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In 1987, the International Service for National Agricultural 
Research (ISNAR) initiated a major international 
comparative study on the links between agricultural 
research and technology transfer in developing countries. 
Like other ISNAR studies, this study was developed in 
response to requests from agricultural research managers 
for advice in this area. 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 identify ways to strengthen 
the links between agricultural research and technology 
transfer systems in order to improve: 

(a) the relevance of research efforts through a better flow of 
information about farmers' needs for the research 
systems; 

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

Why the Study was Initiated 

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

"Bridging the gap between research and extension is the 
most serious institutional problem indeveloping an effec- 
tive research and extension system." World Bank, 1985 

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

"All the 12 countries (in which research projects were 
evaluated) had difficulties of communication between 
research institutions and extension agencies." Food and 
Agriculture Organization (FAO), 1984 

The serious consequences of this problem is effectively 
summed up in the following statement by a leading 
international expert in the field, Monteze Snyder: "The 
poor interorganizational relations between the extension 
agency and the research organization almost guarantee that 
research results will not reach farmers, and if they do, 
farmers will not be able to use them." Despite this situ­
ation, however, no major international study has been 
dedicated specifically to this issue. While there are a few 
good evaluation reports and academic studies in individual 
countries, much of what has been writt'n about research­
technology transfer links has been general or anecdotal. 
The results of the practical attempts which have been made 
to improve links have been disappointing. 

A systematic study isneeded to provide a set of simple, but 
not simplistic, suggestions on how research-technology 
transfer links can be improved in different situations. 

Operational Strategy and Products 

The study is to be conducted over a four-year period and in Colombia. The second stage involves carrying out case 
has been divided into three stages. The first stage consists studies in six additional countries - Costa Rica, CMte 
of a literature review, the development ofa conceptual d'lvoire, the Dominican Republic, Nigeria, the Philippines 
framework and case study guidelines, the production of and Tanzania. In each of these countries the studies will 
'theme papers' (see page iii) and pilot case study activities concentrate on specific subsets of the national research and 



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

Ultimately, 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 
experts 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 researchers. 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 lessonc emerging 
from the case studies. These are being wri:ten by 
ISNAR staff. 

4. 	 Guidelines on how to design and manage the links 
between agricultural research and technology transfer 
for policy makers and managers concerned with the two 
activities. These will also be written by ISNAR staff, 
with irnut from the case study researchers, managers of 
national systems, 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 early 1991. Individual copies of al! 
these papers will be available from !SNAP upon request, at 
the discretion of ISNAR. 
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Preface 

DURING AN INTERNATIONAL workshop on agricultural research management held by the International Service for National 
Agricultural Research (ISNAR) in 1986, leaders of agricultural research 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 
about having technology which in many instances was not being adopted by farmers or, in some cases, was noteven reaching them. 
For the leaders ofless 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-existent links. 

The leaders' request had a sense of urgency about it because inmany 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 research. In addition, many fcreign donors have made3 improved links between agricultural 
research and technology transfer institutions a precondition for further funding. 

Inresponse to the request, ISNAR initiated a four-year international comparative study of the problem. The objective of the study 
is to identify the key factors influencing the effectiveness and efficiency of research-technology transfer links, to isolate and 
examine the weaknesses in these links and to recommend ways inwhich these weakness might be overcome. 

In the discussions on how to implement the study, it became obvious that the existing literature on the subject was largely 
prescriptive, and would riot provide the necessary basis for the study. A fresh approach was needed, and we decided to ask 
internationally recognized experts on the subject to write a series of papers examining all the issues relevant to research-technology 
transfer links. Seven papers were written, each one approacning the subject from adifferent 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 carried out. 

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

The hypotheses presented in this paper range from assertions which are little more than common sense to those which are fairly 
controversial; the hypotheses appear in italics, to differentiate them from the rest ofthe text. The key point at this stage in the study 
isnot to rigorously defend the hypotheses, but to throw them open for wider debate and empirical examination. 

Acknowledgements 
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links between agricultural research and technology transfer. The authors of these papers were: Paul Bennell, Ruben Echeverra, 
Peter Ewell, Jae Tae Kang, David Leonard, Roberto Martinez Nogueira, Carl Pray, Niels Rling and Holly Sims. 

The project's Advisory Board played an important role in conceiving the paper. The members of the Advisory Board are: John 
Coulter, David Leonard, Niels Roling, Burton Swanson, Eduardo Trigo and Taiwo Williams. 

All the members of the project's core group read various versions of the paper and made useful amendments and comments. The 
members of the core group are: N'Guetta Bosso, Robin Bourgeois, Paul Marcotte, Ajibola Taylor, Anna Wuyts and Larry 
Zuidema. Additional comments came from Anthony Bebbington, Hunt Hobbs, Deborah Merrill-Sands and Willem Stoop. Any 
remaining shortcomings in this paper, however, are the responsibility of the authors. 

vii 



INTRODUCTION
 

MANY STUDIES and program evaluations hve identified 
weaknesses in the links between institutions responsible for 
agricultural research and those concerned 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: 79-89). In 
response to this, the leaders of these institutions, and those 
who fund and oversee them, have attempted to identify 
policies and organizational structures that would strengthen 
the relationship between research and technology transfer. 

A number of models have been put forward as possible 
solutions. Among the most prominent are the US land 
Grant model, which combines research, extension and 
education in one institution; the Training and Visit system, 
which involves subject-matter specialists and regular 
training ofextension workers; and farming systems 
research, 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. 

Experience has shown, however, that it is impo..sible to 
come up with a set of general recommendations which 
would be appropriate in all circumstances. Solutions which 
work well in one context perform poorly inothers. While 
some characteristics are common to all situations where 
technologies are successfully developed and delivered, 
these tend to be ofa general nature; the specific mecha-
nisms for maintaining research-technology 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 observations wherever 
we have felt able to do so at this stage inour study. 

In particular, the paper addresses four basic questions: 

" What linkage mechanisms exist and what are their 
characteristics? 

" What contextual factors influence which linkage 
mechanisms are appropriate to use and how? 

" Which of thes-' contextual factors can be controlled or 
influenced by policy makers and leaders of resea'h and 
technology transfer institutions? 

" What limitations do contextual factors impose upon the 
use 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. Some 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 physical, political and socio-economic 
environment (Merrill-Sands and McAlistair, 1988: 26). 

Contextual factors can be divided into political, technical 
and organizational factors (Lane 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 internal (such as research and technology 
transfer personnel), those which are external (such as 
national policy makers, foreign agencies and private 
companies) and those whose involvement can be both 
internal and external (such as farmers). We need to know 
what role these groups play in the creation of values, 
rewards and sanctions which inhibit or facilitate collabora­
tion between research and technology transfer institutions. 
The technical factors are the activities and methods 
specifically associated with the development and transfer 
of ciPferent types of agricultural technology to different 
environments and target groups. The organizational factors 
include the division of tasks, resources and authority 
between 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 isnot 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 ineach situation. Management must, in 
each case, identify the factors that can be controlled, 
determine the options available, and make hard decisions. 

This framework, and the study of which it forms a part, are 
meant 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 'research' and 'technology transfer' have 
both functional and institutional meanings. The functional 
meaning relates to the tasks involved in the development 
and delivery of technology. The institutional meaning 
relates to the institutionsand personnelresponsible for 
carrying out this process. 

Throughout this paper we have used these terms inboth 
their functional and institutional sense, as iscommon 
practice; it will be evident from the context in which the 
terms appear which usage isbeing referrtd to. 

The main tasks of research are: 

* discovery; 
* exploratory development; 
* technology consolidation. 

Discovery is .he process of collecting information and/or 
searching for relationships between variables, the specific 
usefulness of which is as yet undetermined. This process is 
often also referred to as 'basic research', 

Exploratory development is concerned with the 
identification, understanding and control of the interaction 
between aproposed technology and the physical, economic 
and/or social environmeni in which this technology will 
ultimately be used. This process isoften labelled 'applied 
research', 

Technology consolidation i.: the process of translating the 
results of basic and applied research into specifications for 
anew technology and of ensuring that these specifications 
are 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 anew 
technology and to identify exactly who might be interested 
in using it. 

The main tasks of technology transfer are: 

0 echnology production; 
* 	 delivery of technologies to farmers; 
* monitoring and evaluating the use of technologies. 

Technology production is the process of producing the 
materials (physica inputs and/or information) insufficient 
quantity and of making these materials available to those 
responsible for technology delivery. 

Technology delivery is the process in which the technology 
ispromoted 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 evaluating the use of technologies involves 
ascertaining whether farmers have acquired the new 
technology, assessing the extent to which they adopt, adapt 
or reject it, and identifying the reasons underlying their 
response to it. 

Implicit in the tasks outlined above isthe assumption that 
they occur in a logical sequence; indeed, common sense 
and much of the available literature support this assumption 
(McDermott, 1987). In practice, however, many of these 
tasks may be performed simultaneously. Work may begin 
with exploratory development rather than discovery, or 
new research may be carried out on a technology that is 
already in the process of consolidation. 

A variety of institutions and personnel play apart in 
carrying out research and technology transfer tasks. It is 
also important to note that many research institutions and 
personnel may be involved in producing, delivering and 
evaluating new technologies, while many technology 
transfer institutions and personnel may be active in discov­
ering, developing and consolidating new technologies. 

Technology Transfer or Extension? 

We have used 'technology transfer', rather than the more 
familiar term 'extension', throughout this paper, apart from 
a few contexts in which national extension services are 
specifically discussed. The reasons for this decision are: 

1. 	It is important to include the role of inputs and services 
in the discussion of technology development and 
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delivery. This broader view is captured by the term 
'technology transfer', whereas 'extension' implies a 
more limited focus on education/information. 

2. 	Some of the activities 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 those who develop and deliver the new technology (usuallypublic sector extension services. 'Technology transfer', professional and paraprofessional personn.I) to those whohowever, can be applied not only to these services but use it (the farmers, who are often mistakeily assumed to bealso to those provided by many other institutions or less knowledgeable). It implies a two-way flow of technicalorganizations, such as private firms, parastatals, information between these groups. Materi.ils andnon-governmental organizations, formal educational information are never simply 'transferred' to the farmers;institutions and producers' associations, they are adapted and assimilated. Farmers do not only 
In this paper, 'technology transfer' is not restricted to 

receive materials and information; they alo provideinformation, both to other farmers and to those responsiblemeaning a one-way flow of materials and information from for delivering materials and information. 

Institutional Agricultural Technology Systems 

An agricultural technology system (ATS) consists of all the 
individuals, groups, organizations and institutions engaged
indeveloping and delivering new or existing technology. 
This definition is somewhat different from that of Rbling(1988) and others, in that we make no assumption that the 
different institutions in the system work together or in acompatible fashion, nor are we using the word 'system' in 

the dynamic sense commonly found elsewhere in the 

literature. ATS participants may nonetheless be linked in 

terms of their geographical focus or in terms of their focus on a particular commodity, or both (Engel, 1988: 2). 'New
technology' refers not only to technology that has been 
recently developed but also to older technology which is 
being introduced to a new area or new group of users. 

In many agricultural technology systems, soime 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 are involved; to denote 
this, we have used the phrase 'institutional agricultural 
technology system(s)' (IATS) in this paper. 

s In order to carry out their various resear(Iand technology
transfer tasks, IATS engage in a number of basic activities. 
These activities can be categorized into:( 

9 	 those concemed with problem ident I cation and the 
acquisition, transformation, storaget retrieval,
dissemination and use of knowledg:,;

9 those concerned with the productiqa of material goods,
including conceptualization, desig!j, prototype 
production, testing, multiplicatior , packaging anddistribution; 

• 	 those concerned with the manag/ment of and
 
administrative support for the at,ave activities.
 

In all three categories, there are various types of skills
involved, ranging from specific technical and
 
socio-economic skills to more general managerial,

communications and participation skills. This variety of 
skills, combined with the fact that most IAYS encompass 
many different client groups, agro-ccological and 
administrative regiots, products, approaches and
 
disciplinary fields of interest, makes even the smallest
 
IATS quite complex.
 

Links and Linkage Mechanisms 

As indicated above, 'rescaich' and 'technology transfer' 
havc both a functional and an institutional meaning. Thus, 
the links between them may be discussed from two pointsof view: they may be seen as functional links, which relate 
to research and technology transfer activities; or as 
institutional links, which relate to the institutions and 
personnel that carry out these activities. In the former case 
we are thinking of links as activities which aim to form abridge between research and technology transfer. In the 
latter, we are discussing the exchange of resources (such as
information, money, labor and materials) between 
institutions and personnel. In this paper, the general term 
'link' is usually used, since both viewpoints arc normally 
included in the discussion. However, there are a few 

contexts in which we specify our viewpoint by using the 
terms 'functional links' and 'institutional links'. 

The organizational procedures used to establish, maintain 
or improve links are termed 'linkage mechanisms'. These 
mechanisms can be characterized according to the 
following attributes: 

o whether they are formal or informal, regular or ad hoc,
mandated or voluntary, permanent or temporary;

• 	 whether they are facilitative mechanisms (that is, they
provide resources) or conuol mechanisms (that is, they
determine how resources should be used) (Leonard, 
1982: 36); 
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* 	 the amount and type of resources exchanged; 
* 	 the administrative level at which they operate; 
* 	 whether they focus on programming activities or are 

concerned with implementation or evaluation; 
* 	 the numbers of individuals involved, 

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

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

Formal linkage mechanisms which are mentioned in the 
literature include: committees, task forces, liaison 
deparunents and officers, subject-matter specialists, 
agricultural communications units, pre-extension units, the 
contracting of research by development agencies, fanning 
systems programs, joint activities, publications, presenta- 
tions and demonstrations, staff exchanges, inter-agency 
agreements, service provision, joint plans, matrix 

management, shared supervisors, policy mandates, and 
meetings. 

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

Just because a mechanism is informal does not mean it 
cannot be managed. Management can either foster or 
hinder the establishment of informal links. This can be 
done by changing the physical proximity of groups, 
promoting joint social activities, encouraging staff 
rotations, publicly sanctioning informal contacts, placing 
people in certain 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 follows set rules. For the most part, 
institutionalized mechanisms are more permanent 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 create a sense of urgency. 
Institutionalized mechanisms permit the development of 
mutual expectations and can be improved over time. 
Although there are important exceptions, recurrent 
problems lend themselves more to formal approaches. 



The Relationships between the 
Performance Evaluation Criteria 

Technology Development 

and Delivery Process
 
(integration)
 
Efficiency*
 

(Availability) 

Improved Continued 
New Technologies Performance 

Delivered Over Time 
(Institutional Sustainability) 

Appropriateness of
 
Technologies Delivered
 

in C~neral
 
(Relevavce)
 

for Resourco-Poor
 
(Responslvoness)
 

I 

Impact*
 
Increased Productivity
 

Income/Stabillty/
 
Equity
 

Note: * not explicitly covCred in this paper 

Source: Adapted from Engel, 1988S 
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CRITERIA FOR EVALUATING LINKS
 

ANY DISCUSSION on improving the relationship 
between research and technology transfer requires some 
idea 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 technologies 
" Relevance of new technologies 
" Responsiveness of new technologies 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 themaselves, high 
performance on ,heothes provides indirect evidence of 
effective link,;. The criteria arc not necessarily the criteria 
used within IAFS to evaluate research-technology transfer 
links, for such criteria often contain a more subjective 
element intthat they reflect not only the officially stated 
goals of an institution but also those of the individuals 
within it. This is an important point, for too often those 
who evaluate IATS assume that individual goals are the 

same as the officially stated goals; in reality each 
individual has his/her own set or personal, institutional, 
socizl welfare and/o, political goals over and above the 
officLat goals. 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 baisis for evaluating the 
efficiency and effectiveness of an IATS. 

All IATS will perform better with regard to some criteria 
than to others. Although we have used several criteria, no 
attempt 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 riteria are defined below, aid a brief note is added on 
the issue of the impact of new technologies on welfare. 
Then, in the next three sections, we will examine how 
political, technical and orgapizational factors affect the 
performance of !ATS in relation to these criteria. 

Definition of the Criteria 

tATS integration. The idea that a high level of 
coordination, collaboration and communication within an 
IATS is a prerequisite for high system performance 
constitutes our first criterion, integration. The level of 
integration is gauged according to the amount of resources 
exchanged between the parts of an IATS and the 
importance that each part attnches to these resources, 

IATS which regularly make available relevant new 
technologieswill exhibit high levels of integrationbetween 
researchand technology transfe.-. 

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

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

mere positive contribution to research-technology transfer 
links than is often thought; it can prevent stagnation, 
highlight important issues which might otherwise be 
overlooked, stimulate both groups to work harder, foster 
creativity and provide a forum for problem solving 
(Arnold and Feldman, 1986: 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 t-ie, 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 prrely 
theoretical 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. "Pedegree of availability depends on how 

7 



much lechnology is produced, how effectively it is 
pronoted and how reliable and convenient the inpits and 
services needed by the producers are. 

Relevauce or 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 determine the extent 
of adoption, including the profitability and social accept-
ab~lity of the technology, its importance to pioducers' 
systems ofproduction, and whether or not it was developed
in response to a clearly articulated demand from producers 
or technology transfer workers. 

Responsiveness or 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 to other 
types of producers. Ithas been included because there is 
strong evidence that th,; linkage mechanisms required to 
serve high-resource farmers may be significantly different 
and, generally, easier to develop than those needed to serve 
their poorer counterparts. 

Institutional sustainability. IATS which appear quite
successful based on an evaluation carried oat over a 
particular period may seem less so during a subsequent
evaluation. Thus an important criterion is the ability of an 
institution to sustain its performance. Because of the 
sustainability issue 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 producers and 
consumers. 

Integration dea!s only with the system's oflorts, not its 
results. Availability focuses on the ability to produce and 
deliver outputs, but not on the impac. of those outputs 
(Snyder, 1987: 26-30). Sustainability deals with the 
performance of institutions, not with the impact of that 
performance on producers. Only relevance and 
responsiveness to the needs of resource-poor producers are 
in some sense connected to impact in that producers would 

be urlikely to adopt technologies which adversely affected 
their welfare. 

The impact of new technology on welfare could be
examined on the basis ofa number of aspects,
including increased farm income, - duced risk, resource 
conservation, improved health, bet'cr security and overall 
economic 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. 
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POLITICAL FACTORS
 

THE POLITICAL factors which influence research-
technology transfer links can be divided broadly into: 

" 	 those which determine what pressures, external and 
internal, there are on institutions and personnel within 
IATS to achieve high levels of performance; 

" 	 those which determine the quantity and quality of the 
resources of IATS. 

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

with all the necessary resources to meet these goals would 
have little effect unless they had the desire to achieve the 
stated goals: and that desire depends largely on what 
incentives arc also provided. With reference to the second 
group, many political factors come into play in determining 
whether or not IATS have adequate resources to fulfil their 
mandates. 

In essence, then, without adequate resources and the desire 
to use them effectively, no mechanism created to improve 
links is likely to produce satisfactory results. 

Politic." Pressures 

In the absence ofpositive externalpressurefrom national 
policy makers,foreignagencies,farrmerscr the private 
sector,the dynamics ofan institution tend to be dictatedby 
internalpressures,resulting in poorperformance. 

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

The historical legacy. In most low-income countries there 
is a markcd difference between the historical legacy of the 
commercial agricultural sector and that of the sibsistence 
sector. In the case of the former, foreign settlers and 
indigenous landed elites had close and generally direct 
contact with researchers. Researchers endeavored to meet 
commercial farmers' needs for several reasons: they felt 
obliged to do so; they had a relatively small group to deal 
with; and thtcy had similar backgrounds to the farmers and 
therefore could communicate relatively easily. 

Responsiveness to the needs of the subsistence sector, 
however, was poor. Little or no technology was produced 
specifically for this sector, and where extension services 
exitsted they often focused on non-technological activities, 
Rescarch-tcchnology transfer iinks were characterized by a 
great difference in status between researchers and technol-
ogy transfer workers and between the latter and farmers, 
Information flowed only one way. from tite researchers 
'down' to tie farmers. Responsiveness to the needs of 
resource-poor farmers would often increase significantly in 
times of famine and other similar crises, only to decrease 
again once the crisis was over. 

Thus, in terms of the criteria defined above, the commer-
cial sector benefited from substantial technology 
availability and relevance, as well as from institutional 
sustainability; there was integration in a sense, but much of 
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it was directly between researchers and producers. For the 
subsistence sector, however, IATS performed poorly in 
relation to all !he criteria. 

Current political and social structure. Where external 
pressures on IATS have not intervened to change the 
historical pattern, it has persisted or, in some cases, 
degenerated to the point where the attempts being made to 
meet the needs of either the commercial or the subsistence 
sector meet with little success. 

In many cases, the IATS in low-income countries face little 
external pressure to improve research-technology transfer 
links other than that applied by foreign donors. For political 
reasons, governments are reluctant to allow farmers' 
organizations to be formed or to 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 clients. 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 IATS but they 
rarely exert pressure on the IATS to produce new 
technologies. 

The dominance of patron-client politics in low-income 
countries has a twofold effect on research-technology 
transfer links: 

9 	 technology transfer services come under pressure to 
provide more than just advice and arc pushed towards 
concentrating on activities which are likely to make 
them less integrated with research; for example, they
offer credit and inputs rather than advice and informa­
tion, or concentrate on servicing the necis of the 
patrons, who may have some political power, rather 
than those of the clients, who have none; 



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

Inessence, the lack of external pressures ma:' result in 
institutions and rersonnel 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 IATS by national policy makers, 
foreign donor:;, farmers and the private sector. The nature 
of these pressures isdescribed here; this is followed by an 
outline of how external pressure may, in some coses, 
adversely affect research-technology transfer links, 

National policy makers. Generally, national policy makers 
intervene forcefully in technology issues only in excep-
tional circumstances, such as disease outbreaks, major crop
shortfalls, rapidly rising food imports, rural unrest, ahighly
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 bottle­
necks to produce quick results; new resources are broug t 
in,objectives are clarified and there is an overall, albeit 

often short-term, dramatic improvement in performance.

More consistent pressures are exerted by national policy

makers usually only in those countries where one or a few 

crops play a dominant role in society, as in the case with 

rice in Asia or sugar in the Caribbean. 


Foreigndonors.This term includes multilateral and 
bilateral aid agencies, externally sponsored non-
governmental organizations (NGOs) and international 
agricultural research centers (IARCs). These.groups 
provide a substantial proportion of the resources required 
by national institutions in low-income countries; their 
tendency to concentrate their funding on program expenses,
equipment and training, rather than on salaries, and their 
ability to elicit government matching funds for their 
projects give them greater leverage than their overall 
budget share might warrant, 

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 funding. In 
addition, they are increasing financial support for the 

development of technologies relevant to the needs of 
resource-poor producers. Externally sponsored NGOs are 
carrying out innovative participatory projects. IARCs are 
providIng researchers 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 activities, such as extension training,
agricultural communication and liaison, farming systems
research, 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 research-technology transfer links. 

Farmers. As indicated above, resource-poor farmers in 
low-income countries 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 to occur where there is a group of more 
affluent and politically influential farmers who have the 
resources and incentives to invest in research-generated 
technologies. Although this may bias researchers and 
technology transfer workers towards the needs of this more 
affluent group and thus detract from efforts to meet the 
needs of resource-poor farmers, to the extent that the two 
groups of farmers grow siiilar crops, contend with similar
agro-ecological conditions and face similar price structures 
and resource scarcities "poor farraers may gain considera­
bly more benefit from the political ability of the large 
owners to lobby for agricultural interests than they lose in 
bias of the systems against their particular needs." (Sims 
and Leonard, 1988: 49) 

Privatesector. Private companies influence public sector 
performance both directly and indirectly. Examples of
 
direct influence are representation on public advisory

boards, funding of public research projects, direct contact
 
with researchers and technology transfer workers, and
 
private (or public) del'very of publically (or privately)

developed technologies. An example of indirect influence
 
is the implicit competition which takes place when privatearid public sector agencies are simultaneously involved in 
similar activities (Israel, 1987; 89-107). The degree of 
private sector involvement znd of its influence 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 companies 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 excrted 
by more affluent farmers, the spin-offs for the poorer
farmers may outweigh this disadvantage, at least in the 
short term; in the longer term, because of the profit motive, 
private company involvement may mean that little attention 
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is paid to the effect of new technologies on the physical 
environment. 

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

Limitationsof externalpressures. 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 exerting pressure often do not adequately 
understand the problems they wish to see solved, Thus they 
may demand results which are not feasible or cost-
effective, may overlook potentizi dangers or secondary 
effects, and may place undue emphasis on short-term 
problems and on the symptoms ofproblems rather than the 
underlying causes. 

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

priorites and policies; within the international donor 
community, topics and approaches go in and out of fashion. 
If institutions always respond to these fluctuating external 
pressws by changing their structures .nd activities, the 
chances of building up the effective relationships needed to 
create sound r.arch-technology transfer links are severely 
reduced. 

Thirdly, competing external demands may have a very 
damaging effect on institutions. The emphasis placed on 
one aspect of an institution's activities by a foreign donor 
might conflict with the demands made by government 
ministries, and this conflict will be echoed in the 
institution's performance. In some countries, competition 
between donors has brought national institutions to a state 
ofcomplete paralysis. 

Fourthly, as already noted, external pressures often reduce 
rather than increase the responsiveness of researchers and 
technology transfer workers to the needs of resource-poor 
farmers. 

Lastly, external pressures may force leaders of institutions 
to induige in 'window-dressing' to create the impression 
that they are responding to external demands. For example, 
if improvement in research-technology transfer links isa 
precondit!on for external fihancing, committees may be 
constituted and documents published to create the illusion 
this improvement is under way; but such manoeuvres may
bear fihde relation to the real situation (Rdling, 1988: 80, 
96). Although 'window-dressing' may have some positive 
resuts, it does add to the workload of institutions and it 
makes critical assessment of linkage mechanisms difficuL 

The Ability of IATS to Command Resources 

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

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

" client groups who have the ability and incentives to 
exert pressures on technological institutions; 

* favorable agro-ecological and socio-econonic 
environments in which there is substantial use of 
purchased agricultural capital goods. 

A more tentative relationship exis., between those IATS 
with high resource availability and the 'size' of the 
commodity, client group or area they serve. Size is difficult 
to define; possible factors on which a definition could be 
based are value ofoutput of the IATS' clients, the number 

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

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

IATS which have high resourceavailabilityaremore 
differentiatedthan those with low resourceavailability, 
leadingto more complex, well-endowed andsophisticated 
linkage mechanisms. 

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 allocate more funds to 
linkage-related activities and o create more structured and 
formal linkage mechanisms (Stoop, 1988: 25). Researchers 
and technology transfer workers in well-endowed TATS 
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tend to be from similar backgrounds and to share similar which have a humanitarian or religious base; other possiblevalues, which promotes better communication and empathy candidates are politicized professionals and, in developing
between them; however, it should be noted that this countries ruled by highly ideological regimes, the young
communication suffers if these personnel become too people. 
specialized. 

IATS with high resources are generally those inareas 
which offer a relatively wide range of amenities (schools, 
hospitals, cultural opportunities, etc) for researchers and 
technology transfer workers. Hence, these IATS are able to 
recruit and retain more educated, specialized, higher caliber 
personnel, which in turn promotes more effective commu-
nication. As Iechnology transfer workers become better 
educated, they are more able to assume responsibility for 
adaptive research and specialist tasks formerly handled by 
researchers. 

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

In the light of the points outlined above, itmight well be 
asked what can be done for those regions, countries, client 
groups and commodities where the quantity and quality of 
resources commanded by IATS are low. There are three 
possible courses of action. 

Firstly, an attempt could be made to improve the resource 
base through the use ofpeople who have an ideological 
commitment to working in situations where others, 
motivated solely by material considerations, would not be 
willing to work. Such people can be found within NGOs 

Secondly, the tasks carried out by IATS can be simplified
to allow tthem 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 practical experiments with new 
plant species using relatively limited local resources. More 
use can be made of paraprofessionals and farmers. 
Although the results of such efforts will probably be more 
limited than those when specialists are involved, some 
results are better than no results. 

Thirdly, efforts can be made to provide disadvantaged 
groups with skills and levels of organization that will 
enable them to interact effectively with tie institutions in 
the IATS and to demand resources from policy makers and 
external agetrcies. In same cases it may be more effective 
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 to distinguish bctween resources which are 
externally generated and those which are generated from 
within the group or area the IATS serve. As noted 
previously, externally generated resources may be unstable. 
Internally generated resources might be more stable in 
those situations where the relevant group's own resources
and its concern with technological issues are relatively
stable; groups which provide IATS with resources during a 
crisis, or are vulnerable to fluctuations in the prices of their 
products, are unlikely to be able to sustain their efforts in 
the long term. 
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TECHNICAL FACTORS
 

WHAT TYPE OF research-technology transfer links are 
most appropriate depends a great deal on the nature of the 
activities 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 technologies involved. 

Farmer Input and Targeting 

Linkage mechanisms that give farmersand technology 
transferworkers opportunitiesfor input andfeedback early 
on in technology development, and the accurate 
identificationof targetgroups, are both requiredfor the 
productionof relevantnew technologies. 

Links may be direct, consisting of participation by farmers 
in setting the research agenda, or of diagnostic research in 
the farming community to assess user preferences and 
needs (Rdling, 1988: 28). Alternatively, inputs and 
feedback may be channeled through technology transfer 
workers, who then serve as an indirect link. 

For these links to be effective, producers, researchers and 
technology transfer workers will often have to be taught 
participation skills to allow them to interact effectively 

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

The early targeting of user groups is a prerequisite for the 
successful development of new technology. Within the 
brozd category of agricultural producers there are many 
subgroups, each with its own technological requirements. 
These subgroups and their needs must be identified, and the 
development aid delivery of technologies must take their 
existence into account. This targeting process is closely 
related to what the farming systems literature calls 
'identifying recommendation domains' and commercial 
marketing research refers 6d as 'market segmentation' 
(Rifling, 1988). 

Environmental Diversity 

The level of integrationand the complexity andlor 
differentiationof the tasksperformedby IATS must 
increaseas the environment becomes more diverse or 
unknown, 

Complex tasks are those involving many variables, high 
levels of abstraction, and sophisticated analysis. To carry 
out such tasks institutions must have highly trained staff 
from a wide variety of backgrounds. Often, coinple.ity is 
also associated with the dispersion of work locations 
(Snyder, 1987: 44-45). To be handled effectively, complex 
tasks require a more open communication system than that 
found inhierarchical decision-making structures, and 
flexibility at lower levels in determining appropriate 
technological responses (Lane et al, 1981: 154). 
Decentralization of authority, whether formal or informal, 
is also essential (Martinez, 1988: 6). 

Hierarchical systems are those with heavy constraints on 
communications outside the vertical authority channels, 
more authoritative decision making and greater status 
differentials (Lane et al, 1981: 154). Examples are the 
Training and Visit system of extension, agricultural 
technology promotion campaigns, and commodity systems 

such as the Kenya Tea Development Authority (Chambers, 
1988: 51). Such systems are normally successful only 
where few commodities are grown in relatively uniform, 
controllable and predic:able conditions. 

Thus task complexity is closely related to environmental 
diversity. This is especially marked outside the relatively 
uniform green revolution areas. Physical and biological 
diversity is found in arid areas, but it is most pronounced in 
the semi-arid, subhumid and humid zones. Physical 
variations within the same field can require different crop 
varieties 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 species used can be bewildering. 
Moreover, social diversity is -'-:noven with environ­
mental diversity, such that each place and social group can 
be en as unique, requiring its own path for development 
(Chambers, 1988: 51-52). 

Diverse environments require more location-specific 
diagnosis ofconstraints and adaptation of technologies, As 
a result, research efforts must be more widely dispersed. 
This dispersion, while it separates researchers from one 
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another, often brings them into closer contact with tech-
nology transfer workers, offering opportunities for 
ircreased communication, 

The most narginal farming systems tend to be the most 
complex and diverse and to face the greatest risks. Rainfed 
cropping systems in upland areas are generally both less
productive and more diverse 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 are greater. 

If IATS are to perform as well in these environments as 
they do in more homogeneous ones that are better 
endowed, they must accomplish more complex tasks. This, 

in turn, requires features typically found only in well­
endowed IATS. The more difficult environments are 
usually served by IATS with very limited resources. "There 
ure far fewer scientists per farming system, both because ofthe scarcity of scientists and because of the many fanning 
sy.stems" (Chambers, 1988: 52). 

The adaptive, problem-solving approaches demanded by
these diverse environments require levels of experience,
education and professionalism that cannot usually be found 
among those working there at present. Most peiple with 
alternative employment opportunities prefer not to work in 
these environments, and leave after short periods of time.This imposps strong limitations on the levels cf perform­
ance achievable. Thus, producers with the greatest need for 
a sophisticated IATS are least likely to have one. 

Other Environmental Factors 

Other important environmental factors which affect IATS 
tasks include: 

" 	 the availability of communications channels and 

infrastructuie; 


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

* 	 the level of pre-existing knowledge about the 

environment; 


" 	 the dispersion and accessibility of the farming 

population. 


The choice ofcommunications 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 
channels, have an important bearing, 

Where input distribution channels, particularly those in the 
pi ivate sector, are weak, extension services often 
concentrate on input delivery. Dissemination of technical 
ipformation becomes a less important part of their work, 
reducing the links with research, 

Researchers face limitations in the types of technologies
they can productively work on, since for many inputs the 
necessary infrastructure is simply not available to produce 
and distribute them. Furthermore, as we have already seen,
producers who make little use of research-generated 
technologies, particularly purchased inputs, are less likely
to pressure their IATS ior results. 

Knowledge of the environmenLal 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 
to contribute regarding the regions, techno!ogical 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 isthe 
case when farmers are resettled, radically change their 
fanning 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 concentrate on basic exploratory work, and in 
the short term has little of practical value to offer. When 
young institutions are pressured to produce immediate 
results at the stage when they are still putting together the 
knowledge base to respond to their task, the results areoften disastrous. Progressing prematurely to technology 
consolidation in these conditions may be especially
dangerous. In these situations researchers and technology
transfer workers have the greatest need for information 
from producers. 

When services are provided to dispersed and inaccessible 
farm populations, researchers and technology transfer 
workers have fewer opportunities for direct interaction. To 
be effective, technology transfer -'orkers must be close to 
the population they serve. Research, iowever, must for 
reasons of cost be concentrated in reizively few locations. 
The resulting lack ofcontact between the two groups is not 
necessarily bad: in many cases direct contact is not themost effective or efficient means of linking research and 
technology transfer. 
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The relative dispersion and inaccessibility of researchers 
and technology transfer 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 
conditions. 

The Activities Associated with Different Types of Technology 

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

Discussions on how linkage mechanisms work tend to be 
based partly on unsubstaitimted generalizations. Most 
existing literature implicitly takes as a model the links 
required to develop new plant varieties. There is little 
reason to believe that this pattern is applicable to other 
technologies, 

Technologies should be classified into different types only 
if they require distinct links for their development and 
delivery. The t. Ad types we have so far identified include: 

" existing and new technologies 
* physic.l inputs and information 
* private and public goods 
o complicated and simple technologies 
" centrally and locally generated technologies 
" producer-, research- and policy-driven technologies 

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

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

Most links between research and technology transfer 
concern such already establi5hed technologies. For 
examp',e, 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 to a researcher with a 
sample from a diseased crop and asks for assistance in 
idemitifying the pest which caused the damage. Similar 
comments could be made regarding a wide variety of 
support activities which researchers typically provide to 
technology transfer workers, such as drafting manuals or 
recommendations, providing laboratory and library 
facilities, and backstopping extension activities, 

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 iLs consolidation and production. 

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

Work with already established technologies does not 
necessaily require either product champions or the direct 
involvement of researchers. In fact, most high-performing 
IATS shield researchers 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
gies 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 technologies with which producers and 
technology transfer workers are 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 to 
ensure that they gain maximum advantage from each 
other's insights. 

Physical inputs and information. Some technologies take 
the form of physical goods. Others involve only informa­
tior, or cultural and management practices. The un;:s which 
must be linked, the predominant communications channels, 
and the output control mechanisms required are different in 
the two cases. 

The delivery of physical inputs requires a set of actors and 
roles which do not exist in the case of pure information 
technologies. These actors include input producers and 
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distributors and, where high levels of invesimeats are 
involved, credit agencies. The presence of .hese additional 
actors/roles greatly alters the linkage dynamic. Whereas 
educational materials, both scientific and popular, lie at the 
heart of links in the case of information technologies, 
product distribution and market promotion are more 
important whe n physical inputs are involved. 

The relation between research and input suppliers provides 
a potentially important additional channel for user feedback 
and maiket information. Indeed, the importance of the 
links between research and the supply of inputs can eclipse
extension's role in disseminating technical information,
Thus, breeders' relations with seed multipliers can prove 
more important for transferring new varieties than their 
relations with extension, 

/kmore formil process for approving recommendations isgenerally advisable for physical inputs, because it is more 
costly to proJuce or import a new good than to recommend 
a new cultural practice. New products may also pose higher 
health, safety or environmental risks. In the case of newplant material, seed committees meet to decide whether a 
new variety should be released. Formal requirements are 
usually established for determining 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 recomn-

mendation for planting dates, pruning methods or similar 

practices need not be subject to a formal review process.
 

Pri'ate and public goods. High performance according to 
all our criteria except responsiveness to the needs of 
resource-poor farmers is more likely if the technologies are 
private goods. Most physical inputs are private goods, the 
main exceptions being goods which can be prodrced easily
by farmers, such as self-pollinating plant varieties 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 achieve high perlormance

with ,hemas it is with pure information technologies. 


Complicated and simple technologies. Technologies
which are more complicated to use or produce require 
greater and more sophisticated educational efforts. Manuals 
and/or intensive training efforts may be required. 
Researchers 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 urn, requires changes in the 
roles of researchers, technology transfer workers and 
producers. 

If use becomes very complicated, specialists (veterinarians,
professional fumigators, tractor mechanics, ete) may 

replace farmers as the principal users. The use of these 
complicated technologies in concentrated areas (ft
example, in large irrigation projects, capital-intensive
horticultural concerns or fully mechanized far.s) lends 
itself particularly well to the development of tles 
specialized groups. 

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

Centrally and locally generated technologies. Certain 
technologies tend themselves to being generated in ene or a 
few central locations. Others do not. 

Technologies applicable over wider areas or in many

situations can more easily be generated 
-.-m central 
locations. For example, a new pesticide may be developed 
at the international headquarters of a multinational 
corporation for use vround the world. Other technologies
have only very local applicability and require multiloca­
tional field trials or alher adaptive research activities. 

Research on topics such as livestock and perennial crops

tends to be concentrated in a few places because it is both
 
costly and complicated. While the need for adaptive

research may be great, such trials are expensive. Thus only 
a small number of trials can be done and the potential
losses caused by doing them badly are very high. This 
research is also longer term and %redifficult to do on
 
farm (data requirements are heavy and farmers are less
 
willing to risk their animals or tree crops).
 

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

When research is not concentrated, the physical dispersionof rcscarchers makes them more directly accessible to 
technology transfer workers, whose knowledge of local 
conditions is likely to be relevant for the generation of 
location-specific technologies. Technology transfer 
workers also have more opportunities to become involved 
in research when this consists of a considerable number ofdecentralized, low-cost field trials with relatively
unsophisticated data requirements. 
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Producer-, research- and policy-driven technologies. 
Technology transfer workers and producers concentrate 
their demands for research on the problems which they 
perceive as urgent. Frequently these concern pests or 
diseases. These groups also pay more attention to tech-
nologies that offer aclear short-term advantage than they 
do to those that appear only marginally superior to current 
practices or that require.effective management to bring 
substantial benefits, 

When clearly advantageous technologies become available, 
aconsiderable amount of pressure may be exerted on 
research for additional information and adaptation. Most 
research, however, tends to concentrate on the less 
spectacular technologies or on providng 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. 

Producers and technology transfer workers rarely 
emphasize long-term Gr less obvious problems such as 
preventative (as opposed to curative) health issues or 
resource conservation. Rling refers to technologies 
responding to these latter problems as 'policy driven', 
because getting producers to ad(.pt them usually requires 
incentives provided by policy makers (Roling, 1988: 71). 
These incentives can be positvv (bo!,uses, subsidized 
credits and inputs) or negative (regulations, sanctions) and 
must be incorporated into the overall ar ,ivities of the IATS. 

As a result of the bias in the typ,, of technulogies demanded 
by producers and technology tmnsfer wuoirs, some 
researchers will be under constant pressure. while others 
will be practically ignored. Since perf, i:r' f-.e improves 
when external pressure ishigh and there i, producer input, 
performance for producer-driver, technologies will tend to 
be better than for those technologies which afe policy- and 
researcher-driven. 
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ORGANIZATIONAL FACTORS
 

Institutional Structure
 

THE RANGE OF tasks which are performed by IATS can 
be divided among institutions, units and individuals in a 
variety of ways. 

Formal boundaries between different entities simulane-
ously increase the interaction and communication of those 
within the boundary and limit access to those outside. 
They permit each entity to specialize with regard to the 
tasks it undertakes, the inputs it uses, the outputs it 
produces and the groups with which it interacts. While 
conflicts and diverging interests or strategies do not 
disappear, within the boundaries it xbcomes easier to 
accommodate them. 

The evolution of institutional structures is a complex 
process. IATS change slowly through the interplay between 
comoeiing interests. Personalities and informal links play 
an impcit:nt role. Key decisions are made at many 
different locations within th. government hierarchy. In 
addition, private companies, NGOs, producers' 
associations and other external agencies over whom the 
government has only a limited amount of control are now 
beginning to play a more important role in IATS. 
Differences in current structural arrangements can often be 
traced back to models copied from or promoted by 
different external groups. 

While managers have some opporttnities to manipulate 
structure, they frequently find themselves constrained by 
inertia, political opposition and existing legislation and 
regulations. This may be just as well, since major 
structural reorganizaions are costly, create uncertainty and, 
if carried out too frequently, lead to attempts by lower level 
staff to preserve the status quo. The historical record is full 
of reorganizations which faiied because they focused only 
om structure and did not address the other issues discussed 
in this paper. 

For these reasons, structural reorganization should usually 
be an option of last resort. This does not mean that 
institutional structures are irrelevant. 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), 

The literature has identified various types of task inter­
dependence (Thompson, 1967; Van de Ven et al, 1976). 
The four broad categories are: 

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

9 	 sequential, where resources flow from one part to 
another asymmetrically; 

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

* 	 team, when resources and products flow freely between 
all members of a communicatirns network which 
combines two or more parts. 

Perceptions concerning the interdependencies between 
research and technology transfer activities have changed. 
"Initially both activities were considered independent but 
contributing to a common purpose [as in pooled inter­
dependence]. Then, extension was thought to be 
sequentially linked to research, receiving its inputs from it 
and integrating them with other components of a package 
of services to farmers. Subsequcntiy, their reciprocal 
dependence was recognized, with extension feeding 
research through the identification of problems and the 
supply of information for defining priorities" (Martinez, 
1988: 14). Finally, as in team interdependence, there is 
now less distinction between the two groups, with 
extension 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. 
Amajor current linkage problem is that while research 
institutions wnd to recognize their dependence on exten­
sion for promoting the application of research results, 
extension institutions frequently feel less dependent on 
research. In a recent survey of extension directors from 59 
low-income counties, technology and linkage problems 
consistently received low rankings on the directors' lists of 
major concerns (Sigman and Swanson, 1985: 6, 9). Either 
extnsion directors believe sufficient technology already 
exists for their institutions to extend, or they give lower 
priority to promoting new technologies than to input 
distribution, credit supervision or other non-technological 
activities. 

Given the tendency for formal boundaries 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 people dependent on each other 
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were grouped together in asingle institution. In practice,
however, this israrely possible. First, there are just too 
many different interdependencies (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 interdependencies through structural 
means can be seen whcre input distribution, credit 
supervision and the dissemination of technical information 
have been combined inasingle agency. This improves
coordination between the three activities, but dilutes the 
technical information component of t&e resulting organiza-
lion to such an extent that interaction with research is 
sharply reduced. 

The opposite can also occur. Strong research-extension 
links may be achieved by removing activities other than the 
dissemination of technical information from extension's 
mandate, but this will probably hinder the integration of 

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 interdependence, there are five other factors of 

importance indesigning organizational structures. These 

are: 

* 	 the compatibility of the management styles required by
different tasks/activities;

" whether the tasks/activities involved have the same 
sources of legitimacy; 


" size considerations; 

" the proven capacity of different units; 

" differences in staff orientation, 


If two activities require different management styles and 

practices, they are generally better placed in separate units, 

fhe same holds true if they receive their political support
from widely divergent groups. Administrative and 
supervisory economies or diseconomies of scale for 
different activities imply that institutions and units have a 
certain optimal size. There are sound arguments for 
assigning essential activities to aunit with aproven
capacity to get the job done, even if it isnot the one whose 
overall mandate would normally cover it. Differences in 
orientation among staff are another potential reason for 
division. 

The institutional merger of research and technology
transfer. Merging research and technology transfer 
institutions is frequently recommended in the literature as a 
way of increasing integration (Samy, 1986: 8,9). However, 
bringing the two activities together in one institution is 
usually problematic, 

In practice, research and technology transfer often exhibit 
surprisingly few interdependencies. Their management
requirements and political constituencies are frequently
divergent and somewhat incompatible. The combined 
institution's resulting size may be unmanageably large.
The potential benefit of increased interaction may be 
limited 1y putting the two in separate units within the sameinstitution, 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 inwhich bringing research and
 
technology transfer activities together within asingle

institution is successful is where asystem isorganized

around aspecific region, commodity or problem. The 
interdependencies between research and technology
transfer in these situations are much greater because both 
activities focus exclusively on the same crop or on the 
same client group. In addition, the combined size of the 
research and technology transfer institution isgenerally 
more manageable 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-tased organizations. Another 
common structural issue is whether to organize the IATS
 
on a functional basis (for example, research, extension,

input distribution) or amarket basis (for example, client,
 
output, place). The evidence siggests that market-based
 
grouping isgenerally more successful according to all our
 
evaluation criteria, at least when task complexity is not
 
very great.
 

Structural divisions which are based on function lack a
 
built-in mechanism for coordinating the work flow. In
 
contrast, "market-based grouping isused to set up
relatively self-contained units to deal with particular work 
flows. Ideally, these units contain all the important 
sequential and reciprocai interdependencies.... And because 
each unit performs all the functions for agiven set of 
products, services, clients or places, it tends to identify
directly with them, and its performance can easily be 
measured in these terms. So markets, not processes, get the 
employees' undivided attention" (Mintzberg, 1979: 125). 

The empirical evidence provides qualified support for these
conclusions. One study concluded that "commodity­
specific extension agencies exhibited greater coordination 
and less conflict than did general extension agencies"
(Kang, 1984: 138). Another study found acommodity
extension program performed better than general extension 
according to seven out of eight criteria, including the 
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"organization of joint programs with staff of other related activities within these tasks are often weakly 
agencies" (Ekpere, 1973: 147). performed. These are: 

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

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

Nli!sing 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 either to units which already 
exist or to new ones. The existing units have established 
work patterns which would have to be altered to accom­
modate a new task. Hence, this task may not receive 
sufficient attention; or, if it does, the personnel assigned to 
traditional unit tasks may become resentful. On the other 
hand, assigning the task to anew unit inevitably creates an 
additional set of barriers which have to be overcome before 
the task can be effectively irtegrated 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: exp!ora,!,,'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 researchers or technology transfer workers, or both. 
Unless each group's responsibilities are clearly defined, 
researchers will generally prefer the task of exploratory 
development, while technology transfer workers will prefer 
the task of technology delivery. 

This leaves no-one to assume responsibility for either 
technology consolidation or (to a lesser extent) technology 
production. McDermott calls this the "fatal gap" and 
argues that, unless it is filled, the division between research 
and technology transfer will be too wide to bridge by 
establishing linkage mechanisms (McDennott, 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- 

* 	 the publication and synthesis of research results; 
* 	 the assessment of the economic and social viability of 

new technologies; 
* 	 the transformation of experimental results into specific 

recommendations; 
* 	 the production of information materials for technology 

transfer workers; 
* 	 the organization of information to make past research 

results more accessible; 
* 	 the production and distribution of physical inputs. 

Duplication or efforts. While there are some tasks or 
activities for which no-one takes responsibility, there may 
be others inwhich more than one unit is involved. These 
are either joint activities or represent a duplication of 
efforts. Inthis section, only the latter situation is 
discussed. 

Redundancy results eitiherfrom attempts to seek greater 
autonomy or from competition for resources. It leads to 
conflict between the redundant units, but is often 
associatecd with higher performance. 

One reason for duplicating efforts is to increase a unit's 
autonomy. Rather than relying on someone else to provide 
information or get something done, a unit decides that it 
will carry out this task itself. A unit is more likely to seek 
autonomy if relations between it and the other unit are 
already 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 
responsibilities. 

The second major reason for the duplication of efforts is 
competition for resources. Units take on new activities 
which they perceive as being of interest to donors or 
policy makers if this will bring them additional funding, 
power, or prestige. Inso doing they may weaken their 
mandate focus. The pursuit of the same activiies by several 
units brings them into competition and often precipitates 
conflicts. 

The existing literature is divided about whether the net 
result of duplication of efforts is positive or negative 
(Landau, 1969; Leonard, 1982). Although the waste of 
resources created by duplication of efforts 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 each other's experience and 
coordinate activities. On the other hand, redundancy does 
increase the chances of getting the job done. It permits 
multiple approaches to a problem, and can promote healthy 
competition. 
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The Differences betwi: n Researchers and Technology Transfer Workers 

For high performance, specific linkage mechanisms are 
required to manage the conflicts and communication 
problems caused by differences between researchers and 
technology workers in b,'ckground, training, experience, 
responsibilities, status cidphysicallocation, 

Informal groups. Informal groups, which may or may not 
reflect formal divisions, have shared languages, values and 
attitudes, making internal communication, and collaboration 
easier. However, as with formal boundaries, such groups 
also lead to inter-group differences, resulting in a 'them-
and-us' attitude that makes communication between groups 
dilficult. Among the most importwil deitrminants of 
informal groups are differences in :;taff 1,ackground, 
training, experience, responsibilities, status and physical 
hx'ation. Important staff backgro:tnd attributes include aee, 
gender, rural or urban origin, ethnicity, nationality and 
educational level. 

These differences have major implications for communica-
tion between researchers and technology transfer workers. 
One of communication research's most consistent findings 
is that people communicate most frequently and effectively 
with those who are most similar to themselves (Roling, 
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 wiLh each other. 

i wo 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 
relations and formality (Lawrence and Lorsch, 1967: 10). 
Researchers' goals are said to be broader, less precise, but 
more measurable. Researchers look mostly to the broad 
research community for approval, whereas technology 
transfer workers tend to seek approval within their specific 
institutions. Researchers' time perspectives are supposedly 
longer. They are also more used to working in informal 
and collegial environments (Bennell, 1988: 22-23). 

Occupational groups. Occupational groups, such as 
researchers or extension agents, have many of the same 
characteristics as informal groups, as well as some 
important additional ones. Occupational groups compete 
with each 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 (Bennell, 1988: 48). Thus, to 
jusify their own status and rewards, researchers may 
perceive a need to distance themselves from lower status 
occupations such as extension. 

Inmost low-income countries, at least outside Latin 
America, extension isnot regarded as a professional 
occupation. It has also had a low status because of its 
association with farmers and rural life, which themselves 
have very low status. Generally speaking, the status 
distinctions between professional and subprofessional 
occupations are greater indeveloping than in developed 
countries, and researchers often adoI, patronizing attitudes 
towards extension agents (Bennell, 1988: 55). Low pay 
means extension services 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 researchers, poor performance will result. 

In recent years extension agents have tried to solve the 
status problem by making their occupation moe 
professional. This has involved taking over some activities 
previously performed by research, such as carrying out 
field trials or deciding whether to recommend a new 
technology, a move which has elicited mixed resxnses 
from researchers. In some cases they have resisted what 
they perceive as an incursion into their tdomain. In others 
they have willingly relinquished activiti'. to extension, but 
only after down-gadiug them and reserving the higher 
su,'.tus activities for themselves. On rare occasions, 
researchers have chosen to accept an equal role with 
extension, and to collaborate fully. 

Although differences between the two groups is a problem, 
so alsc "."outAbe too great a similarity between them. 
Simila it,' )e! ween groups erodes the unique :ontribution 
that ea'-h ,roup can make and the advantages of 
specialization. This implies that there is some optimum 
level of dissimilarity. 

Personnel and Financial Management 

Personnel and financial management policies and Differences in policies and practices between research and 
practices which encourage integration andprovide technology transfer institutions can greatly hinder the 
flexibility in IATS result in higher levels ofperformance. integration of th" two activities. Policies and practices tre 
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among the contextual factors most subject to control by 
managers. 

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

Status, as ,.eil -slinks, can be enhanced by building an 
emphasis on collaboration into the work programs of both 
researchers and technology transfer staff. When a 
researcher isassigned to;an adaptive trial run by an exten-
siun worker, this gives status and incentives to the latter, 
An extcnsion worker who provides diagnostic information 
tor 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 met in full. The pool of 
candidates for both research 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 to 
sonic geographical areas. Communication problems may 
prove unsurmountable. Job descriptions are often vague, 
no,-existent or soon forgotten. Normally, little emphasis is 
given to 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 work experience. To 
promote effective links it may be necessary to teach people 
additional technical or combitinications skills. Staff 
exchanges and rotations can improve knowledge of 
counterparts' activities and build empathy. A common 
orientation program or joint participation in training 
activities also helps create mutual understanding. Although 
specialization is not abandoned, professionals in integrated 
IATS which regularly make relevant new technologies 
available usually paricipate inor have enough experience 
of the work of their technology transfer counterparts to 
understand and wish to enhance what the other group does. 

Again, in practice, IATS often fall short of these ideals, 
Many training programs fail to encourage researcher-
technology transfer worker interaction, provide few tools 
for effective interaction, and reinforce status distinctions. 

Compensation. The earlier discussion of political factors 
pointed to the fundamental importance of incentives, at 
both the institutional and individual level, in promoting 
performance. 

The most direct and effective incentives arm,those accruing 
to staff as compensation. Compensation includes salaries, 
honorariums, promotion opportunities, working conditions, 
prestige and positive feedback, fringe benefits, the 
attractiveness of the work involved, and opportunities for 
earning supplementary incomes. The,e benefits can be 
distributed on anumber of different bases, one of which is 
the performance appraisal/evaluation of staff members. 
The criteria used for performance appraisal communicate 
the values ofan organization. The emphasis given to 
collaboration and the types of behavior evaluated will 
determine the value given to linkage behavior. 

Compensation affects performance in various ways. 
Workers perceive the rewards or punishments resulting 
from their performance (including their interactions with 
oterers). The levels of conflict, competition and coordina­
tion vary as aresult. 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 liaks 
because the parties involved have less time to develop 
stable expectations and communications channels. 

Servicc orientation. No matter how enlightened the 
management, researcairs and technology transfer workers 
almost always experience some tension between their duty 
to respond to the comcems of management and their 
obligation to respond to the needs of the poplation served. 
IATS in which field staff respond exclusively to manage­
ment desires are rarely very successful. They also tend to 
have poor flows of information up the organizational chain. 
However, if staff respond only to demands from below, this 
is likely to hinder the institutions' capacity to serve as 
instruments of policy. The IATS with the highest 
performance are those inwhich 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 are 
the sufficiency, flexibility and reliability of funding, and 
the existence of slack resources. Here we are referring to 
funding both for the IATS in general and for the financing 
of linkage mechanisms inparticular. With respect to the 
latter, many IATS have practically no funding available for 
such key linkage-related activities as the publication of 
research results, visits by researchers to extension field 
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, inorder 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. 
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Integration 

The role of higher authority. Often, collaboration 
betweei, separate units of the IATS is ordered by a higher 
authoriry, such as a common director, an official mandate. 
a government regulation or plan, or a donor agency. 

Instructions to collaborate usually work only when the 
higher body simultaneously intervenes to convince the staff 
concerned of the need for integration. Otherwise, the 
higher body must have both adequate power and sufficient 
information to impose its will. This is rarely the case. 

The development and delivery of new agricultural tech-
nologies is complex and difficult to monitor closely. 
.'structionsfrom above are usually vague and it is implic-

itly understood that not all of them can be carried out. 
Again, a great (teal of information is lost or deliberately 
withheld or distorted as it moves up the hierarchy. Senior 
managers are beset by a wide variety of problems besides 
their concern fur integration. In practice, research and 
technology transfer managers and staff have effective veto 
power over external efforts to achieve integration, and thus 
must be persuaded or motivated, as wel as directed, 

Failure to persuade frequently results in the creation of 
formal (relatively ineffective) linkage mc:hanisms whose 
principal puq)ose is to please superiors. It. these cases 
open conflicts may be eliminated, but only to be replaced 
by more subtle forms of mutual avoidance and hostility, 

Policy makers and m.nagerscan fjcilitatcintegration 
through the creation of superordinate goals and/or the 
promotion of a sharedinstitationalculture. 

Superordinate goals are those that have "a compelling 
appeal for members f each group, but which neither group 
can achieve without the participation of the other" 
(Bennell, 1988). Bennell adds that "such superordinate 
goals are only likely to be accepted when: 

* 	 the status and/or reward grievances of disadvantaged 
and dissatisfied groups within the IATS are adequately 
resolved; 

" 	 individual goals are sufficiently compatible with 
superordinate goals; 

* 	 sufficient weight is given to staff interactions in per-
formance appraisal and rewards systcrns." 

Organizational cultures conducive to integration are easier 
to promote under conditions of staff homogeneity and 
organizational stability, and when staff have had long and 
intense shared experiences. 

Preconditions for voluntary linkage. Significantintegra-
tion occursonly ifthe partiesinvolved perceive all of the 

following to exist: (1) interdependence, (2) domain 
consensus, (3) ideological consensus, (4) domain 
correspondence, (5) competence, and (6) the capacity to 
deliver on agreements. 

Since cooperation implies a certain loss of autonomy, 
groups will normally want to cooperate only if they 
perceive the potential gains to outweigh this !oss. One 
factor in the decision whether or not to cooperate will be 
external pressures for improved performance, but there are 
also a number of strictly internal orgaizational factors 
which are important. 

The first of these iswhether interdependence is perceived. 
Both parties must feel the other has something they nced. 
The second and third factors are domain consensus and 
ideological consensus. Domain consensus means that the 
units agree about each other's appropriate role and scope. 
Ideological consensus means agreement regarding the 
nature of the tasks confronting the units and the appropriate 
approaches to use of resources (Benson, 1975: 235). For 
domain and ideological consensus to occur, neither unit 
must perceive the other's role, scope and approach as 
potentially threatening to its own resource base. 

A fourth important factor is domain correspondence.
Correspondence exists when two units share a common set 
ofclients and topics of concern. The lack of domain 
correspondence betwteen research and technology transfer 
institutions is a common problem. Typical examples are: 

* 	 research is organized on a national basis, while tech­
nology transfer is provincial; 

* 	 research units follow aro-ecological distinctions, while 
technology transfer follows administrative ones; 

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

* 	 research focuses on a single commodity, while tech­
nology transfer has a more general focus; 

* 	 research services are targeted to one client group, 
technology transfer services to 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 
each case are markedly different. In the first case task 
interdependencics and common orientations will be greater, 
facilitating 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 activities the 
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latter is unable to provide or carry out, the first group will 
eventually seek alternatives which eliminate that depend-
ence (or else use the second group's incapacity as an 
excuse for poor performance). 

Perceptions about the other group's importance, relevance, 
effectiveness, efficiency and reliability are as important as 
whether or not these attributes really exist. Beliefs about 
other groups are based at least in part on stereotypes and 
limited information, but are heavily influenced by past 
experiences. 

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. Immaturity and insecurity in organizations weaken 
their willirgness to integrate with others. Organizations are 
immature if they have not yet clearly defined their domain, 
Insccurity implies that an erganizaiion perceives its 
resource base to be vulnerable, 

The use or liaison positions. Liaison positions or units are 
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 
forci a separate entity. In the latter case the idea is that if 
two groups differ so much that it isvery difficult for them 
to communicate, a third group which combines features of 
each of the others can act as an intermediary, 

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

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

There is also a danger that liaison positions will accentuate 
rather than attenuate the integration problem. If liaison 

staff begin to take on the attributes of a separate group ­
with their own inwerests, beliefs, attitudes, orientations and 
work styles - they can become an obstacle to communica­
tion rather than a facilitator. Two mechanisms which can 
prc -nt this from happening are the incorporation of liaison 
positions into one of the units being integrated, and the 
rotation of staff members assigned to liaison positions. 

The use of liaison positions as intermediaries may prove 
more problematic ultimately than the difficulties such 
psitions were originally designed to overcome. Even 
when there are liaison positions, they do not obviate the 
need for direct communication between the parties being 
linked. 

Decentralization and institutionalization. Formal and 
informal linkage mechanisms at severaladministrative 
levels (forexample, national, regional, operational)are 
essentialforhigh performance. The level of integration 
between researchersand technology transfer workers is 
higher when adaptive research is decentralizedand 
dispersed. This higher integrationleadsto more relevant 
new technologies becoming available. Moreover, 
decentralizationand the delegaton ofresponsibilitywithin 
an IATS requirewell-develoyed linkage mechanisms at the 
operationallevel. 

If, lor example, an exchange of technical information is 
required, it will not be sufficient to bring together manage­
ial staff who lack familiarity with the topic concerned. 
Links must also be organized between the technical staff. 
Conversely, regional coordination committees in highly 
cent:alized IATS frequently fail because participants 
cannot speak authoritatively for their institutions. 

Institutionalization refers to the degree to which a pattern 
becomes routine and follows set rules. For the most part, 
institutionalized mechanisms are more permanent and 
formalized, ad hoc mechanisms more temporary. Ad hoe 
and temporary mechanisms, such as task forces, have the 
advantage of being designed to meet a specific objective. 
Their extraordinary nature can create 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. 
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SUMMARY
 

THE MOST IMPORTANT environmental factors affecting 
IATS performance and links are: extcrnal pressure, tho 
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 technologies, generally face strong external pressures, 
have access to substantial resources, and focus on simple 
and homogeneous environments, 

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

Less important, but still significant, environmental factors 
include the availability of different communications 
channels, the development of the necessary infrastructure 
and traditions for farmers to make use of inputs and 
information produced outside their communities, the level 
of pre-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 little control over them. They 
must, howevcr, take them into account in making decisions 
regarding the scope of their institution's activities, 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 each task ip the technology development and delivery 
pro.ess (with the possible exception of discovery), and that 
identifiable functional links exist between them. In 
practice, the most important missing tasks tend to be 
technology consolidation and production. Hence these 
must be given special attention by managers, who are often 
ina good position to deal with these problems. 

Diffeient links will be required for different types of 
technology. In particular, activities related to already 
established technologies require different links to activities 
concerned with developing and delivering new tech-
nologies. Managers can exercise considerable control over 
these links. 

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 exercising it, they can have 
greater influence over personnel policies and should take 
maximum advantage of that influence. Their control over 
financial policies is limited. 

Difficult personnel problems arise from the differences 
between researchers and technolegy transfer staff in 
background, training, experience, responsibilities, status 
and physical location. These problems can greatly affect 
performance and need to be addressed as part of efforts to 
increase system integration. 

Successful IATS address task and resource inter­
dependencies through a combination of organizational 
grouping and linkage mechanisms. Their structural 
arrangements take into consideration the compatibility of 
the manz.germent styles required by various tasks/activities, 
divergences in the sources of political support for different 
tasks/activities, size considorations, different units' proven 
capacity to perform, and differences in task orientation. 

A market-based grouping is generally more successful at 
achieving integration and relevance. However, this type of 
arrangement is not often feasible in diverse environments 
served by poorly endowed IATS. 

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

High levels of integration are facilitated by inter­
dependence, domain consensus, domain correspondence, 
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 so,'itute for, more direct liaks. 
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