othcr components of a package
of services to farmners. Subscquently, their reciprocal
dependence was recognized, with extension feeding
research through the identification of problems and the
supply of information for defining priorities” (Martincz,
1988: 14). Finally, as in tcam intcrdependence, there is
now less distinction between the two groups, with
cxtension agents participating 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 dependence on exten-
sion for promoting the application of research results,
extension institutions frequently fecl less dependent on
rescarch. In a recent survey of extension dircctors from 59
low-income countrics, technology and linkage problems
consistently reccived low rankings on the directors’ lists of
major concerns (Sigman and Swanson, 1985: 6, 9). Either
exicnsion directors believe sufficient technology already
exists for their institutions to extend, or they give lower
priority to promoting ncw technologies than to input
distribution, credit supervision or other non-technological
activitics.

Given the tendency for formal boundarics to create
obstacles to the free flow of information and of other
resources, in theory it might be desirable to try to organize
structures so that all the pcople dependent on each other



were grouped together in a single institution. In practice,
however, this is rarely possible. First, there are just too
many different interdependencics (Mintzberg, 1979; 104).
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 accom-
modate too many interdependencics through structural
means can be scen where input distribution, credit
supervision and the dissemination of technical information
have been combined in a single agency. This improves
coordination between the three activitics, but dilutes the
technical information component of the resulting organiza-
tion to such an extent that interaction with rescarch is
sharply reduced.

The opposite can also occur. Strong research-extension
lirks may be achicved by removing activitics other than the
dissemination of technical information from extension's
mandate, but this will probably hinder the integration of
input distribution and credit supervision. This has
frequently occurred in the case of the Training and Visit
system.

Other important determinants of structural design.
Besides interdeperdence, there are five other factors of
importance in designing organizational structures. These
are:

e the compatibility of the management styles required by
different 1asks/activitics;

o whcther the tasks/activities involved have the same
sources of legitimacy;
size considerations;
the proven capacity of different units;
differences in s1aff oricntation,

If two activities require different management styles and
practices, they arc generally betier placed in separate units.
The same holds true if they receive their political support
from widely divergent groups. Administrative and
supervisory economies or diseconomies of scale for
different activitics imply that institutions and units have a
certain optimal size. There are sound arguments for
assigning cssential activities to a unit with a proven
capacily to get the job donc, cven if it is not the one whose
overall mandate would normally cover it. Differences in
oricniation among staff arc 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: 8,9). However,
bringing the two activitics together in one instittion is
usually problematic.
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In practice, rescarch and technology transfer often exhibit
surprisingly few interdependencics. Their management
requirements and political constituencics 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 twe 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
resistance among personncl who see their independence
increasingly threatened (Klauss, 1979: 162),

The only situation in which bringing research and
technology transfer activitics together within a single
institution is successful is where a system is organized
around a specifie region, commodity or problem. The
interdependencics between research and technology
transfer in these situations are inuch greater because both
activities focus exclusively on the same crop or on the
same clicnt group. In addition, the combined size of the
rescarch and technology transfer institution is generally
more managcable than it would be if broader mandates
were involved.

Even if research and technology transfer are combined in
the same formal organization, this will not, in itself,
guarantee adequate functional links between the two
activities.

Functional and market-tused organizations. Another
common structural issue is whether to organize the IATS
on a functional basis (for cxample, rescarch, extension,
input distribution) or a markel basis (for example, client,
output, place). The evidence suggests that market-based
grouping is generally more successful according to all our
cvaluation criteria, at least when task complexity is not
very great.

Structural divisions which arc based on function lack a
buill-in mechanism for coordinating thc work flow. In
contrast, “market-bascd grouping is used to set up
relatively self-contained units to dzal with particular work
flows. Idcally, these units contain all the important
sequential and reciprocat interdependencics.... And becanse
cach unit performs all the functions for a given set of
products, services, clients or places, it tends 1o identify
directly with them, and its performance can casily be
measured in these terms. So markels, not processes, get the
cmiployces’ undivided attention” (Mintzberg, 1979; 125).

The empirical evidence provides qualified support for these
conclusions. One study concluded that “commodity-
specific extension agencics exhibited greater coordination
and less conflict than did general extension agencies”
(Kang, 1984: 138). Another study found a commodity
extension program performed better than general extension
according to seven out of eight criteria, including the



“organization of joint programs with staff of othcr
agencics” (Ekpere, 1973: 147).

While commodity-specific agencies may be more
integrated, their integration is still far from idcal (Kang,
1984: 138). Morcover, performance differences arc
sometimes more related to commodity-specific agencices'
greater access to resources than to their organizational
characteristics (Ekpere, 1973: 158).

When geared towards cash crops, such agencics are
relatively casy to set up and operate. It is more difficult to
create them for subsistence crops and in low-resource
arcas, where they have problems dealing with the interac-
tions between their crops and other elements of the
farming system.

Missing tasks. Often no unit 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 cither to units which already
cexist or to new ones. The existing units have established
work patterns which wouid have 1o be altered to accom-
modate a new task. Hence, this task may not receive
sufficicnt attention; or, if it docs, 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 wask can be effectively integrated with others with
which it is interdependent.

To achieve high performance, there must be at least one
unit responsible for, and with the capacity to carry out, the
following tasks: explora'~:y development, technology
consolidation, technology production and technology
delivery; as well as to provide the links between them.

Often it is not clear whether these tasks should be carried
out by rescarchers or technology transfer workers, or both.
Unless cach group’s responsibilities are clearly defined,
rescarchers will genierally 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 cither
technology consolidation or (to a lesser extent) tcchnology
production. McDermott calls this the “fatal gap” and
argues that, unless it is filled, the division between research
and tcchnology transfer will be too wide to bridge by
cstablishing linkage mechanisms (McDeninott, 1987),

Where high performance does take place it is generally in
technology consolidation and technology production that
the greatest degree of integration occurs. Some linkage-
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related activities within these tasks are often weakly
performed. Thesg are:

o the publication and synthesis of rescarch results;

e the assessment of the cconomic and social viability of
new technologies;

e the transformation of cxperimental results into specific
reccommendations;

o the production of information materials for technology
transfer workers;

o thc organization of information to make past rescarch
results more accessible;

o the production and distribution of physical inputs,

Duplication of efforts. Whilc there arc some tasks or
activities for which no-one takes responsibility, there may
be others ii» which more than une unit is involved. These
arc cither joint activitics or represent a duplication of
cfforts. In this scction, only the latter situation is
discussed.

Redundancy results cither from attempts to seek greater
autonomy or from competition for resources. It lzads 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 somcone clsc to provide
information or get something done, a unit decides that it
will carry out this task itsclf. A unit is more likely to seck
autonomy if rclations between it and the other unit are
alrcady strained, if it perceives the costs of the necessary
coordination to be high, or if it has doubts about the
capacity or motivation of the other unit to fulfil its
responsibilitics.

The second major reason for the duplication of cfforts is
competition for resources. Units take on rew activitics
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
mandaic focus. The pursuit of the sume activi.ics by several
units brings them into comipetition and often precipitates
conflicts.

The existing literature is divided about whether the net
result of duplication of cfforts is positive or negative
(Landau, 1969; Leonard, 1982). Although the waste of
resourcces created by duplication of cfforts is frequently
deplored, the worst consequence of such duplication is
probably the deterioration of relations between institutions.
This deterioration results in an unwillingness to share
information, learn from cach other's experience and
coordinale activitics. On the other hand, redundancy docs
increase the chances of getting the job done. It permits
multiple approaches to a problem, and can promote healthy
competition.



The Differences betwecn Researchers and Technology Transfer Workers

For hign 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 ¢ 1d physical location.

Informal groups. Informal groups, which may or may not
reflect formal divisions, have shared languages, values and
attitudes, making internal communicatior and collaboration
casier. However, as with formal boundaries, such groups
also Icad to inter-group differences, resulting in a *them-
and-us’ attitude that makes communication between groups
difficult. Among the most imporcint determinants of
inforial groups are differences in =taff hackground,
training, experience, responsibilitics, status and physical
location. Important staff background attributes include age,
gender, rural or urban origin, cthnicity, nationality and
educational level.

These differences have major implications for communica-
tion between researchers and technology transfer workers.
One of communication rescarch’s most consistent findings
is that people communicate most frequently and effectively
with those who are most similar to themselves (Réling,
1988: 44). 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 wich cach other,

Two particularly important differences between the two
groups are their distinct work environments and
responsibilities. These differences lead to different orienta-
tions with respect to goals, use of time, interpersonal
rclations and formality (Lawrence and Lorsch, 1967: 10).
Rescarchers® goals are said to be broader, less precise, but
more measurable. Rescarchers look mostly to the broad
rescarch community for approval, whereas technology
transfer workers tend to seek approval within their specific
institutions. Researchers’ time perspectives are supposcdly
longer. They are also more used to working in informal
and collegial environments (Bennell, 1988: 22-23),

Occupational groups. Occupational groups, such as
rescarchers or extension agents, have many of the same
charactcristics as informal groups, as well as some
important additional ones. Occupational groups compete
with cach other for status and 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 (Benncll, 1988: 48). Thus, to
justify their own status and rewards, rescarchers may
perceive a need to distance themselves from lower status
occupations such as extension,

In most low-income countrics, at least cutside Latin
America, extension is not regarded as a professional
occupation. 1t has also had a low status because of its
association with farmers and rural life, which themsclves
have very low status. Generally speaking, the status
distinctions between professional and subprofessional
occupations are greater in developing than in developed
countrics, and rescarchers often adoy.i patronizing attitudes
towards extension agents (Bennell, 1988: 55). Low pay
mcans extension scrvices 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 more difficult to design in such a way as to allow the
flow of information from lower to higher status members.
Where low status members have significant information
about environments and technologies not well understood
by rescarchers, poor performance will result.

In recent years extension agents have tried to solve the
staius problem by making their occupation moie
professional. This has involved taking over some activitics
previously performed by rescarch, such as carrying out
fic!d trials or deciding whether 1o reccommend a new
technology, a move which has elicited mixed responses
from rescarchers. In some cases they have resisted what
they perceive as an incursion into their ¢omain, In others
they have willingly relinquishzd activitics to extension, but
only afier down-giadiig them and reserving the higher
status activities for themselves. On rare occasions,
researchers have chosen to accept an equal role with
cxtension, and to collaborate fully.

Although differences between the two groups is a problem,
so alsc ~roui-l be too great a similarity between them,
Simila ity Ye:ween groups crodes the unique contribution
thas za-h ,roup can make and the advantages of
specialization. This implics that there is some optimum
level of dissimilarity.

Personnel and Financial Management

Personnel and financial management policies and
practices which encourage integration and provide
fiexibility in IATS result in higher levels of performance.

Differences in policics and practices between rescarch and
technology transfer institutions can greatly hinder the
integration of th~ two activitics. Policies and practices ure



among the contextual factors most subject to control by
managers.

Recruitment, job responsibilities and training. For high
performance, staff should be recruited who are capable
both of fulfilling their specialized tasks and of interacting
cffcctively with other specialists. Job descriptions (as well
as informal expectations) should specify the linkage-related
activitics required. Managers of cach unit should ensure all
partics invoived are clear about these responsibilitics.

Status, as .. ¢il as links, can be enhanced by building an
cmphasis on collaboration into the work programs of both
rescarchers and technology transfer staff, When a
rescarcher is assigned tc an adaptive trial run by an exten-
ston worker, this gives status and incentives to the latter,
An extension worker who provides diagnostic information
for developing research projects and thereby improves the
design and relevance of the project improves both his or
her status and that of the researcher,

In practice, these goals are rarely metin full. The pool of
candidates for both rescarch and technology transfer jobs is
limited and may not include people with the right qualifica-
tions, skills and characteristics, It is hard to attract staff 1o
some geographical arcas. Communication problems may
prove unsurmountable. Job descriptions are often vague,
nonr-cxistent or soon forgotten. Normally, littde emphasis is
givento collaborative activities. Rigid civil service
structures create pressures to hire large numbers of staff
who cannot be effectively used. These problems hamper
an institution or unit’s capacity to develop effective
relations with other groups.

Limitations on the staff recruitment side can be partly
overcome by subsequent training or weork experience. To
promote effective links it may be necessary 1o teach people
additional technical or communications skills. Staff
exchanges and rotations can improve knowledge of
counterparts’ activitics and build empathy. A conimon
orientation program or joint participation in training
activities also helps create mutual understanding. Although
specialization is not abandoncd, professionals in integrated
IATS which regularly make reievant new technologics
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 (o encourage rescarcher-
technology transfer worker interaction, provide few tools
for effective interaction, and reinforce status distinctions,

Compensation. The carlicr discussion of political factors
pointed to the fundamental importance of incentives, at
both the institutional and individual level, in promoting
performance.
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The most direct and effective incentives are those accruing
1o staff as compensation. Compensation includcs salaries,
honorariums, promotion opporturitics, working conditions,
prestige and positive fecdback, fringe benefits, the
attractiveness of the work involved, and opporturitics for
carning supplementary incomes. These benefits can be
distributed on a number of different bases, one of which is
the performance appraisal/evaluation of staff inembers.
The criteria used for performance appraisal ccmmunicate
the values of an organization. The emphasis given to
collaboration and the types of behavior evaluated will
dctermine the value given to linkage behavior,

Compensation affects performance in various ways.
Workers perceive the rewards or punishments resulting
from their performance (including their interactions with
others). The levels of conflict, competition and cocrdina-
tion 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 levels of staff
attrition and transfer can hinder effective institutional links
because the parties involved have less time to develop
slable expectations and communications channels,

Service orientation. No matter how enlightened the
management, rescarcacrs and technology transfer workers
alimost always experience some tension between their duty
to respond to the corcems of management and their
obligation to respond 1o the needs of the popilation served.,
IATS in which ficld staft respond exclusively to manage-
ment desires are rarcly 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
instruments of pelicy. The IATS with the highest
performance are those in which management 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 which affect integration and performance arc
the sufficiency, flexibility and reliability of funding, and
the existence of stack resources. Here we are referring to
funding both for the IATS in gencral and for the financing
of linkage mechanisms in particular. With respect 1o the
latter, many IATS have practically no funding availablc for
such key linkage-related activities as the publication of
rescarch results, visits by researchers to extension ficld
offices, and in-house training events,

The aim of providing slack resources is to assign more
resources to an activity than are strictly expected to be
necessary, in order to increase the probability that the job
will be completed. In our 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 the IATS is ordered by a higher
authority, such as a common dircctor, an official mandate.
a government regulation or plan, or a donor agency.

Instructions to collaborate usually work only when the
higher body simultuncously intervenes to convince the staff
concerned of the need for integration. Otherwise, the
higher body must have both adequate power and sufficicnt
inforniation to impose its will. This is rarcly the casc.

‘The development and delivery of new agricultural tech-
nologics is complex and difficult to monitor closely.
Tastructions from above are usually vague and it is implic-
itly understood that not all of them can be carricd out.
Again, a great deal of information is lost or deliberately
withheld or distorted as it moves up the hicrarchy. Scnior
managers are beset by a wide varicty of problems besides
their concern for integration. In practice, rescarch and
technology transfer managers and staff have effective veto
power over external efforts to achicve integration, and thus
must be persuaded or motivated, as well as directed.

Failure to persuade frequently results in the creation of
formal (relatively ineffective) linkage mezhanisms whose
principal purpose is to please superiors. I these caces
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 andior the
promotion of u shared institutional culture.

Supcrordinate goals arc those that have “a compelling
appeal for members . f cach group, but which ncither group
can achicve without the participation of the other”
(Bennell, 1988). Bennell adds that *‘such superordinate
goals are only likely to be accepted when:

o the status and/or reward grievances of disadvantaged
and dissatisfied groups within the IATS arc adequately
resolvedd;

e individual goals are sufficiently compatible with
superordinate goals;

o sufficicnt weight is given to stalf intcractions in per-
formance appraisal and rewards systcrns.”

Organizational cultures conducive to integration are casicr
to promote under conditions of staff homogencity and
organizational stability, and when staff have had long and
intensc shared expericnces.

Preconditions for voluntary linkage. Significant integra-
tion occurs only if the parties involved perceive all of the
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following to exist: (1) interdependence, (2) domain
consensus, (3) ideological consensus, (4) domain
correspondence, (S) competence, and (6) the capacity to
deliver on agreements.

Since cooperation implies a certain loss of autonomy,
groups will normally want to cooperatc only if they
perccive the potential gains to outweigh this loss. One
factor in the decision whether or not to cooperate will be
cxteral pressures for improved performance, but there are
alsoc a number of strictly internal organizational factors
which arc important.

The first of these is whether interdependence is perceived,
Both parties must fecl the other has something they nced.
The second and third factors arec domain consensus and
idcological consensus. Domain consensus means that the
units agree about cach other’s appropriate role and scope.
ldeological consensus mcans agreement regarding the
nature of the tasks confronting the units and the appropriate
approaches to use of resources (Benson, 1975: 235), For
domain and idcological consensus to occur, ncither unit
must perccive the other’s role, scope and approach as
potentially threatening to its own resource base.

A fourth important facter is domain correspondence.
Correspondence cxists when two units share a common sct
of clicnts and topics of concern, The lack of domain
correspondence between rescarch and technology transter
institutions is a common problem. Typical examples are:

e research is organized on a national basts, while tech-
nology transfer is provincial;

e research units follow agro-ccological distinctions, while
technology transfer follows administrative oncs;

e research is divided on a disciplinary basis, while
technology transfer is divided by commodity or
geographical area;

o research focuses on a single commodity, while tech-
nology transfer has a more general forus;

o research services are targeted to one client group,
technology transfer services (o another.

Often there is a fine line between domains being closely
related and therefore complementary, and their being
overlapping or even identical. Yet the likely outcomes in
cach case arc markedly diffcrent. In the first case task
interdependencices and commion orientations will be greater,
facililating interaction. In the second, competition may
arise for funds.

Competence and capacity to deliver on agreements are
other necessary preconditions for voluntary linkage. If one
group depends on another for resources or activitics the



latter is unable to provide or carry out, the first group will
cventually seck alternatives which climinate that depend-
ence {or clse use the sccond group’s incapacity as an
cxcuse for poor performance).

Perceptions about the other group’s importance, relevance,
cffectivencss, efficicncy and reliability are as important as
whether or not these attributes rcally exist. Belicfs about
other groups arc based at least in part on stercotypes and
limited information, but are hcavily influcnced by past
expericnces.

Other factors, such as a group’s absolute and relative age,
size, power and access to resources, have also been
mentioned as affecting its inclination towards voluntary
linkage. nmaturity and insccurity in organizations weaken
their willingness to integrate with others. Organizations are
immature if they have not yet clearly defined their domam,
Insccurity implics that an crganization perceives its
resource base to be vulncrable.

T'he use of liaison positions. Liaison positions or units arc
sometimes used as buffers to contain the differences
between groups which must communicate with each other.
They may be within one or both of the groups, or they may
fon2 a scparate entity. In the latter case the idea is that if
two groups differ so much that it is very difficult for them
to communicate, a third group which combines features of
cach of the others can act as an iniermediary.

The use of such positions is often suggested as a solution to
the communication problems associated with pcople who
specialize in the different stages of technology develop-
ment and delivery. Since there is typically a larger gap
between rescarchers, technology transfer workers and
farmers in low-income than in high-income countsics, more
liaison-type roles are probably needed in the former,

Taken to its logical extreme, howevcr, the communications
chain could become very long. The problem with having
many steps in the comrunication process is that the clarity
and content of the information communicated dim inishes
rapidly with cach additional link in the chain,

There is also a danger that liaison positions will accentuate
rather than attenuate the integration problem, If liaison
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staff begin to take on the attributes of a separate group —
with their own inicrests, belicfs, attitudes, oricntations and
work styles — they can bzcome an obstacle to communica-
tion rather than a facilitator. Two mechanisms which can
pre -2t this from happening are the incorporation of liaison
positions into onc of the units being integrated, and the
rotation of staff members assigned to liaison positions.

The use of liaison positions as intcymediarics may prove
inore problematic ultimately than the difficultics such
positions were originally designed to overcome. Even
when there arc liaison positions, they do not obviate the
need for direct communication between the parties being
linked.

Decentralization and institutionalization. Formal and
informal linkuge mechanisms at several administrative
levels (for exainple, national, regional, operational) are
essential for high performance. The level of integration
between researchers and technology transfer workers is
higher when adaptive 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-develoned linkage mechanisms at the
operational level.

If, for example, an exchange of technical information is
required, it will not be sufficient to bring together manage-
nial staff who lack familiarity with the topic concemed.
Links must also be organized between the technical staff,
Conversely, regional coordination committees in highly
centralized TATS frequently fail because participants
cannot speak autheritatively for their institutions.

Institutionalization refers to the degree to which a pattemn
becomes routine and follows set rules. For the most part,
institutionalized mechanisms are morc permancnt and
formalized, ad hoc mechanisms more temporary. Ad hoc
and temporary mechanisms, such as task forces, have the
advantage of being designed to meet a specific objective.
Their extraordinary nature can crzate a sense of urgency.
Institutionalized mechanisms permit the development of
mutual expectations and can be improved over time,
Although there are important exceptioas, recurrent
problems lend themselves more to formal approaches.



SUMMARY

THE MOST IMPORTANT environmental factors affecting
IATS performance and links are: extcrnal pressure, the
resources provided to the IATS for servicing its clients, and
the diversity of its environments, More integrated systems,
which are more successful at making available relevant
new technologics, generally face strong external pressures,
have access to substantial resources, and focus on simple
and homogeneous environments,

High-resource IATS are more anicrentiated than low-
resource ones, with more sophisticated links o which more
resources are devoted. Diverse environments are
associated with the need to perform complex tasks to
achicve IATS objectives. These tasks require greater
professionalism, decentralization and less hicrarchical
management.

Less important, but still significant, environmental factors
include the availability of different communications
channls, the development of the necessary infrastructure
and traditions for farmers to make use of inpults and
information produced ontside their communitics, the level
of pre-existing knowledge about the environment and its
production systems, and the dispersion and accessibility of
the farming population served.,

Because these environmental factors are outside the IATS,
managers have relatively lite contro! over them. They
must, howevcr, lake them into account in making decisions
regarding the scope of their institution’s activitics, its
organizaticnal structure, its working methods, and the
management of its links,

High performance requires that IATS have the responsi-
bility and capacity to undertake the activities associated
with cach task ir the technology development and delivery
process (with the possible exception of discovery), and that
identifiable functional links exist between them, In
practice, the most imporiant missing tasks tend to be
technology consolidation and production. Hence these
must be given special attention 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 alrcady
established technologics require different links to activities
concemned with developing and delivering new tech-
nologics. Managers can exercise considerable control over
these links.
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Organizational structure, personnel management and
financial management strongly affect both IATS perform-
ance and links. While managers of technology institutions
have only moderate control over organizational structure
and should be cautious about excrcising 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 researchers and technology transfer staff in
background, training, expericnce, 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 inter-
dependencies through a combination of organizational
grouping and linkage mechanisms. Their structural
arrangements take into consideration the compatibility of
the manzgement styles required by various tasks/activities,
divergences in the sources of political support for different
tasks/activities, size counsidorations, different units’ proven
capacity to perform, and differences in task orientation,

A market-bascd grouping is generally more successful at
achicving intcgration and rclevance. However, this type of
arrangement is not often feasible in diverse environments
served by poorly endowed IATS.

Redundancy can have negative and positive consequences.
It arises when there are strong incentives for increasing unit
autonomy and competing for resources. While it wastes
resources, it may ensure that objectives are mel

High levels of integration are facilitated by inter-
dependznece, domain consensus, demain corrgspondence,
ideological consensus, competence and the capacity to
deliver on agreements. The creation of superordinate goals
and the promotion of an institutional culture conducive to
integration are also important.

Increasing system integration is not an end in itself, but it is
important because IATS that perform well according to
other criteria are characterized by high levels of integration.
These systems have many formal and informal linkage
mechanisms, at multiple administrative levels. Many have
liaison positions and departments, but these complement,
rather than si' ~iitute for, more direct links.
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