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This study explores factors associated with success and intensity of livestock feed technologies use among positive
deviants in feed technology adoption in Ethiopia. We used a nation-wide dataset of over 603 farm households,
which surveyed pockets of successes in using improved livestock feed technologies. Heckman two-stage estimation
procedures were used to identify factors associated with success and intensity of livestock feed technology use si-
multaneously. Results from the first stage of selection equation show that households socioeconomic and institu-
tional factors such as education status of the head, herd size, exercise in feed technology utilization, cooperative
membership, distance to district center, and diverse use of technologies have significant effect on success in live-
stock feed technologies adoption. The second stage demonstrates that intensity of household collaboration or net-
work, membership in livestock related cooperatives, training, access to livestock feed technologies with packages,
diverse use of technologies, engagement in livestock enterprises, livestock management system, willingness to in-
vest more in feed technologies, and agro-ecologies significantly influence the intensity of feed technologies use.
These results suggest that success and intensified use of improved feed technologies demand different entry strat-
egies for risk factors, enablers, and behaviors, which may differ from the classic agricultural technologies transfer
system. These include availability of appropriate biophysical and resource environments, functional linkages be-
tween different actors, access to inputs and social capital, and enabling institutional support system. Moreover,
this study shows thatwhen there is limited adoption, few pockets of success in improved technologies use, positive
deviant approach would be more informative to understand the underlying factors and principles for success and
intensified use of technologies than the most commonly reported conventional adoption rate studies.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

In developing countries, where most of the smallholder farmers
practicemixed farming system, livestock production is themajor source
of household food, income, traction power and a means to accumulate
assets. Smallholder farmers do not only generate cash income from
sale of livestock and livestock products, but they also use livestock as a
cash buffer, capital reserve, and hedge against inflation. Despite mixed
livestock growth pattern observed in different regions of developing
countries, in general, the productivity (output/animal) of different live-
stock species in developing countries is still the lowest in the world. For
instance, in Sub-Saharan Africa, significant decline inmilk and beef pro-
duction per animal have been recorded since 1961, which hasmade the
average contribution of the region to the world milk and beef produc-
tion among the lowest (Nin et al., 2007). Broadly, this could mainly be
attributed to inadequate production inputs, traditional management
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system, poor enabling environment and associated research and devel-
opment efforts exerted to generate improved technologies (McDermott
et al., 2010; Fuglie and Wang, 2012; Makkar, 2014).

Empirical findings on livestock production and productivity also
show that, in most developing countries, lack of adequate quantity and
quality of feed remains one of themost important constraints that small-
holder livestock farmers face especially during the dry season (Thornton,
2010). Even thoughwell-integrated and comprehensive livestock strate-
gy is necessary to address various constraints and improve the produc-
tion and productivity of livestock in developing countries, improved
livestock feed and feeding system would have significant contribution
by dealing with multiple challenges related with livestock nutrition,
health, and husbandry system simultaneously. Improved feed technolo-
gies have better social, economic, and environmental benefits over the
traditional feed types. Their contribution in improving feed supply, en-
hancing the health and productivity of animals, augmenting land use ef-
ficiency, and reclaiming land degradation and others have been well
studied and documented in different countries (Peters et al., 2001;
Bouton, 2007; Koralagama et al., 2008; White et al., 2013; Yami et al.,
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2013: Franzel et al., 2014; Rao et al., 2015). For instance, Turinawe et al.
(2012) shows that farmers who used improved feed technologies had
significantly higher gross margins than those using traditional feeding
methods. Moreover, using improved feed technologies like forages does
not only improve animal nutrition but it also contributes to improve
crop productivity by maintaining soil fertility through nitrogen fixation,
reduce pressure on natural pastures, reduce soil erosion on marginal
lands, and improve carbon sequestration to mitigate climate change
(Peters et al., 2001; Entz et al., 2002; Rao et al., 2015).

In Ethiopia, like to other developing countries, due to inadequate feed
availability and malnutrition, animals' performance measured by birth
weight, growth rate, milk yield, mortality rate, and reproductive perfor-
mance are below the expected range anddifferent animals in the country
are not able to produce at their genetic potential (Shapiro et al., 2015). To
address this constraint and improve the production and productivity of
animals, so far a plethora research and development efforts have been
exerted by national and international research institutes to generate
anddisseminate improved livestock feed and feeding system in the coun-
try. Various exotic and indigenous improved technologies were intro-
duced to smallholder farmers by different strategies. For instance,
improved livestock feed technologies such as forage legumes, perennial
grasses, and pastures were first introduced by Arsi Rural Development
Unit (ARDU) (Davis et al., 2010; Tekalign, 2014). Then through various
projects such as Fourth Livestock Development Project (FLDP); Crop Di-
versification and Marketing Development (CDMD); and Feed Enhance-
ment for Ethiopian Development (FEED); improved forage seeds were
disseminated to smallholder farmers in different parts of the country
(Tekalign, 2014). Moreover, the role of agricultural research institutes
such as International Livestock Research Institute (ILRI), Kulumsa and
Melkassa Agricultural Research Centers and others in testing the adapt-
ability and nutritional contents of various exotic and indigenous forages
crops for different agro-ecological zones was very significant. As a result
different improved forages and fodder crops have been released for dif-
ferent ecological zones and considerable efforts have been made to dis-
seminate these pasture and forage technologies to smallholder farmers.

However, despite a number of efforts that have been exerted to intro-
duce various improved feed technologies and feeding systems, adoption
and use of these technologies have been still very limited and insignifi-
cant (Gebremedhin et al., 2003, Bassa, 2016). For example, based on
2014/15 livestock survey report only 0.3% of livestock holders practiced
using improved feed technologies for their livestock (CSA, 2015). This
can be attributed to various socio-economic, institutional and biophysical
factors entailing limited household resource endowment, especially
labor and land to plant forage; mismatch of farmers need's and technol-
ogies; limited market integration and extension services provision in-
cluding weak information flows and linkages to other inputs providers;
and multiple bio-physical stress and shocks (Adugna et al., 2012).

Various researches have been conducted to quantify the level of
livestock feed technologies adoption and understand the main reasons
behind the limited adoption rate among smallholder farmers in devel-
oping countries (Gebremedhin et al., 2003; Adugna et al., 2012;
Beshir, 2013). Nevertheless, most of the previous studies have mainly
focused on the rate of adoption and factors associated with adoption
or non-adoption of technologies for a very specific location and at a
point in time. Moreover, most of the reported adoption studies general-
ly assumedwidespread use of technologies, which does not hold true in
the case of improved livestock feed technologies especially in develop-
ing countries. Apart from quantifying and describing the situations on
the ground, the contributions of such type of studies to generate proven
and practicable solutions that could informpolicies and strategies to en-
hancewidespread adoption and use of technologies areminimal. There-
fore, using a positive deviance approach, this study tries to explore
additional insights on factors associated with success and intensity of
improved livestock feed technologies use, where positive deviant
farmers have been able to derive economic value fromusing diverse im-
proved feed technologies.
Please cite this article as: Birhanu,M.Y., et al., Determinants of success and i
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Themain purpose of this studywas to assess the common factors, pro-
cesses, and organizational and institutional arrangements underpinning
successful cases in improved livestock feed technologies adoption in
Ethiopia, which have paramount implication for promoting widespread
adoption and use of improved livestock feed technologies in developing
countries or elsewhere in the world. This paper has two major contribu-
tions to the existing literature on adoption of agricultural technologies in
developing countries. Firstly, since the studyuseda comprehensivenation-
al level data on positive deviants in feed technology adoption, it provides
affordable, acceptable, sustainable, and multifaceted possible solutions
for challenges and constraints associated with widespread adoption and
use of livestock feed technologies in developing countries. Secondly, unlike
to most of previous similar studies, which have focused mainly on easily
and quickly unchangeable socio-economic characters, this study shows
the relative importance of household enabling factors and behaviors
suchas trainings, collaboration andnetworks, technology transfer arrange-
ments, engagement in farm enterprises (entry strategies), and attitudinal
changes that have strongassociationwithboth success and intensity of im-
proved livestock feed technologies use in developing countries.

The rest of this paper is organized as follows. The second section dis-
cusses the conceptual framework, the econometricmodels, andestimation
strategy employed. Section three describes sampling procedures and data
used in the study. Section four presents the results and discussion, and fi-
nally, summary of findings and policy implications are presented.

2. Conceptual framework and econometric estimation model

2.1. Positive deviant analysis in evaluating livestock improved feed technol-
ogies use

Studies on livestock feed technologies adoption and use in developing
countries show the presence of limited adoption and scattered pocket of
success among smallholder farmers in developing countries. As it is indicat-
ed above, this could be attributed to socio-economic, institutional, and en-
vironment related factors mainly affecting the process of technology
generation, dissemination, and use. Most available studies on livestock
feed technologies mainly focused on rate of adoption and have rarely
made an attempt to scrutinize the processes underlying the observed lim-
ited adoption andpocket of successes. As a result, in general there is limited
informationon fundamental factors that contribute to theobservedpockets
of success in feed technologies adoption. Consequently, using the concept
of positive deviance, this study aims to move one step further from the
most commonly reportedadoption rate studiesby focusingonlyon the lim-
ited adopters and tiny pockets of successes observed among smallholder
farmers. This helps to draw feasible lessons from the successful cases on
the underlying factors and principles pertinent for success andwidespread
adoption of improved feed technologies in developing countries.

In academic literatures, individuals that exist in resource-poor com-
munities with uncommon beneficial practices that allow the household
to have better livelihood or outcomes as compared to their similarly
impoverished neighbours are considered as ‘positive deviants’ (Lapping
et al., 2002; Marsh and Schroeder, 2002). The term positive deviance re-
fers to an inductive approach to determine successful practices of individ-
ualswho succeedwheremost tend to fail (Stuckey et al., 2011). Primarily,
the concept of positive deviance originates in the field of epidemiology
and biostatistics referring to positive outliers in a frequency distribution
of various events. For instance, in disease epidemic outbreak, there were
survivors that led researchers to question why these survivors who
share the same environmental and socio-economic conditions exposed
to the same situations remained healthy while others got sick (Lapping
et al., 2002). This encouraged researches to follow new approaches to ex-
plore the cases differently focusing only on the survivors and examine the
underlying factors related with surviving. Such type of approach helps to
scrutinize the practice and behavior of individuals in a community with
the same socio-technical context who have achieved better results than
their peers (Fowles et al., 2005). According to Pant and Odame (2009),
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
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positive deviants can challenge existing organizational structures and in-
stitutional set-ups, and promote alternative approaches to solve social
problems. This gives the opportunity to understand how change originate
and progressively disseminate through individuals practices and behavior
and results the required outcomes.

Even though its application in agricultural researches is stillminimal,
the concept of positive deviance could also be applied in technology
adoption studies, like improved livestock feed technology use, where
there are few exceptions or niches of successful cases in adoption and
use of technologies that can be positive examples for the rest of popula-
tions constrained by different socio-economic and bio-physical factors.
Using positive deviance approach helps to understand the processes,
factors and conditions underlying the observed pockets of success and
draw out lessons and principles why positive deviants do differently
fromothers. It also helps to examinewhere andwhy available improved
feed technologies have been put into use by few adopters and generate
relevant information to scale out the underlying lessons and principles
forwider adoption and use of technologies in developing countries. Les-
sons and principles obtained from positive deviants can be used to fig-
ure out possible strategies on how improved feed technologies can be
promoted in ways that are relevant, applicable, and beneficial to small-
holder farmers. Moreover, focusing on positive experiences in adoption
would also assist to reframe current assumptions and expectations on
adoption of improved feed technologies and promote alternative ap-
proaches for wider adoption (Pant and Odame, 2009).

2.2. Empirical models used to identify factors associated with technology
adoption

In this paper, amodel that explains the existence of intense adoptionof
feed technologies was constructed using different explanatory variables.
The main interest here is to estimate the level of adoption activities by
their intensity and examine whether there is any variability among posi-
tive deviants in feed technologies adoption. Empirical findings in general
show that the process of technology adoption involves two main steps:
the decision to adopt the technology and the decision on how much to
use or intensity of adoption, which are assumed to occur jointly or sepa-
rately and may be associated with different factors (Sulo et al., 2012).

Factors associated with adoption or intensity of adoption could be
identified by using either cross-sectional, panel, or time series economet-
ricmodels (Besely and Case, 1993). As itwas suggested byGreene (2011),
researcherswho assumed the simultaneous occurrence of these twodeci-
sions used either logit or probit models for discrete choice scenarios
(Nicholson et al., 1999; Lapar and Ehui, 2003; He et al., 2007; Jera and
Ajayi, 2008; Raut et al., 2011; Akudugu et al., 2012). Similarly, for contin-
uous dependent variable others used tobit or ordinary least square (OLS)
model (Gebremedhin et al., 2003; Kiggundu, 2007). Nevertheless, mostly
farmers first make decision on either using or not using the technologies
and then determine how much to use them, which may sometimes in-
volve a series of decisions through time (Sulo et al., 2012). Hence, factors
that affect the initial adoption of technologiesmay be different from those
that affect the intensity of using (Gebremedhin and Swinton, 2003).
Based on this assumption, running two separatemodels for each decision
could be more informative than using either of the single models (Cragg,
1971). For instance, while Asfaw et al. (2011) used double-hurdle model
to identify the determinants of intensity of technology adoption condi-
tional on overcoming seed access constraints, others like Fufa and
Hassan (2006) used probit model to determine factors associated with
probability of adoption and tobit model to identify factors associated
with intensity of adoption. On the other hand, Ibrahim et al. (2012)
used Heckman two-stage model to determine factors associated with
adoption of technology and intensity of adoption or use simultaneously.

The choices of the abovemodels weremostly based on the nature of
the samples, the expected relationships between the two decisions, and
the underlying statistical assumptions of themodels one would consid-
er. Usually, in adoption studies where the dependent variable is
Please cite this article as: Birhanu,M.Y., et al., Determinants of success and i
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continuous, like this study, there are four possible options to predict
the association between the continuous dependent variable and various
independent variables. The first and most commonly used option is or-
dinary least squaremethod,which takes intensity of adoption as depen-
dent variable and household characteristics and socio-economic factors
as independent variables. But, especially in a data with sample selection
problems, this type of approach could bemisleading as theremay be ob-
servations with zero intensity of adoption that indicate limit in the de-
pendent variable, which might be caused by exogenous factors and
possibly destroy the linearity assumption of the model (Dubin and
Douglas, 1989). By and large, in situations where the dependent vari-
able to be modeled is limited in its range, using OLS estimation would
result in biased and inconsistent parameter estimates (Heckman, 1979).

The second option is to use Tobit model. Different researchers repeat-
edly used this model to identify factors associatedwith intensity of adop-
tion. This model assumes that the two decisions (adoption and intensity
of adoption) aremade jointly and hence the same set of variables and co-
efficients are used to determine both the probability of adoption and in-
tensity of adoption (Greene, 2011; Tobin, 1958). Hence, this model does
not allow generating full theoretical explanation of why some farming
households are adopting technologies and other not.

The third option is using sample selection models. Sample selection
models help to correct selection bias usually resulted from using non-
randomly selected samples because of self-selection problem in the unit
of analysis or created by researchers during the data generation process
(Heckman, 1979). These models assist to address the shortcomings of
both OLS and Tobit models by modifying the likelihood function and
allow to explore the reasons why the selection problem exist. In this par-
ticular study, Heckman two-stage estimation procedure is used to find
empirical evidence on factors associated with success in adoption and in-
tensity of adoption. Since we are trying to explain intensity of feed adop-
tion as a function of various explanatory variables, where the intensity of
adoption is observed only for households that are only successful, it is im-
portant to find theoretical reasonswhy some households are not success-
ful adopter and have zero intensity of adoption. Therefore, compared to
either OLS or Tobit models, this model can be the best candidate to esti-
mates parameters in the selection and outcome equations. It helps to
use different set of variables and coefficients to determine the probability
of success in adoption and intensity of adoption separately. These vari-
ables may overlap to a point or may be completely different and allow
for greater hypothetical development, as observations may be censored
by some other variables. This permits us to take account of the censoring
process due to the interdependence of success in adoption and intensity
of adoption. Moreover, with Heckman two-stage models, it is possible
to have a theory that specifies why households are not successful,
which could mainly be due to demographic, socioeconomic, biophysical
factors including lack of incentives to continue their adoption activity,
lack of required knowledge, limited resources, and others.

The fourth option is a Double-hurdle model. It is considered as the
modification of both Tobit and Heckman two-stage model and used to
model the selection and outcome decisions sequentially (Akpan et al.,
2012; Mal et al., 2013). Cragg (1971) suggested this model to minimize
the possible limitations of Tobit and Heckman-two stage models. Both
Heckman-two stage and Double hurdle model assume that the selection
and outcome decisions are two-step separate decisions. Nevertheless, in
Double-hurdle model the possible occurrence of zero outcomes in all
sample households (i.e. in our case both successful and unsuccessful
households) are acceptable. Moreover, unlike to Heckman-two stage
model, the presence of the zero outcomes in the outcome decision are
not only considered as the result of selection decision in the first stage
but also due to individuals choice and other random circumstances,
which may not be valid for the specific dataset used in this study
(Aristei and Pieroni, 2008). In contrast to Double-hurdlemodel, Heckman
two-stagemodel assumes the zero outcomes are the result of the first se-
lection stage or the absence of any zero outcomes in the outcomedecision
once the first selection decision stage is passed. Notably, according to
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
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Heckman, only unsuccessful households should have zero intensity of
adoption, which is also true in this dataset. Therefore, based on the nature
of the data and the expected relationships between success in adoption
and intensity of adoption, using Heckman two-stage model is found to
be more appropriate than Double-hurdle model. More importantly, as it
is clearly indicated in the description of the data, the possible occurrence
of selection bias in this study is very high due to the design of the research
and nature of positive deviants in feed adoption. Indeed double hurdle
modelwas also run to check the consistency of the result and the estimat-
ed parameter coefficients' and their significant level are found consistent
with Heckman two-stage model.1

Generally, themain points for the choice of Heckman two-stagemodel
in this paper can be summarized as follows: firstly, since the sample com-
prises only positive deviants in feed technologies adoption and contains
only households that are considered as adopters of feed technologies, the
presence of selection bias created by researchers is highly likely. Secondly,
even among these positive deviants, there are households that stopped
using some of the feed technologies and have zero intensity of adoption
that suggests the presence of systematic relationship between success
and intensity of adoption. Besides, self-selection problem might arise
here due to factors that affect the success of adoption on the one hand
and the intensity of adoption and use on the other hand are unobservable.
In fact asHeckmandemonstrated, if the selectiondecision andoutcomede-
cisions are related, estimating the outcome decision without first estimat-
ing the selectiondecisionwould lead to biased estimates (Heckman, 1979).

2.3. Econometrics framework

As indicated above, the Heckman two-stage model comprises two
separate equations namely the selection and outcome equation
(Heckman, 1979). In the first stage selection equation, the probability of
being selected or included in the sample is estimated using probit or
logit model and in second stage outcome equation, using either tobit or
OLS, main factors associated with the outcome variable are determined
by including the inverseMills ratio, which is obtained from the first selec-
tion equation. The inverse Mills ratio contains information about unob-
served factors that determine the selection decision and helps to control
the zero-censored data in the outcome equation, selection bias. A statisti-
cally significant inverseMills ratio result in the selection equation reflects
the presence of selection bias that suggest the need for considering two
separate models for the selection and outcome decisions.

Accordingly, we followed the following two steps to implement the
Heckman two-stage models: first, the likelihood of households' success
in technology adoption was estimated using probit model, which has
given us an estimate of ‘λ’, inverse Mills ratio or hazard function. Then, in
the second step, factors associatedwith intensity of adoptionwas estimat-
edusing least square regression fordifferent explanatory variablesXi andλ.

The conditional expectedvalue of intensity of feed adoption is givenby:

E Y1ijY2i ¼ 1ð Þ ¼ x0iβ þ ρσλ z0iγ
� � ð1Þ

Where, λðz0iγÞ ¼
φðz0iγÞ
Φðz0iγÞ

, is the inverse Mills ratio.

Given the above equation, the intensity of feed adoptionwasmodeled
as a joint process involving the decision to continue feed adoption and the
decision to diversify feed adoption activities. Let Y1 denote the intensity of
adoption and Y2 success in adoption, which is a dummy variable that
takes value 1 if the farming household is successful and 0 otherwise.

In Eq. (1), x and z are vectors of explanatory variables for the inten-
sity of feed adoption and success of adoption equations respectively.
Then we can write,

Y1i ¼ x0iβ þ σui ð2Þ
1 The result from theDouble-hurdlemodel is not reported here to save space, but can be
made available on request.
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Y1i Intensity of feed adoption, which is observed only when
Y2i = 1.

x Vector of explanatory variable.
σ Is a scale factor.

and,

Y2i ¼ 1 if z0iγ þ εi ≥0
0 if z0iγ þ εib0

�
ð3Þ

Y2i Probability of success
Z Explanatory variables

The joint distribution of (ui,εi) is assumed to be bivariate normal
with zero means, variances equal to 1 and correlation ‘ρ’. When ‘ρ’ is
equal to zero, OLS regression can provide unbiased estimates and it
can be used. But when ‘ρ’ is not equal to zero, OLS regression can give
us biased estimates and using sample selection model like Heckman
two-stage model allows us to include information from the selection
equation improve the parameter estimates in the intensity of adoption
equation. This indicates the possibility of getting consistent and asymp-
totically efficient estimates for all parameters using sample selection
model than the OLS model.

3. Survey design and data description

3.1. Survey Design

The data used for this study is based on a 2006/2007 household sur-
vey in Ethiopia that was conducted by the International Livestock Re-
search Institute (ILRI) in Ethiopia. The study was conducted mainly to
identify successful cases of improved livestock feed technologies use
in the country and assess common factors, processes and organizational
arrangements underpinning the successful cases. Before the household
survey, desk review, reconnaissance survey, and participatory rural ap-
praisal were used to understand forage innovation system, identify pos-
itive deviant households in the country, and design the data collection
instrument. Then the survey was designed to collect information on
household characteristics, resource endowment, feed technology trans-
fer arrangements, social capital andnetworks, household behaviors, and
other related variables that are hypothesized to influence success and
use of livestock feed technologies.

Purposive and stratified sampling techniqueswere used to select the
study samples. Sampling was done based on the result of desk review
and reconnaissance survey. Even though desk review and the recon-
naissance survey results showed that districts with cases of positive de-
viance were distributed across the four regional governments, namely,
the Oromia, Amhara, South Nations and Nationalities People (SNNP)
and Tigray regions, using predefined stratification criteria, variability,
and budget considerations, only three regions were included in the
study. Following the selection of regions, a stratified three-stage cluster
sampling method was adopted to select sample households. At first,
sample list of districts were identified using the stratification criteria
and variability. Then, sample Kebele Administrations (KAs)were purpo-
sively selected by key informants and promoters of improved feed tech-
nologies in the districts where positive deviance was identified. Finally,
feed technology user households were selected randomly from each KA
feed technology users master list developed by KA level key informants
and administrative leaders. Totally, six hundred and three (603) house-
holds were sampled based on the proportion of positive deviant popu-
lation size in each region (Kiggundu, 2007). Finally, the data was
collected using pre-tested structured questionnaire by trained and ex-
perienced enumerators. After data entry and cleaning, the data was an-
alyzed using Stata version 12 statistical package.
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
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3.2. Variable definitions and their description

3.2.1. Improved feed technologies
The term improved feed technologies in this study refers to improved

exotic forage crops, improved indigenous forage crops, improved grazing
pastures, treated crop residues, and other improved commercially
produced livestock feeds. Based on the result of desk review and
reconnaissance survey , the following improved feed technologies are
considered for the study: (i) Browse trees and shrubs such as Tree Lu-
cerne (Cytisus proliferus), Leucaena (Leucaena leucocephala (Lam.)), Pi-
geon pea (Cajanus cajan) and Sesbania sesban; (ii) Herbaceous plant of
the following types:Annual grasses such as oats, Annual legumes such
as Vetch, Cowpea and Lablab, Perennial legumes such as Desmodium,
alfafa (Lucern), Perennial grasses such as Elephant grass (Napier) and
Rhodes grass, and Fodder root crops such fodder beet; (iii) Treated hay,
treated crop residues and improved grazing pasture; and (iv) Concen-
trates (such as those used for dairy ration, mixed locally or at factories)

3.2.2. Dependent variables

Intensity of adoption
Intensity of adoption/use refers to the extent of diverse forage tech-

nologies use among successful positive deviants. It is constructed from
indicators that show households' status in using improved livestock
feed technologies listed above. Specifically it includes planted fodder
trees, planted non-fodder tress/grasses, treated crop residues, improved
grazing lands, purchased green feeds, and purchased concentrates.
These indicators take 1 if the household is using the technology and 0
otherwise. The index was constructed by averaging the total number
of households' use of these technologies.

Success in adoption
As it is indicated above, sample farmers in this study composed of

households who are considered as positive deviants in improved forage
technologies adoption and use in the country. These farmers were identi-
fied by community and local administration based on their previous ex-
perience on using different improved livestock feed technologies; of
Table 1
Description of the independent variables and their expected effect on both dependent variable

Variables Description and type of measure

Education of household head The level of household head education: 0 = Illitera
Change in attitude Change in attitude observed on farmers about feed
Agro-ecology The area where the household reside and undertak
Distance from district center The distance of household residence from the near
Livestock herd size Number of livestock owned by the household mea

estimation procedure
Land size Total amount of private land owned by the househ
Off-farm income The household has off-farm income source: 1 = Ye
Intensity of collaboration in feed
technology adoption

A compositea indicator constructed from househol
investors, livestock traders, seed companies/seed p
village level organizations, credit and financial inst

Membership in dairy cooperative The household is member of diary cooperatives:
1 = Yes; 0 = No

Active labor force Total number of family members who can particip
Willing to invest more on feed The household is willing to invest more on feed tec
Membership in multipurpose
cooperative

The household is member of multi-purpose cooper

Access to feed technology with
packages

A compositea indicator constructed from variables
different input packages such as credit, training/fo

Exercise in utilizing feed technology The household has exercised utilizing feed technol
Diversify use of fodder trees A compositea indicator constructed from variable s

fencing, wood, construction material, soil conserva
Training The sum of normalized values of households' parti

services given by government and nongovernmen
Livestock management system The type of livestock management system practice
Engagement in livestock farm
enterprises

A compositea indicator constructed from variables
and fattening of sheep and goat.

a Composite variables are constructed from by averaging the total values of dummy indicato
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course, the length of their experiencemay also vary from location to loca-
tion. However, adoption of agricultural technologies is a continuous pro-
cess that may be affected by change in farmers' social, behavioral,
economic, and environmental circumstances (William, 1983; Tura et al.,
2010; Pannell et al., 2006). Therefore, based on their technologies use sta-
tus during the studyperiod, in this particular study,while success in adop-
tion refers to the adoption and continued use of feed technologies,
unsuccessful adoption refers to the discontinuation of utilizing technolo-
gies after adopting for some time in the past. Hence, those positive devi-
ant farmers who have been continuously using the technologies since
they adopted for the first time are considered as successful adopters. On
the other hand, those positive deviant farmers who adopted any of the
technologies once or several times in the past and then stopped the prac-
tice later due to different constraints are considered as unsuccessful
adopters. Moreover, positive deviant farmerswho planted improved live-
stock feed in their farms but have stopped utilizing them as livestock feed
are also considered as unsuccessful adopters. This definition helps to dis-
tinguish farmerswhohave never tried the technologies, have tried a tech-
nology and triggered to stop the practice due to different reasons, and
those who are continuously using the technologies for the intended pur-
poses. Nevertheless, in many studies, farmers who have never tried the
technologies and those who adopted and stopped the practices are treat-
ed as “non-adopters,” which may conceal the important difference be-
tween these two groups. The variable that indicates success in adoption
is dummy, which was constructed from households' response on the uti-
lization status of the identified improved feed technologies.

3.2.3. Independent Variables
Based on theoretical and empirical literatures review, variables that

capture individual socio-economic characteristics and spatial differ-
ences are identified to find possible explanation for the observed suc-
cess and intensity of adoption. The description and expected effect of
these variables on the success and intensity of adoption is presented
Table 1. Accordingly, the expected signs (+ or –) of the coefficients as-
sociated with the variables are also given in the third column of Table 1,
where it is not possible to set the expected sign of coefficients, it is indi-
cated as ‘unknown’.
s.

Expected
sign

te; 1 = Elementary; 2 = Junior Secondary and High School +
technologies use: 1 = Yes; 0 = No +
e farming activities: 1 = Midland; 0 = Highland. unknown
est district center in Km −
sured in TLU based on FAO (Food and Agricultural Organization) +

old in (Ha) +
s; 0 = No unknown
d collaboration with peasant farmers, commercial farmers/private
roducing farmers, research institutes, government development agents,
itutions, and NGOs.

+

+

ate in agricultural activities +
hnologies in the future 1 = Yes; 0 = No +
atives 1 = Yes; 0 = No +

indicating if the household was introduced to feed technologies with
llow up, enterprise development, traders' connection, and others.

+

ogies: 1 = Yes 0 = No +
howing if the household uses fodder trees for multiple purposes such as
tion, feed, and sale/income generation.

+

cipation in livestock feed technologies related training and extension
t organizations.

+

d by the household: 0 = Open Grazing, 1 = Mixed, 2 = Cut and Carry. unknown
that indicate households engagement in dairy farming, fattening of cattle, +

rs that have values either 1 or 0.
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Table 3
Descriptive summary and chi-square test for categorical explanatory variables used in
Heckman two-stage model.

Variables Category Unsuccessful Successful Chi-square

Membership in dairy
cooperatives

No 98.7a 77.8b 9.214⁎⁎⁎

Yes 1.3a 22.2b
Membership in multipurpose
cooperatives

No 14.5a 5.3b 18.408⁎⁎⁎

Yes 85.5a 94.7b
Agro-ecology Highland 38.7a 50.5a 3.662⁎

Midland 61.3a 49.5a
Livestock management system Open

grazing
23.7a 10.2b 11.496⁎⁎⁎

Mixed
Type

69.7a 80.8b

Cut and
carry

6.6a 8.9a

Change in attitude No 69.7a 17.8b 97.05⁎⁎⁎

Yes 30.3a 82.2b
Exercise in utilizing improved
feed technologies

No 90.8a 26.0b 123.97⁎⁎⁎

Yes 9.2a 74.0b
Willing to invest in feed
innovation

No 26.3a 21.3a 0.9666
Yes 73.7a 78.7a

Education: Illiterate No 77.6a 87.1b 4.914⁎⁎

Yes 22.4a 12.9b
Elementary & Junior No 31.6a 28.1a 0.398

Yes 68.4a 71.9a
Secondary No 90.8a 84.8a 1.917

Yes 9.2a 15.2a
Off-farm income source No 59.2a 56.4a 0.220

Yes 40.8a 43.6a

Note: Values in the same row and subtable not sharing the same subscript are significantly
different at p b 0.05 in the two-sided test of equality for column proportions.
⁎⁎⁎ Significant at 1%.
⁎⁎ Significant at 5%.
⁎ Significant at 10%.
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4. Results and discussion

4.1. Descriptive statistics

Table 2 presents the t-test for mean of continuous explanatory vari-
ables by success of adoption for the sample households. It contains 13%
unsuccessful adopters and 87% successful adopters of feed technologies.
Significant differences between the mean values of successful and un-
successful adopters are observed for land size, training, livestock herd
size, diversity of feed use, engagement in farm enterprise activities, dis-
tance to nearest district center, active labor force, and intensity of col-
laboration. This suggests the existence of possible association between
household success in feed technology adoption and different demo-
graphic and socio-economic variables (Table 2). For instance, successful
adopters have 36.4% higher land size than unsuccessful adopters and, on
average; they took training three times than unsuccessful adopters did.
Similarly, successful adopters had five times higher access of feed tech-
nologies with packages than unsuccessful adopters and they had 71.4%
more intensity of collaboration/network than unsuccessful adopters.
Moreover, relatively unsuccessful adopters found further from the dis-
trict center than successful adopters. In general, higher mean values
for indicators such as land size, training, collaboration, and livestock
herd size indicate the contribution of these factors for success in adop-
tion (Table 2).

Table 3 presents the chi-square test to compare proportion of cate-
gorical variables by success status and chi-square test to assess the pres-
ence of significant association between categorical explanatory
variables and success status of households. Differences in proportions
of categorical variables between successful and unsuccessful positive
deviants are observed (Table 3). For example, the proportions of house-
holdswhoaremember of dairy ormultipurpose cooperatives are higher
in successful adopters than unsuccessful adopters. Likewise, the propor-
tions of households that use mixed and cut and carry system are higher
in successful adopters than unsuccessful. Higher proportions of attitudi-
nal change and exercise in utilizing improved feed technologies are also
observed among successful households than unsuccessful. Statistically
significant relationships are also observed between success status of
households and membership in dairy cooperatives, membership in
multipurpose cooperatives, livestock management systems, attitudinal
change, exercise in utilizing feed technologies, and education level of
household head (Table 3). Results from the z and chi-square test also
suggest the presence of possible relationships between these categorical
variables and success status of households.

4.2. Determinants of success in feed technology use

This section presents the results of Heckman first stage probit selec-
tion model for identifying factors associated with success in improved
feed technologies adoption (Table 4). This model helps to determine
the likelihood of success in feed adoption among the positive deviants.
Table 2
Descriptive summary and t-test for continuous explanatory variables used in Heckman two-st

Unsuccessful

Mean St. Min.

Land size 1.18a 0.88 0.00
Training 0.10a 0.21 0.00
Engagement in farm enterprises 0.19a 0.19 0.00
Diversity of fodder technology use 0.01a 0.12 0.00
Intensity of collaboration 0.049a 0.098 0.00
Livestock herd size 4.00a 2.24 0.27
Active labor force 3.00a 1.00 1.00
Distance to district center 8.37a 4.86 0.05
Access to feed technology with packages 0.02a 0.06 0.00

Note: Values in the same row and sub-table not sharing the same subscript are significantly differe
Standard deviation; Min =Minimum; Max =Maximum; Med. =Median.
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The likelihood function form the Heckman probit model is statistically
significant (p b 0.000), showing strong explanatory power of the inde-
pendent variables.

The lambda coefficient from the selection equation has negative
value (−3.27) and it is significantly different from zero at 1% significant
level, which confirms the presence of selection bias in the sample
(Table 4). This indicates that the error terms of the selectionmodel, suc-
cess in feed adoption and the outcome model, intensity of feed adop-
tion, are negatively correlated suggesting unobserved factors that
make success of feed adoption are more likely to be associated with
lower intensity in feed adoption. Therefore, using OLS or Tobit method
to identify factors associated with intensity of feed adoption would
give us biased estimates and the decision to use Heckman two-stage
model is appropriate for this particular data. The Marginal effect (dy/
dx) reported represents the change in probability of success to a unit
change in the continuous independent variables and a change in the
probability of success for discrete change of dummyvariable from0 to 1.
age model.

Successful

Max. Med. Mean. St. Min. Max. Med.

4.00 1.0 1.61b 1.26 0.00 8.00 1.50
1.33 0.00 0.31b 0.30 0.00 2.00 0.33
0.67 0.33 0.41b 0.32 0.00 1.00 0.33
1.00 0.00 0.45b 0.35 0.00 1.00 0.50
0.429 0.00 .084b 0.13 0.00 0.71 0.00
9.50 3.70 6.86b 5.63 0.20 57.00 5.62
6.00 3.00 4.0b 2.00 1.00 13.00 3.00
20.0 8.00 6.85b 4.57 0.02 25.00 6.00
0.40 0.00 0.12b 0.21 0.00 1.00 0.00

nt at p b 0.05 in the two-sided test of equality formeans. Tests assume equal variances. St. =
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Table 4
Heckman first stage model for determinants of success in feed technologies adoption.

Independent variables Coef. Std.
Err.

z Dy/dx

Change in attitude 0.0764 0.2336 0.33 0.0020
Multipurpose cooperative membership 0.6621 0.3025 2.19⁎⁎ 0.0335
Livestock herd size 0.1265 0.0399 3.17⁎⁎⁎ 0.0032
Off-farm income source −0.1640 0.1911 −0.86 −0.0043
Diversify use of fodder technology 2.9711 0.7136 4.16⁎⁎⁎ 0.0756
Training 0.6200 0.4070 1.52 0.0158
Education: Elementary & Junior 0.4060 0.2393 1.70⁎ 0.0130
Secondary 0.6749 0.3470 1.94⁎ 0.0105
Exercise in utilizing feed technology 0.6847 0.3166 2.16⁎⁎ 0.0244
Distance to district center −0.0817 0.0207 −3.95⁎⁎ −0.0021
Agro-Ecology: Midland −0.0350 0.2275 −0.15 −0.0009
Cons −0.6709 0.4999 −1.34
lambda (Mills) −0.1405 0.0429 −3.27⁎⁎⁎

Coef = Coefficient; Std. Err = Standard Error.
⁎⁎⁎ significant at 1%.
⁎⁎ significant at 5%.
⁎ significant at 10%.
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The results of the model indicate that the probability of households'
success in feed adoption is positively and significantly affected bymem-
bership in multipurpose cooperatives, livestock herd size, diverse use of
fodder technologies, education of the head, and exercise in utilizing feed
technologies. In most similar studies, cooperative membership is re-
ported as oneof the important factors for technology adoption. A review
that examined experiences from 21 cases on agricultural innovation in
Africa highlights the presence of strong relation between membership
in farmers' organizations and adoption of technologies (Adekunle
et al., 2012). Moreover, studies by Abebaw and Haile (2013) and
Verhofstadt and Maertens (2013) also suggest that cooperative mem-
bership has positive impact on the adoption of agricultural technologies.
Farmers who are member of cooperatives may have better access to
continuous input supply, training and information, loan and other re-
sources that enhance their capability for success in adoption. In addi-
tion, farmers' group formation in the form of cooperatives may
increase their bargaining power when dealing with input suppliers
and output users and allow them to share risks collectively that contrib-
ute to their success in using technologies.

Positive and significant relationship is observed between livestock
herd size and success in adoption of technologies. This suggests that rel-
atively householdswho have large size of herds havemore likelihood to
continue using feed technologies thanothersmostly to fulfil the amount
of feed required for their animals. This can also be attributed to econom-
ics of size where households with larger herd sizemay afford to contin-
ue using more capital and labor-intensive technologies relatively with
less technical and practical constraints than others can. Other similar
studies have also found positive and significant relationship between
technology adoption and herd size measured by total livestock units
(Asfaw et al., 2011; Kotu et al., 2000; Simtowe et al., 2011; Shikur and
Beshah, 2013). Livestock herd size can also indicate the wealth status
of households, and hence relatively wealthier households may be
more successful adopters than poor households due to better access to
fodder crop seeds and other inputs (Jera and Ajayi, 2008). In addition,
households who own different livestock species may need different
types of feeds that can be grown and managed in various ways to
meet the demand of their livestock, as traditional grazing does not pro-
vide adequate supply of feed, and consequently improve their likeli-
hood of success in adoption.

Education of household head has positive and significant effect on
success of feed technologies adoption. Households whose head have
completed elementary or junior and secondary education have more
probability of success than those householdswhohad no any education.
Farmerswhohave higher education level have better access to informa-
tion relevant for adoption of technologies than others do. Education can
develop farmers' intellect and improve their analytical power to assess
Please cite this article as: Birhanu,M.Y., et al., Determinants of success and i
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the benefits of technologies and helps tomake relatively better decision.
Mostly decisions in technology adoption and use are continuous pro-
cesses that may be changed based on knowledge and information
level of the decision maker at different times. Moreover, knowledge
and information obtained from different sources decrease farmers risk
aversion nature that implicitly increase farmers' success in adoption
(John et al., 2003). Similar findings were also reported in studies con-
ducted to identify factors that affect adoption of different agricultural
technologies (Gebremedhin et al., 2003; Lapar and Ehui, 2003; Krishna
et al., 2008; Uaiene, 2011).

The marginal effect of exercise in utilizing feed technologies, which
indicates farmers experience in feed production and provision to live-
stock, tells us farming households who have experience in using im-
proved feeds for their livestock are more successful adopter than
others. Having experience in feed production and utilization improves
farmers' agronomic skills for future production and builds their confi-
dence on the expected return. However, unlike to food crops, return
from livestock feeds cannot be immediately realized. Mostly it is fully
perceived from livestock products after feeding the animals. For re-
source constrained smallholder farmers, this might be a challenge to
continue in adoption as the return from other alternative investments
such as crop production could be realized immediately. This suggests
the need for raising farmers' awareness about the expected return
fromadoption of feed technologies, supported by a good economic anal-
ysis, to enhance success in adoption. Similarly, although statistically sig-
nificant relationships are not observed, the effects of attitudinal change
and training on success of adoption are positive highlighting the contri-
bution farmers' perception change on success of adoption.

Distance from district center has negative and significant effect on
success of feed technologies adoption. Households near to the district
centers are more successful adopters than those who are far from the
district centers. In most developing countries, because of poor infra-
structures and limited access to institutions, pertinent services for pro-
duction and marketing decisions are mainly available in district
centers. Mostly agricultural offices, non-governmental organizations
working in input supply and capacity building, and other institutions
and service providers involved in agricultural development and support
programs are found in the district centers. Therefore, those households
who are near to the district centers may have better access to different
farming related services and information than others have. Better access
to institutions andmarketing centers would facilitate transactions of in-
puts/output and create opportunities for collaboration and networking
that contribute continued utilization of technologies. On the other
hand, households living very far from the district centers may incur
higher transaction cost to access both input and output markets,
which may affect their success in adoption. Other researchers have
also reported that an increase in distance from demand centers
decreases the profitability of feed technologies by increasing the trans-
action costs, which in turn decreases adoption of feed technologies
(Gebremedhin et al., 2003).

4.3. Determinants of intensity of feed technologies use

In the second stage of Heckman estimation procedure, we tried to
model the determinants of farming households' intensity of improved
feed technology adoption. The inverse Mills ratio, which is estimated
from the first stage selection model, is included as explanatory variable
in this model to control the effect of possible selection bias while esti-
mating parameters. As noted above, the inverseMills ratio is statistically
significant indicating the presence of strong evidence on unobserved
factors that determine success in adoption in the first selection stage
would affect the intensity of adoption in the second stage. Therefore, it
is possible to conclude that, for this particular data, the two-stage esti-
mation procedures may offer an interesting framework to understand
households' intensity of adoption than other candidate estimation pro-
cedures. Accordingly, on Table 5 the specification results for the
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
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Table 5
Heckman second stage outcome model for determinant of intensity of feed adoption.

Independent variables Coef. Std.
Err

Z Dy/dx

Intensity of collaborations 0.1409 0.0620 2.27⁎⁎* 0.1395
Land size 0.0029 0.0074 0.39 0.0029
Active labor force 0.0002 0.0048 0.04 0.0002
Access to feed technologies with
packages

0.2315 0.0396 5.85⁎⁎⁎ 0.2294

Willing to invest more in feed 0.0456 0.0192 2.37⁎⁎ 0.0452
Engagement in livestock farm
enterprises

0.1390 0.0258 5.39⁎⁎⁎ 0.1376

Diversify use of fodder technologies 0.0776 0.0307 2.52⁎⁎ 0.1368
Training 0.0763 0.0286 2.67⁎⁎⁎ 0.0881
Livestock management: Cut and carry 0.0809 0.0362 2.24⁎⁎ 0.0802
Mixed 0.0523 0.0254 2.06⁎⁎ 0.0518
Dairy cooperative membership 0.0787 0.0204 3.86⁎⁎⁎ 0.0779
Livestock herd size 0.0022 0.0017 1.32 0.0048
Agro-ecology −0.0453 0.0175 −2.59⁎⁎ −0.0456
Cons 0.2263 0.0407 5.56⁎⁎⁎ 0.0016

Coef = Coefficient; Std. Err = Standard Error.
⁎⁎⁎ significant at 1%
⁎⁎ significant at 5%
⁎ significant at 10%
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determinant of intensity of feed technologies adoption are presented.
The empirical model results indicate that intensity of adoption could
be affected by social, economic, environmental, and behavioral related
factors of the households.

Households who have collaboration or network with other stake-
holders may tend to grow different types of fodder technologies than
others. Intensity of households' collaboration, which indicates their so-
cial capital/network, has positive and significant effect on intensity of
adoption. Farmers' collaborationwith peasant association, peer farmers,
village level organization, and development agents has enormous con-
tribution to the adoption of technologies, as it facilitates knowledge
and information exchange among groups that have common interest.
The marginal estimate for collaboration indicates that a unit increase
in collaboration index will increase intensity of adoption by 13.95%
(Table 5). This is because mostly farmers who have good collaboration
or networks have better access to information, new technologies, in-
puts, and others services that could ultimately increases their tendency
to adopt more technologies. In addition, having wider collaboration
with governmental and non-governmental institutions such as seed
companies, research institutes, religious institutions, and traders
would increase the likelihood of farmers to access technologies and
other allied services that may increase their probability to adopt diverse
technologies. Moreover, collaboration can help farmers to establish
partnerships with different actors for the provision of services such as
research, extension, training, credit and savings schemes, and lobbying.
Other researchers (Asfaw et al., 2011; Uaiene, 2011; Adekunle et al.,
2012; Ayele et al., 2012) have also indicated that widespread adoption
of technologies involves higher level of collaboration among all actors,
which indicates the need for individual and collective capabilities to cre-
ate enabling conditions, improving access to diverse resources and ideas
for intensified adoption. In general, this implies that successful adoption
of improved technologies is not only the result of simple linear transfer
of technologies from extension workers/researchers to farmers but also
the result of farmers' interaction and network with various actors and
their environment (Lapple et al., 2015; Magurie, 2012). In other
words, widespread adoption of agricultural technologies are the result
of interactions between farmers, researchers, extension workers, devel-
opment partners, financial institutions, and other stakeholders working
in related activities.

Likewise, membership inmultipurpose cooperatives in the selection
model above, households who are member of dairy cooperatives have
8% more intensity of adoption than others (Table 5). Improved feed
technologies are one of the components of dairy technology and,
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hence, householdswho aremember of dairy cooperative have better ac-
cess to forage seeds, training related to feed production and manage-
ment, credit and other inputs that improve their intensified adoption
capacity. Moreover, dairy cooperative members may have better access
tomarket for their products thatmay in turn increases their demand for
new technologies and improves adoption capability. Usually farmers
who are involved in similar agricultural activities could collaborate
with other peer farmers to access information, identify opportunities,
and share common visions that improve their intensity adoption.
Other similar studies have also reported the positive contribution of
dairy cooperative membership for wider adoption of livestock feed
technologies (Jera and Ajayi, 2008; Ayele et al., 2012).

Access to improved forage seedswith different packages has positive
and significant associationwith intensity of feed adoption. Themarginal
effect shows that a unit increase in availability of improved forage seed
with different packages increases intensity of adoption by 23% (Table 5).
This suggests that the contribution of other allied packages such as cred-
it, follow up, training on related issues like enterprises development,
and connection with trades are vital for intensity of feed technology
adoption. For instance, experience from India (Mahajan and
Vasumathi, 2012) indicates that under Agricultural, Livestock, and En-
terprise Development Services, provision of technologies with credit
service improved farmers adoption of new technologies in crop, live-
stock and other non-farm activities. This shows the direct contribution
of allied services from different sources on technological change and
adoption. As indicated by Sunding and Zilberman (2000), the introduc-
tion of new technologies may increase demand for complementary in-
puts. However, smallholder farmer may not easily access these inputs
due to various reasons. Therefore, when farmers have limited access
to these inputs, intensified adoption will be constrained. Furthermore,
if improved technologies are provided with appropriate training and
follow up services, their likelihood of success is usually high.

The roles of agricultural knowledge, information, and skills in
supporting innovation are enormous. The result of this study also
shows that farmers who have taken more number of trainings from
government and non-governmental organizations on feed technologies
production and maintenance adopted high number of technologies
than others. Themarginal effect indicates that a unit increase in intensi-
ty of training increases intensity of adoption by 8.8% (Table 5). Similarly,
a case study conducted by Kumar et al. (2013) shows that training given
to farmers on cattle feed consumption and technology adoption signifi-
cantly increased adoption of feed technologies in India. Through train-
ing, farmers can get information about nature of technologies, their
management and expected benefits, which helps to develop their confi-
dence on the validity of the technologies and improves their decision to
adopt. Moreover, better access to information through training and for-
mal education can also improves farmers' adoption capacity by creating
effective demand for technologies (Ayele et al., 2012). Nevertheless, due
to infrastructural and other institutional constraints,mostly smallholder
farmers in developing countries have limited access to training on
technologies and other related farming activities. This is mainly attrib-
uted to market failures and shows the significant contribution of gov-
ernmental and non-governmental organizations in building farmers
capacity through training to enhance intensified adoption of agricultur-
al technologies.

Significant association between type of livestock management sys-
tem and intensity of feed adoption is found in this study. Households
who practice cut and carry system and mixed system are more likely
to adopt diverse technologies than those who are using open grazing
system. Likewise, relatively to mixed system users, households who
use cut and carry system have more likelihood to adopt different feed
technologies. The relation between livestock management system and
intensity of adoption can be partly explained by the change in small-
holder land holding and management system. Due to decrease in
amount of land holding resulted from ever-increasing population
growth, smallholder farmers in developing countries are being forced
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
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to move from free/open grazing system to cut and carry system, where
the animals are kept in a shed or pen and feed is given to them based on
their requirement. This would create high demand for feeds and require
the availability of quality forages andnutritious feed supplements to ful-
fil the energy and dietary requirement of animals,which in turn encour-
ages farmers to adopt more improved feed technologies than ever.

The profitability livestock enterprises mainly depend on the quality
of feed provided to the animals that can be achieved through intensified
use improved feed technologies. The result of this study also shows that
farming households that are engaging in livestock enterprises such as
dairy farming, fattening of cattle, and fattening of sheep or goat have
more intensity of adoption than others do. Similarly, other studies in de-
veloping countries also show thatmarket oriented livestock farming ac-
tivities that optimize production help to enhance adoption of forage
technologies (Ayele et al., 2012). The reason behind this association is
not implicit; to become productive and profitable in a very short period,
most of such type of enterprises should be intensive in their nature and
need to use high inputs such as improved feed technologies to meet the
dietary requirements of animals. For example, a study that assessed the
potential role of perennial pasture in mixed crop livestock farming sys-
tem of Australia shows that Lucerne improves the profitability of sheep
meat enterprises largely compared to the wool enterprises primarily
due to the better matching of supply and demand for animal energy re-
quirements (Byrne et al., 2010). This suggests that farmers' linkage to
market oriented production system would improve widespread adop-
tion of forage technologies.

Households who are willing to invest more in feed crops in the fu-
ture have adopted more technologies than others have. This variable
simply indicates farmers' perception about technologies that may be
the result of previous training and experience in using technologies
and realizing their benefits. Farmers usually decide to adopt more in
the future if they believe that the technologies can meet their expecta-
tion. For instance, a worldwide assessment on tropical legumes shows
that meeting the needs of farmers was the most significant factor lead-
ing to successful uptake of tropical forage legume technologies in differ-
ent countries (Shelton et al., 2005). Of course, once farmers realized the
benefits of technologies, it will not be difficult for them to continue
using the technologies they have and adopt other new technologies.
On the other hand, farmerswhohave positive attitude on different tech-
nologies can contribute for successful technology demonstration and
dissemination efforts as they can easily convince their peer farmers on
the benefits associated with adoption.

Farmers usually consider their multiple objective when they are
making agricultural related decisions. Likewise, in this study also, diver-
sity of fodder use is found to be one of themost important variables that
affects both success and intensity of adoption. It is positively and signif-
icantly associated with success and intensity of adoption (Table 4 &
Table 5). Farming households who are using fodder crops for multiple
purposes such as feed, income generation, soil and water conservation,
fencing, woods, and construction material are more successful and in-
tensified user of technologies than others are. Previous studies on suc-
cess and intensity of feed adoption have also examined that
multipurpose legume fodder crops were adopted more than other fod-
der crops (Lapar and Ehui, 2003; Shelton et al., 2005; Tarawali et al.,
2005). Because of limited land, labor and other resources, usually
farmers prefer to maximize their returns by using multipurpose fodder
crops than others. Themain implication here is that for successful adop-
tion and diverse use of feed technologies, multiple benefits of technolo-
gies can be considers as the source of incentive to enhance adoption
especially in the context of resource poor smallholder farming
households.

Agro-ecology also plays an important role to intensify adoption of
feed technologies in most developing countries. Farming households
living in different agro-ecological settings may employ different adop-
tion strategies for various technologies. The marginal effect for change
in agro-ecology tells us that being located in midland area has negative
Please cite this article as: Birhanu,M.Y., et al., Determinants of success and i
positive deviance perspectiv..., Technol. Forecast. Soc. Change (2016), http
and significant relationship with intensity of adoption than being locat-
ed in the high land area (Table 5). That means, farming households who
are living in midland areas have less intensity of using improved feed
technologies than those living in the highland areas, whichmaybe asso-
ciatedwith either availability of feed, relativemoisture stress inmidland
areas to grow planted forage technologies or shortage of available feed
technologies appropriate for midland areas (Franzel et al., 2014). The
strong association between agro-ecology and intensity of adoption
could also be due to the result ofmore technology demonstration or dis-
semination efforts made in the highland areas than midland areas.
Other similar research findings have also indicated that agro-ecology
is one of the important factors that affect intensity of adoption of agri-
cultural technologies (Nicholson et al., 1999; Jera and Ajayi, 2008).
This suggests that adoption of technologies is not only affected by
household and socio-economic factors but also by biophysical factors,
which indicates the need for considering agro-ecological setting when
developing strategies for developing and dissemination of agricultural
technologies in the future.

5. Conclusion and policy implication

Factors associated with intensity of livestock feed technologies
adoption are assessed using household level data from positive devi-
ants' in improved feed technologies use in Ethiopia. This study shows
that when there is limited adoption and few pockets of success in im-
proved technology use, compared to themost commonly reported con-
ventional adoption rate studies, positive deviant approach would help
to go one-step further and understand the underlying factors and prin-
ciples behind the observed successes in adoption. This approach can
also reveal the organizing process, possible entry points, and the roles
of actors for promoting pro-poor livestock feed technologies adoption
especially in developing countries.

Results of the empirical analysis show that adoption and intensified
use of improved livestock feed technologies are not the result of simple
linear relation between farmers and extension agents but it is an intri-
cate process resulted from the interactions of economic, social, behav-
ioral, and environmental factors. Moreover, intensity of adoption is
influenced by success in adoption which in turn mainly affected by na-
ture of technologies, extent of households social capital, households
perception on technologies, farming experience, and location of house-
holds. Compared to the most commonly reported household farm size
indicators such as land size, herd size, and family size, evidences from
this study show that households' enabling factors including training, ac-
cess to technologies and inputs, and farmers' social capital are found to
have significant effect on households intensity of use. Unlike to farm
size indicators, which may need changes in economic and social struc-
ture, these factors could easily enhance intensified use of technologies
within short period by improving the capacity of farmers and their ac-
cess to inputs and technologies. Similarly, households behavior related
indicators such as diversity of forage technology use, engagement in
livestock related enterprises, livestock management system, and will-
ingness to investmore in feed technologies in the future, which are usu-
ally resulted from evidence-based practices, are also found to be the
most important factors for intensified adoption. This shows that house-
hold enabling and behavioral factors should be exploited in the process
of identifying suitable entry strategy for promoting wider use of tech-
nologies and toward enhancing the production and productivity of live-
stock sector in developing countries. Moreover, the strong relation
observed between intensity of adoption and farmers' social capital is a
good evidence on the importance of building local coalition for intensi-
fied use of improved technologies. This also implies that success and in-
tensified use of improved technologies are also the result of social
processes that need the contribution of various actors either in the
form network or in collaboration. Furthermore, actors involved in pro-
moting improve technologies are expected to reframe their habits and
practices and enhance the participation and collaboration of different
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
://dx.doi.org/10.1016/j.techfore.2016.09.010
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partners. The study would also underline the important roles of appro-
priate institutional arrangements and support system for promoting
multi-stakeholder platforms to enhance learning and innovation in
technology adoption.

Acknowledgement

The studywas conducted by the then Innovation in Livestock System
Research Team of International Livestock Research Institute (ILRI). The
data was obtained while the authors were working as part of the re-
search team. Hence, the authors are indebted to ILRI and all individual
who contributed in designing of the study, data collection, and data
management activities. Special acknowledgement will goes to Rose
Kiggundu who initiated the research idea and led the data collection.

References

Abebaw, D., Haile, M., 2013. The impact of cooperatives on agricultural technology adop-
tion: empirical evidence from Ethiopia. Food Policy 38, 82–91.

Adekunle, A.A., Ellis-Jones, J., Ajibefun, I., Nyikal, R.A., Bangali, S., Fatunbi, O., Ange, A.,
2012. Agricultural innovation in sub-Saharan Africa: experiences from multiple-
stakeholder approaches. Forum for Agricultural Research in Africa (FARA). Ghana,
Accra.

Adugna, T., Alemu, Y., Alemayehu, M., Dawit, A., Diriba, G., Getnet, A., Lemma, G., Seyoum,
B., Yirdaw, W., 2012. Livestock feed resources in Ethiopia: challenges, opportunities
and the need for transformation. National Feed Committee Report, Ethiopian Animal
Feed Industry Association (EAFIA) and theMinistry of Agriculture and Rural Develop-
ment (MoARD). Ethiopia, Addis Ababa.

Akpan, S.B., Nkanta, V.S., Essien, U.A., 2012. A double-hurdle model of fertilizer
adoption and optimum use among farmers in southern Nigeria. Tropicultura 30 (4),
249–253.

Akudugu, M.A., Guo, E., Dadzie, S., 2012. Adoption of modern agricultural production
technologies by farm households in Ghana: what factors influence their decisions?
J. Biol. Agric. Healthcare 2 (3), 1–13.

Aristei, D., Pieroni, L., 2008. A double-hurdle approach to modelling tobacco consumption
in Italy. Appl. Econ. 40 (19), 2463–2476.

Asfaw, S., Shiferaw, B., Simtowe, F., Haile, M.K., 2011. Agricultural technology adoption,
seed access constraints and commercialization in Ethiopia. J. Dev. Agric. Econ. 3 (9),
436–447.

Ayele, S., Duncan, A., Larbi, A., Khanh, T., 2012. Enhancing innovation in livestock value
chains through networks: lessons from fodder innovation case studies in developing
countries. Sci. Public Policy 39, 333–346.

Bassa, Z., 2016. Determinants of improved forages adoption in Doyogena district of
Kembata Tembaro Zone, in Southern Nations, Nationalities Regional State, Ethiopia.
Glob. J. Sci. Front. Res. D Agric. Vet. 16.

Besely, T., Case, A., 1993. Modeling technology adoption in developing countries. New
Dev. Dev. 83 (2), 396–402.

Beshir, H., 2013. Factors affecting the adoption and intensity of use of improved fodders in
north east highlands of Ethiopia. Am. J. Exp. Agric. 4 (1), 12–27 (J. Livet. Prod, 4(8):
113–127.).

Bouton, J., 2007. The economic benefits of forage improvement in the United States.
Euphytica 154, 263–270.

Byrne, F., Robertson, M.J., Bathgate, A., Hoque, Z., 2010. Factors influencing potential scale
of adoption of a perennial pasture in a mixed crop-livestock farming system. Agric.
Syst. 103, 453–462.

Cragg, J.G., 1971. Some statistical models for limited dependent variables with application
to the demand for durable goods. Econometrica 39, 829–844.

CSA (Central Statistical Agency), 2015. Agricultural Sample Survey 2014/15 [2007 E.C.]:
Livestock and Livestock Characteristics (Private Peasant Holdings). Central Statistical
Agency, Addis Ababa.

Davis, K., Swanson, B., Amudavi, D., Mekonnen, D.A., Flohrs, A., Riese, J., Lamb, C., Zerfu, E.,
2010. In-Depth Assessment of the Public Agricultural Extension System of Ethiopia
and Recommendations for Improvement, IFPRI Discussion Paper, 01041, Eastern
and Southern Africa Regional Office, Addis Ababa.

Dubin, J.A., Douglas, R., 1989. Selection bias in linear regression, logit and probit models.
Sociol. Methods Res. 18 (2/3), 360–390.

Entz, M.H., Baron, V.S., Carr, P.M., Meyer, D.W., Smith, S.R., McCaughey,W.P., 2002. Poten-
tial of forages to diversify cropping systems in the northern great plains. Agron. J. 94,
240–250.

Fowles, E.R., Hendricks, J.A., Walker, L.O., 2005. Identifying healthy eating strategies in
low-income pregnant women: applying a positive deviance model. Healthcare
Women Int. 26 (9), 807–820.

Franzel, S., Carsan, S., Lukuyu, B., 2014. Fodder trees for improving livestock productivity
and smallholder livelihoods in Africa. Curr. Opin. Environ. Sustain. 6, 98–103.

Fufa, B., Hassan, R.M., 2006. Determinants of fertilizer use on maize in Eastern Ethiopia: a
weighted endogenous sampling analysis of the extent and intensity of adoption.
Agrekon 45 (1), 38–49.

Fuglie, K., Wang, S.L., 2012. Productivity growth in global agriculture shifting to develop-
ing countries. Choices 27 (4), 1–7.

Gebremedhin, B., Swinton, S., 2003. Investment in soil conservation in northern Ethiopia:
the role of land tenure security and public programs. Agric. Econ. 29, 69–84.
Please cite this article as: Birhanu,M.Y., et al., Determinants of success and i
positive deviance perspectiv..., Technol. Forecast. Soc. Change (2016), http
Gebremedhin, B., Ahmed, M.M., Ehui, S.K., 2003. Determinants of adoption of improved
fodder technologies in crop–livestock mixed systems: evidence from the highlands
of Ethiopia. Trop. Grassl. 37, 262–273.

Greene, W., 2011. Econometric Analysis. New York University.
He, X.F., Cao, H., Li, F.M., 2007. Econometric analysis of the determinants of adoption of

rainwater harvesting and supplementary irrigation technology (RHSIT) in the semi-
arid Loess Plateau of China. Agric. Water Manag. 8 (9), 243–250.

Heckman, J., 1979. Sample selection bias as a specification error. Econometrica 47 (1),
153–161.

Ibrahim, M., Florkowski, W.J., Kolavalli, S., 2012. The determinants of farmer adoption of
improved peanut varieties and their impact on farm income: evidence fromNorthern
Ghana. Paper Presented for the Agricultural and Applied Economics Association An-
nual Meeting.

Jera, R., Ajayi, O.C., 2008. Logistic modeling of smallholder livestock farmers' adoption of
tree-based fodder technology in Zimbabwe. Agrekon 47 (3), 379–392.

John, K., Sharada, W., Tassew, W., 2003. The role of education in facilitating risk-taking
and innovation in agriculture. J. Dev. Stud. 39 (6), 1–22.

Kiggundu, R. 2007. A Guide to the Study of Positive Deviance in the Use of Improved Live-
stock Feed Resources in Developing Countries: Addressing an Old Problem in New
Ways. Unpublished report. Targeting and Innovation Theme, International Livestock
Research Institute.

Koralagama, K.D., Mould, F.L., Fernandez-Rivera, S., Hanson, J., 2008. The effect of
supplementing maize Stover with cowpea (Vigna unguiculata) haulms on the intake
and growth performance of Ethiopian sheep. Animal 2 (6), 954–961.

Kotu, B.H., Verkuijl, H., Mwangi, W., Tanner, D., 2000. Adoption of ImprovedWheat Tech-
nologies in Adaba and Dodola Woredas of the Bale Highlands, Ethiopia.

Krishna, R., Tiwari, Æ., Bishal, K., Sitaula, Æ., Ingrid, L., Nyborg, P., Giridhari, Æ.,
Paudel, S., 2008. Determinants of farmers' adoption of improved soil conserva-
tion technology in a middle mountain watershed of central Nepal. J. Environ.
Manag. 42, 210–222.

Kumar, B.R., Baskaran, D., Saraswathi, S., Kumar, C.T.A., 2013. Impact of training program
in adoption of cattle feed computation by farmer interest groups (figs) of Tamil Nadu,
Tamilnadu. J. Vet. Anim. Sci. 9 (4), 264–271.

Lapar, M., Ehui, S., 2003. Adoption of dual-purpose fodders: some policy implications.
Trop. Grassl. 37, 284–291.

Lapping, K., Marsh, D.R., Rosenbaum, J., Swedberg, E., Sternin, J., Sternin, M., Schroeder,
D.G., 2002. The positive deviance approach: challenges and opportunities for the fu-
ture. Food Nutr. Bull. 23 (4), 128–135 (supplement).

Lapple, D., Renwick, A., Thorne, F., 2015. Measuring and understanding the drivers of ag-
ricultural innovation: evidence from Ireland. Food Policy 51, 1–8.

Magurie, C.J., 2012. Agricultural education and training to support agricultural innovation
systems. Agricultural Innovation Systems: an Investment Sourcebook. The World
Bank, pp. 110–111.

Mahajan, V., Vasumathi, K., 2012. Combining extension services with agricultural credit:
the experience of BASIX India. Agricultural Innovation Systems: an Investment
Sourcebook. The World Bank, pp. 246–250.

Makkar, H.P.S., 2014. Sustainable increase in livestock productivity in developing coun-
tries through efficient utilisation of feed resources. J. Agric. Sci. 48 (1), 55–58.

Mal, P., Anik, A.S., Bauer, S., Schmitz, P.M., 2013. Bt cotton adoption: a double-hurdle ap-
proach for North Indian farmers. AgBioforum 15 (3), 294–302.

Marsh, D.R., Schroeder, D.G., 2002. The positive deviance approach to improve health
outcomes: experience and evidence from the field. Food Nutr. Bull. 23 (4), 3–6
(supplement).

McDermott, J.J., Staal, S.J., Freeman, H.A., Herrero, M., Van de Steeg, J.A., 2010. Sustaining in-
tensification of smallholder livestock systems in the tropics. Livest. Sci. 130 (1), 95–109.

Nicholson, C.F., Thornton, P.K., Mohammed, L., Muinga, R.W., Mwamachi, D.M., Elbasha,
E.H., Staal, S., 1999. Smallholder dairy technology in coastal Kenya. An adoption and
impact study: ILRI Impact Assessment Series 5.

Nin, A., Ehui, S., Benin, S., 2007. Livestock productivity in developing countries: an assess-
ment. In: Evenson, R., Pingali, P. (Eds.), Handbook of Agricultural Economics. Elsevier,
Amsterdam.

Pannell, D.J., Marshal, G.R., Barr, N., Curtis, A., Vanclay, F., Wilkinson, R., 2006. Understand-
ing and promoting adoption of conservation practices by rural landholders. Aust.
J. Exp. Agric. 46, 1407–1424.

Pant, L.P., Odame, H.H., 2009. The promise of positive deviants: bridging divides between
scientific research and local practices in smallholder agriculture. Knowl. Manag. Dev.
J. 5, 160–172.

Peters, M., Horne, P., Schmidt, A., Holmann, F., Kerridge, P.C., Tarawali, S.A., Schultze-Kraft,
R., Lascan, C.E., Argel, P., Stür, W., Fujisaka, S., Müller-Sämann, K., Wortmann, C., 2001.
The Role of Forages in Reducing Poverty and Degradation of Natural Resources in
Tropical Production Systems, Agricultural Research & Extension Network, Network
Paper No. 117.

Rao, I., Peters, M., Castro, A., Schultze-Kraft, R., White, D., Fisher, M., Miles, J., Lascano, C.,
Blümmel, M., Bungenstab, D.J., Tapasco, J., Hyman, G., Bolliger, A., Paul, B., Van Der
Hoek, R., Maass, B., Tiemann, T., Cuchillo, M., Douxchamps, M., Villanueva, C.,
Rincón, A., Ayarza, M., Rosenstock, T., Subbarao, G., Arango, J., Cardoso, J.,
Worthington, M., Chirinda, N., Notenbaert, A., Jenet, A., Schmidt, A., Vivas, N., Lefroy,
R., Fahrney, K., Guimarães, E., Tohme, J., Cook, S., Herrero, M., Chacón, M.,
Searchinger, T., Rudel, T., 2015. LivestockPlus: the sustainable intensification of
forage-based agricultural systems to improve livelihoods and ecosystem services in
the tropics. Trop. Grassl. – Forrajes Trop. 3, 59–82.

Raut, N., Sitaula, B.K., Vatn, A., Paudel, G., 2011. Determinants of adoption and extent of
agricultural intensification in the central mid-hills of Nepal. J. Sustain. Dev. 4 (4), 47–60.

Shapiro, B.I., Gebru, G., Desta, S., Negassa, A., Nigussie, K., Aboset, G., Mechal, H., 2015.
Ethiopia livestock master plan. ILRI Project Report. International Livestock Research
Institute (ILRI), Nairobi, Kenya.
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
://dx.doi.org/10.1016/j.techfore.2016.09.010

http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0005
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0005
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0010
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0010
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0010
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0015
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0015
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0015
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0015
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0020
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0020
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0020
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0025
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0025
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0025
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0030
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0030
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0035
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0035
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0035
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0040
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0040
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0040
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0045
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0045
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0045
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0050
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0050
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0055
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0055
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0055
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0060
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0060
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0065
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0065
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0065
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0070
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0070
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0075
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0075
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0075
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0080
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0080
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0080
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0085
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0085
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0090
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0090
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0090
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0095
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0095
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0095
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0100
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0100
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0105
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0105
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0105
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0110
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0110
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0115
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0115
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0120
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0120
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0120
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0125
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0130
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0130
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0130
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0135
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0135
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0140
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0140
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0140
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0140
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0145
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0145
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0150
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0150
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0155
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0155
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0155
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0160
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0160
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0165
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0165
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0165
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0170
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0170
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0170
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0175
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0175
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0180
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0180
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0185
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0185
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0190
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0190
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0190
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0195
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0195
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0195
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0200
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0200
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0205
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0205
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0210
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0210
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0210
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0215
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0215
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0220
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0220
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0225
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0225
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0225
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0230
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0230
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0230
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0235
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0235
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0235
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0240
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0240
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0240
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0245
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0245
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0245
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0250
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0250
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0255
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0255
http://dx.doi.org/10.1016/j.techfore.2016.09.010


11M.Y. Birhanu et al. / Technological Forecasting & Social Change xxx (2016) xxx–xxx
Shelton, H.M., Franzel, S., Peters, M., 2005. Adoption of tropical legume technology around
the world: analysis of success. Trop. Grassl. 39, 198–209.

Shikur, A., Beshah, T., 2013. Analysis of influencing factors in adoption of rainwater har-
vesting technology to combat the ever changing climate variability in Lanfuro
Woreda, Southern region, Ethiopia. Wudpecker J. Agric. Res. 2 (1), 15–27.

Simtowe, F., Kassie, M., Diagne, A., Asfaw, S., Shiferaw, B., Silim, S., Muange, E., 2011. De-
terminants of agricultural technology adoption: the case of improved pigeonpea va-
rieties in Tanzania. Q. J. Int. Agric. 4, 325–345.

Stuckey, H.L., Boan, J., Kraschnewski, J.L., Miller-Day, M., Lehman, E.B., Sciamanna, C.N.,
2011. Using positive deviance for determining successful weight-control practices.
Qual. Health Res. 21 (4), 563–579.

Sulo, T., Koech, P., Chumo, C., Chepng'eno, W., 2012. Socioeconomic factors affecting the
adoption of improved agricultural technologies among women in Marakwet County
Kenya. JETEMS 3 (4), 312–317.

Sunding, D., Zilberman, D., 2000. The Agricultural Innovation Process: Research and Tech-
nology Adoption in a Changing Agricultural Sector: For the Handbook of Agricultural
Economics.

Tarawali, S.N., Kiristjanson, P., Signh, B., Okike, B., Thornton, A., 2005. Dual Purpose Cow-
pea for West Africa; in a Proceeding of International Grassland Congress, Dublin.

Tekalign, E., 2014. Forage seed systems in Ethiopia: a scoping study. ILRI Project Report.
International Livestock Research Institute (ILRI), Nairobi, Kenya.

Thornton, P., 2010. Livestock production recent trends, future prospects. Philos. Trans. R.
Soc. B 365, 2853–2867.

Tobin, T., 1958. Estimation of relationships for limited dependent variables. Econometrica
26 (1), 24–36.

Tura, M., Aredo, D., Tsegaye,W., La Rovere, R., Tesfahun, G., Mwangi,W., Mwabu, G., 2010.
Adoption and continued use of improvedmaize seeds: case study of Central Ethiopia.
Afr. J. Agric. Res. 5 (17), 2350–2358.

Turinawe, A., Mugisha, J., Kabirizi, J., 2012. Socio-economic evaluation of improved forage
technologies in smallholder dairy cattle farming systems in Uganda. J. Agric. Sci. 4 (3),
163–174.

Uaiene, R.N., 2011. Determinants of agricultural technology adoption in Mozambique’.
Afr. Crop Sci. Conf. Proc. 10, 375–380.

Verhofstadt, E., Maertens, M., 2013. Smallholder cooperatives and agricultural perfor-
mance in Rwanda: do organizational differences matter? Agric. Econ. 45 (supple-
ment), 39–52.
Please cite this article as: Birhanu,M.Y., et al., Determinants of success and i
positive deviance perspectiv..., Technol. Forecast. Soc. Change (2016), http
White, D.S., Peters, M., Horne, P., 2013. Global impacts from improved tropical forages: a
meta-analysis revealing overlooked benefits and costs, evolving values and new pri-
orities. Trop. Grassl. – Forrajes Trop. 1, 12–24.

William, B., 1983. Discontinuance and Diffusion: Examination of the Post Adoption Deci-
sion Process. In: Bagozzi, R.P., Tybout, A.M. (Eds.), NA - Advances in Consumer Re-
search Volume 10. Association for Consumer Research, Ann Abor, MI, pp. 356–361.

Yami, M., Begna, B., Teklewold, T., 2013. Enhancing the productivity of livestock produc-
tion in highland of Ethiopia: implication for improved on-farm feeding strategies
and utilization. Int. J. Livest. Prod. 4 (8), 113–127.

Mulugeta Yitayih Birhanu is a Research Officer in the Social, Economic and Policy Re-
search Program of International Center for Agricultural Research in the Dry Areas
(ICARDA), Ethiopia. Previously, Mulugeta has worked as a lecturer and researcher in the
School of Agricultural Economics and Agribusiness Management, Haramaya University.
Mulugeta is interested to conduct both quantitative and qualitative researches in the areas
of agricultural innovations and adoption of technologies, household poverty, agricultural
productivity and efficiency, and food security.

Anteneh Girma is agricultural economist with extensive experiences in research, moni-
toring & evaluation of smallholder livestock development, natural resource management
and pastoral development for poverty reduction and rural development in developing
country context. He coordinated the design and implementation of monitoring, evalua-
tion, learning and knowledgemanagement of agricultural research and development pro-
jects; led adoption and impact studies. He is now leading the Monitoring, Evaluation,
Learning and Sharing Theme of Sasakawa Global 2000 Ethiopia Program. Anteneh holds
PhD degree in Agricultural Economics from Justus Liebig University of Giessen, Germany.

Ranjitha Puskur holds PhD degree in Agricultural Economics. She is an agricultural socio-
economist leading the Gender research theme at International Rice Research Institute
(IRRI). She has previously worked forWorld Fish, International Water Management Insti-
tute (IWMI) and International Livestock Research Institute (ILRI). Her research focuses on
understanding processes that can effectively translate research outputs into pro-poor and
pro-women developmental outcomes, especially in the context of agri-food systems in Af-
rica and Asia. Her areas of interest include gender, agricultural innovation systems, re-
search for development and value chains service delivery systems.
ntensity of livestock feed technologies use in Ethiopia: Evidence froma
://dx.doi.org/10.1016/j.techfore.2016.09.010

http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0260
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0260
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0265
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0265
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0265
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0270
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0270
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0270
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0275
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0275
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0280
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0280
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0280
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0285
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0285
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0285
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0290
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0290
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0295
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0295
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0300
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0300
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0305
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0305
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0310
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0310
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0315
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0315
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0315
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0320
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0320
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0325
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0325
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0325
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0330
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0330
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0330
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0335
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0335
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0335
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0340
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0340
http://refhub.elsevier.com/S0040-1625(16)30288-8/rf0340
http://dx.doi.org/10.1016/j.techfore.2016.09.010

	Determinants of success and intensity of livestock feed technologies use in Ethiopia: Evidence from a positive deviance per...
	1. Introduction
	2. Conceptual framework and econometric estimation model
	2.1. Positive deviant analysis in evaluating livestock improved feed technologies use
	2.2. Empirical models used to identify factors associated with technology adoption
	2.3. Econometrics framework

	3. Survey design and data description
	3.1. Survey Design
	3.2. Variable definitions and their description
	3.2.1. Improved feed technologies

	3.2.2. Dependent variables
	Intensity of adoption
	Success in adoption
	3.2.3. Independent Variables


	4. Results and discussion
	4.1. Descriptive statistics
	4.2. Determinants of success in feed technology use
	4.3. Determinants of intensity of feed technologies use

	5. Conclusion and policy implication
	Acknowledgement
	References


