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ABSTRACT

SUSTAINABLE TECHNOLOGY TRANSFER:
AN ANALYSIS BASED ON CASES

By
Fisseha Tegegne

There is a growing concern on how to improve 1living
conditions of people in developing countries, the majority of
whom live in rural areas. The issue could be addressed from
the perspective of sustainable technology transfer.

In this study sustainability of technology transfer was
evaluated using five major variables. These were: (1)
participation by users in planning and/or implementation of
the technology transfer process, (2) the type of mechanism
used for transfer, (3) the form of management and control,
(4) use of resources, and (5) benefits to users.

The study adopted an approach based on theoretical and
empirical 1literature and three cases involving technology
transfer. These were: agroforestry, rural education and
health care in Nepal, Paraguay and Senegal respectively.
Field work, undertaken by World Neighbors for Nepal, and the
United States Agency for International Development (USAID) for
Paraguay and Senegal, provided data that was primarily
qualitative.

Analysis of the data, using an interdisciplinary
approach, showed that sustainability of the technologies

considered was positively related to all five variables, which



were interrelated and reenforce each other. Participation was
the most crucial variable.

The study also found no significant differences in the
achievement of sustainability among the three cases despite
diversity in the type of technologies they involved and
location of the countries.

Specifically, sustainable technology transfer was found
to be a viable strategy for achieving increased agricultural
production and related activities as well as improved access
to rural education and health care which constitute important
components of rural development.

The importance of further research including in terms of
longitudinal quantitative analyses was underscored:
Methodology for evaluating sustainability of technology,
presented in this study, can be used as an input for such

undertaking.
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CHAPTER I

INTRODUCTION AND REVIEW OF BACKGROUND LITERATURE

1.1 conceptualizations of Development and Technology

Conceptualizations of development based on measures such
as increase in Gross National Product (GNP), and industrial
output have been found to be inadequate. This was due to
recognition that development differs from growth in that,
unlike the latter, it involves both economic and non-economic
changes [Oberle et al., 1978; Bryant et al., 1982; Lewis,
1984; Korten et al., 1984; Guy, 1987; and Meier, 1989]. The
following characterization of the major development problems
by Korten et al. (1984) reflects the above distinction:
"... three central development challenges: ?overty,
environmental deterioration, and the empowerment of people
through increased participation in the development process"
(P.ix). These problems are intimately related, and any effort
aimed at dealing with one in isolation from the others is not
likely to be effective.

A similar change can also be observed in the
conceptualization of technology. Approaches that considered
technology as being primarily equipment and the processes that
use of such equipment involve were predominant. As a result

the concept of technology was made synonymous with teéhnique,
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and its application limited to few activities. This was found
to be unsatisfactory and led to a broader conceptualization
of technology.

The goal of this study is to answer some of the questions
raised on the gap between technology transfer and its use for
long term problem solving in developing countries. It adopted
an approach based on theoretical and empirical literature and
three cases. involving transfer of technologies. The
underlying premise of this study is that conditions of people
in developing countries could be improved through sustainable

technology transfer.

1.2 oOrganization of the Study

The rest of this chapter provides a review of background
literature in terms of the engineering/technical and adoption-
diffusion approaches to technology transfer. The salient
issues that arise under each approach including the critique
are examined with particular emphasis on developing countries.
For instance, the central role accorded to individuals as unit
of nalysis, and communication as a predominant aspect in the
adoption-diffusion approach are brought out. General éxamples
of regional and national technology transfer models are also
illustrated.

Chapter two focuses on sustainability both in general
and with specific reference to technology transfer. A

distinction between technology transfer per se and sustainable
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technology transfer is made. Five variables, that impirige on
sustainability of technology transfer, are also identified
from the literature.

Data sources, selection method and criteria, operational
definitions of variables used in this study, as well as the
hypothesis, which is based on variables derived from the
literature on sustainability and technology transfer, are
presented in chapter three.

In chapter four, the three cases are descri,bed and
analyzed to establish the relative importance of the variables
and test the hypothesis.

Chapter five presents a general methodology for
evaluating sustainability of technology including in terms of
longitudinal quantitative analyses. The aim here is to chart
out possible ways for pursuing further research in this area.

The final chapter is a synthesis of the major elements
of the study. It includes summary and conclusions,
limitations of the study, and some aspects for further
research.

The appendices provide general background information on

each case discussed along with related activities.

1.3 The Technijcal/Engineering Approach
This approach, sometimes presented by combining

engineering and economic aspects, emphasizes the importance

of factors that lead to high profitability at the 1lowest
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possible cost. It assumes that technology is neutral in its
consequences. In support of the approach Jones (1971), David
Livingston Institute of Overseas Development Studies (1975),
and Evenson et al. (1978), among others, argue that where
capacity to generate technologies is limited or non-existent,
those developed in other economic or physical environments
will be suitable. That is, they maintain technology can be
readily transferred and used irrespective of differences that
may exist in the economic, social, cultural and other aspects.

If the above argument is accepted, technology transfer
becomes a matter of merely obtaining what largely consists of
hardware and putting it in place. Whether or not tﬁis is a
tenable position will be demonstrated in subsequent
discussion. The context under which the engineering approach
was introduced will however, be examined first.

Industrial activities in general, and manufacturing ones
in particular, have provided the primary venue for promoting
this approach. 1In the case of developing countries, it is
best represented by the period of the 1960s and 1970s,
referred to in the 1literature as the decade of growth.
Industri;lization was guided by a strategy of import
substitution advocated, among others, by Hirschman (1958 and
1968), and Prebisch (1959).

Hirschman (1968) based his arguments on linkage effects
both forward and backward. The former relates to a situation

in which "every activity that does not by its nature cater
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exclusively to final demands will induce attempts to utilize
its outputs in some new activities" and the latter indicates
that "every non-primary economic activity will induce attempts
to supply through domestic production the inputs needed in
that activity" (p. 100). He emphasized that such linkages are
likely to be achieved better in industry than other sectors,
including the rural sector.

Prebisch focused on the terms of trade between
manufactured and primary goods which he argued favored the
former. To mitigate the concomitant deficit in the balance
of payments, he emphasized the importance of expanding
production of manufactured goods by adopting a strategy of
import substitution.

It is worth noting that import substitution involves two
phases. The first phase is one of producing consumer goods
generally under substantial protection [Corden, 1961 and
1971; Johnson, 1964; Balassa, 1970, and Grubel et al., 1971].
The second phase could involve production for export and/or
development of intermediate and capital goods sector.
Approaches to measuring performance of import substitution
industrialization and some of the problems are among others
discussed by Chenery (1960 and 1971), Steuer et al. (1965),
Power (1966), Winston (1967), Lewis (1969), Desai (1969), and
Bruton (1965, 1968 and 1970).

Examination of the above literature indicates that, for

a number of reasons, achievement of the first phase was not
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as impressive as hoped by many. Nevertheless, it performed
by far better than the second phase in several developing
countries. That is, realization of the second pﬁase was
distinctiy difficult.

The import substitution strategy has, therefore, been
sharply criticized both from the vantage point of long- term
development and its consequences on specific issues, notably
employment. The general criticism is based on the fact that
such a strategy is not consonant with prevailing realities in
developing countries and, hence, detracts atgention away from
the prepondrent rural sector in terms of overall development
strategy; priorities, and investment [Nagamine, 1981;
Chambers, 1983; Korten et al., 1984; El1 Ghonemy, 1984; Cernea,
1985, and Brundtland, 1985]. In most developing countries,
the rural sector makes substantial contribution to employment,
gross domestic product and exports. Accordingly, its
performance will affect the tempo of change in the overall
systemn.

Limited gains, especially of long-term nature, led to
shift in emphasis towards the rural sector [Johnston et al.,
1974; Axinn, 1978; Mellor, 1976 and 1986]). Along with such
a shift, it became clear that the debate focusing on whether
to choose between rural development and industrialization was
no longer central. Rather the issue became one of how to
harmonize and integrate the various activities in both

sectors.
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Specific criticism pertaining to employment consequences
of import substitution is put in the context of eicessive
reliance on the use of imported machinery. This was
encouraged by government policy support that gave rise to
capital-intensive techniques of production. The relatively
limited size of the industrial-manufacturing sector in such
countries, however, imposed constraint on expansion
possibilities of import substitution. Studies by Morawetz
(1974), Stewart (1974), and White (1978), indicate a sluggish
rate of growth in employment relative to investment and output
in the industrial-manufacturing sector and sub-sectors. This
points to the fact that technology and employment issues are
intimately related and cannot be treated in isolation from
each other.

An example of an approach using a model of technological
development relating to agriculture in the U.S.A. and Japan
is given by Hayami and Ruttan (1970). It is briefly discussed
here because of its implication for the type of technology
that should be enhanced in developing countries. The model
is guided by factor endowment and their relative prices.
Using data for the period 1880-1960, the authors show that
land scarcity in Japan necessitated development of biological
and chemical technologies while shortage of labor in the
U.S.A. called for mechanical technologies that are 1labor-
saving.

The corollary of the Hayami and Ruttan model implies
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that, where prevailing factor endowments are not taken into
account, resource use will not reflect relative scarcities and
opportunity costs of alternative courses of action. It can
therefore, be inferred that labor-intensive technologies
should be promoted in developing countries where substantial
labor supply exists.

The same conclusion also follows from one of the basic
tenets of economic theory. which stipulates that the
technology being adopted should enhance the productivity of
other factors that are relatively abundant in supply. While
efficiency cannot form a sufficient criterion alone, it is
necessary when considered in conjunction with others as
Goodman (1976), notes:

The choice of technology to be generated
and diffused must be intimately related
to priority development objectives,
balanced income distribution and more
efficient use of 1locally available
materials, but at the same time the
:«).achnology must be socially acceptable. (p.

Others including Dunn (1979), Riedjk (1982), and Sands
(1986) have argued along similar line. A specific alterative
that recognizes 1limitations of the import substitution
strategy, and policies that go with it, is the small
enterprises approach. It emphasizes that the operation of
such enterprises should be integrated with various relevant

activities, both in terms of input and output, thereby

enhancing their performance and that of others. There has
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been increasing empirical evidence showing substantial
employment and income opportunities derived from such
enterprises in developing countries [Liedholm, 1984; Liedholm
et al., 1985 and 1987). The relative efficiency of these
enterprises in the use of the scarce factor, capital, in such
countries compared to their large-scale counterparts has also
been established [Byerlee et. al., 1983].

In addition to its neglect of employment, socio-cultural,
ecological and other similar aspects, the engineering approach
treats technology as being synonymous with technique. There
is a fundamental distinction between the two. Technique
refers to physical aspects of an activity that relate largely
to the hardware and its mode of operation, such as the extent
of labor and capital intensity involved in a given process.

on the other hand, technology is a body of knowledge that is
applied to production of diverse goods and services and is
more than technique and hardware [Stewart et al., 1982]. A
number of writers including Root (1968), Merrill (1968), and
Glaser et al. (1983) have envisaged that the application of
technology encompasses various activities such as social and
organizational other than industry. Given this
conceptualization, the engineering approach’s presentation of
technology and the implication that technology transfer is
only related to the modern sector, in general, and industrial-
manufacturing activities, in particular, is too limited to be

useful for development planning [Abel et al., 1981; Ruddle et
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al., 1983; and Derman et al., 1984].

Another assumption of the engineering approach is that

no local technologies exist. Anthropological and related
literature Moyes (1979), Brokensha et al. (1980)
Molnar et al. (1983), Chambers (1983) and Redclift (1987) show
that this assumption does not hold. They maintain that local
technologies always exist in various forms and serve several
purposes. Moyes (1979), writing on the nature of such
technologies, notes: ¥... local technology consists of an
extensive body of skills, an enormous amount of information
and a strong element of experimentation"™ (p. 9).

It is acknowledgement of the existence of such technology

and the underlying framework --economic, social and others--
that calls for a need to attach great importance both to the
type of mechanism and speed of transfer. As Glaser et al.
(1983) note:

Technology has deeper anthropological

meaning. It is a key element in culture,

it determines the relationship of a

community with its natural environment

and is the most concrete expression of

values ...it 1is both unfeasible and

socially counterproductive simply to pass

a veneer of technology onto indigenous

culture. Hence transfers of technology

require a high sensitivity to match

technical resources congenially not only

with social goals, but also with

infrastructure or cultural/social

foundations. (p. 338)

Over emphasis on transfer of physical hardware by the

engineering approach did not give due weight to mechanisms of
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technology transfer and the implications thereof. This

represents yet another shortcoming of the approach.

1.4 The Adoption-Diffusion Approach

The literature in this area presents technology transfer
from different disciplinary perspectives, such as Economics,
Sociology, and Anthropology among others, with underlying
assumptions and factors deemed important to each [Katz et al.,
1962; and Rogers, 1983]. It is almost exclusively related to
the rural sector, in general, and agriculture, in particular,
and reflects the prevailing dominant view of the sixties that
research should address constraints to adoption believed to
be cultural in nature. This was also a period of the Green
Revolution, when packages of technologies, of which the seed-
fertilizer -irrigation example is a well known one, were
developed. Adoption of such technologies at the time was
considered necessary in that it was perceived to lay the basis
for transition towards modernization.

Technology transfer in this approach was considered to
be a process involving links between supplier(s) of given
type(s) of technology, on the one hand, with intermediaries
facilitating the transfer and users of the technology, on the
other. Five broad levels of transfer can be distinguished.
These are: international, national, regional, group and
individual each of which is discussed below. It should be

noted that while there are examples of the other levels of
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transfer, a substantial body of the literature focuses on the
individual level as a basis of analysis.

International technology transfer can take place through
various arrangements made with businesses, bilateral and
multilateral agreements. They can be at macro level as well
as in terms of specific programmes and projects [Root, 1968;
Hayami and Ruttan, 1971; Swannacknunn, 1978; and Odle, 1979].

An example of national transfer of technology is given
in Figure 1.1. It suggests that local research can be
combined with foreign technologies and used to enhance the
diffusion process in a given country. Existence of .close
linkages between local research and foreign technologies is
assumed. Nelson (1974) and.Ranis (1972, 1978) have also
called for a similar approach to promote local research by
providing incentives.

A framework for regional transfer, illustrated in Figure
1.2, is dependent on the policy and other measures adopted at
the national level. Such measures require not only planning
for various sectors of the economy but also articulating the
specific targets so that internal consistency and overall
balance are achieved. The policy framework also has to
encourage both local technological innovation, as well as
securing from abroad technologies those that are likely to be
conducive in promoting the country’s long term development
objectives. Apart from difference in scope between the

national and regional models, the list  of tasks involved in
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both imply that coordination and communication are of
paramount importance. This indicates that there is close
linkage between the macro and micro levels and decision making
should take such linkage into account.
The U.S.A. experience was among others, given by
Wilkening (1958), Lionberger (1960), and Feller et al. (1984).
Learner et al. (1967), Rogers et al. (1967), Baker (1987),
Rivera et al. (1987), and Roling (1982, 1987 and 1988) provide
similar account for developing countries. As will
subsequently be shown coordination and especially
communication, have also been central both to the group and
individual adoption decision processes.
Rogers et al. (1971) provide a framework for group-level
analysis shown in Figure 1.3, and define stimulation as:
The sub-process in collective innovation
decision-making at which someone becomes
aware that a need exists for a certain
innovation within a social system. The
system or else is a system member who is
oriented externally through social
relationship with members of other
systems. (p. 227)

Similarly, initiation is defined as:
The sub-process in collective innovation
decision-making by which the new idea
receives increased attention by members
of the social system and is further
adapted to the needs of the systen.
Initiation may result from the activities
of more than one individual. (p. 278)

and legitimation as:

The sub-process in collective innovation
decision making at which a collective
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Peradigm of ths callective Innovation
decision-making process.

L. STIMULATION of interest in the
_ need for the new Idea (by stimulators)

2 .INITIATION of the new idea in
the social system (by initiators)

3, LEGITIMATION of the Ides
(by powar-holders or legitimizers):

4, DECISION to sct (by members
of the social system) -
S. ACTION or execution
of the new idea

Figure 1.3 Paradigm of the Collective Innovation Decision
Making Process.

Everett Rogers and Floyd Shoemaker, Communication of Innovacions

(New York: The Free Press, 1971) 276.
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innovation is approved or sanctioned by
those who informally represent the social
system in its norms and values and in the
social power they possess... It may be
possible for the initiators to proceed
successfully without consulting the
legitimizer in a social system.(p. 280)

A general presentation of the individual level analysis
is given by Rogers et al. (1971) in Figure 1.4 and involves
four stages. These are: knowledge, persuasion, decision,
and confirmation. The first stage represents a phase of
recognizing the existence of innovation and some understanding
of its operation. The second and third stages involve
formation of an attitude that will either lead to acceptance
or rejection of the innovation. In the final stage, the
individual has room to either solidify his acceptance decision
or reverse it if new information indicates that acceptance is
a wrong decision. Personality and socio-economic
characteristics, as well as communication behavior, from the
three major aspects that are considered central for adoption
to take place.

Many early studies, a few examples of which will be
discussed below, have specified several independent variables
in relation to individual adoption, the dependent variable.

Fliegel (1967) and Hursch (1969) argued that adoption is
dependent on the effort that a change agent makes in promoting

innovation(s). Others including Rogers et al. (1969 and 1971)

specifically maintained that it is the quality of the change
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agent’s link with individual adopters that is crucial in
influencing their decision to adopt not merely the quantity
of his effort. This was recognized to involve the overall
attitude, and strategy of the change agent, including an
understanding of the adopters’ extant ways of doing things.
According to Rogers et al. (1969):

Essentially the agent serves as a

communication linkage between clients and

primary innovation source (this)

relationship is characterized by

reciprocity that each expects to exchange

with the other. Communication is more

effective when a higher degree of

homophily is present. (pp. 193 and 194)

The above implies the need to enhance communication by
non-coercive, strategy to promote adoption.

Another commonly used independent variable is the degree
to which individual adopters have access to, and are able to
make use of services such as credit, marketing, and extension
[Sprague, 1967; Gaud, 1968; and Jones, 1971].

The diffusion-adoption approach also accorded a central
role to rationality and maximizing profits as the basis of
individual decision making. Schultz (1964) has maintained
that:

Despite all that has been written to show
that farmers in poor countries are subject
to all manners of cultural restraints that
make them unresponsive to normal economic
incentives in accepting new agricultural
factors, studies of observed 1lags in
acceptance of particularly new
agricultural factors show that these lags

are explained satisfactorily by
profitability. (p. 164)
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Hopper (1965), Wharton (1966), Griliches (1969),
Yotopoulos et al. (1976), and Schutjer et al. (1977) represent
but a few of the writers in support of the above. Concepts
of rationality and maximizing profits have however, been
subject of intense debate both at theoretical and empirical
levels. Among others, Lukes (1970), Horton et al. (1973), and
Heiner (1983) have argued that rationality has to be perceived
in relative rather than absolute sense. This means that it
has to take into account the prevailing context, including
diverse non-economic aspects and recognize the existence of
risk and uncertainty.

For instance, there are various sources of risk and
uncertainty in agriculture and related activities. They range
from natural conditions, such as environmental, climatic
variability (Welch, 1970; Gerhart, 1975) and fluctuations in
earnings associated with them Just et al. (1983) to
consequences arising from policies [Raske, 1977; Van Sant et
al., 1985; Collins et al., 1986). The latter can have effect
in various forms including provision of infrastructural
services or operating on production and pricing of inputs and
outputs. The distinction between risk and uncertainty is a
well known one of being able to assign a probabilistic weight
to the former and unable to do so for the latter [Arrow et

al., 1970; Sassone et al., 1978; and Hirsheifer, 1979].
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Studies by Dillon et al. (1971), Canacian (1972), Gerhart
(1975), and Roumasset (1976), among others, show that owing
to consequences of the above factors, farmers tend to be risk-
averse primarily to guard against their survival being
threatened. Willingness to adopt is primarily dictated by
prevailing circumstances. Omission of risk therefore,
represents one of the major criticisms levelled against the
maximization-approach.

Specifically, behavioral models were used to criticize
the maximization approach and the assumptions on which they
are based. Simon (1958, 1976, and 1979) particularly argued
what obtains in practice is satisficing and not maximizing.
This is due to bounded rationality indicated by limitations
in resources including time and cognitive ability.

Gannon (1966) and Coughenour (1968) advance a broad
criticism of the diffusion-adoption approach by pointing out
that it does not recognize the complexities involved among
various factors and interrelationships that exist between
them.

Perrin et al. (1976), Andrew et al. (1982), and Ashby
(1982) specifically argue the approach does not incorporate
a number of important elements which Ashby (1982) summarizes
as follows:

...diffusion research has been notably
deficient in attention to the diverse
physico-biological and social requirements

of agricultural technologies and to
variation in farming environments as
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factors in influencing peasant farmers’
adoption behavior. One reason for this
deficiency has been the assumption that
new agricultural technologies were widely
"adoptable" improvements on farmers’
traditional technology. As a result,
characteristics of different technologies
have not been considered relevant data in
explaining deference in adoption among
farmers. (p. 235)

Being cognizant of such consequences there has for
instance been increased emphasis on the farming systems
research approach in which specific agro-climatic and related
aspects are considered at the micro-level [Friedrich, 1986;
Fresco et al., 1986; Flora et al., 1986; Axinn et al., 1987).
If this approach is applied, the technology developed and/or
transferred is to be derived from field experience with
farmers’ participation, rather than from research centers
without such experience. It also suggests that the
agricultural extension system within which the change agent
operates must not take a form of top down approach but rather
a two-way learning process between the change agent and users
of the technology [Rivera et al., 1987; Axinn 1988].

The modern/traditional dichotomy, which the diffusion
approach makes, is misleading given the existence of diverse
technologies in various countries that cannot be readily
classified under the above categories.

Based on the assumption that institutional and other

constraints are not significant, the role of incentives in

individual adoption decision process was considered marginal.
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This resulted in emphasizing the importance of communication
in the diffusion-adoption approach [Roger et al. 1971].
Others, including Havens (1975), Schultz (1978), and Feder et
al. (1985), underscored the need to deal with some of the
constraints to adoption by using incentives. This implies
that, if communication is to be an effective tool it is
necessary to ensure that bottlenecks and distortions caused
by various measures hindering adoption be minimized.

The discussion thus far shows that technology transfer
being a multi-faceted process is not amenable tb treatment
merely in terms of engineering or communication issues by
themselves. The case for considering it within the context
of the total milieu has therefore become more broadly

recognized.



CHAPTER 11
SUSTAINABILITY

2.1 General Consideratjons

Sustainability is discussed in the 1literature at a
general level as well as in terms of specific activities. The
general approach has been used by Repetto (1986), Globlal
Tomorrow Coalition (1987), and Gow (1988). Achievement of
food-self-sufficiency, maintaining given environmental
balance, curbing population growth, and transfer of
technologies aimed at meeting users' needs provide examples
of specific activities. Among others, works by Glaser et al.
(1983), Douglas (1984), Edens et al. (1985), Dahlberg (1986),
World commission on Environment and Development (1987), and
Chambers (1988) pertain to one or more of these activities.

The essence of sustainability can be discerned from a
broad definition given by Repetto (1986) which states that it
is:

... & development strategy that manages
all assets, natural resources, and human
resources as well as financial and
physical assets, for increasing long term
wealth and well-being. Sustainable
development, as a goal, rejects policies
and practices that support current living
standards by depleting the productive

base, including natural resources. (p.15)

This indicates sustainability encompasses diverse

24
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aspects that should be considered in addressing long term
problems. Whether in terms of the general approach or its
specific variants, sustainability implies capacity building
which Fear et al. (1989) characterize as being:

... equivalent to the opportunity to
enhance the sense of community in the
locale... In the developmental sense,
levels of community-ness vary with the
extent to which people psychologically
identify with the locale and aspire to
strengthen its capacity to solve
problems. (p. 79)

Not only does capacity building require mobilization of
various inputs but also streamling their utilization.
Planning, which has two phases, can play an important role in
facilitating these tasks. The first phase of planning is one
in which overall goals are laid out along with specific
targets. The feasibility and internal consistency of such
targets are usually worked out even if tentative, among
others, taking into account resource requirements that can
come in different forms -cash, in kind, as well as material
inputs. The sources can be both 1local and external.
Writing on this Fear et al. (1989) note:

... the concept of reliance on 1local
resources and indigenous capacity is
stressed again and again in community
development 1literature. However, the
notion of complementing these resources,
when necessary, with outside resources
and assistance is also emphasized. The
developmental question that looms large
is this: How is it possible to acquire,
direct and control outside resources in

ways that are consistent with 1local
values and preferences? (pp. 77 and 78)
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The total development effort typically has therefore,
local and external components with the former coming from
private and public bodies. The private component can be
further considered in terms of individuals, communities, and
organizations. Government support is usually extended
through budgetary allocation earmarked from public funds.
External input is generally phased out after a limited period
of time. The critical question for sustainability is whether
or not the overall effort and activities based on it can be
durable especially when the external input is no 1longer
available.

Implementation représents the second phase of planning
in which stipulated targets are operationalized. Based on
observations during this phase, feedbacks may be used to
modify the initial targets thereby making the operation
flexible.

A distinguishing feature of planning from the
perspective of sustainability is the role played by those
affecfed by various decisions. This marks a significant
departure from earlier practice of planning in which
participation from below was nominal [Gran, 1983; Conyers et
al., 1984; Korten et al., 1984; Cernea, 1987; Chambers, 1986
and 1988; and Gow 1988].

The ultimate goal of participation is to promote
empowerment of people to make them fully contribute to the

development process since, "... development involves personal
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transformations that can take place, only if individuals
themselves are intimately part of the process- that is, if
they shape it and are transformed by it." ([White, 1987, p.
160].

Sustainability also requires that the planning process
be comprehensive in scope given that decisions concerning
various issues have inter-temporal and inter-generational
implications [Hartwick et al., 1986; and Randall, 1987]. It
should however, be noted that there are a number of problems
that can be encountered in attempting to accommodate diverse
and in some cases conflicting issues. The concept of trade
off, based on the principle of opportunity cost, should be
used to reconcile possible conflicts.

Within the above framework, sustainability can be
further discussed by considering specific issues. Foremost
among them are benefits -potential or actual- that accrue to
people and accordingly affect the extent of their
participation. Concern here is not only with existence of
benefits but also continuty in their flow [Honadle et al.,
1985; and Salmen, 1987].

The notion of benefits should be perceived broadly, and
in social rather than private terms. This follows from the
foregoing discussion of sustainability. Costs should also be
treated alike and in conjunction with benefits to ensure that
they are not excessive relative to the latter. Studies by

Honadle et al. (1983) and Morss et al. (1985) show that the
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absence of empowerment based on participation by users has
resulted in many projects not showing any long term benefits.
Promoting both participation and continuous flow of

benefits will require the existence of a decentralized system
of operation. The degree of such decentralization can vary
ranging from a regional to a local village/community level.
In the context of sustainability, decentralization is not
based on physical considerations such as a watershed but
rather on people and how to assist them in addressing problems
they are faced with. Chamber's (1988) observation |is
pertinent in this regard:

... sustainable resource exploitation,

environmental conservation, and rural

development are best served ... by

starting with people - the very poor and

the poor ... they are best served by

secure and adequate 1livelihoods which

allow and encourage them to take the long

view in their use of resources and to

maintain and improve their position. (p.

25)

Works by Bryant et al. (1984), Gow et al. (1985), and

Uphoff (1986) among others, corroborate the importance of
institution building and decentralization for promoting

sustainability.

2.2 Sustajnable Technology Transfer
Technology transfer has been discussed in various
contexts, both at the micro and macro levels. It represents

a process by which technologies already in existence are made
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available to new users from outside or within a country. The
technology is not new, since it has been used by others for
some time. on the other hand, the concept of technology
development involves creating new technology for the first
time ([Valdes et al., 1979; CIMMYT, 1980; Cooper, 1980;
Dahlman et al., 1985; and Hyman, 1987].

A distinction between technology transfer which takes
sustainability as a primary goal and one that is not
concerned with it is an important one. Accordingly, in the
case of the former technology transfer is a means to promote
the goals of development and is not an end in itself. On the
other hand, the objective of the latter is to make a
particular technology operational with the aim of deriving
the highest possible 1level of financial return. It is
characterized by a centralized system of management and
control ([Axinn, 1972 and 1978; Feller et al., 1984; and FAO,
1985].

The above distinction can be illustrated by specifically
focusing on literature pertaining to the three activities
namely -- agroforestry, rural education and health care
analyzed in chapter IV. Gregersen et al. (1987) writing on
the case for agroforestry note:

... deforestation and poor land use...
are repeated in all regions of the Third
World. ...forestry widely integrated
into land use improvement programs can

reduce the severity of theses problems
and actually solve them in some cases

(p.8) .
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This indicates agroforestry can form the basis for
achieving goals such as reduced soil erosion that have
implication for 1long term development [Brundtland, 1985;
Easter et al., 1986; and Davis et al., 1987].

In education there are three key issues of
accessibility, financing, and relevance. A number of
specific aspects including equity revolve around these.
Given that an educational system .is closely tied to
organization and operation of existing institutions at
national, regional and local levels, any educationalzreform
should take into account the overall structure within which
it is to be implemented. In the case of developing
countries, where a large proportion of the population is
found in the rural sector, the importance of educational
reforms geared to develop skills relevant to this sector has
been emphasized. Among others, this calls for redressing
existing inequities, regarding access to educational
services, between urban centres and rural areas [Axinn, 1972
and 1978; Coombs et al., 1973; Foster et al., 1973;
Psacharopoulos, 1973; and UNESCO, 1984].

Health care has also been discussed in terms of various
issues. Chambers (1979) argues that seasonal change has an
important effect on health particularly in developing
countries where facilities to deal with the problem are very
limited. Bader (1979) among others, maintains that

technology transfer in the health sector of such countries
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has favored capital-intensive investments in large
facilities, such as hospitals and laboratories. Only a very
small proportion of people in many developing countries can
have access to such facilities. This is due to distance and
the poor system of transport, as well as inability to afford
the relatively high cost of getting services notably by those
living in the rural areas.

Khuner (1971), Griffith et al. (1971), Johnston (1977),
Schultz et al. (1979), and Rifkin (1980) argue that the
prevalence of disease, in general, and communicable ones, in
particular, are impediments for development. To alleviate
the problem Rich (1973) and Krishnan (1975), among others,
have emphasized the need to promote technologies that can
assist in meeting the health needs of the large proportion of
the people. This requires examining whether or not the
service is affordable to users and hence viable over the
long-term. The issues of viability points to a need for
users'participation in some aspects of its operation, such as
covering part of the expenses to secure medical supplies,
payment for community health workers, construction and
maintenance of health facilities [Newel, 1975; Djukonovic et
al., 1975; and De Ferranti, 1985].

Five variables emerge from the foregoing discussion of
the literature on sustainability and technology transfer.

1) participation in planning and/or implementation of the

technology transfer process by users forms the basis for
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their empowerment. 2) Knowledge about the type of mechanism
involved in the process of technology transfer represents one
way by which to judge the extent of such empowerment. 3)
The degree of decentralization in management and control by
users of the technology has a number of ramifications for
sustainability and represents another variable. 4)
understanding effect(s) of technology transfer on utilization
of various types of resources is essential when durability is
a prime concern as is the case with sustainability. 5)
Benefits to users -direct and indirect- represent ;pecific
indication of pay off that result from transfer of a
particular technology.

The above closely related variables, operational
definitions of which are given in chapter III, are used in

this study to assess sustainability of technology.



CHAPTER III

DEFINITION OF VARIABLES, DATA SOURCES, AND HYPOTHESIS

3.1 Definitions of Variables
This study adopted an approach based on theoretical and

empirical literature and three cases from developing countries
involving technology transfer.

Review of literature was important in laying general
framework for conceptualization of various key issues such as
development, technology and technology transfer. Among other
things, i.t clarified the need for a study on sustainable
technology transfer given that achievements of past technology
transfer efforts, in the developmental sense, were very
limited.

Before discussing the rationale for selection of the
three cases that provide sources of data and presenting the
hypothesis, operational definitions of technology, technology
transfer and variables used in this study are given. Glaser
et al. (1983) define technology as:

...more than technique, that is more than
science and engineering. It encompasses
the totality of specialized means
including those of management,
administration and public policy, used to

develop goods or services for human
sustenance and comfort. (p. 338)

33
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Adopting the above broad definition, technology in this
study represents means employed to alleviate 1long term
problem(s) faced by users in diverse activities.

Technology transfer in this study denotes a process by
which technology from within or outside a country is made
available to a community in a particular location. It is
undertaken to fulfill developmental goals.

Participation, the first variable, reflects the role of
users in planning and/or implementation of the technology
transfer process. It is identified in this study in terms of
staffing, cash and contributions in-kind from local areas.
When all three forms of inputs are present, participation is
considered high.

In Chapter 1II, a transfer mechanism involving
intermediaries closely tied only to source(s) of the
technology. This reflects one-way communication and the
absence of participation by users and defined as a delivery
system. In contrast, an acquisition system involves two-way
communication based on users' needs. These features are used
to identify the type of transfer mechanism, the second
variable, of this study.

A third variable is decentralization in management and
control. Decentralization represents the extent to which
users are involved in management and control over operation
of a technology. Cost-sharing and management by users at the

local 1level are two indicators used in this study. They
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reflect users' willingness to bear some of the financial, as
well as non-financial responsibilities that the technology
transfer may bring with it. When the presence of both is
observed, decentralization is considered to be high while
their absence shows lack of it.

Use of resources, the fourth variable, is identified by
the extent to which the technology transfer process promotes
greater utilization of abundant resources relative to scarce
ones. For developing countries the former is made up of
readily available resources such as labor and other material
inputs while the latter represents those that are not.

Benefit(s) both direct and indirect to users represents
the fifth variable. In this study direct benefits are
identified by increased fodder production, access to
education and health care services as a result of introducing
agricultural, educational, and medical technologies
respectively. Indirect benefits are those achieved due to

linkage effects.

3.2 Data Sources

Over forty cases were examined as possible sources of
data for this study. Using primarily, but not exclusively,
study variables derived from review of the literature, as
much data as could be obtained was gleaned from each and
recorded. The data was largely qualitative. Three cases

were ultimately selected. These were: agroforestry project
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in Nepal!, rural education development project in Paragquay’
and primary health care project in Senegal®’. There were a
number of considerations in selecting the cases. First, they
provided relatively more data. Given that technology
transfer spans diverse activities, it was also important that
such diversity be reflected in selecting the cases.
Accordingly, the cases were mixed both in terms of region
with one case each from Asia, Latin America and Africa as
well as the type of technologies- agricultural, educational
and medical. In addition, all three cases involve basic
needs related activities, that have 1long term positive
implications for developing countries. Selection of the
cases was therefore, based on general as well as specific

issues that relate to practical rather than theoretical

considerations.

! Tom Arens and Gopal Nakarmi, World Neighbors, South
Asia Regional Office, "Baudha-Bahunipati Family Welfare
Project: 1Its Income-Generation Activities with particular
Reference to Agroforesry," A paper for presentation to the
International Institute for Environment and Development's
Conference on Sustainable Development, London, April 20-30,
1987.

2 Ronald Nicholson, Henry L. Miles, Diane N. Johnson
and Judith M. Titus, "US Aid to Education in Paraguay: The
Rural Education Development Project," roject ac

Evaluation Report, No. 46, US AID June 1983.

® Abby L. Bloom, "Prospects for Primary Health Care in
Africa: Another Look at the Sine Saloum Rural Health
Project in Senegal," D Ev io i Study, No. 20
US AID, April 1984.
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Although details of the three cases are given in
chapters IV and the Appendices, some of their major
features are discussed here. Field work for the agroforestry
project in Nepal was undertaken by staff of World Neighbors.
This organization was one of the major sources providing
financial and techni<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>