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Abstract

Adoption of technology is faster with resourcelul farmers in the more
productive and homogenous core areas with irrigation or assured rainfall.
However, the pace of adoption is slower with the resource-poor farmers in less
productive and diverse hinterlands. A decentralized research strategy is needed
to develop technoloey suitable to diverse conditions of hinterlands. Use of
farmers’ indigenous knowledge and their involvement in developing and testing
of technology to suit local conditions is essential, Hence, farmer-participatory
on-farm research constitutes the foundation for technology adoption.
Environmental factors inlluence adoption, bul arc beyond our control
Therelore, the infrastructure for adoption will be comprised of technological,
institutional, socioeconomic, and human lactors. Case studies from Bangladesh
are given to tlustrate the beneficial effects of some of the infrastructural support
systems on technology adoption.

Introduction

Technology is defined as a “scientific method ol achieving a practical purpose”.
In agriculture, improved technology usually refers to one or more crop
management practices that are an improvement over traditional practices, and
can produce higher yields and profits, while maintaining stability of production.
Usually, most improvements are first developed in research stations, and then
tested for applicability in Farmers’ ficlds. Beneficial sets of technologics are then
“adopted” by farmers.

Technology transfer has been particularly successful in the green revolution
era, in the highly productive and homogeneous areas called “core areas” where
production 1s guaranteed by irrigation or assured rainfall. The physical
cnvironment in core areas is similar to that at research stations, and hence the
new technologies [rom rescarch stations were casily duplicated by the resource
endowed farmers in these regions. At the same time adoption of technology has
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been slow in the more diverse, less productive, and more heterogeneous areas
called “hinterlands” (Rambo and Sajise, 1985). The highly diverse conditions
and the limited resources of farmers in the hinterlands reduced the chances of
applicability of improved technologies developed on well endowed rescarch
stations. This means that a single comprehensive package of improved
technologies can be designed Lo fit the core areas, while no single package can
possibly be applicable to the diverse hinterlands. In addition. resource endowed
farmers in corc arcas could influence the rescarch strategies to their benelit
while resource poor farmers had no means of expressing their demand lor
suitable technology, and consequently their needs were not addressed
adequatcly (Chambers and Jiggins, 1986; Farrington, 1988; Fujisaka, 1989;
- Merrill-Sands e a/., 1989). This paper considers the various lactors responsible
for technology adoption, and suggests the infrastructures needed Lo hasten
adoption.

Farmer participation in technology adoption

The “top-down” approach of transfer of technology (TOT) was successful in the
more fertile and homogencous areas, but not the diverse, less productive and
risk-prone areas (Chambers and Jiggins, 1986). In the early 1960s farmers’
ignarance and the inability of the extension service to educate farmers were ciled
as reasons [or non-adoption of technology. In the 1970s, socioeconomic factors
were advanced as the main reasons lor slow adoption. In the 1980s, a more
challenging mlerprelation was put forward which stated that the probiem was
not the farmer, nor the farm, but the technology itself and the priorities and
processes of its generation (Chambers ef «f., 1989; Toulmin and Chambers,
1990). The flarmer-participatory approach envisages that new technology
should be technically feasible, economically viable, socially acceptable, and
environmentally safe and sustainable for use by the small, resource poor larmers
(Batugal et al., 1985). In the hinterland the agroecological complexities and
socio-cultural diversities o each arca require the technology to be lested and
modified (adapted) to suit individual farmer or farm situations. The centrality
of the farmer in the whole process becomes vital and this leads to “demand
driven pull™ for technology in contrast to the “technology push” in the TOT
approach. Farmers have been increasingly recognized as sources of indigenous
knowledge and technology and hence must be invelved in the technology
adoption research process (Chambers et a/., 1989). This involves assessing the
[armer’s problems, priorities, and indigenous knowledge; and use with available
scicnlific knowledge to address identified problems - the “bottom up” approach
(Norman, 1980).

On-farm adaptive rescarch should be farmer-participatory research
(Farrington and Martin, 1987) to develop a basket of technology options from
which the farmer can choose practices useful and alfordable (Toulmin and
Chambers, 1990). As aptly put by Raintree and Hoskins (1988), “both scientists
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and farmers have unique areas of expertise which Collect‘vely roduce a beller
basis lor development than either alone™. Therelore, for the purposc ol this
paper, we will consider the farmer-participatory apploaci in technology
adoption as the foundation to build the mnfrastructure needed to facilitate
adoption.

Infrastructural Support for Adoption of Technology

Adoption of technology is a continuous process and takes places at varying
degrees depending on the crop, technology, and the locations where adoption is
occurring {Feder er af., 1981). Grigg (1984) reported that during the 13th
century new technologies in Europe spread at about a mile (1.6 km) each year,
I the 20th century with improved transport facilities and communication links
we would expect a faster adoplion rale. However, several studies on innovation
adoption among farmers have shown that there is a considerable lag period (5
to 8 years) between the first adoption and majority adoption {(Jones, 1967).

Infrastructure refers to the “basic ramework of a system or organization”.
We have already indicated that the larmer-participatory appmacz of
technology adoption forms the foundation to build the infrastructure. Ih the
present context we will consider infrastructure to be the organizational
structures and policies needed to acilitate adoption ol improved technology. In
this paper we will attempt to ascertain the faclors respons'ble for the lag periad
in adoption and suggest ways to improve the conditions o hasten adoptio

Factors Alfecting Adoption of Technology

Farmers make choices Lo exploit available lechnology based on environment
and the resources. Farmers who make correct choices will survive and prosper,
and over time their successful production practices will become institutionalized
{Rambo, 1983). A knowledge of the lactors responsibie 'or adoption of
technology will enable agricultural scientists and planners lo identify strategies
to overcome some of the bottlenecks slowing ad ption. These faclors can be
grouped inlo: environmental, technological, socioeconomic, institutional, and
fiuman,

Environmental or climatic lactors include topography, soil, rainfall,
temperature, and natural hazards. The resource poor farmer has little, il any,
control over these factors even though they have a major influence on adoption
in diverse, risk-pronc, and unpredictable environments (Chambers and
Ghildyal, 1985; Chambers and Jiggins, 1986; Rambo and Sajise. 1983). Despile
their importance and although they must be kept in nuind we will not discuss
environmental factors as they go beyond the scope of this paper. We will discuss
the technological, sociocconomic, institutional, and human factors as they form
the framework for the infrastructural support.
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Technological Factors

Technology development is a continuous process, and is essential for success of
any adoption process. Components of technology include:

Indigenous Knowledge Base

Farmers arc always experimenting and making small changes in the course of
their normal agricultural activities. Farmers therefore naturally can contribute
therr indigenous knowledge in planning on-farm trials designed for adoption of
improved technology in their area. Incorporation of results, experiences, and
- suggestions from these farmers will make improved technology niore responsive
to local conditions and also gain tacit support of the farming community who
feel they own the new technology (Maurya, 1989; Toulmin and Chambers,
1990).

Research Support

Each country should have a dynamic backup research program to hasten and
assist the adoption process by supporting (1) technology generation, (2)
technology adaptation, (3) technology verification, and (4) technology
dissemination. All these four stages of technology adoption are interlinked and
need a concerted effort by scientists to provide the rescarch backup. Countrics
with a poorly developed research program are likely to take more time for
adoption than countries with a strong research base.

Systems Approach

Integration of disciplinary research and commodity research into a systems
approach 1s a prerequisite to ensure the success of a technology adoption
program. Scientists in individual disciplines tend to emphasize the importance
of their own area of research, and are sometimes intolerant of the importance of
other disciplines. Establishing a systems perspective can eliminate these biases
and allow scientists to work as a team. Integration of on-station and on-farm
research improves the capacity to respond to the client group, i.e., the resource
poor farmer (Merrill-Sands and McAllister, 1989; Holden and Joseph, 1991).
Policy changes (as discussed elsewhere in the paper) by governments are needed
to get the systems perspective incorporated into the existing system.

Monitoring and Evaluation

Monitoring and evaluating the adoption process ensures that field staff and
extension personnel get moral support, and provides the direction needed for
making adjustments. Evaluation provides feedback that can be used to modify
the strategy or technology so that they better suil the farmers’ conditions.
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Information Exchange

A strong mformation network can help in the exchange of knowledge and
proven technologies between farmers, researchers, and extension staff mn a
region, and in other regions (Biggs and Farrington, 1991).

Socioeconomic Factors

Studies on technology adoption have emphasized the importance of
socioeconomic lactors. An apparently profitable technology may be rejected
because of high input costs or because of increased risks associated with the new
technology (Rambo, 1983), Following are some socioeconomic considerations:

Resources

Resource-poor farmers must make difficult decisions about how they allocale
their resources which include land, labor, dralt-power, and equipment. Security
of tenure or land ownership is a necessary pre-condition before farmers feel safg.,
to invest in long term management practices needed [or adopting many new
technologies (Chambers ef af., 1989) because the share of profit to a tenant is
low. Most improved technologies require added labor, which may con{lict with,
other essential farm operations. Similarly, the draft power required may be
more than the farimer can provide. In such cases technology must be designed to
reallocate labor and draft power efficiently. Equipment (planter, sprayer, etc.)
needed for new technologies can be made available through policies . which
enable the hiring or cooperative ownership of equipment (Duwayri e al., 1988;
Grenoble er af,, 1990).

Inputs

Inputs such as seeds, lertilizers, pesticides, and {ungicides must be available for
many improved technologies (Dei,- 1981; Feder ¢r ¢/, 1981; Chambers and
Ghildyal, 1985; Chitnis and Bhilegaonkar, 1987; Heinrich, 1991). In such cascs
non-availability and high cost ol inputs can slow down their adoption.
Necessary inputs can be made available when needed and at reasonable prices
through government organized agriculture input and service organizations.
Farmer cooperatives and non-government organizations (NGO) have arranged
the supply of essecntial inputs which has lead to success in adoption of
technologies dependent on inputs (Montemayor, 1987). Quality of inputs (e.g.,
genuineness of pesticides) should be guaranteed for the success of a technology
dependent on the input.
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Finances

Cash for inputs, equipment, machinery, and other services, beyond the
resources of the farmer can be a major bottleneck to adoption (Conteh, 1986;
Chitnis and Bhilegaonkar, 1987; Cruz, 1987; Duwayri er af., 1988). Low-rate
credit facilities through banks, cooperatives, and [inancial institutions can help
farmers buy the needed inputs (Krause et «/.. 1990). Repayment should be made
casy. Subsidizing input costs is practiced in some countrics but is nol favored in
others because of the negative effects it can have when the subsidy is withdrawn.

Markets

Market intervention can help speed up adoption (Miller and Trolley, 1989).
Encouraging small and large scale industries to increase the demand for a
product has accelerated adoption of lechnology associated with thal producl.
Support price, guaranteed procurement, and other government policies thal
ensure remunerative prices to farmers can provide strong motivation for
adoption (Cruz, 1987). This must be coupled with the establishment of rural
markets and a good nclwork of roads to ensure accessibility to markets. For
example, in Nepal the area under groundnut has not increased despite heavy
demand for groundnut oil because ol poor roads and few markets for selling the
crop.

Insurance

Risk and uncertainty substantially affect farmers’ decisions to adopt improved
technology (Feder et /., 1981; Nygaard and Basheer, 1981; Kelley and Walker,
1991). Hence, reducing risk through crop insurance schemes can provide the
needed moral support {or farmers to accept a new technology (Knight et a/,,
1939).

[nstiturional Facrors

Institutional lactors can have a greater effect than resource constramts on
technology adoption (Merrill-Sands er /., 1989). These are discussed below:

Policy

Success ol technology adoption in a country depends largely on the policics
adopted by the government. Some of these have been discussed above under
technology and sociceconomic factors. Senior administrators and policy
makers should be knowledgeable about on-farm adaptive research, show
commitment towards such projects, and provide leadership and support
through suitable policies. A national coordination committee or council to plan,
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coordinate, and provide guidance has been found effective (Merrill-Sands and
McAllister, .1988; Axinn, 1991). Farmer-participatory research and farming
systems perspectives need to be emphasized in formal agricultural education
(Axinn, 199]).

Resources

Allocation of resources for on-farm research can facilitate adoption. Funds also
are needed to recruit new stalT, provide them with vehicles and fuel to visit and
monitor trials to ensure that farmers are provided with timely advice and
assistance in adopting the technology. Often this includes training new staff and
providing new [acilities in arcas targeted for adoption. Sustained involvement of
social scientists at all stages of adoption brings a social science perspective
(Merrill-Sands et al., 1989).

On-Farm, On-Station Links

There can be conflicts of interests between on-farm and on-station researchers.
To prevent these conflicts, opportunities for collegial interaction should be
given 1o allow [rank discussion and [ree flow of mlormation (Axinn, 1991). The
on-farm researcher who is posted in remote areas can feel neglected, while the
on-station researcher can feel superior. Joint planning and allocation of
responsibilities can lead to a feeling ol mutual success (Merrill-Sands et al,,
1989). A system of monetary incentives can be set up to reward thosc that use
the farmer participatory adoption process (Axinn, 1991),

Technology Adoption System

Among countries there is a wide variety of systems for technology transfer and
adoption. Most countries have an extension service, and some have on-farm
research groups. The basic objective is to assist farmers to increase their
agricultural production and income. The World Bank has financed the training
and visit system ol extension workers in about 40 countries. This system has
been elfective by increasing the farmer orientation ol research through feedback
“to the system (Benor, 1987). However, the links-among the different agencies
need to be strengthened for the agencies to be effective in serving the farmers.
McDermott (1987) suggests that there should be no clear distinction between
extension and research, and that extension should provide the technical liaison
between the faimer and researcher needed Lo support adoption activities. Some
reorganization and reorientation of policies and procedures are needed. For
example, in countries that have used cooperative farming, a sudden.shift to
individual farming.can.lead to unclear job goals for the extension:staff.-
Formerly the extension system was paid by the cooperatives they were helpirig.
With the new system such payments no longer exist, and the expected-goals of
extension system become unclear,
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Authority

Decentralization of power and delegation of decision making can strengthen the
elfectiveness of adaptive on-farm research (Axinn, 1991). A rigid and inflexible
bureaucratic setup can negatively effect the adoption’ processes because
scientists or cxtension stafl located in remote villages cannot always wait lor

decisions to be made by the headqtiarters (Merrifl-Sands et al., 1989). Although
- the local staflis usually better able Lo judge the situation, and make appropriate
“and timely decisions, such decentralization sometimes attracts local political
pressures, and can lead lo disruption of planned programs.. Effcctive
mechanisms (o link with NGO’s and [armers’ organizalions can also help the
- adoption process (Axinn, 1991).

Comnugiicarion

Belter communication links to assist in contacts between {icld stalf and senior
administrators can assist the adoption process.

Feedback

An effective fecdback system from flarmers, extension staff, and on-farm
research scientists can help develop a meaningful research agenda to sustain the
adoption process. Direct interaction belween the farmer and scientist is belter
than indirect contact through the extension service (Chambers and Jiggins,
1986). Fecdback systems nced strong support from scnior management and
institutions (Merrill-Sands and McAllister, 1988; Axinn, 1991).

Human Inreractions

The human interactions are basic to technology adoption. Those in the
technology adoption process — the rescarch scientist, the extension worker, and
the farmer - should interact as joint partners. The level of interaction and
linkage affect the adoption process. Collegial researcher-farmer intcractions
can improve adoption (Lightfoot er ¢/, 1989). To ensure tvat new technology is
appropriate, scientists should avoid the resource-rich farmer and work with the
representative-groups of resource-poor farmers (Chambers and Jiggins, 1986).
However, resource-rich farmers are in a better pasition to test and adopt new
technologies which means that they could act as “models” to disseminate the
new technologics (Feder er al., 1981). Involving fanmers’ groups and rural
lcaders in the decision to adopt a technology can providea firm basis lor the
adoption of that technology (Kean. 1988; Norman er ¢/, 1988). Farmer to
farmer interaction then becomes important: (Dequile .and Abansi, 1987,
Chambers ef al., 1989).

“Sustaining the farmer’s involvement i the adoption process helps rescarch

[ SRS
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address the nceds of the resource-poor farmer. For example, identification of
prioritics g aninleractive process and can be best accomplished by, continuous
interchange,;between - rescarcher and larmer (Merrill-Sands er al., 1989).
Communication belween scientists and farmers is an art requiring an cxpertise
which many biolegical scicntists do nol have (Rhoades et a/., 1985). Experience
indicates: that maintaining the involvement of social scientists improves
communication between farmers and research scientists. Another approach is
for national programs to train their scientists to have a social scientist’s
perspective.

The role that women play in participatory on-farm research and tecchnology
adoption has been overlooked. Most technology adoption programs, have a
malc-bias, although several activitics involve women. The gender issuc becomes
particularly critical when the decision maker or user ol technology is not
consulted. Recent studics have re-cmphasized the important role women can
shave in the adoption, of lechnology (Chambers et af.,, 1989; Axinn, 1991).

All the factors discussed above allect the pace of technology.adoption.
Therclore, the infrastructure nceded must be designed to lacilitate the removal
of bottlenecks, and provide lor the congenial conditions necessary for rapid
adoption. Many of these are interrclated, and sometimes interdependent. A
marginal ,positive change in any [lactor can hasten the adoption process
substantially.

Technology Adoption in Bangladesh

Case studics [rom Bangladesh are given below to illustrale how technology
adoption can be successlully achieved. The examples given below illustrate the
positive effects of some of Lhe infrastruclural systems described above in
enhancing adoption.

Importance of Indigenous Knowledge

The Bangladesh Innovative Farmers® Workshop (BIFW) is an cxamplg,of the
collegiate ' participation where scientists work with, farmers to -strengthen
farmers’ own'informalirescarch and develepment systems. The methods used to
identify farmer’s innovation include [icld visits, unstructured surveys, lfarmers’
meetings, and ficld days.' The BIFW organized by ERP (Extension and
Rescarch Project-the forcrunner of On-Farm Rescarch Division [OFR D], of the
Bangladesh Agricultural Rescarch Institute [BARI]) met to lcarn about the
value of new processes. spread new technological innovations widely-among
potential users, and plan further rescarch for refining these technoelogies.
Started in 1982, with farmers as resource persons, these workshops arc now
common. So fara total of43.innovations have been presented. These workshops
have helped the ERP improve its research agenda and also provided a forum for
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informal, exghange of information, For gxampleiarmers. pamisipating in the
{nnavatwe Walt;elme on.Farmers’, Workshop: provided valuables ideas for the
quzck sploutmn of watezmelon seeds. In.the, Inpevative Wheat Farmers’
Weakshop scientists were Lo, d 'about 1elay cropping of wheat with transplanted
aman rice (main rice crop Hw]nch 1s usually harvested during the fivst half of
December), which helped OFRD scientists design experiments for wheat
production under minimum tillage (Jabbar and Abedin, 1989).. This reversal of
the roles that research and extension workers normally have with farmers has
encouraged interaction and improvied .the relatign.between. the participants,
mebfy stmmztlmnmg the technology adoption process: This awi mgement has

2 g

al S0 bcen an cf‘f‘cctwe means Lo hasten the transfer process.

Successﬂd On-Farm Researcl) Pz ogl am in Bunglodesh: Homestead Vegetable
Gm {s’en ing

Hom)esteads occupy about.5%.of the total, cu ltivated land ofBang]ades 1. About
56% of the hmzscholds have 'Uound 400 m? of land. Although thereiare about
13 million h{}mesteads in rural Bangladesh, the gonsumption of vegetables is

01‘1]))! ;28 grams per person per day. As.a result, an estimated 30 000 children are

’oecommg blind due to vitamin A def“mency each year, If-homesteadareas could

be properly utilized, vegetable production would increase and malnutrition

deertase. The Homestead \!L,y,mb}c P:ocfucuon and Uulization Research

Project was initiated in 1985 with USAID assistance at the Farming Systems

’Rcseazch Site, Ka} ikapur, Ishmdl in north Bangladesh (Hossain ef af., 1990).

P ey I, :
Technology Generation

Improved vegelable production technology consisted of five vegetable cropping
patterns with 14 vegetable crop combinations. About 200:kg of fresli vegetables
could be produced each year ina 6 m X 6 m plot which provided the total
wtam ms A and C and iron needed by a family of five. In addition the homestead
A zudcn genezated cash income for xcsomce poor fazmcrs A unique feature of
this icchnology was the partici pauon of women,. of andiess households and
malgx‘na farms.

Adbption of Téchiology

Tié’“’progxam for the adop ption of technology to permit homestead vegetable

| R

ploddgtzon {HVP) was nma{ed in October ,L989 1t was.coordipated in 20
upai:n as {sub dstncts) by ihe Bang ades ~Agrjcul tu;ql Researcly, Council
(B?‘\RC} in co aboxatxon w1i1 BARI zmd t’xe Deparyment of Agricultural

’(f)n Earm 1ese’frc‘h qu conducted w;t landless and marginal farmers, with

[

‘pmcuca} tammg on _vegetable pxoducmon,,‘pesg“myam;agemez;t,ﬂandrwatez

el
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managemantsCacirerainde ias: ‘provided wrth an-mstruckigii manual and seeds
of vegetable:cultivary. Monitoring ahd évaludtion” of homestéad’ gardens by
researchers’/and extension personnel facilitated their interaction with farmers
and aided the diffusion ollechnology. The technology was so successful that the
programwas exténded to 100 upazilas in 1990,

Lessons Learadd

The activitics of" the homestcad vegetable producuon (HYP} is in'jts"second
year. Its initial success has Idd to plans to cover most of -the d1smcts in
Bangladesh within the nekt 5 years (BARC, 1991). Success ofthe HVP
technology may be attributed to:

i} Initiatives taken Lo strengthen extension-research links ac neved ihrougn
District Technical- Comimitecs, Rcmona] Technical Commmces Tnternal
Review Workshops, joint field visits by researchers and cxtenSion workers,
and participation by farmers. ]

i) Sharing byladministiators, researchers: extension staff; and farmers of the
common-objective to'imprové homestead’ vegembfe pzoductzon B

iii) Elaborale planning, adequale mohitoring, dnd supervision of the program.

iv) Clear institdtional policy and donor support in a well defined area of
research.and development.

v} Inclusion of women as participants which enhanced the effectiveness of
adoption.

It can be seen Irom thesc cxamiples thal an inlrastructure (o suppo:i
successful farmer adoption of improved ‘technologies rtquires mput and
committment at all levels from policy makers to administrators, scientists,
extension workers, and farmers.

'Concluding Remarks

TFarmer adoptior' ol technoiogy 1as been gencrally gbod in the more pzoduclwa
and hor nogeneous “éore lands,” but slow in the less’ pxoductwc dwexsc 'mcfusk
prone “hintetlands™ T improve adoption in the'h hinterlands, Lhc—: cm oh aszs of
administrators and scientists in each country should be to 'dedentralize ‘the
research process to permit development of location specific techno}omes
Advantages can be gained by combining indigenous technical knowl edgc with

scientific innovations to develop appropu&tc icc]molog,les forthe resousce-poor
farmiert The ccntxalziy of the Takmer in on-farm escmch 'mc adoptlon of
technology 'is of’ gxeat 501‘nf‘xcancu Therefore,’ the f’fumel partxczpatm

appréach formd the folndation for the infrastricture needed for ieclumlowy
adoptién. Infrastiucttiral ‘support itselr involves’ the technology ‘%qse
socioeconomic factors, znstltutxonal pohmes and human mteracuons A s}xont,
technology basc-i$ needed in cad counny Lo provi ide ¥ xcscarm backup Lo

1} 25T
support techn@iogy HEenetation,” testmg, adaptaiac«n and ' be " responsive 'to
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feedback - from, fagmers. Institutional changes,andrpolicy . deeisigns act as
vehxcles, and socioeconomic factors provide the neccied pull for adoption,
Ameng all the factors, improved human interactions play the most important
role in adoptxon of technologies, Natio nal govemments and admzmstlaims
should endeavor (o provide these mﬁastmciu;ai suppoxts nwdgd to enhance
1echno ogy adoption.
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