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Summary 
 
 
 
This paper considers the impact of 
an agricultural extension program, 
The Özyeğin Rural Development 
Program, implemented in eastern 
Turkey, on rates of agricultural 
technology adoption. Using a 
uniquely designed experimental 
panel survey collected in treatment 
and control villages before and 
after program implementation, the 
paper analyses the heterogeneous 
impact of this agricultural 
extension program, on the 
adoption rates of different groups 
in the villages. The main results in 
the paper are consistent with the 
predictions of the model presented, 
whereby in the early stages of 
adoption, the existence of the 
agricultural extension program 
increases the adoption rates in the 
villages significantly for all 
households: treatment is associated 
with an increase in the rate of 

adoption of inoculation of fruit 
trees by 26.2-31.4 percentage points 
depending on the empirical 
specification.   The paper also finds 
evidence for the ``inclusiveness'' of 
the NGOs efforts by looking at the 
heterogeneous impact of the 
program of adoption rates of the 
"excluded" groups using various 
economic and political exclusion 
criteria. the paper also considers 
the role of social networks in access 
to information and rates of 
adoption of new technologies and 
finds that even in the presence of 
inclusive policies that reach out to 
economically or politically 
vulnerable sub-sections in the 
villages, those who do not have 
many social interactions with the 
rest of the village community may 
remain excluded from the benefits 
of the program. 
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1 Introduction

Adoption of newly introduced agricultural technologies by rural communities has strong impli-

cations for increasing economic welfare and reducing poverty in these settings and has therefore

been a topic of interest among development economists. One of the earliest works looking at

patterns of agricultural technology diffusion was by Zvi Griliches, who observed in his empirical

assessment of the diffusion of hybrid corn in the United States that there is a general “S-shaped

pattern” of diffusion of new technologies, “where the rate of adoption is slow at first, accelerating

until it reaches its peak at approximately the mid-point of development and then slowing again

as the development approaches its final level” [Griliches, 1960]. He identified three parameters

that determine the shape of a diffusion curve: the date of beginning (origin), relative speed

of adoption (slope) and final level (ceiling) and states that the observed patterns of adoption

timing can be largely explained by the profitability of innovation to the individual farmer.

Following Griliches’ seminal empirical work, Feder and Slade [1984] have presented a the-

oretical decision model for adoption of new technologies, whereby the speed at which farmers

of different characteristics reach the level of ‘saturation‘ (the ceiling) at different points in time

and adoption patterns are differentiated mainly by land size and assets. All farmers make a

decision to adopt the technology if they think it will enhance their profits or utility, even if

there is a level of uncertainty associated with the returns of the technology. Farmers with more

convenient access to information and better endowments (and thus lower risk aversion) are more

likely to acquire higher levels of knowledge and adopt technologies sooner. Therefore, in this

model farmers with more assets or with more human capital are expected to adopt a technology

earlier than others. Over time, most farmers adopt the new technology, and the differences in

adoption levels disappear as the level of use converges to the ceiling.

Several other papers have also considered the role of social networks in the diffusion of

agricultural technologies. Foster and Rosenzweig [1995] discuss the impact of farmers own

experience and their neighbors experience with high yielding seed varieties on adoption and

profitability of new crops. Using a nationally representative panel survey of households in Rural

India through the Green Revolution, they find evidence of learning spill-overs: farmers with

experienced neighbors are significantly more profitable than those with inexperienced neighbors
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and the former are likely to devote more of their land to the new technologies. Bandiera and

Rasul [2006] consider farmer’s decisions to adopt a new crop, sunflower, in Mozambique and

show an inverse U shaped relationship between the number of adopters in the network and the

probability of each farmer’s adoption. In other words, they find that social effects are positive

when there are few adopters in the network, though become negative when there are many.

Some authors have modelled the role of social links, exclusion and networks in technology

diffusion. Isham et al. [2002] extends the theoretical model of technology adoption by Feder

and Slade [1984] by including characteristics of local social structures as an input into the

household’s adoption decision. He introduces into the model the quantity of public information

in the village that is affected by the village-wide “cumulative proportion of adopters”, as well

as “social capital” at the village level. The following predictions come out of his formal model:

the farmers that adopt more rapidly are those that (i) have more assets and obtain more

private information, (ii) have neighbours that adopt and thus have more cumulative information

around them, (iii) live in villages with higher levels of social capital and thus have better access

to information, and/or (iv) live in villages where agricultural extension services exist. He

then takes this developed model to a data set collected in rural Tanzania and shows that the

probability of adoption -in this case, of improved fertilizer- is positively correlated, as predicted

by the model, with the size of land under cultivation (assets), cumulative adoption patterns in

the village, ethnically based social affiliations and the availability of extension services.

This paper contributes to an expanding literature on technology adoption, social networks

and exclusion by looking at the impact of an agricultural extension program implemented in a

post-conflict setting in Turkey. By making use of a uniquely designed panel survey implemented

in project and treatment villages before and after the program, the paper looks at the heteroge-

neous impact of the agricultural extension program on groups that are “laggards” or have been

politically/economically or socially excluded from main stream information and agricultural

technology. It looks at the changes in levels of utilization for some agricultural technologies

and compares levels and rates of adoption across groups, focusing primarily on a “politically”

excluded “non-Turkish speaking” minority group. It turns out that the socially excluded and

ethnically/economically excluded are not necessarily the same, and while the extension program

may benefit those who are “politically excluded” (have low human capital, asset capital and
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are excluded in terms of language) – the program may be less effective in reaching out to those

who are “socially excluded” in their community.

The main research questions answered in the paper are the following: (i) What patterns are

observed in the adoption of new agricultural technologies by community characteristics – do

the excluded have higher or lower levels of adoption given the extension program? (ii) Does the

kind of exclusion - “political” vs. “social”- matter in determining adoption rates?

The paper is structured as follows: Section 3 provides information on the context of the rural

extension program and the nature of the data collected for this study. Section 2 lays out the

conceptual framework and hypotheses to be tested using empirical data. Section ?? provides

the empirical specification applied to the experimental data set at hand. Section 4 gives the

main results starting with descriptive statistics on the outcome variables in the baseline and

post-test,then providing the main findings from the OLS estimation, and ending with robustness

checks on the results. Section 5 concludes with main findings from the paper.

2 Conceptual Framework

2.1 The Model

This paper uses the conceptual framework provided by Isham et al. [2002] and looks at differ-

ences in rates of adoption of agricultural technology in the presence of an extension program,

and where a certain group in the population can be identified as an excluded” minority and

therefore may be experiencing difficulties in accessing information about an innovation. It

considers the hypothesized adoption rates of the more advantaged (non-excluded) and disad-

vantaged (excluded) groups in the population, given the baseline adoption level of a technology,

and then looks at the potential impact of a “treatment” that increases the availability of certain

agricultural technologies in the villages.

A summary of the conceptual model is depicted in Figures 1a and 1b. The adoption pattern

(cumulative distribution function for adoption) of the non-excluded group is depicted in blue,

and the adoption pattern of the “excluded” group is in green, where the cumulative distribution

function (CDF) of the “non-excluded” group stochastically dominates the “excluded” group. In

other words, in any time period before both groups reach “saturation point”, a higher percentage
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of the non-excluded group is expected to have adopted the technology. The S-shaped pattern

of the adoption curve indicates that the rate of adoption of a technology depends very much on

the initial (baseline) level of adoption for each group.

Figure 1a represents the early stages of adoption for a technology: here we expect to see

that the more advantaged group has both a higher level of adoption, as well as a higher rate

of adoption of the technology (a steeper slope on the CDF). In the early adoption stages,

the excluded group may either not yet have started adopting the technology, or in any case

would have lower levels of adoption compared to the non-excluded group. This delay may be a

function of their expected returns to the investment or lack of resources/information about the

technology and its validation. Figure 1b represents the later stages of a technology’s adoption,

where the excluded group is still expected to have a lower level of adoption, but their rate of

adoption (slope of the curve) may now be higher compared to the non-excluded group. The

impact of the treatment in all cases would be an increase in the adoption rate for both groups,

and if the policies have been successfully inclusive, bringing benefits to the poor, we would

expect to see that the impact of the treatment would be higher for the excluded group.

2.2 Empirical Specification

In order to test the model presented above, we can use the following empirical specification:

∆Y i = β + γ Yi(t) + δ
(
Tv(t+1)

)
+ ζYi(t)Tv(t+1) + ϕZiTv(t+1) + ∆ui (1)

Where t is the year when the baseline data is collected in the experiment and t+1 is the

year for the post-test data. The dependent variable in the equations (∆Y i) is whether a certain

technology is adopted by a household between time t and t+1. The dependent variable takes the

value of 0 or 1. For each household i, the probability of adopting a certain technology in time

t+1 depends on: whether they had adopted the technology in the earlier period (Y i(t)); whether

they have received a treatment (in the form of an agricultural extension program) in time t,

(Tv(t+1)); the interaction between treatment and the baseline adoption level (Y i(t)Tv(t+1)); and

an interaction term between treatment and household characteristics which provides information

on the heterogeneous impact of the treatment on different households (ZiTv(t+1)).
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The treatment intervention for increasing the adoption of villagers to the new technology

takes place between t and t+1. Given the experimental set-up of the study, the treated group

gets the intervention in t+1 while the control group does not. For the treated group: Tvt = 0

and Tv(t+1) = 1 and for the untreated group Tvt = 0 andTv(t+1) = 0 .

In this specification, β, the constant term, indicates the time trend in the diffusion of the

technology in the absence of the treatment. We are able to measure this time-trend given the

counterfactual measured by the control group in the time period of the treatment. β is expected

to be positive if we assume there is on-going diffusion of the technology (increase in levels of use)

outside of the treatment area. The coefficient γ is expected to be negative since the probability

of adoption is –by definition– lower for a household that has already adopted the technology in

a previous period.

If the treatment has had an impact on adoption rates in the project villages we should expect

to see δ > 0. The interaction term between initial levels of adoption and the treatment should

yield a negative coefficient (ζ <0) since the treatment is likely to have a smaller impact on those

who have already adopted the technology or in places where adoption rates are already high. To

the extent that Zi indicates variables of exclusion, we expect to see a positive coefficient on these

variables (or the indexed exclusion variable) interacted with treatment, if the treatment has been

“inclusive” and has reached the poor and excluded. A positive and significant coefficient for

ϕ thus indicates (where Zi are household characteristics that define exclusion and poverty), a

pro-poor and inclusive expansion of the technology as a result of the treatment.

Another specification includes baseline characteristics of households (Zi) in the model.

While we normally expect household fixed effects to drop out of the model when we take

the first difference, in this model we keep household characteristics, to allow the excluded and

non-excluded groups to behave differently in their adoption patterns rates. The specification

then becomes:

∆Y i = β + γ Yi(t) + δ
(
Tv(t+1)

)
+ ζYi(t)Tv(t+1) + ϕZiTv(t+1) + ηZi + ∆ui (2)

This specification allows us to compare the adoption rates of the excluded and non-excluded

groups in the absence of treatment. In this specification, we expect γ may take on a positive or
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negative value depending on the stage of adoption of the technology: in early stages of adoption

the excluded may have lower rates of adoption (as in Figure 1 a in the conceptual framework

diagrams) hence ηwould be expected to be negative for variables that proxy exclusion. For

a technology that has already been around and been adopted by a larger percentage of the

population, we may expect to see a steeper adoption curve for the excluded (Figure 1 b), in

which case η might take on a positive value1.

A final specification is run looking at the impact of the treatment on the socially excluded:

∆Y i = β + γ Yi(t) + δ
(
Tv(t+1)

)
+ ζYi(t)Tv(t+1) + ϕZiTv(t+1) + ηZi + π SiTv(t+1) + ∆u

i
(3)

Here, the Si variable is a dummy variable for not having social interactions in the village,

and the coefficient on the interaction term between social exclusion and the treatment indicates

whether the socially excluded groups in the village were more or less likely to benefit from the

program.

To summarize, the following propositions come out of the conceptual model and are tested

in the empirical specification.

Proposition 1 : The impact of the treatment program is likely to be an increase in the

adoption rate for all groups (δ > 0) (if the program is successful).

Proposition 2 : The treatment is likely to bring about a higher increase in adoption rates for

a technology in the earlier phases of diffusion (ζ <0).

Proposition 3 : To the extent that the program is inclusive in its reach, we expect to see that

the rates of adoption are higher with the program among the excluded group (where exclusion

can be defined in terms of political/economic exclusion or social exclusion). (ϕ > 0)

Proposition 4 : For a technology that is in the early phases of adoption, we expect the

excluded group to have a lower level of adoption in the baseline and a lower rate of adoption

between t0 and t1 than the non-excluded group (η < 0).

Proposition 5: For a technology that is in the later phases of adoption, we expect the

excluded group to still have a lower level of adoption in the baseline but we expect the excluded

1While the results on exclusion are interesting to explore, it is important to note that there are likely to be
issues of endogeneity related to omitted variables (as well as possibly reverse causality) here with the excluded
not being able to adopt new technologies for other reasons that are not captures in the regression. So it is
important to take these results related to exclusion with some caution and interpret them as associations rather
than attribute causality to the interpretations.
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group to have a higher rate of adoption than the non-excluded group (η > 0).

Table 1 summarizes the characteristics of households in treatment and control villages in

the baseline. It is possible to observe that the percentage of household heads with no formal

education (illiterate or with no diploma) is higher (35 percent) in treatment villages compared

to control villages where the same percentage is around 20 percent. In treatment villages there

is a higher percentage of households that were forced migrants and moved back recently to the

villages: the percentage of household heads in treatment villages that report they were forced

migrants is 53 percent in the baseline, whereas this value is lower at 33 percent in control

villages (difference is significant with p-value<0.01). When we consider the asset profiles of

the households in treatment and control villages, we can see similar profiles and the ethnic

composition of the villages is also similar with mostly Kurdish speaking minorities living in

these clusters of villages in Bitlis.

3 Data

3.1 The Context of the Progam

The data comes from a rural development program implemented by a Turkish NGO in the Bitlis

province of eastern Turkey in primarily Kurdish-speaking villages. The eastern and south-

eastern regions of Turkey, including Bitlis, have a long history of Kurdish ethnic insurgence

dating from the 1930’s, originating in the early days of the founding of the Republic of Turkey

along lines of Turkish national identity. Conflict between the Turkish military and Kurdish PKK

insurgents peaked in the mid-1990s, and the government took measures to clear out Kurdish

villages in the region that were taken to be supporters of the PKK [Randal, 1998]. According

to official statistics, between 1995 and 1998, the Turkish government emptied 3,000 villages,

relocating close to 1 million people to urban centres in other parts of Turkey 2 [Baysal, 2008].

In 2005, the government started a compensation program to help restore life back to these

villages. There was, however, a clear need to also bring economic/social livelihoods to this

post-conflict area that had suffered for years from military tension and experienced negative

growth rates, accompanied by high and stagnant levels of poverty.

2According to official statistics, population affected by forced migration is 953,680, while it climbs up to 1.5-3
million according to non-governmental organizations.
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The Özyeğin Rural Development Program was launched in January 2009, against this back-

ground of underdevelopment, forced migration and high levels of poverty. The project started

as a pilot in 6 six villages in the eastern Bitlis province of Turkey. At the launch of the pro-

gram, the project villages had high levels of poverty, and unemployment, particularly among

the youth. When the program was launched, the unemployment rate and the percentage of pop-

ulation looking for jobs were high in the villages3. Because of a lack of availability of local jobs,

seasonal migration was rampant high among young men in the baseline in 20084. The program

was set-up as a post-conflict village livelihoods revitalization project with the aim of “empow-

ering villagers to return to their villages with economic means to support themselves through

agriculture in a sustainable way”. In this regard, the pilot can be considered a post-conflict

livelihoods and peace building project in the region. The Program was designed to reduce rural

poverty in these villages by investing in the returns to the assets of the poor: mainly by means

of investments in their productivity, through the extension of agricultural technologies to the

villages.

Before the launch of the program, together with the NGO field team, I collected a baseline

survey of households in the 6 treatment villages and also collected a non-randomized control

sample from 6 villages in the neighbouring district. The baseline questionnaire included modules

on use of agricultural technology, household economic welfare, use of health and education

services, as well as a module on women’s empowerment and use of maternal health care services.

In December 2010, two years after the launch of the program, we ran a post-test in the same

villages using a subset of the modules from the baseline survey. The quantitative survey was

conducted as a census in the project and control villages (all households in the cluster of villages

were interviewed). There were a total of 326 households in the baseline data, coming from 192

households in 6 treatment villages and 134 households in control villages. The panel survey

was collected in 389 households since there were new households moving back in this period to

the villages: the panel was collected from 227 treatment and 162 control households. In the

analysis, only the 325 households that responded to both rounds of the survey were included in

3The percentage of working age male population (ages 15+) that were employed in project villages was 57.8
percent, while the unemployment rate has was 12.5 percent.

4About 14 percent of men in Project villages reported having to seasonally migrate outside of the province
in order to find jobs within the past year. These men were mostly employed in the construction, services and
manufacturing sectors and more than half of them worked in Istanbul.
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the sample.

Table 2 provides balancedness tests comparing treatment and control villages and provides

the t-tests for the differences in the means between treatment and control households across

various household head characteristics. It is possible to see the differences in levels of education

and the “forced migrant” status of the household head which come out as being significant

differences between treatment and control samples.

The differences across treatment and control villages, at least in terms of forced migration

status levels, is no coincidence. This is a direct function of the fact that the selection of villages

was not random and the implementing NGO had already selected the treatment villages (based

on need and the proportion of households returning to the village after forced migration in the

1990s) by the time the evaluation strategy was discussed. For lack of a completely randomized

sample, the control villages were selected in the neighbouring district and are a cluster of villages

that display similar characteristics: have a similar climate and agricultural crops and have a

similar ethnic composition. In this regard, the control villages provide a comparison group for

tracking the time trend for the outcome indicators 5.

The Özyeğin Rural Development program impact evaluation provides an opportunity to

set hypotheses related to the diffusion of agricultural technologies where there are certain sub-

population groups that may be excluded in political/economic or social ways from mainstream

access to information. The program attempted to reach out to the excluded groups to increase

their adoption of certain technologies and use of public services. Given the panel and experi-

mental structure of the survey, the data collected from this program evaluation allows us to look

at technological diffusion rates for households at different baseline levels of adoption and with

different characteristics. We can look at the heterogeneous impact of the agricultural extension

program implemented by this NGO on different household types and test the propositions listed

in the conceptual model.

5Given the differences in the baseline across treatment and control villages, it was a good idea to control for
baseline household characteristics in the empirical specification in order to reduce bias in the measurement of the
treatment effect, which is already how the model is set up (in Equation 2).
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3.2 Description of variables

Three different outcome variables Y i are considered in the paper: (i) whether the household

has inoculated fruit trees in the past 12 months, (ii) whether the household has vaccinated

livestock against diseases in the past 12 months, and (iii) whether anyone in the household has

used public agricultural consulting services (at the district level). The outcome variable ∆Y i

is defined as a binary variable in the main results, whereby it takes the values 0 and 1. In the

construction of the dependent variable, it is assumed that if a household has already adopted a

technology in the past, they already have knowledge of it and would be able to apply it again,

or that there is no return from the investment they have made. In this way, if the technology

use takes on the value of 1 in t and then the household reports not using the same technology

in t1, then the model assumes they still have access to the technology, and the change in their

technology use is set equal to 0 (rather than -1).

The Filmer-Pritchett asset index is constructed using principal components analysis and

considering a list of housing characteristics and assets [Filmer and Pritchett, 2001]. A higher

value of the index indicates higher level of welfare (assets) for the household. The households

in the sample (treatment and control villages) are split up into 5 equal groups of household

quintiles, with the first quintile indicating the poorest 20 percent of households in terms of

assets. The list of variables that are used for the construction of the asset index is listed in

Table 3.

Exclusion is defined in the paper in political/economic or social terms. The main exclusion

variable in the regressions is constructed as a dummy variable and takes the value of 1 if

the household head either (i) does not speak any Turkish, (ii) has not completed any formal

schooling, (iii) if the household is in the poorest asset quintile. This variable is constructed

as proxy for political and economic exclusion of the household. The regressions consider these

variables separately (columns 1-2 in Tables 5-7) as independent variables and also look at the

combined “political/economic exclusion” variable as an independent variable (columns 3-4 in

Tables 8-10.)6.

6Due to high correlations across these variables, there is a problem with multicollinearity and we lose signif-
icance of these variables when they all enter the regression as separate independent variables. This is why an
exclusion” proxy variable is constructed as a single proxy variable merging these three exclusion characteristics,
in order to illustrate the heterogeneous impact of the program on the excluded.
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Social exclusion is defined as the household not having any social interactions with the rest

of the households in the village. The data is collected in a social networks module that asks

each household head in the village, which households they have “frequent” interactions with and

which households in the village they have “rare/occasional” interactions with. The second kind

of interaction is coded in the data as a “weak link” in the network. Such links are important

for the transfer of information across households; hence we use this variable to construct the

social exclusion variable for the household7.

4 Results

4.1 Descriptive Statistics

The descriptive analysis in Table 4 and Figure 2 provide some descriptive insights on agricultural

adoption rates in the data before launching on the interpretation of the regression results:

First of all, adoption levels in the baseline between treatment and control villages did not

vary: Agricultural technology use and utilization of public agricultural extension services vary at

the baseline by household characteristics and the technology in question: In treatment villages

where the intervention took place, 21.6 percent of households had inoculated fruit trees and

48.3 percent of households had vaccinated livestock in 2008 (compared to 23.1 percent and 50.8

percent respectively in control villages). The difference in adoption rates across the treatment

and control groups was not statistically different in the baseline. The use of public agricultural

services was also quite low in both project and control villages: 18.9 percent of treatment

households and 19.7 percent of control village households had utilized such consulting services

in the past year when baseline data was collected (See Table 4).

Second, in the baseline, in both treatment and control villages, we find that the excluded

group has lower adoption levels for all dependent variables. Figure 2 summarizes visually

the adoption rates in treatment and control villages before and after the program, for the

7Since weak social ties are particularly important for the diffusion of knowledge and information [Granovetter,
1973], in this paper we consider these types of social ties across households rather than strong ties that may be
based on kinship and family relationships. Socially excluded households in the village, may be less likely to
have heard of agricultural extension programs, and may therefore have lower levels of adoption in the baseline.
They may also have a lower likelihood of benefiting from the NGOs intervention, since they have weak social
interactions and may be unaware socially of the treatment that is taking place at the village level.
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“excluded” and “non-excluded” households8. This pattern of the non-excluded having higher

levels of adoption in the baseline holds for all three dependent variables in the analysis. This is

in line with our expectation from the conceptual model Figures 1a and 1b where the cumulative

distribution function for the technology adoption rates of the non-excluded group stochastically

dominates the CDF of the excluded group.

Third, for both the excluded and non-excluded groups in treatment villages the adoption

level increases in this time period, and in all cases the difference-in-differences between the treat-

ment and control groups is positive. This is in agreement with Proposition 1 in the conceptual

model. For the excluded group, however, the increase in adoption levels for inoculation of fruit

trees as well as vaccination of animals is higher than for the non-excluded group, indicating

that the policies implemented by the NGO were inclusive and helped reach out to the poor and

lower educated members of the community on these two indicators (also in line with Proposi-

tion 2 in the conceptual model). However, the impact of the program on the excluded group,

in terms of expanding reach to public services seems more limited: in terms of utilization of

consulting services the program does seem to succeed in rates of access however not necessarily

in an inclusive, pro-poor fashion. This is an interesting finding that will also be confirmed below

in regression results.

Finally, it is important to note that the baseline adoption levels of these technologies are

very different and therefore we should expect to see different diffusion patterns (and rates of

adoption) among the excluded and non-excluded groups: While vaccination of animals was

already adopted by close to half of the households in the baseline, inoculation of fruit trees

and utilization of consulting services had only been adopted by about 1 in 5 households. We

expect therefore that the diffusion patterns of the two technologies would be different after the

treatment (following Propositions 4 and 5 in the conceptual framework respectively).

4.2 Main Results

The results of the OLS regressions for equations 1 and 2 are presented in Tables 5-7. In columns

1-2 the household characteristics for exclusion are taken as separate variables: these include the

8The definition of exclusion is based on economic and political exclusion. The variable is defined as being
either in the poorest asset quintile, having no formal education or not speaking the official language of the country
(Turkish).
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household being in the poorest asset quintile, the household head not speaking Turkish, and

the household having no formal schooling or being illiterate. In Columns 3-4 of these tables,

the exclusion variable is reduced to a dummy variable that takes on the value of 1 if any of the

exclusion characteristics are in place. Column 5 in all of the tables runs the specification in

Equation 3 that includes the “social exclusion” variable.

The samples in the regressions in this section were limited to households that could poten-

tially benefit from the treatment. Note that while the total sample of households that responded

to both rounds of the panel were 325 households, only 249 households (76.6 percent of the total

sample) had fruit trees or could benefit from inoculation, and only 185 households (56.9 percent

of total sample) had livestock and could benefit from an expansion in vaccination.

4.2.1 Inoculation of Fruit Trees: Early Stage Adoption

Table 5 provides results of the OLS regression for the dependent variable on inoculating fruit

trees. Given that the inoculation of fruit trees was a technology adopted by 22 percent of

households in the baseline (in treatment and control villages overall), we expect to see a pattern

here of early adoption (See Figure 1a). In the results we find that γ <0, indicating that higher

levels of adoption in the baseline is associated with lower probability of adopting the technology

during the treatment period. This is consistent with the model since we would only expect to see

a positive coefficient on γ in the very early stages of adoption (as diffusion gains momentum).

The treatment is associated with an increase in the rate of adoption by 26.2-31.4 percentage

points depending on the specification (see Table 5 Columns 1-5). This fulfils proposition 1 in the

conceptual framework (δ > 0) and indicates that the program was successful in increasing the

adoption rate in the treatment villages overall. For higher levels of initial adoption, the impact

of treatment is smaller (ζ <0) as predicted by Proposition 2. (This result makes intuitive sense

since with higher levels of adoption, there are a smaller number of households to have adopted

the technology, and hence it becomes more difficult to diffuse a technology for the NGO.)

We test the inclusiveness of the NGOs efforts for reaching the excluded groups (ϕ >0): in

Column 2 and 4 the where specification follows Equation 2: we find that those with no formal

education are more likely to have higher adoption rates as a result of the treatment (Column 2)

and those in the “excluded” category (as defined by either being in the poorest quintile, having
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no formal education or no speaking Turkish) are more likely to adopt the technology in this

time period by 22.7 percentage points (See Column 4). The variable that interacts treatment

with exclusion takes a highly positive and significant value hence it is possible to say that

Proposition 3 in the model also holds for this technology and that diffusion of the technology

has been inclusive. On the other hand, the excluded in general are less likely to have adopted

the technology in this time period: in columns 2 and 4, we can observe that the coefficient on

the variable for being in the poorest quintile, and the coefficient on the “exclusion” variable are

both negative. The “excluded” (in Column 4) are 14.4 percentage points less likely to adopt the

technology in this time period compared to the non-excluded. This finding is consistent with

Proposition 5 in the conceptual model, that the excluded have lower rates of adoption (as well

as lower levels of adoption) in the early phases of diffusion of a technology.

Finally, we also test for the impact of treatment on the socially excluded (in Column 5).

The results show that for such socially excluded households, the efforts of the NGO are not

necessarily inclusive: while those who are excluded on the economic/political dimensions, benefit

favourably from the NGOs efforts, the socially excluded are less likely to have increased adoption

levels as a result of the program (the coefficient on social exclusion is -0.173 with p-value<0.10).

4.2.2 Vaccination of Livestock: Later Stage Adoption

The second set of OLS results are related to the vaccination of animal livestock in the villages

against diseases and are presented in Table 6. As described in Section 4.1, the baseline adoption

levels for animal vaccination are higher at close to half of the villagers in the baseline using

this technology. In this regard, it can be considered a technology already in the later stages

of diffusion (See Figure 1b), by the time the NGO intervention starts. The baseline level of

adoption takes on a strongly negative coefficient in these regressions: for higher levels of baseline

adoption, we expect to see a much lower rate of adoption during the treatment period: (γ <0).

The impact of the NGOs efforts are not reflected on the results: the households located in

the treatment villages are not more likely to adopt the technology and we also lose the results

on the interaction terms between treatment and exclusion for this dependent variable: the

treatment effect cannot be observed in these results in a statistically significant manner, and

the excluded are also not more likely to adopt the technology as a result of the NGOs efforts.
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(hence Propositions 1- 3 do not hold).

What we do observe is that for the excluded group the rate of adoption is higher (even

without the treatment) and this is in accordance with Proposition 5 in the model, whereby

we expect the excluded to have higher adoption rates and to catch up in the later stages of

diffusion.

4.2.3 Use of Consulting Services: Early Adoption in the Case of Access to Public

Services

The last set of results are presented in Table 7 where the dependent variable is whether anyone

in the household has utilized publicly provided agricultural consulting services in the last year.

In this case, the results closely resemble the early adoption period results for inoculation of fruit

trees, though there is one difference: the treatment is not necessarily inclusive, particularly for

the group that does not speak the official Turkish language. This intuitively makes sense since

to make use of public services the ability to speak the official language would be essential.

Looking at these results in more detail: in the baseline we noted that about 20 percent of

households were using these consulting services: hence we do expect the pattern of diffusion to

be quite similar to the section on inoculation of fruit trees as the initial penetration rates are the

same. In this set of results, again we find that baseline level of adoption is negatively correlated

with adoption rates (γ <0) and that treatment has a positive impact on adoption rates for all

(δ >0 ) , and treatment is less likely to be as beneficial in places with higher levels of initial

adoption (ζ <0). In the case of use of public services though, we find that treatment was not

more likely to benefit the excluded, rather the non-excluded group benefited disproportionately

in this regard (ϕ <0) (Column 4). The exclusion variable for not speaking Turkish took on a

highly negative and significant coefficient in these regressions where not speaking the official

language was associated with a 23.3 percentage point reduction in the probability of increased

use of consulting services (with p-value<0.05). Being excluded from social networks was once

again associated with a lower level of increase in the adoption rate for these services.
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4.3 Robustness Checks

In the current data set used for the study, there are a total of only 12 clusters (villages)

and in the main results so far presented robust standard errors clustered at the village level

are presented. Cameron et al. [2007] suggests that in applications with few clusters (5-30),

standard asymptotic tests can over-reject considerably. The authors provide a technique for

using bootstrap methods to get asymptotic refinement on the results. In this paper, we run the

same specifications using these bootstrapped standard errors (with 100 bootstrap repetitions in

the calculation) as robustness checks.

Most results reported are robust to this asymptotic refinement, though not all. Tables 8-10

provide the OLS results with bootstrapped standard errors. While the treatment effect of the

program and the interactions between baseline adoption levels and treatment are robust to the

adjustment using bootstrapped standard errors, we lose significance on some of the exclusion

variables (ηZi) in the robustness checks. For instance, while being in the poorest quintile of

assets was associated with lower adoption rates for inoculation of fruit trees (with p-value<0.10)

(in Table 5 Column 2), we find that this is no longer the case with bootstrapped standard

errors (See Table 8 Column 2). The results on the inclusion/exclusion of the treatment (the

interaction between exclusion variables and treatment) are still significant after the standard

errors are adjusted.

As a second robustness check, I run the same specification using dependent variables that

are defined as a change in behaviour variable and take the values -1, 0 and 1. If the household

adopts the technology in t+1 and did not use the technology in t, the outcome variable takes the

value 1. If the household used the technology earlier and then stopped using the technology the

outcome variable takes the value -1. If there has been no change in behaviour for the household,

then the outcome variable takes the value 0. Hence there are 3 categories the dependent variable

can take: -1 for a decrease in use of technology, 0 for no change in adoption status and 1 for

an increase in the use of the technology. The main results on the impact of treatment and

disproportionate impact on the excluded group remain robust to this specification as well.
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5 Conclusion

This paper considers the impact of an agricultural extension program implemented in a post-

conflict area in eastern Turkey. The paper builds on previous theoretical models of agricultural

technology diffusion and tests some of the arguments in these models looking at the heteroge-

neous impact of the program on adoption rates of “excluded” and “non-excluded” groups in

the villages. Using an experimental panel survey data of treatment and control households in

the villages where the agricultural extension program is carried out, the paper explores het-

erogeneity in the adoption rates of technologies for different parts of the village population.

The main results in the paper are consistent with the predictions of the model presented: for

instance in the early stages of adoption, the existence of the agricultural extension program

increased the adoption rates in the villages significantly for all households: treatment is associ-

ated with an increase in the rate of adoption of inoculation of fruit trees by 26.2-31.4 percentage

points depending on the empirical specification. One also finds evidence of the “inclusiveness”

of the NGO’s efforts by looking at the heterogeneous impact of the program of adoption rates

of the excluded group and find that those in the excluded group (defined as political and eco-

nomic exclusion) have an even higher likelihood of adoption for this technology. An interesting

descriptive finding in the paper that merits further study is the contrast in results for the politi-

cally/economically and socially excluded groups. The paper finds that while the politically and

economically excluded groups, may be reached and can benefit from the inclusive policies in the

villages, those in the “socially” excluded group and that do not have many social interactions

with the rest of the village community remain excluded from the benefits of the program.

This paper considered the impact of an agricultural extension program in a post-conflict

setting in eastern Turkey. It tested a model of agricultural technology diffusion by using an

experimental panel survey that was conducted in project villages as well as control villages

before and after program implementation.

The main propositions of the model were that if the extension program were successful,

there would be an increase in the adoption rates of villagers in the treatment group, though the

changes in adoption levels would vary by the phase of diffusion of the technology (early vs. late

phases of adoption) and by the characteristics of the households (whether they were considered
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to be among an excluded or non-excluded group in the villages). We expected to see that for

the technologies in the earlier phases of adoption, the excluded group would have lower levels

and rates of adoption, while the non-excluded group (with higher assets, education and those

who spoke the official language in the country) would have higher levels and rates of adoption.

In the empirical findings, this was the case for two of the dependent variables: inoculation of

fruit trees, as well as increased use of public consulting services. Both of these were used only

by about one-in-five households in the baseline survey, and these technologies/utilization rates

could be considered as being in the nascent stages of growth.

The extension program increased the adoption rates for inoculation of fruit trees by anywhere

between 26.2 -31.4 percentage points. The impact of the program was higher among those with

lower levels of initial adoption, and among the politically/economically excluded group. Among

the excluded the likelihood of adoption was higher by an additional 22.7 percentage points as

a result of the program. Consistent with the conceptual model, in the absence of the program

though, the adoption rates of the excluded would have been lower for this technology in the

earlier phases of adoption. The findings for the use of consulting services were similar (with

strong impact of the program on overall adoption rates), however there was a difference in

the reach of the program to the politically/economically excluded group: The program had no

impact on improving access of the politically excluded to publicly provided agricultural services,

while having a very strong and positive reach to the excluded group in the villages through its

own private means (in the form of inoculation of fruit tress). This suggests that barriers to

accessing mainstream information services is still limited in this post-conflict region particularly

for those who do not speak the official language. The paper found that for vaccination of

livestock, the impact of the program was negligible, and one could also not see a favourable

impact of the program on the excluded. However, it was possible to see that the excluded group

had higher catch-up rates in such a later-adoption stage technology (even in the absence of the

program).

The paper also contrasted results of the impact of the program for the politically/ economi-

cally excluded group vs. the socially excluded groups in the villages and it found systematically

that those who were socially excluded in the villages could derive less benefits from the pro-

gram and were less likely to adopt even when the NGO program could be defined as inclusive
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in reaching the poor and more disadvantaged. In other words, from this descriptive analysis, it

seems that lack of social capital on the part of a household impacts their likelihood of benefiting

from such services, more so than their lack of access to physical capital (as proxied by the asset

index) or human capital. This is an interesting descriptive finding of the paper that certainly

merits further investigation.

The empirical analysis in this paper can be taken further in several ways: first of all, the

“exclusion” variable used in the paper was a crude definition constructed using several existing

variables in the data set relating to wealth (asset index), education and ability to speak the

official language. While this serves as a decent proxy for exclusion in this region, it would be

much better to have a more detailed – and preferably categorical - variable on exclusion. This

could be collected using self-reporting, as well as using objective data on the number of visits

to government offices, voting history and degree of engagement in political/social affairs.

Second, it would be good to repeat a similar analysis where the adoption levels are reported

as continuous variables, where we can also take the quadratic form of the baseline adoption lev-

els. This would enable us to emulate the S-shaped diffusion function and thus fit the functional

form described in the conceptual model better. It would also be good to have larger sample

sizes in the data, that would allow the construction of village level baseline adoption variables.

Both of these independent variables would help explain the model better.

Finally, it would be interesting to further pursue the results presented in this paper on social

exclusion and the inability of the program to reach the socially excluded (while being perfectly

inclusive of the politically and economically excluded groups). It is obviously very difficult to

set-up an experimental study that would give causal interpretations on this social exclusion

variable (since such set-up would have serious ethical drawbacks), but it may be possible to

have further qualitative measures of social exclusion included in the data that would perhaps

make the correlation results associated with this variable more consistent and reliable.
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Figure 1: Conceptual Model for Agricultural Technology Diffusion

(a) Earlier Stages of Adoption

(b) Later Stages of Adoption
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Figure 2: Changes in Agricultural Technology Adoption and Use of Consulting Services in
Treatment and Control Villages

(a) Percentage of households that inoculated fruit trees

(b) Percentage of households that used preventive vaccination

(c) Percentage of households that visited the district or province
agricultural offices
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Table 2: Balancedness Tests Comparing Treatment and Control Villages

Variable Name Treatment Control T-test for difference in the means

Asset index 3.937 3.812 -1.111
-1.027 -0.958 [0.267]

Poorest Quintile 0.176 0.241 1.423
-0.382 -0.429 [0.156]

Richest Quintile 0.207 0.188 -0.427
-0.406 -0.392 [0.670]

No formal Education 0.351 0.197 -3.029***
-0.479 -0.399 [0.003]

Primary School 0.568 0.659 1.646
-0.497 -0.476 [0.101]

Basic Education 0.032 0.091 2.228**
-0.178 -0.289 [0.027]

Secondary School or higher 0.049 0.053 0.175
-0.216 -0.225 [0.861]

Does not Speak Turkish 0.049 0.015 -1.619
-0.216 -0.122 [0.106]

Forced Migrant 0.549 0.331 -3.969***
-0.499 -0.472 [0.000]

Exclusion Variable 0.456 0.368 -1.575
-0.499 -0.484 [0.116]

Notes: The standard deviations are provided below (Column 1-2) and the p-values for
the t-test are provided in [bracket]. * p<0.10, ** p<0.05, *** p<0.01

Source data: Bitlis Baseline Survey
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Table 3: Household Characteristics and Assets Used in the Construction of the Asset Index

Household Assets Refrigerator
Oven
Iron
Microwave oven
Laundry machine
Dishwasher
Radio
TV
Satellite
Cable TV (Digiturk)
Computer
Landline phone
Mobile Phone
Bicycle
Private Car
Minibus

Household Characteristics Number of Rooms
Number of Living Rooms
Number of Kitchens
Number of Toilets
Number of Baths
Number of Animal Barns
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