
fN ~ A-U - ~Co~

q~~ q~

Adoption Pathways for New Agricultural
Technologies: An Approach and an Application to

Vertisol Management Technology in Ethiopia

MAJabbar
Hailu Beyene

M A Mohamed Saleem
Solomon Gebreselassie

SocIoeconomIc and PolIcy Research
WorkIng Paper No. 23

Livestock Policy Analysis Project
InternatIonal Livestock Research Institute

PO Box 5689, Addis Ababa, Ethiopia

June 1998



WorkIng Papers EditorIal Committee

Mohammad A Jabbar (Editor)
Simeon K EhUl
Barry I Shapiro

LPAP workmg papers contam results of research of ILRI sCientIsts, consultants and

collaborators aWaItmg formal publIcatIOn The papers are cIrculated WIth mInImal reVIew

and edltmg to share mformatlOn and SOhClt comments for refinement of results and

mterpretatlOn for formal pubhcatlOn The author(s) alone IS (are) responsIble for the

contents However, ILRI retams copynght and all other nghts



Adoption Pathways for New Agricultural
TechnologIes: An Approach and an Application to

VertIsol Management Technology in EthiopIa

M A Jabbar
Hailu Beyene

M A Mohamed Saleem
Solomon Gebreselassie

Socioeconomic and PolIcy Research
Working Paper No. 23

Livestock Policy Analysis Project
International Livestock Research InstItute

PO Box 5689, AddIs Ababa, EthIopia

June 1998



Table of Contents

ExecutIve Summary

IntroductIOn 2

AdoptIOn Pathways A Conceptual Framework 2

Vertisol Technology Development and Testmg m EthIOpIa 6

The Need for Understandmg AdoptIOn Pathways for BBM and Related Factors 8

Data Source and AnalytIcal Framework 9

Factors Affectmg BBM Knowledge, AdoptIOn and Use Pattern
LOgIstIC RegressIOn AnalySIS 10

Factors Affectmg AdoptIOn and DuratIOn ofBBM Use
TobIt RegressIOn AnalysIs 13

Summary and ConclusIOns 14

Refelences 16



ACKNOWLEDGEMENTS

The SWISS Agency for Development and CooperatIOn, Oxfam Amenca and ILRI
provIded fundmg at vanous stages of the development and testmg of the veftJ<;ol
technology package SImeon Ehm, Barry ShapIro, Phlhp Thornton and Ablye Astatke
have made useful comments on an earher draft However, the authors alone are
responsIble for the content of the paper



Executive Summary

Empmcal studIes on agrIcultural technology adoptIOn generally dIVIde a populatIOn
mto adopters and non-adopters, and analyze the reasons for adoptIOn or non-adoptIOn
at a pomt m tIme In realIty, technology adoptIOn IS not a one-off statIc deCISIOn rather
It mvolves a dynamIC process m whIch mformatIOn gathermg, learmng and experIence
play pIvotal roles particularly III the early stage of adoptIOn A conceptual framework
for adoptIOn pathway IS suggested m WhICh farmers move from learmng to adoptIOn
to contmuous or discontmuous use over tIme The characterIstICS of both the user and
the technology are conSidered Important m explammg adoptIon behaVIOr and the
pathway for adoptIon The resultant pathway has further ImplIcatIOn for the tIme
frame and the volume of potential Impact ofa new technology

The framework was applIed to understand the adoptIon pathway for vertisol
management technology and related factors m three on-farm research SItes m hIghland
EthIOPia The prInCIpal component of the technology package IS an anImal drawn
dramage eqUIpment called broadbed maker (BBM) WhICh IS used to solve the problem
of waterloggmg of vertisols m order to grow Improved wheat vaneties AnalySIS of a
sample of 585 households from the three SItes confirmed that a SImple classIficatIOn
of farmers as adopters and non-adopters was madequate to understand the adoptIon
process Rather a multistage deCISIOn process m whIch farmers moved from learmng
to adoptIOn to contmuous or discontmuous use was more approprIate The sets of
factors that sIgmficantly mfluenced deCISIons to acqUIre knowledge about BBM, to
adopt and then to use It contmuously or discontmuously were dIfferent The sets of
sIgmficant factors mfluencmg BBM adoptIOn also differed dependmg on whether
adoptIOn was defined as a bmary variable (adoptIOn vs non-adoptIon) or as a truncated
contmuous varIable WIth non-adopters havmg zero value and adopters havmg
dIfferent pOSItIve values The lag between learnmg and adoptIOn, and the pOSSIbIlIty
of discontmuatIOn and readoptIOn Imply that a longer penod WIll reqUIre for maJonty
of the farmers to use the technology than If adoptIon was a one off deCISIon leadmg to
contmuous use



Introduction

In the lIterature on technology adoptIOn, a dlstmctIOn IS made between dIffusIOn and
adoptIOn DIffusIOn IS conSIdered to begm at a pomt m tIme when an mnovatIOn IS
ready for use, and the mam focus of dIffusIOn IS to explam how the mnovatIOn or
technology IS made avaIlable to the potentIal users The earlIest users of the
technology may be called mnovators and the dIffuSIOn process mvolves the spread of
the mnovatIOn to the rest of the populatIOn On the other hand, adoptIOn studIes
conSIder the behaVIOr of mdlvlduals m relatIOn to the use of the technology,
partIcularly the reasons for adoptIOn at a pomt m tIme, or the reasons for tIme of
adoptIOn for mdividual users, are of pnmary mterest RelatIve to adoptIOn, dIffuSIOn
may be VIewed as a dynamIC process over tIme Inter-farm or mter-sectoral dIffusIOn
curve may be denved by aggregatmg the frequency dIstnbutIOn of adopters arranged
on a tIme scale (Stoneman, 1983, Feder et al , 1985, Thutle and Ruttan, 1987)

Empmcal studIes on agncultura1 technology adoptIOn generally dIVIde a populatIOn
mto adopters and non-adopters (potentIal adopters), and analyze the reasons for
adoptIOn or non-adoptIOn at a pomt m tIme prmcipally m terms of SOCIO-economiC
charactenstlcs of the adopters and non-adopters (Thlrtle and Ruttan, 1987, Feder and
UmalI, 1993) Based on eVIdence m consumer demand theory that demand for a
product IS sIgmficantly affected by the consumer's perceptIOns of the product's
attnbutes (e g Jones, 1989, Lm and MIlon, 1993), some recent adoptIon studIes have
mcluded farmers' sUbjectIve assessment of technology attnbutes as explanatory
vanables (Nowak, 1993, Adesma and Zmnah, 1993, Adesma and BaIdu-Forson,
1995)

In thIS paper, the defiCIencIes of these statIC approaches to analyze and predIct the
potentIal for adoptIOn of a new technology, partIcularly at the early stage of dIffusIOn,
are dIscussed Then an alternatIve approach IS suggested m WhICh mformatIOn
gathenng, learnmg and expenence play pIvotal roles At a gIven pomt m tIme, the
deCISIOn to adopt, reject or defer decIsIOn IS postulated to be mfluenced by the belIef
denved from the knowledge and perceptIOn about the technology at that pomt m tIme
The pnor belIef of a pomt m tIme may be later modIfied on the basIs of new
knowledge and/or observed performance, and a new decIsIon about adoptIOn may be
taken The charactenstics of both the user and the technology are conSIdered
Important m explammg adoptIOn behaVIOr and the pathway for adoptIOn The
resultant pathway for adoptIOn has ImplIcatIOns for the tIme frame and the volume of
potentIal Impact of a new technology The approach IS then tested With vertlsol
technology adoptIOn m EthIOpia

Adoption Pathways A Conceptual Framework

The conventIOnal adoptIon pathway for a new technology may be depIcted by the
lOgIStIC frequency dlstnbutIOn and ItS correspondmg lOgIStIC curve shown m FIgures
1a and 1b respectIvely (DaVIes, 1979, Sahal, 1981, Stoneman, 1983, MahaJan et al)
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1990) If N IS the fixed populatIOn of potential adopters of a new technology, then the
number of new adopters m penod t may be expressed as

dn, n , (1)--:it = 13 N (N -nJ

where parameter 13 measures the speed of dIffusIOn For constant 13, the absolute
dn

mcrease m adopters at any pomt m tIme, _, , depends on the product of the
dt

proportIOn that has already adopted, n/N, and the number of remaInmg potential
adopters, N-n, EquatIOn 1 may be solved for the frequency dIstnbutIOn of adoptIOn
over tIme as

(2)

where a IS the constant of mtegratIon, that posItIons the dIstnbutIOn curve on the
tIme aXIS EquatIOn 2 IS the cumulatIve denSIty functIOn of the lOgIStIC frequency
dIstnbutIOn and for constant 13, It gIves a bell-shaped frequency dIstnbutIOn for
numbers adoptmg over tIme (FIgure la) EquatIOn 2 also gIves sIgmOId (S-shaped)
lOgIStIC curve (FIgure 1b), whIch IS symmetnc around the mflectIOn pomt occumng at
tIme -( a /13) correspondIng to 50% adoptIOn, and approaches zero and N
asymptotIcally, as t tends to mInUS and plus mfimty respectIvely However, any
ummodal frequency dIstnbutIOn wIll have a sIgmOId cumulatIve denSIty functIOn but
mayor may not be symmetnc dependmg on, for example, whether the populatIOn IS
homogenous or heterogeneous, and how qUickly the new technology IS modIfied or
become obsolete and replaced by newer technology (SharIf and KabIr, 1976, Mahajan
et al , 1990, DaVIes, 1979, Sahal, 1981, Chatterjee and ElIashberg, 1989)

In the model descnbed above, at a pomt m tIme a populatIOn IS dIvIded mto two
groups, adopters and potentIal adopters Rogers (1983) IdentIfied five stages m a
typIcal technology adoptIOn-declSlon process and categonzed adopters, accordmg to
tIme of adoptIOn, as mnovators, early adopters, early majonty, late majorIty and
laggards (FIgure 1a) Innovators are descnbed as respectable local opmIOn leaders,
the early majontIes are delIberate and wIllmg followers, whIle late adopters often
needed peer pressure or mfluence to adopt The laggards are skeptIcal about the new,
so clIng to the past and adopt at the tall end

Models of thIS nature ImplICItly assume that the entIre populatIOn eventually adopts
the InnovatIOn and that, once adopted, the InnovatIOn IS never rejected (Thirtle and
Ruttan, 1987) In some models a populatIon IS dIVIded mto adopters, rejecters.
dIsapprovers, and the remamder who are as yet uncommItted (SharIf and Kabn, 1976)
However, the ImplICIt assumptIOn here IS that once rejected or dIsapproved, the
technology IS never adopted agam In realIty, neIther 'never rejected' nor 'for ever
rejected' IS a realIstIC assumptIOn for most agrIcultural technology adoptIOn process,
partIcularly at the early stage of adoptIOn
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Most agncultural mnovatIOns evolve as they dIffuse An mnovatIOn may be changed
or modIfied by a user m the process of Its adoptIOn and dIffusIOn Therefore, potentIal
adopters may play an Important role m the process of technology generatIOn by bemg
mvolved m the generatIOn process rather than bemg merely paSSIve reCIpIents of an
mnovatIOn once It has been generated (Rogers, 1983) IncorporatIOn of farmers as
partIcIpants and then perceptIons and preferences as Important elements m the
technology generatIOn process are consIdered essentIal for generatIOn of appropnate
technology (Ashby et al , 1989, Asfaw Negassa et al , 1991)

When farmers are not mvolved m the technology generatIOn process, awareness and
knowledge about a new technology precedes any adoptIOn decIsIOn Several authors
have emphasIzed the Importance of mformatiOn gathermg and updatmg mformatiOn
through learnmg-by-domg m the adoptiOn process There may be a lag between the
tIme when farmers first hear about an mnovatiOn and the tIme they adopt It (Klslev
and Shchon-Bachrach, 1973, Lmdner et al, 1979, Stoneman, 1981, Rogers, 1983,
Bhattacharya et ai, 1986, Oren and Schwartz, 1988, Tsur et ai, 1990, Feder and
UmalI, 1993, FIsher et ai, 1996) However, empmcal venficatIOn of the lmkage
between learnmg and adoptIOn and what factors mfluence such lInkage IS rare Saha et
al (1994) have developed and tested a model m WhICh producers' knowledge about a
new technology (Phase I) determme the declSlon to adopt (Phase II) WhICh m turn
determme the mtensIty of adoptIOn (Phase III)

Learnmg about and adoptIOn of a technology may actually mvolve more complex
processes (FIgure 2) Any adoptIOn declSlon IS preceded by a penod of awareness and
learmng ImtIally only lImIted amount of mformatIOn may be avaIlable or only a
lImIted amount of avaIlable mformatIOn may be dIgested The mformatIOn mcludes
knowledge about how the technology functIOns and where and how to get access to It
The optImal level of mformatIOn IS reached when mformatIOn acqmred over a penod
of tIme reaches a threshold level at WhICh a declSlon on adoptIOn can be made
Followmg Saha et al (1994), a producer's optImal mformatIOn level may be
consIdered as the outcome of an underlymg utIlIty maxImIzatIOn problem

1* == 1 (S) (3)

where 1* denotes the optImum level of mformatIOn and S IS a vector of related
producer charactenstIcs A producer IS consIdered to know about the new technology
If

1* (S»Io (4)

where 1° IS the threshold level of mformatIOn at whIch a decIsIon about adoptIOn can
be made

On the basIs of knowledge at a pomt m tIme, a perceptIOn or belIef about the
technology IS developed and a decIsIon to adopt or reject or defer declSlon may be
taken The subsequent declSlons may follow two pathways (FIgure 2) In the first
pathway, a decIsIon to adopt IS followed by a declSlon about the mtensIty or extent of
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adoptIOn (m practIce, these two decIsIOns may be ImtIally taken sImultaneously)
New knowledge and expenence IS gathered from learmng-by-domg as well as
observmg other adopters, and a decIsIOn IS made to mcrease mtensity and/or modIfy
the technology, I or to discontmue the use of the technology After acquIrIng more
knowledge, a decIsIOn to re-adopt or defer adoptIon IS taken and the process contmues
untIl a more stable deCISIon IS taken

In the second pathway, the mitIal perceptIOn or belIef IS modIfied on the basIs of new
knowledge and/or observed performance of adopters, and a new decIsIOn about
adoptIOn IS taken A decISlon to adopt takes the farmer along pathway 1 (FIgure 2)
A decIsIOn to reject or defer decIsIOn wIll keep the farmer withm the second pathway
whereby a new decIsIOn IS taken after acqUIrIng more knowledge

Thus the "mnovatIOn assessment lag", defined as the tIme reqUIred between mitIal
awareness and actual use of a technology, may vary dependmg on the farmer's access
to knowledge, abIlIty to decode that knowledge and formulate decISlon (Lmdner et al ,
1979, FIsher et aI, 1996) The lag IS very short for mnovators and very long for
laggards

The pOSSIbIlItIes of permanent discontmuatIOn or temporary discontmuatIOn and re­
adoptIOn Imply that a dIstmctIon need to be made between "the number of new
adopters" (EquatIOn 1) and "the number of net new adopters" m penod t, the latter
bemg defined as

dn n
d;'1 =f3 ;; (N -nnt) (5)

where ~t = nt - not + l\t IS net new adopter m penod t, nt IS the number of new adopters
m penod t, not IS the number dropped out m penod t and l\t IS the number re-adopted
m penod t It IS ObVIOUS that the frequency dIstnbution of net new adopters, ~t, over
tIme IS lIkely to gIve a bell-shaped curve only If not = l\t If not> l\t, I e number of
drop-outs IS greater than the number of re-adopters, the denSIty functIOn may not be
bell-shaped but the shape of the lOgIStIC curve may be bell-shaped rather than S­
shaped, 1 e as t tends to mfimty, ~t tends to zero

EquatIOns 1 and 5 have completely dIfferent ImplIcatIOns about the tIme frame and
volume of potentIal Impact of a new technology They also have Important practIcal
ImplIcatIOn for farmers and extensIOn agenCIes Compared to equatIOn 1, the sItuatIOn
under equatIOn 5 ImplIes a much longer penod wIll elapse before a maJonty of the
potentIal adopters will adopt and use the technology m a sustamed manner It IS
therefore necessary to understand the pOSSIble pathways for adoptIon of a new
technology and the associated factors, and take corrective measures, e g take more
pOSItIve steps for dIffUSIOn of mformatIOn for mcreasmg awareness, remove supply
constramts, to facIlItate rapId adoptIOn

J Techmcal progress consists of Infrequent major InnovatIOns coupled WIth a steady accretIOns of
mnumerable mmor Improvements and modificatIOns done by users particularly Innovators and early
adopters (Rosenberg, 1982)
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The adoptIon pathway descrIbed above IS tested With vertIsol technology m EthIOpIa

VertIsol Technology Development and TestIng In EthIOpIa

VertIsols (heavy black clay sOlIs) cover some 43 millIon hectares comprIsmg 19% of
total land area m sub-Saharan AfrIca Nearly 30% of the vertIsol area IS located m
EthIOpIa alone, partIcularly m the hIghland regIOn (Mohamed Saleem, 1995)
VertIsols are productIve soils but dIfficult to manage due to theIr poor mternal
dramage and resultant floodmg and waterloggmg durmg the wet season
Consequently, vertIsols m EthIopia are currently underutilIzed, and largely used for
dry season grazmg The cultlvated vertIsols gIve low yIelds, and are exposed to soIl
erOSIOn because the fields are ploughed before the mam rams and, sown towards the
end of the ramy season to aVOid waterloggmg While vertIsols remam underutthzed,
populatIOn pressure has pushed crop productIon and lIvestock grazmg to steep slopes
causmg serIOUS devegetatIOn and SOlI eroSIOn Therefore m food defiCIt EthIOpIa,
removmg constramts to crop productIOn m vertisol areas IS of very hIgh Importance
(TekalIgn Mamo et al , 1993)

In some parts of EthIOpIa, partIcularly around Debre Berhan, farmers practIce SOlI
burnmg to mimmise waterloggmg problem Small mounds are created WIth surface
soil, dung and left over straw are put mSIde the mounds to bum the soil, then the burnt
mounds are leveled agam In another area around InewarI, farmers construct hand­
made broadbed and furrows, pnncipally usmg women and child labor, to faCIlItate
dramage Both soIl burnmg and hand-made broadbed makmg are labor mtensive
operatIOns, and they are not technIcally very effiCIent, so these tradItIonal technIques
do not enable full use of the potentIal of vertIsols (TekalIgn Mamo et al , 1993)

Ammal tractIOn IS extensIvely used for tIllage m EthIOpIa but the tradItIonal plough,
called Maresha, pulled by a paIr of oxen cannot mvert or shape the soil so that land
tIlled WIth Maresha remam covered WIth water durmg heavy rams In order to
faCIlItate dramage, the EthIOpIan Jomt Vertisol Project (Jvpi developed a broadbed

maker (BBM) by JOlmng two Mareshas WIth a crossbar about 1 5 meter long, then
attachmg a metal wmg on the outSIde of each Maresha and lInk the two Wings With a
loopmg metal cham from behmd When operated by a pair of oxen, the two Mareshas
of the BBM create two furrows on two SIdes of a 1 5 meter bed, the cham levels the
soil on the bed and covers seeds when sown or planted on the bed At the tIme of
heavy ram, the furrows allow excess water from the bed to be expelled to a sub-field
or mam dram at the end of the plot ThIS drainage technIque allows early sowmg and
longer growmg perIod The NP has developed a SUItable agronomIC package (crop
varIetIes, plantmg dates, and fertIlIzer regIme) to complement the BBM (Mohamed
Saleem, 1995)

A consortIUm In which EthIOpian Institute of Agncultural Research, Alemaya University of
Agnculture Ministry of AgrIculture and International Livestock Research Institute (ex­
International Livestock Center for Africa) and InternatIOnal Crops Research Institute for the
Semi-And TropiCS are partners
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After on-statIOn tnals, the BBM package was tested on-farm at five vertlsol sItes m
the EthIOpIan hIghlands durmg 1986-89 m collaboratIOn wIth a small number of
farmers selected m collaboratIOn wIth the local Peasant ASSOCIatIOns, WhICh had a
dommatmg role m rural EthIOpIa at that tIme The field sItes are HIdI, GmchI,
Inewan, Dogollo and Dejen, located at altItudes rangmg from 1850 to 2600 meters
above sea level and receIvmg from 850-1200 mm annual ramfall These mItIaI tests
prOVIded opportunItIes to verIfy the technIcal and economIC performance of the BBM
package and related problems The results led to modIficatIOn of some components of
the package

In 1990, the new EthIOpIan Government deregulated the Peasant ASSOCIatIOns and
CooperatIves and gave mdlvIdual farmers more secured usufruct to land whIch gave
them a better posItIon to take decIsIOns about chOIce of technology So dunng 1990­
95, on-farm research was contmued m three of the five SItes (Inewan, Gmchl and
HIdI) wIth a partIcular focus on the adoptIon behaVIOr of the partICIpants m on-farm
research The JVP through the local extenSIOn office of the MInIStry of Agnculture
(MOA) prOVIded trammg to prospectIve partICIpants on the BBM package mcludmg
handlmg, dIsmantlIng and reassemblIng of the BBM AddItIOnally m 1993,
expenenced and well performmg farmers m Inewan were recrUIted to recruIt new
farmers and tram them WIth the objectIve of encouragmg farmer-to-farmer dIffuSIOn
PartICIpants were extended Improved seeds and fertIlIzers on credIt to be repaId after
harvest of the crop, and the servIces of BBM were proVIded free of charge One set of
BBM served 6-8 farmers The credIt was prOVIded out of a revolvmg fund granted by
Oxfam Amenca A commIttee managed the fund WIth representatIves from JVP, the
MOA and the Peasant ASSOCIatIOns In 1995, the management of the revolvmg fund
was handed over to the Peasant ASSOCIatIOns WIth local MOA staff havmg a
superVIsory role

In 1995, a survey was conducted m the research VIllages to test If farmers were
wIllmg to buy and own the old BBM sets, conslstmg of two wmgs and a cham
(farmers already had Mareshas), rather than gettmg free serVIce from the project, and
the pnce they were wIllIng to pay WIllIngness to buy and own would mdlcate
farmers' confidence m the technology and mterest m ItS contmued use One hundred
mnety farmers expressed mterest to buy 81 BBMs avaIlable for sale, and the average
pnce they offered was BIrr 21 34±1 12 (US$l = Bm 620) The average was 32 BIrr
when farmers offenng less than 10 Bm were excluded A new set cost about BIrr 150
when they were manufactured 8 years earlIer Therefore the sale pnce was fixed at
BIrr 30 and the sets were sold for cash through a lottery among mterested buyers
present on a pre-arranged day m each locatIOn New BBM owners used It themselves,
lent to relatIves and neIghbors and m some cases rented out at a fee ThIS was also an
mdICatIOn that farmers WIth tractIOn anImal could earn extra mcome by rentmg out
BBM servIces to those WIthout tractIOn anImal or WIth madequate tractIOn ammal

Smce 1992, the government has gradually mtroduced market lIberalIzatIOn polICIes
and a dnve for achIevmg food self-suffiCIency Consequently a congenIal
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enVIronment has emerged for dIffusIOn and adoptIOn of Improved technologIes
Respondmg to thIS OpportunIty, the MOA and several NGOs mcludmg Sasakawa
Global 2000 have started dIffusIOn of the BBM package alongsIde other Improved
technologieS A pnvate manufacturer of BBM, who was formerly an ILRI technIcIan
mvolved m the desIgn and testmg of BBM, IS also actIve m the dIffusIOn effort
through sellmg BBM sets as well as Impartmg trammg to local blacksmIths m the
fabncatIOn of the eqUIpment Exact number of BBMs adopted so far and the area
covered IS not known but anecdotal eVIdence suggest that after a slow start, over
15000 BBMs have been dlstnbuted by varIOUS agenCIes

The Need for Understandmg AdoptIOn Pathways for BBM and Related Factors

Dunng on-farm research, mformatIOn on the BBM package was made acceSSIble to all
the farmers III the research VIllage yet It was observed that some farmers partIcIpated
m the research process for dIfferent duratIOn eIther contmuously or discontmuously,
some dId not yet partIcIpate, some even dId not know how the technology functIOned
For example, a total of 495 farmers m two SItes (Inewarl and HldI) partIcIpated m on­
farm research and adaptabIlIty tests at one tIme or another durmg 1989-1995 (Table
1) However, the maXImum number of actual partIcIpants m a gIven year was 268 and
by 1995 the number of actual partICIpants decreased to 124 because of discontmuatIOn
by a larger number than readopters When the number of cumulatIve adopters were
plotted agamst tIme, the curve (FIgure 3) resemble the left half of the usual S-shaped
lOgIStIC curve (see equatIOn 2 and figure 1b) If thIS pattern contmues over a longer
penod, the farmers m the two research SItes would perhaps show a sImIlar adoptIOn
pattern depIcted by FIgure 1b When the number of net adopters were plotted agamst
tIme, a more or less bell shaped lOgIStIC curve appeared WIth a tendency for adoptIOn
to cease long before all potentIal adopters have adopted the technology (FIgure 3)
Such a shape was the result of more adopters droppmg out than new adopters commg
m over tIme (see equatIOn 5)

The tIme penod for the on-farm research for WhICh the data are presented here IS
rather short to Judge whether some or all of the drop-outs can be categonzed as
'rejecters' (c f SharIf and KabIr, 1976), or some or all of them WIll readopt the
technology at some future date The latter IS most hkely to happen, m WhICh case the
shape of the curve showmg cumulatIve net adopters WIll nse upwards agam

The exact dIstnbutIOn of net adopters m the two research SItes over the short research
penod and the resultmg curve may or may not be typIcal of any new agncultural
technology but the phenomena that led to such dlstnbutIOn are real for any
technology Therefore, there was a need to undertake systematIc analySIS of factors
that contnbuted to dIfferences m the rate of acqulSltIOn of knowledge and dIfferences
m the pattern and duratIon of use of the BBM technology The findmgs from thIS
analySIS WIll be useful for understandmg the probable adoptIOn pathways for BBM
package and ItS ImplIcatIOn for Impact m the WIder communIty ThIS WIll also help m
deslgmng any countrywIde ex-post Impact assessment of the BBM package
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Data Source and AnalytIcal Framework

In the three research sItes, there were 1553 households m 10 Peasant ASSOCiatIOns (5
m InewarI, 2 m Hidl and 3 m GmchI) Out of these, 598 (28%) households
partIcIpated m on-fann research and tests dUrIng 1989-95, so they could be consIdered
as adopters Dunng on-fann research, some basIc SOCIo-economiC profile of adopters
was recorded and usable records were avaIlable for 474 adopters No records were
kept for non-adopters

Dunng late 1995 and early 1996, a survey was conducted among 474 adopters to
venfy some mformatIOn recorded earher and for addItIOnal mformatIOn In addItIon,
out of 1553 non-adopters, a stratIfied sample of 120 households was selected for
mterview but by the end of the survey 111 could be mtervlewed, others were eIther
not accessIble or refused to collaborate The dIstnbutlons of total and sample
households are shown m Table 2

In figure 4, two sets of classIficatIOn of the sample households are shown Panel A
shows that about half of the non-adopters dId not yet acqUIre suffiCIent knowledge
about BBM whIle the other half had acqUIred knowledge but dId not yet decIde to
adopt3 Among adopters, about two thIrds used the technology discontmuously and
one thud contmuously Panel B shows that 91 % of the sample fanners knew about
BBM of whIch 89% adopted, and the use pattern was the same as that m Panel A It
was argued earher that acqUIsItIOn of knowledge and mformatIOn precedes any
deCISIOn to adopt (FIgure 2) Therefore Panel A cannot be consIdered to correctly
depIct the sequence of learnmg and adoptIOn Panel B shows a more appropnate
sequence fanners move from learnmg to adoptIon to contmuous or dlscontmuous use
LOglt analysIs WIll be apphed to test whether the pathway depIcted m Panel B IS more
appropnate than that m Panel A to IdentIfy factors that play Important role at each
stage of the adoptIOn pathway

In figure 4, one set of claSSIficatIOn dIVIdes fanners as adopters or non-adopters and
the LOglt analysIs WIll IdentIfy factors mfluencmg those charactenstIcs It IS also of
mterest to know whIch factors mfluenced the duratIOn of use of BBM once It was
adopted, duratIOn bemg a proxy for mtenslty of adoptIOn The vanables affectmg the
declSlon of whether or not to adopt may not be the same as those affectmg the
duratIon of ItS use Also a gIven varIable may mcrease the probabIlIty of adoptIOn of a
technology but reduce the probabIlIty or have no effect on duratIOn of use, and VIce
versa (Goetz, 1995) So TobIt regressIOn WIll be used to sImultaneously IdentIfy the
factors mfluencmg adoptIOn and duratIOn of use These models are descnbed m the
followmg two sectIOns

3 It was argued earlIer that a producer IS consIdered to know about a new technology IfhIs/her acqUIred
mformatlOn reaches a threshold level In the present case the threshold level of mformatIOn was not
dIrectly observable, so a farmer was consIdered to have knowledge about 88M If he/she heard about
the 88M and ItS functIOns and/or saw It functIonmg Here acqUIsItion ofmformatIon was the key,
acqUIsItIOn of operational skill for the 88M was not yet an Issue
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(6)

(7)

Factors Affectmg BBM Knowledge, AdoptIOn and Use Pattern Logistic
RegressIOn AnalysIs

When the dependent vanable IS bmary and can take only two values, use of ordmary
multIple regreSSIOn technIques and dIscnmmant analysIs are not sUitable because a
number of essential assumptIOns of such models are not satIsfied and the predIcted
values cannot be mterpreted as probabIlItIes An alternatIve IS to use lOgIStIC
regreSSIOn model, WhICh reqmres far fewer assumptIOns but dIrectly estimates the
probabIlIty of an event occurnng or not occurnng In lOgIStIC regreSSIOn, maXImum­
lIkelIhood method IS used to estImate parameters (NorUSIS, 1993)

A multivanate lOgIStiC regreSSIOn model IS usually wrItten m terms of the log of odds,
whIch IS called IOgIt, as

[
Prob (even t) ]

Lo = + X+ + Xg Prob (no e vent) Po PI J fJ K K

where Ps are estImated coeffiCIents and X s are mdependent varIables The lOgIStIC
coeffiCIent IS mterpreted as the change m the log odds associated WIth one umt change
m the mdependent vanable The coeffiCIents do not measure margmal effects of
mdependent variables but only show If any variable has sIgmficant mfluence on the
dependent vanable The sIgmficance of the estImated coeffiCIents may be shown m

terms of Wald StatIstics, t ratIOS, correlatIOn coeffiCIents or E (jJ), 1 e expected value

of P Among these, E (jJ) gIves a more dIrect mterpretatIOn of fJ and It IS denved by
rewrItmg equatIOn 6 m terms of odds rather than log odds as follows

Prob(event) =e/3" +/31 XI + +/3k xk
Prob(noevent)

Now, e raised to the power ~ IS the factor by whIch the odds change when the Ith

mdependent vanable mcreases by one umt If f3. IS pOSItIve, E (fl.) > I WhIch means

that the odds are mcreased If ~ IS negatIve, E(fl.)< 1 WhICh means that the odds are

decreased If fil = 0, E (fl.) = I WhICh leaves the odds unchanged (NOruSIS, 1993)

Several lOgIStiC regreSSIOn equatIOns were estImated to IdentIfy factors mfluencmg
farmers' probabIlIty of acqulSltIOn of BBM knowledge, probabIlIty of adoptIOn of
BBM and probabIlIty of contmuous use of BBM on the baSIS of claSSIficatIOn Panels
A and B m FIgure 4 The SPSS LOgIStic RegreSSIOn Procedure (NOrusIs, 1993) was
used to estImate parameters VarIables conSIdered m these models are shown m Table
3 The dIrectIOn of mfluence of the mdependent variables on the three dependent
vanables could not be determmed a prlOrl

A summary of the best-fit models based on percent correct predIctIOn IS shown m
Table 4 Companson of results for claSSIficatIOn Panels A and B show that the
predIctIve power of the equatIOns are sIgmficantly hIgher for the sequential
classIficatIOn m Panel B than m Panel A For example, when the adoptIOn status IS
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defined for the entIre sample (Panel A, equatIOn 1) charactenstIcs of 81 % of the cases
can be correctly predIcted When adoptIOn status IS defined for only those who have
knowledge about BBM (Panel B, equatIOn 2) 92% cases can be predIcted correctly
SImIlarly, when BBM knowledge IS defined only for non-adopters (Panel A, equatIOn
2) 78% cases can be predIcted correctly compared to 91 % when BBM knowledge IS
defined for the entIre sample (Panel B, equatIOn 1)

Takmg Panel B as a better classIficatIOn method to depIct adoptIOn path\\-ay,
estImated coefficIents and related statIstIcs for three best fit equatIOns fitted to Pan...I B
are shown m Table 5 The models correctly predIcted 91% cases m terms of BBM
knowledge, 92% cases m terms of BBM adoptIOn and 78% cases m terms BBM use
pattern The slIghtly less predIctIve power of the model descnbmg use pattern
mdicates that some factors other than those mcluded m the model contnbuted to
dIfferences m use pattern One factor that contnbuted to discontmuous use m case of
some farmers, but could not be mcluded m the model, was Irregular ramfall pattern In
some years, too heavy ramfall early m the crop season made soIl on some plots so
wet and heavy that It made BBM use ImpossIble

In general, compared to InewarI, a farmer located m Hidl or Gmchl was less lIkely to
have acqmred BBM knowledge Among those who had BBM knowledge, a farmer
located m Hidl was many times more lIkely to have adopted BBM whIle a farmer m
Gmchl was sIgnIficantly less lIkely to have adopted BBM Among adopters, a farmer
located m Hidl or Gmchl was sIgnIficantly less lIkely to have used the package
contmuously The discontmuous use was more pronounced m Gmchl

These dIfferences mIght be because farmers m Inewarl use handmade broadbeds, so
they probably were generally more eager to learn about a better substItute and use It
Also the farmer-to-farmer trammg program practiced m Inewan m 1993 gave Inewan
farmers a better opportUnIty to learn compared to the other two locatIOns Inewarl and
Hidl farmers also had more regular access to credIt compared to those m Gmchl
Some of the other factors, or theIr mteractIOns, whIch mIght have mfluenced
dIfferences m BBM knowledge, adoptIOn and use pattern among the three SItes are
SIze of land ownershIp, extent of vertisol and waterloggmg problem, anImal
ownershIp and educatIOn Average cropland per farm was 1 45 ha m InewarI, 1 75 ha
m Hidl and 2 95 ha m Gmchl VertIsols constItuted 49% of cropland m InewarI, 51%
m Hidl and 91% m Gmchl However, only 19% of cropland m Inewan and 17% m
Hidl faced major waterloggmg problem compared to 42% m Gmchl Farmers m
Inewan owned 1 66 work anImals per farm compared to 2 21 m Hidl and 2 17 m
Gmchl FIfty nme percent of the household heads m Inewan and 61% m Gmchl had
pnmary or hIgher level educatIOn compared to 38% m Hidl

Among other factors, educatIOn, area of cropland, area of cropland under vertisol,
number of work anImals, famIly SIze and dIstance from market had SIgnIficant
mfluence on whether a farmer has acqmred BBM knowledge or not Household heads
WIth better educatIOn (pnmary level or over) were less lIkely to know about BBM
than those WIth no formal educatIOn Households WIth larger cropland area and area
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under vertIsol and larger number of work ammals were more lIkely to have acqUIred
BBM knowledge Among these, area under vertIsol had the most dramatIc effect on
the odds of a farmer bemg knowledgeable about BBM wIth one unIt mcrease m the
area under vertlsol, the odds of a farmer knowmg about BBM mcreased 4 5 tImes
Smce BBM IS specIfically meant to address the problem of vertlsol, hIgh degree of
mfluence of thIS vanable on farmers' wIllmgness to learn about BBM would be
normally expected The posItIve effect of number of work ammals on acqUIsItIon of
BBM knowledge mIght be explamed by the fact that a paIr of ammals was reqUIred to
pull the BBM, so farmers wIth two or more anImals were perhaps more mtereslc:d to
know about the BBM than those havmg none or only one anImal

Larger family SIze decreased the odds of learmng about BBM to some extent perhaps
because larger famIly labor supply decreased the need for alternative technology
Greater dIstance from market also decreased the odds of learnmg about 88M perhaps
because the transactIOn costs of acqumng knowledge mcreased wIth dIstance and also
mformatIOn to dIstant parts of the research areas mIght have tnckled down slowly

Among those havmg knowledge about 88M, locatIOn, educatIOn, B8M trammg,
cropland area, area wIth major waterloggmg problem, dIstance to market and work
ammal ownershIp had sIgmficant mfluence on whether BBM has been adopted or not
The odds of adoptIOn decreased as the level of educatIOn mcreased whIle SkIll trammg
m BBM mcreased the odds of adoptIOn several tImes Some adopters actually dId not
ImtIally acqUIre the SkIll to operate the BBM, they hIred somebody else to operate It
A typIcal example would be a farmer WIthout BBM operatIOnal SkIll and another
farmer WIth SkIll JOlmng together WIth theIr mareshas to make the BBM

Farmers WIth larger cropland area and larger area WIth major waterloggmg problem
were more lIkely to have adopted BBM Although area under vertlsol sIgmficantly
mcreased the odds of a farmer acqumng knowledge about 88M, It had no mfluence
on adoptIOn Instead area WIth major waterloggmg problem sIgmficantly mcreased
the odds of adoptIOn In the sample SItes, 60% of the cropland was under vertlsol,
nearly 50% of cropland had some waterloggmg problem but only 23% of cropland
suffered from heavy waterloggmg problem that would benefit from BBM type
technology

Greater dIstance to market decreased the odds of adoptIOn perhaps because dIstance
adds to costs of a new technology and reduces potentIal net benefits OwnershIp of
larger number of work anImals also decreased the odds of adoptIOn, a charactenstlc
rather dIfficult to explam except that work anImal ownershIp and cropland are hIghly
correlated and cropland has a strong pOSItIve mfluence on adoptIOn

Among those who adopted BBM package, area under vertlsol, area WIth major
waterloggmg problem, perceptIOn about problem WIth BBM technology and access to
credIt had sIgmficant mfluence on whether 8BM was used contmuously or
dlscontmuously HIgher level of educatIOn mcreased the odds of contmuous use but
BBM trammg had no mfluence on use patter Both area under vertlsol and area WIth
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major waterloggmg problem mcreased the odds of usmg BBM contmuously, whIch
would be expected The odds of contmuous use was hIgher for farmers who perceIved
that the BBM had some problems or dIsadvantages compared to those who dId not
perceIve such problem ThIS was an apparently unexpected result but could be
explamed by the fact that those who used contmuously and for a longer penod also
were more lIkely to have expenenced or detected problems of the BBM The most
Important problem reported by farmers was about the heavmess of the BBM umt The
other problem mentIOned by a few was the unsUItabIlIty of the BBM for too wet sOlI

CredIt for BBM package was not a relevant variable m the equatIOn explammg BBM
knowledge because credIt was accessIble to those who knew about the BBM and had
deCIded to adopt Also credIt could not be used as a vanable m the equatIOn
explammg adoptIOn as all adopters had access to credIt at least once However,
Longer duratIOn of access to credIt for BBM package sIgmficantly mcreased the odds
of contmuous use among adopters

Expected extra yield from BBM use had no sIgmficant mfluence on BBM use pattern
although hIgher extra yIeld would be normally expected to mduce contmuous use A
possIble reason IS that both withm and between SItes, there was WIde VariatIOn m
expected extra yIeld The extent of hIgher yIeld expected from Improved wheat
compared to the tradItional crop (local wheat or teff) the BBM package would replace
was 4l8±13 kg for the three SItes (44l±l9 kg for InewarI, 365±20 kg for Hidl and
44l±30 kg for GmchI)

Factors Affectmg AdoptIOn and DuratIOn of BBM Use TobIt RegressIOn AnalySIS

In the lOgIStIC regressIOn model 2 (Table 5), adoptIOn was conSIdered a bmary
dependent variable, and factors mfluencmg the probabIlIty of adoption were
IdentIfied In order to sImultaneously IdentIfy the factors mfluencmg adoptIOn and the
duratIOn of use of BBM, adoptIOn was defined as a truncated contmuous vanable m
WhICh non-adopters had zero penod of use and adopters had varymg penods of use
Then tOblt regressIOn of the followmg form was used

Y I = f3' XI + UI (8)
where Y IS a contmuous truncated vanable, X IS a set of mdependent variables, f3 IS a
vector of parameters mcludmg a constant to be estimated, u IS an error term, and both
Y and u have normal dIstnbutIOns, actually truncated normal dIstnbutIOns The
parameters are estimated by maXImum log-lIkelIhood IteratIOn The parameters do not
measure margmal effects of mdependent vanables, they only show If any regressor
has sIgmficant mfluence on the regressand (for general propertIes of the tObit model
see Tobm, 1958, McDonald and Moffit, 1980, Kmsey, 1984)

Two estImators were used m empmcal estImatIOn of equatIOn 8 by employmg the
tOblt procedure of LIMDEP software (Anon, 1995) FIrst, a full tObit model was used
m WhICh the entIre sample of adopters and non-adopters were conSIdered In thIS case
an estimated coeffiCIent show the Jomt effect of a regressor on both the probabIlIty of
the dependent vanable bemg non-zero, 1 e probabIlIty of adoptIOn of BBM, and the
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duratIOn of use of BBM Second, a truncated model was used m WhICh only farms
wIth non-zero adoptIOn were consIdered In thIS case, an estimated coeffiCIent show
the effect of a regressor on the probabIlIty of longer duratIOn of use of BBM The
sample WIth non-zero adoptIOn IS a truncated part of a larger sample, hence truncated
tObit rather than OLS estImator IS appropnate to estImate coeffiCients (Goetz, 1995)

The defimtIOn of the mdependent vanables used m both the models are descnbed m
Table 3 The estImated coeffiCIents of the full tObit model mdicate that compared to
farmers m Inewarl and HIdI, those m Gmcm had a sIgmficantly hIgher probabIlIty of
adoptIOn and longer penod of use of BBM (Table 6) Among the three SItes, sample
farmers m Gmchl had the hIghest proportIOn of land under vertisol (91 % compared to
49% m Inewan and 51 % m HIdI) and the hIghest proportIOn of land WIth major
waterloggmg problem (42% compared to 19% m Inewarl and 17% m HIdI) BBM
trammg, area of cropland, number of work ammals, and duratIOn of access to credIt
had sIgmficant pOSItive mfluence and famIly SIze had a sIgmficant negatIve mfluence
on the probabIlIty of adoptIOn and duratIOn of use of BBM All the pOSItive effects are
plaUSIble, the negative effect of famIly SIze may also be plaUSIble If larger labor
supply from larger famIlIes reduce the need for BBM type technology for dramage

The estimated coeffiCIents of the truncated model mdicate that farmers m Gmchl had a
hIgher probabIlIty of usmg BBM for longer penods WIth the exceptIOn of area of
cropland, all the factors that sIgmficantly mfluenced the probabIlIty of adoptIOn and
duratIOn of use also mfluenced m the same manner the probabIlIty of longer penod of
use Of all the varIables, access to credIt had the most sIgmficant mfluence on both the
probabIlIty of adoptIOn and the duratIOn of use of BBM SurprIsmgly, area under
vertisol and area WIth major waterloggmg problem had no sIgmficant mfluence on the
probabIlIty of adoptIOn and duratIOn of use of BBM

Summary and ConclUSIOns

EmpIrIcal studIes on agncultural technology adoptIOn generally dIVIde a populatIOn
mto adopters and non-adopters, and analyze the reasons for adoptIOn or non-adoptIOn
at a pomt m time In realIty, technology adoption IS not a one-off static deCISIOn rather
It mvolves a dynamIC process m whIch mformatIOn gathenng, learnmg and experIence
play pIvotal roles partIcularly m the early stage of adoptIOn A conceptual framework
for adoptIOn pathway IS suggested m whIch the deCISIon to adopt, reject or defer
deCISIon at a pomt m tIme IS postulated to be mfluenced by the knowledge and
perceptIOn acqUired at that pomt m tIme A new deCISIon about adoptIOn may be taken
later after acqUIrIng more knowledge and/or by observmg performance of those who
had already adopted The characterIstics of both the user and the technology are
conSIdered Important m explammg adoptIOn behaVIOr and the pathway for adoptIOn
The resultant pathway has further ImplIcatIOn for the tIme frame and the volume of
potentIal Impact of a new technology

ThIS conceptual framework was applIed to understand the adoptIOn pathway for
vertisol management technology and related factors m three on-farm research SItes m
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hIghland EthIOpIa The prmcipal component of the technology package IS an anImal
drawn dramage eqUIpment called broadbed maker (BBM) WhICh IS used to solve the
problem of waterloggmg of vertIsols to grow Improved wheat varIeties Durmg on­
farm research over a penod of eIght years, farmers m the research VIllages were
observed to respond dIfferently to the technology package some adopted and
contmued to use It, others adopted at dIfferent times and discontmued but readopted
later, some knew about the technology but dId not yet adopt whIle some farmers dId
not yet show mterest to learn about the technology

AnalYSIS of a sample of households from the three research VIllages confirmed that a
SImple claSSIficatIOn of farmers as adopters and non-adopters was madequate to
understand the adoptIOn process Rather a multIstage deCISIOn process m WhICh
farmers move from learmng to adoptIOn to contmuous or discontmuous use was more
appropnate ApplIcatIOn of lOgIStIC regreSSIOns to bmary dependent varIables BBM
knowledge (yes vs no), BBM adoptIOn (yes vs no), and BBM use pattern (contmuous
vs discontmuous) showed that the set of sIgmficant factors mfluencmg these
dependent variables were dIfferent For example, hIgher level of educatIOn
sIgmficantly decreased the odds of learmng and adoptmg BBM but sIgmficanly
mcreased the odds of contmuous use once adopted BBM trammg sIgmficantly
mcreased the odds of adoptIOn but had no mfluence on use pattern Cropland per farm
mcreased the odds of acqumng BBM knowledge and adoptIOn but had no sIgmficant
mfluence on the use pattern Cropland under vertisol sIgmficantly mcreased the odds
of acqUIrmg BBM knowledge and use pattern but had slIght negatIve mfluence on
BBM adoptIOn Area under major waterloggmg problem had no mfluence on BBM
knowledge but sIgmficantly mcreased the odds of adoptIOn and contmuous use
DIstance of the household from the nearest market had decreased the odds of
acqUIrIng knowledge and adoptIOn but had no mfluence on use pattern Number of
work ammals owned sIgmficantly mcreased the odds of acqumng knowledge and also
mcreased the odds of contmuous use but sIgmficantly decreased the odds of adoptIOn
Access to credIt sIgmficantly mcreased the odds of adoptIOn and contmuous use but
was not relevant for BBM knowledge

In order to sImultaneously IdentIfy factors that mfluenced adoptIOn and the duratIOn of
use of BBM, adoptIOn was defined as a truncated contmuous vanable WIth non­
adopters takmg zero value and adopters takmg dIfferent pOSItIve values, then tObit
regreSSIOn was applIed Also a truncated tObit model was applIed to only the adopters
WIth dIfferent duratIOn of adoptIOn The results show that the set of factors
sigmficantly mfluencmg the probabIlIty of ddoptIOn and duratIOn of use are dIfferent
than that sIgmficantly mfluencmg adoptIOn as a bmary variable In the tObit model,
only area under cropland, work anImal ownershIp, BBM trammg and access to credIt
had sIgmficant posltlve mfluence and famIly SIze had sIgmficant negatIve mfluence
on the probabIlIty of adoptIOn and longer penod of use of BBM In the truncated
model, the factors that had sIgmficant mfluence and the dIrectIOns of theIr mfluence
were the same as those m the tObit model, except area of cropland, WhICh had no
slgmficant mfluence
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These results IndIcate that technology adoptIOn IS not a one-off statIc deCISIOn rather It
IS a dynamIc process InvolVIng acqulSltIOn of knowledge, learnIng, adoptIOn and then
USIng It contInuously or dIscontInuously The set of factors that play Important roles In
the adoptIOn deCISIon process may be dIfferent at dIfferent stages of the process The
lag between learnIng and adoptIOn, and the pOSSIbIlIty of dIscontInUatIOn and
readoptIOn Imply that a longer penod wIll reqUIre for maJonty of the farmers to use
the technology than If adoptIOn was a one off deCISIOn leadIng to contInUOUS use

References

Anon, 1995 LIMDEP VersIOn 7 Econometnc Software Inc Bellport, NY, USA

Adesma, A A and BaIdu-Forson, J ,1995 Farmers' perceptIOns and adoptIOn of
new agncultural technology eVIdence from analySIS m Burkma Faso and
Gumea, West Afnca Agnc Econ, 13 1-9

Adesma, A A and Zmnah, M M 1993 Technology charactenstIcs, farmer
perceptIOns and adoptIOn declSlons a tObit model applIcatIOn In SIerra Leone
Agnc Econ, 9 297-311

Asfaw Negassa BentI Tolessa, Franzel, S , Gemechu Gadeno and Legesse DadI, 1991
The IntroductIOn of an early matunng maize (Zeamays) vanety to a mId­
altItude farmIng system In EthIOPia Exp Agnc, 27375-383

Ashby, J A, QUIros, C A, and RIvers, Y M, 1989 Farmer partIcIpatIOn In
technology development work WIth crop vanetIes In R Chambers, A Pacy
and LA Thrupp (eds) Farmer FIrst Farmer InnovatIOn In Agncultural
Research IntermedIate Technology PublIcatIOns, London

Bhattacharya, S K , Chatterjee, K , and Samuelson, L ,1986 Sequential research and
the adoptIOn of InnovatIOns Oxford Econ Pap, 38 219-43

Chatterjee, R, and ElIashberg, J, 1989 The InnovatIOn dIffuSIOn process m
heterogeneous populatIOn a micromodellmg approach Workmg paper,
Marketmg Department, Purdue UmversIty, USA

DaVIes, S ,1979 The dIffuSIOn of process Innovations Cambndge Umversity Press,
UK

Feder, G , and UmalI, D, 1993 The adoptIOn of agncultural InnovatIOns a reVIew
TechnoI Forecast Soc Change,43 215-239

Feder, G , Just, R E , and Ziberman, D ,1985 AdoptIOn of agnculturalinnovatIOns In
developIng countnes a survey Econ Dev Cult Change, 33255-297

16



r
I

FIsher, A J, Arnold, A J and GIbbs, M, 1996 InformatIOn and the speed of
mnovatIOn adoptIOn Am J Agnc Econ, 78 1073-1081

Goetz, S J, 1995 Markets, transactIOn costs and selectIVIty models m economIC
development In G J Scott (ed) Pnces, Products and People Analyzmg
Agncultural Markets m Developmg Countnes Lynna Reinner PublIshers,
London

Jabbar, M A, LarbI, A , and Reynolds, L ,1996 Alley Farmmg for Improvmg swall
rummant productIVIty m West Afnca ILRI's experIences SocIO-econ and
PolIcy Res Workmg Pap 20 InternatIOnal LIvestock Research InstItute,
AddIs Ababa, EthIOpIa 96 pp

Jones, AM, 1989 A Double-hurdle model of CIgarette consumptIOn J Appl
Econometncs, 4 23-29

Kmsey, J ,1984 Problt and tObit analySIS m consumer research Proceedmgs of the
30th Annual Conference of the Amencan CouncIl on Consumer Interests
Atlanta, GeorgIa, Apnl 11-14 7 pp

Kislev, Y, and Shchon-Bachrach, N, 1973 The process of an InnovatIOn cycle
Am J Agnc Econ, 55 28-37

Lm ,C T J, and MIlon, J W, 1993 AttrIbute and safety perceptIOns m a double­
hurdle model of shellfish consumptIon Am J Agnc Econ, 75 724-729

Lmdner, R K, FIsher, A, and Pardey, P, 1979 The tIme to adoptIOn EconomIC
Letters, 2 187-190

Maha]an, V , Muller, E, and Bass, F M, 1990 New product dIffuSIOn models m
marketmg a reVIew and dIrectIons for research J Mktg, 54 1-26

McDonald, J F , and Moffitt, R A ,1980 The uses of tObit analySIS Rev Econ Stat,
62(2) 318-321

Mohamed Saleem, M A, 1995 FragIle East AfrIcan hIghlands
VISIOn for smallholder farmers m the EthIOpIan hIghlands
24(2) 111-116

a development
Outlook Agnc ,

NOruSIS, M J ,1993 SPSS for Wmdows Advanced StatIstics Release 6 SPSS
Inc, ChIcago, USA

Nowak, P 1992 Why farmers adopt productIOn technology J Soil Water Conserv ,
47 14-16

17



Oren, S S , and Schwarts, R G, 1988 DIffusIOn of new products m nsk-sensitIve
markets J Forecastmg, 7 273-87

Rogers, EM, 1983 DIffusIOn of mnovatIOns 3rd Ed MacmIllan Co , New York

Rosenberg, N , 1982 InSIde the black box technology and economICS Cambndge
Umversity Press, UK

Saha, A , Love, H A, and Schwart, R, 1994 AdoptIOn of emergmg technOlOgIes
under output uncertamty Am J Agnc Econ, 76836-846

Sahal, D, 1981 Patterns of technologIcal mnovatIOn Addlson-WIsley PublIshmg
Co , Readmg, Mas, USA

Shanf, M N, and Kabn, C, 1976 System dynamICS modellmg for forecastmg
multilevel technologIcal substItutIOn Technol Forecast Soc Change, 9 89­
112

Stoneman, P, 1983 The economIC analysIs of technologIcal change Oxford
Umversity Press, London

Tekahgn Mamo, Ablye Astatke Snvastavn, K L , and Asgehl Dibabe (eds) 1993
Improved management of vertIsols for sustamable crop-hvestock productIOn m
the EthIOpIan hIghlands SyntheSiS Report 1986-92 Technical Committee of
the Jomt Vertisol ProJect, AddiS Ababa, EthIOPia

Thlrtle, C G, and Ruttan, V W, 1987 The role of demand and supply m the
generatIOn and dIffuSIOn of technICal change Harwood AcademiC Pubhshers,
London

Tobm, J, 1958 EstimatIOn of relatIOnships With hmlted dependent vanables
Econometnca,26 24-36

Tsur, Y, Sternberg, M, and Hachman, E, 1990 DynamIC modellmg of mnovatIOn
process adoptIOn WIth nsk averSIOn and learnmg Oxford Econ Pap, 42 336­
355

18



Table I UtIlIzatIon ofBBM technology package In Inewan and Hidl on-farm
research sltes3

Year New Cumulauve Discontmued Readopters Net new Cumulauve
adopters adopters Adoptersb net adopters

1989 19 19 - - 19 19

1990 35 54 - 35 54

1991 68 122 35 - 33 87

1992 195 317 27 13 181 268

1993 136 453 139 3 0 268

1994 36 489 199 18 -145 123

1995 6 495 40 35 1 124

Total 495 440 69

a The records for Gillcln were not available m a sUitable form for mtegratlOn
WIth the other two sItes

b Net new adopters m year t = New adopters m year t - Discontmued ill

year t + Readopters m year t

Source On-farm research partIcIpant records

Table 2 Number of total and sample households by adoptIOn status In the
three research sItes

Inewarl Hidl Gmchl All sItes

N (%) N (%) N (%) N (%)

Total households 1252 (100) 333 (100) 566 (100) 2151 (100)

Adopters 342 (27) 153 (46) 103 (18) 598 (28)

Non-adopters 910 (73) 180 (54) 463 (82) 1553 (72)

Total sample 276 (100) 176 (100) 133 (100) 585 (100)

Adopters 225 (82) 146 (83) 103 (77) 474 (81)

Non-adopters 51 (18) 30 (17) 30 (23) 111 (19)

Source FIeld survey
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Table 3 DescnptIOn of vanables used m lOgIStIC regressIOn models

VarIable name Nature DescrIptIOn/code
BBM knowledge Bmary Have = 1, Don't have = 0
BBM AdoptIOn Bmary Adopter = 1, Non-adopter = 0
BBM use pattern Bmary Contmuous = 1, Discontmuous = 0
LocatIOn Categoncal Inewan = 1, Hidl = 2, Gmchl = 3
EducatIOn Dummy Pnmary or more = 1, No formal lIteracy = 0
BBMTrammg Dummy Attended a BBM skIll trammg seSSIOn run

by JVP or by a contact farmer, or attended
a field day where BBM operatIOn was
demonstrated = 1, Not attended = 0

Age Contmuous Age of household head (years)
Cropland Contmuous Area under crop (hectare)
Vertisol Contmuous Cropland under vertisol (ha)
Waterlogged Contmuous Cropland wIth major waterloggmg

problem (ha)
FmmlysIze Contmuous Number of persons m famIly
DIstance Contmuous DIstance of household from nearest market

(km)
Workammal Contmuous Number of work anImals owned
BBMProbiem Dummy Expenenced problem wIth BBM

Yes = 1, No=O
Extrayleid Contmuous Expected extra yIeld (kg/ha) from crop

produced wIth BBM compared to one
replaced by BBM

CredIt Contmuous Number of years receIved credIt for
BBMpackage
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Table 4 Per cent correct predIctIOn from dIfferent best-fIt lOgIStiC
regressIOn equatIOns

Sample category and SIze Dependent Vanable % correct
predIctIon

Panel A

Eql All (585)
BBM AdoptIon status 808
(Adopter = 1
Non-adopter =0)

Eq2 Non-adopters (111) BBM knowledge 784
(Have = 1
Don t have =0)

Eq3 Adopters (474) BBM use pattern 780
(ContInuous = 1
DIscontInuous =0)

Panel B

Eql All sample (585) BBM knowledge 909
(Have = 1
Don't have =0)

Eq2 Have BBM knowledge (531) BBM AdoptIon status 922
(Adopter = 1
Non-adopter =0)

Eq3 Adopters (474) BBM use pattern 780
(ContInuous = 1
DIscontInuous =0)
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Table 5 EstImated coeffIcIents of LOgIStIC regressIOns on BBM knowledge,
adoptIon and use pattern

Dependent vanables

Vanables BBM knowledge BBM adoption BBM use pattern

fJ (Exp(/J) fJ (Exp(fJ) fJ (Exp(fJ)

LocatIOn

Inewan 00 00 00
Hldl -0468 (0626) 4027 (5582) -0 599 (0 550)
Gmchl -2 114 (0 121) -1 117 (0327) -3 465 (0 031)

EducatIon -0345 (0708) -1 226 (0 294) 0411 (l 508)
BBMtrammg 3 128 (2283) -0 027 (0 973)
Age -0021 (0979) 0006 (l005) 0010 (lOW)
Cropland 0219 (l 245) 0440 (l 551) 0057 (0945)
Vertisol 1 514 (4543) -0 042 (0 894) 0226 (1 253)
Waterlogged 0004 (l 004) 0775 (2 170) o258 (1 295)
Fmmlysize -0 135 (0874) o 123 (l 134) 0006 (l009)
DIstance -0 136 (0873) 0300 (0741) 0025 (1 030)
Workanimal 0479 (1 615) 0392 (0676) o 122 (l 130)
BBMproblem 0437 (l 545)
Extrayieid 0006 (1 001)
CredIt 0892 (2440)
Constant 2612 3022 -5058

-2 Log LIkelIhood 303 320 189783 423 609
Goodness of fIt 535667 393364 443554
% correct predIctIOn 9085 92 19 7799

Codes for dependent vanables BBM Knowledge yes=l no=O, BBM adoptIOn yes=l no=O,

BBM use pattern contmuous=l discontmuous=O
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Table 6 MaxImum lIkelIhood estimates for factors affectmg adoption and
the duratIOn of use of BBM m three research sItes

Independent vanable EstImator
TobIt Truncated

Constant -0413 ( 2 678) I 369 (-5 822)
LocatIon

Inewan 0000 0000
Hldl -0 116 (-0 867) -I 145 (-0 744)
Gmchl o377 (3 185)* 0584 (3 345)*

Age 0001 (0257) 0002 (0 526)
Cropland o 127 (2 013)* o 132 (l 434)
Vertlsol -0061 (-1 002) -0 080 (-0 881)
Waterlogged 0035 (0 832) -0015 (0 255)
Famllyslze -0 030 (-2 437)* o039 (-2 087)*
DIstance 0030 (1 980) 0031 (1 419)
Workammal o066 (2 461)* o 106 (2 632)*
BBMTrammg o085 (2 775)* o 104 (2 332)*
EducatIon 0016 (0 039) 0019 (0 251)
BBMproblem 0034 (0 500) 0063 (0 594)
Extrayleld 0001 (-I 876) -0 001 (-0 569)
Credlt o943 (40 144)* 1 119 (32 813)*

Log hkehhood functiOn 347749 -360072

Flgures m the parenthesls are t-ratlos *mdlcate sIgmflcant at less than 5% level
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Figure 2 Learmng and adoption pathways for a new technology
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FIgure 3 CumulatIve adopters and net adopters ofBBM

technology package In Inewan and Hidl 1989-1995

600

~ 500
Q)

ao
"'0
<
di 400
:z:
"'0
c
«:l

~ 300-e-o
~

<
~ 200

~
:i
E8 100

o

~.

.................
~~

~~.

Cumulative adopters

-_.....
.~
~.'.~~'..~'.'..~

'.
......-. ..--- .--- -- .

Cumulative net adopters

1989 1990 1991

26

1992

Year

1993 1994 1995



FIgure 4 DIstnbutIOn of sample households accordmg to BBM knowledge, adoptIOn
and use pattern m three research sItes
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