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Abstract 

Background: In agricultural‑dependent economies, extension programmes have been the main conduit for dis‑
seminating information on farm technologies, support rural adult learning and assist farmers in developing their farm 
technical and managerial skills. It is expected that extension programmes will help increase farm productivity, farm 
revenue, reduce poverty and minimize food insecurity. In this study, we estimate the effects of extension services on 
farm productivity and income with particular reference to agricultural extension services delivered by Association of 
Church‑based Development NGOs (ACDEP).

Methods: The study used cross‑sectional data collected from 200 farm households from two districts in the North‑
ern region of Ghana. The robustness of the estimates was tested by the use of regression on covariates, regression on 
propensity scores and Heckman treatment effect model.

Results: The study found positive economic gains from participating in the ACDEP agricultural extension pro‑
grammes. Apart from the primary variable of interest (ACDEP agricultural extension programme), socio‑economic, 
institutional and farm‑specific variables were estimated to significantly affect farmers’ farm income depending on the 
estimation technique used.

Conclusions: The study has reaffirmed the critical role of extension programmes in enhancing farm productivity 
and household income. It is, therefore, recommended that agricultural extension service delivery should be boosted 
through timely recruitment, periodic training of agents and provision of adequate logistics.
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Background
The millennium development goals (MDGs) of reduc-
ing hunger and to promote food security are rooted in 
increasing agricultural productivity, especially from the 
crop sector. This is because agriculture is considered as 
the engine of growth in many developing economies, par-
ticularly in sub-Saharan Africa (SSA). The policy direc-
tion of growth and poverty reduction strategy (GPRS 
II) formulated by Ghana was to achieve accelerated 
and sustainable growth and poverty reduction through 

agricultural productivity. Although poverty had declined 
by 7.7% over the years (2005–2013), about 25% of Ghana’s 
population is still poor while under a tenth of the popula-
tion are living in extreme poverty [1]. This suggests that 
the role of agriculture has not been sufficient to elevate 
many people above the poverty line, especially the rural 
folks who contribute immensely to agricultural produc-
tion in Ghana. Ghana’s agricultural sector, which employs 
about 42% of the workforce, is dominated by smallholder 
farmers (about 90% farming on less than 2 hectares of 
land) who are using traditional production methods and 
farm inputs [2]. Asfaw et al. [3] argue that achieving pro-
ductivity growth in the agricultural sector can only be 
successful through the development and dissemination of 
improved agricultural technologies to these smallholder 
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farmers in the rural areas. Rural farmers farming on small 
hectares of land can be attributed to conditions such as 
lack of adequate credit, lack of access to product mar-
ket, lack of adequate extension contacts, among others. 
Among these constraints, inadequate extension services 
have been identified as one of the main limiting factors 
to the growth of the agricultural sector and rural com-
munity development at large [3]. With recent threats of 
climate change and the rapid advancement in technology, 
more farmers require capital investment in agriculture 
and human capacity development to at least continue to 
make their living out of farming. Thus, the role of agri-
cultural extension today goes beyond the transfer of 
technology and improvement in productivity, but also, it 
includes improvement in farmers’ managerial and tech-
nical skills through training, facilitation and coaching, 
among others.

Incognizant of these problems, the government of 
Ghana through the Ministry of Food and Agriculture 
(MoFA) over the years has invested so much in building 
the capacities of smallholder farmers through agricul-
tural extension programmes. Other stakeholders in the 
agricultural sector such as international and local funding 
agencies, non-governmental organizations and financial 
institutions have and continue to make investments in 
the delivery of extension services to farmers. One of the 
prominent NGOs that have been implementing exten-
sion programmes in Northern Ghana is the Association 
of Church-based Development NGOs (ACDEP). ACDEP 
is a network of over 40, mostly, but not only church spon-
sored development NGOs in Northern Ghana with the 
vision of improving the economic well-being of its actors, 
particularly farmers through improved farm technology 
and access to input and output markets. The ACDEP 
NGOs are also engaged in other fields such as primary 
health care, HIV/AIDS, water and sanitation, rural enter-
prise development for women and value chains. One of 
the key components of ACDEP programmes in the field 
of agriculture is the delivery of agricultural extension 
services.

The ACDEP agricultural extension programmes 
include capacity building in good agricultural practices 
(GAPs), creating linkages among the value chain actors 
(input dealers, farmers, wholesalers and retailers) and 
other value addition techniques.1 Thus, wider dissemi-
nation of information regarding farmer skill develop-
ment, the use of improved farm technologies, general 
farm management practices and easy access to input and 
output markets have been the fundamental principles 

underlying delivery of ACDEP agricultural extension ser-
vices. All these are geared towards improvement in pro-
ductivity, reduction in poverty and enhancement in food 
security.2 Given the scale of investment from ACDEP, the 
value for money regarding an increase in farm income is 
an important policy question. In this study, we hypoth-
esized that participation in ACDEP agricultural exten-
sion programmes positively affects the welfare of the 
participating farm households through improvement in 
farm productivity and income. Many studies had dealt 
with issues relating to improving agricultural technolo-
gies such as improved crop varieties, adoption of ferti-
lizer,  etc. in Ghana [4–8]. Also, some other studies had 
focused on the impact of government extension pro-
grammes concerning the use of technology, adoption 
rates, farm productivity and efficiency, and farm output 
levels [9]. These studies had provided excellent informa-
tion on factors shaping adoption and adoption inten-
sities of farm technologies. However, rigorous studies 
on impact evaluation of agricultural extension services 
delivered by non-governmental organizations such as 
ACDEP on smallholders’ farm productivity and income 
remain very rare in the Ghanaian agricultural literature. 
Thus, there are many gaps with regard to what is known 
about the effects of extension services on the productivity 
and income of farmers—the body of empirical evidence 
does not match the scale of implementation, particularly 
in Ghana’s agricultural sector. Hence, the aim of the study 
is to estimate the effects of agricultural extension services 
with particular reference to ACDEP on the farm produc-
tivity and income of smallholder farmers in the ACDEP 
operational areas in the Northern region of Ghana.

The role of extension services in agriculture
Agricultural extension programmes have been one of 
the main conduits of addressing rural poverty and food 
insecurity. This is because, it has the means to transfer 
technology, support rural adult learning, assist farmers 
in problem-solving and getting farmers actively involved 
in the agricultural knowledge and information system 
[10]. Extension is defined by FAO [11] as; “systems that 
should facilitate the access of farmers, their organizations 
and other market actors to knowledge, information and 
technologies; facilitate their interaction with partners 
in research, education, agribusiness, and other relevant 
institutions; and assist them to develop their own techni-
cal, organizational and management skills and practices”. 
By this definition, an extension is deemed as a primary 

1 The study used “ACDEP extension programmes” and “ACDEP agricultural 
extension programmes” interchangeably.

2 Note: Information in this paragraph was sourced from ACDEP website 
(http://acdep .org/site/index .php/home-7/14-acdep -home/24-about -acdep ) 
and its secretariat office in Tamale, Ghana.

http://acdep.org/site/index.php/home-7/14-acdep-home/24-about-acdep
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tool for making agriculture, its related activities as well as 
other economic activities more effective and efficient to 
meet the needs of the people. It is, therefore, regarded as 
a policy tool for promoting the safety and quality of agri-
cultural products. Agricultural extension is aimed pri-
marily at improving the knowledge of farmers for rural 
development; as such, it has been recognized as a criti-
cal component for technology transfer. Thus, agricultural 
extension is a major component to facilitate develop-
ment since it plays a starring role in agricultural and rural 
development efforts [12].

Bonye et  al. [12] argued that extension provides a 
source of information on new technologies for farming 
communities which when adopted can improve produc-
tion, incomes and standards of living. Extension service 
providers make an innovation known to farm house-
holds, act as a catalyst to speed up adoption rate and also 
control change and attempt to prevent some individuals 
in the system from discontinuing the diffusion process 
[13]. In reaching farmers, extension officers demonstrate 
a technology to farmers but with much concentration on 
early adopters since the laggards would learn later from 
the early adopting farmers. Through extension services, 
farmers’ problems are identified for further investigation 
and policy direction. Swanson [14] argued that exten-
sion service goes beyond technology transfer to general 
community development through human and social 
capital development, improving skills and knowledge for 
production and processing, facilitating access to mar-
kets and trade, organizing farmers and producer groups, 
and working with farmers towards sustainable natural 
resource management. Where market failures such as 
limited access to credit and non-competitive market 
structures that provide a disincentive to farmers to pro-
duce exist, extension services tend to provide solutions.

Methods
The study area, data source and description of variables
The study analyses the effects of ACDEP extension pro-
grammes on farm productivity and income using a sam-
ple obtained from the farming communities in the Tolon 
and Kumbugu districts of the Northern region of Ghana. 
The two districts are predominantly rural communities 
with the majority being smallholder farm households. 
Tolon district has a population of 72,990 (males con-
stitute 49.8% while females constitute 50.2%) of which 
92.7% are engaged in agriculture, while Kumbugu has a 
population of 39,341 (equally distributed between males 
and females, i.e. 50%) of which 95.4% of the households 
are engaged in agriculture [15]. Crop farming is the main 
agricultural activities in the two districts with about 
98% engaged in it [15]. The districts are characterized 
by a single rainy season, which starts in late April with 

little rainfall, rising to its peak in July–August and declin-
ing sharply after that and coming to a complete halt in 
October–November. The dry season starts from Novem-
ber to March with day temperatures ranging from 33 to 
39  °C, while mean night temperature ranges from 20 to 
26 °C. The mean annual rainfall ranges between 950 and 
1200 mm.

The data were obtained mainly from primary sources, 
through the use of structured questionnaires. The study 
followed a multi-stage random sampling technique in 
selecting the two districts and communities from the 
Northern region and farm households from each com-
munity. In the first stage, the two districts were randomly 
selected from a number of ACDEP operational districts 
in the Northern region of Ghana. In the second stage, a 
random sampling was used to select four ACDEP opera-
tional communities from each district. Four non-ACDEP 
operational communities were selected from Tolon dis-
trict, while three were selected from Kumbugu district. 
Thus, the survey covered fifteen communities, eight 
from Tolon and seven from Kumbugu. In the final stage, 
10–15 maize farm households were randomly selected 
from each operational community, while 10–12 maize 
farm households were selected from each of the non-
operational communities. The total sample size of the 
study is 200 maize farm households consisting of 110 
farm households who had participated in ACDEP exten-
sion programmes and 90 maize farm households who did 
not take part in the programme. Key informants such as 
some heads of departments of ACDEP office in Tamale, 
Ghana and community leaders were approached to dis-
cuss challenges and opportunities relating to the pro-
gramme and how the programme can aid in increasing 
productivity and farm income.

Table 1 shows the descriptive statistics of the sampled 
farm households. Two main categories of variables are 
described here: the dependent variables (outcome vari-
ables) and the explanatory variables.

Dependent variables
The dependent variables consist of maize farm produc-
tivity (yields), maize farm income per hectare, total 
household income and household income per capita. 
Farm productivity is defined as the total output of maize 
in kilograms per hectare.3 The average yield of maize of 
the participating farm households is 1811 kg per hectare, 
while that of the non-participants is 1511 kg per hectare. 
Thus, there is no statistical  difference between yields of 
participants and non-participants of the ACDEP agricul-
tural extension programme. However,  difference could 

3 In this study, farm productivity and farm yields are used interchangeably.
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partly be ascribed to the over-concentration of the pro-
gramme on linking farmers to the output market with the 
adoption of farm technology lagging.

The income from maize (measured as the total sales 
per hectare) shows a difference of 20% in favour of the 
participants which is significant at 10% level of signifi-
cance. One of the key components of the ACDEP agri-
cultural extension programme is to link farmers to the 
output market, and so farmers who participated in the 
programme might have had their products sold at the 
right time compared with their counterparts who did 
not. As part of the programme, some of the participants 
were engaged in contract farming where their farm prod-
uct was pre-negotiated. Hence, might be responsible for 
the significant difference in the farm income between the 
participants and non-participants. The total household 
income is the summation of the revenues from maize 
and other crops, revenues from the sales of livestock 
and income from non-farm economic activities such 
as wages, salaries and other self-employed businesses 
earned by members of the household (e.g. household 
head, spouse and other economically active members). 
The total household income per capita defines the total 
income of the households relative to their size. The total 
household income of the ACDEP participating house-
holds is GH¢ 13,710, while that of the non-participants 

is GH¢8239 showing a significant difference between 
the two groups.4 Similarly, the total income per capita 
is GH¢2222 and GH¢788 for participants and non-par-
ticipants, respectively. The large difference in household 
income is partly coming from the gap in the farm income, 
and probably the treated group were more engaged in 
other farming activities such as livestock rearing due to 
the knowledge they might have gained through the pro-
gramme. The difference in household income per capita 
may emanate from the fact that non-participating house-
holds have a larger family size compared to the partici-
pating households. However, these descriptive statistics 
are limited regarding their implications for causality, as 
they fail to quantify and account for selectivity biases 
that may emanate from participation in the extension 
programmes.

Explanatory variables
Consistent with pieces of literature, the study hypoth-
esized that participation in the ACDEP extension pro-
gramme, as well as the determinants of farmers’ farm 
income, can be explained by socio-economic, farm-
specific and institutional factors [9, 15–17]. Some of the 

Table 1 Descriptive statistics of the sampled farm households

a,b,c denote 1, 5 and 10% levels of significance, respectively

Description of variables Participants Non-participants

Mean SE Mean SE

Dependent variables
Maize productivity/yield (kg/ha) 1811.27 179.49 1511.24 122.87

Maize farm income (total sales in GH¢ per ha) 1177.33c 116.67 982.3 79.86

Total household income (GH¢) 13,710.85a 183.43 8239.94 1158.60

Total household income per capita (GH¢) 2222.01a 313.36 788.04 90.04

Explanatory variables
Socio-economic characteristics

Gender of the household head (dummy; 1 = male, 0 otherwise) 0.69a – 0.46 –

Age of the household head (years) 40.65 11.11 41.69 10.44

Household size (count) 6.17a 0.545 10.45 5.86

Number of years in formal education (years) 6.35 0.58 5.73 0.59

Number of years in crop farming 19.89 11.57 20.72 12.06

Plot characteristics

Number of maize plots (count) 1.25b 0.66 1.47 0.611

Farm size (farmland allocated to maize cultivation in ha) 2.14a 2.03 1.3 0.75

Institutional factors

Access to credit 0.28 – 0.07 –

Farmer‑based organization 0.66 0.73

Distance to local market (kilometres) 14.13c 10.22 16.08 12.12

Distance to regional market (kilometres) 24.32 11.34 23.23 14.56

4 Average exchange in 2016: GH¢ = US$ 1.
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socio-economic factors include gender, age, household 
size, the number of years in formal education and the 
number of years in crop farming (experience). The farm-
specific factors included in the empirical models of this 
study are the hectare of agricultural land allocated to 
maize cultivation (farm size) and the number of maize 
farm plots. The institutional and policy variables include 
membership of a farmer-based organization (FBO), dis-
tance to the local district market and distance to the 
main regional city market as well as access to agricultural 
credit.

Econometric technique
The study uses a combination of three econometric tech-
niques to assess the effects of the ACDEP agricultural 
extension services on farm productivity and income of 
the smallholder maize farmers. First, we use a simple 
regression referred to as regression on covariates. Second, 
a regression on propensity scores was used to account for 
selectivity bias in estimating the effects of the extension 
services. In the third stage, we complement the results 
with the Heckman treatment effect model to test the 
robustness of the results.

We start by considering that the outcome variables 
(in our case maize farm yields, farm income per capita, 
total household income and total household income per 
capita) are a linear function. This linear function consists 
of a vector of households, farm-specific and institutional 
factors (Xi). The simplest approach to assessing the effect 
of the ACDEP agricultural extension programme is to 
include in the outcome equation ACDEP agricultural 
extension participation variable (AEi) denoting one (1) if 
farmer participates in the ACDEP programme and zero 
(0) if otherwise, and then apply ordinary least squares 
(OLS) estimation technique. This can be specified as:

where Yi is the outcome variable, AEi is a dummy vari-
able for ACDEP extension programme participation, 
Xi represents other explanatory variables, αi and δi are 
parameters to be estimated. The causal effect of AEi on 
the outcome variables can be measured by estimating 
the parameter αi. However, estimating Eq.  (1) with OLS 
might lead to biased estimates because it assumes that 
AEi is random and exogenously given, while the selec-
tion of ACDEP participants is non-random and AEi vari-
able is potentially endogenous [16, 18]. The non-random 
sample selection problem arises from self-selection 
where the farmers themselves decide whether or not to 
participate in the extension programme, probably due 
to differences in resource endowments. Thus, the selec-
tion bias emanates from the fact that treated individuals 
may be systematically different from the non-treated for 

(1)Yi = β + αiAEi + δiXi + εi

reasons other than the treatment status. The endogene-
ity problem may arise becuase the programme may tar-
get  farmers with specific characteristics (smallholder 
farmers, commercial farmers, poor farmers or relatively 
wealthy farmers). These may result in biased estimates 
of the coefficient of AEi which measures the effects of 
extension programme participation on the outcome vari-
ables. Selection bias could also arise from the selection 
on observable or unobservable. Selection on observa-
bles could be controlled by including some set of varia-
bles in the model. However, selection on unobservables 
is usually difficult to control by adding variables. This is 
because unobserved variables such as farmers’ manage-
rial ability, motivation, among others are not observed, 
hence, difficult to capture. Excluding these unobserved 
variables gives biased estimates of αi in Eq. (1). The study 
addresses the problem of selectivity bias in three ways.

The first is to include a set of observable covariates to 
account for potential selection bias due to selection on 
observables as applied in [13]. These variables include 
distance to local district market, distance to regional city 
market and farm size. We can then re-specify Eq. (1) as:

where Zi is a vector of variables to control for the selec-
tion bias and χi is the parameter to be estimated. As 
stated earlier, this is called regression on covariates.

The second approach is to estimate the propensity 
score or conditional probability to participate in the 
ACDEP agricultural extension programme and use it as 
an additional control variable in the regression model.5 
This is referred to as regression on propensity scores as 
used in Alemu et al. [13] and Asres et al. [19]. The pro-
pensity score as a control variable in the regression 
model reduces the potential biases created by selection 
on observable characteristics [17]. The new regression 
model can be specified as:

where PSi = p(AEi =
1
X
) and φi is the estimate of the 

propensity score PSi. Other variables are defined earlier.
The third approach to deal with sample selection bias 

is the Heckman treatment effect model. The Heckman 
treatment effect model is one of the most widely used 
procedure to account for sample selection bias and offers 
a mean/way of correcting for biases that may arise from 
unobservable factors, and thus results in unbiased and 
consistent estimates [16]. The Heckman treatment effect 
model is an extension of the Heckman two-stage model. 

(2)Yi = β + αiAEi + χiZi + δiXi + εi

(3)Yi = β + αiAE + ϕiPSi + χiZi + δiXi + εi

5 Note: A probit model was used to generate the propensity scores used in 
Eq. (3).
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The only difference is that the dependent variable in the 
selection equation becomes one of the explanatory vari-
ables in the outcome equation of the former but not in 
the latter model. The principle behind the treatment 
effect model is to estimate the selection equation (usu-
ally a probit model) and use the predicted values of the 
dependent variable as a selection control factor called 
the inverse mills ratio (IMR). The IMR is then used as 
an additional regressor in the outcome equation to cor-
rect sample selection and free other explanatory variables 
from any biases. In this way, the true effects of participa-
tion in the ACDEP agricultural extension programme on 
outcome variables are measured [20]. Thus, in the treat-
ment effect model, the treatment condition enters the 
outcome equations as an explanatory variable to measure 
the true effects on the outcome variables [18].

The model can be specified in two steps. The selection 
equation which is usually a probit is given as:

where AEi is a latent endogenous variable (participation 
in ACDEP agricultural extension programmes), Xi is a set 
of exogenous variables determining the selection of farm 
households into the extension programme, δi is a param-
eter to be estimated and ɛi is the error term. The substan-
tive equation can be specified as:

where αi measures the effect of ACDEP extension ser-
vices on the outcome variables. To correct for self-selec-
tion biases in the substantive Eq. (5), an IMR denoted by 
the symbol λ was generated and added as an additional 
explanatory variable. The formulation process of IMR is 
given as:

where φ and Φ are normal probability density function 
and cumulative density function, respectively, of the 
standard normal distribution. Adding the IMR to Eq. (5) 
translates into Eq. (7) as:

where γi is an estimate of the IMR (λi) and μi is a two-
sided error term with N (0, σ 2

v ). The rest are as defined 
earlier. A significant coefficient of the IMR implies that 
there is self-selection problem, while a non-signifi-
cant coefficient indicates the absence of sample selec-
tion. Ignoring the addition of the IMR will render the 
results from Eq.  (5) as biased [21]. Thus, the inclusion 
of the selectivity term makes the coefficient αi (measur-
ing the effects of the treatment variable on the outcome 

(4)AEi = β + δiXi + εi

(5)Yi = β + δXi + αiAEi + εi

(6)� =
φ(−δiX)

1−Φ(δiX)

(7)Yi = β + δiXi + αiAE + γi�i + µi

variables) unbiased, albeit it is inefficient as the dis-
turbance term (μi) is heteroscedastic [16]. The prob-
lem of heteroscedasticity can be corrected by the use of 
bootstrap standard errors or re-sampling. However, the 
STATA software package used in generating the esti-
mates automatically adjusts for that bias in the standard 
errors [22].

Empirical results and discussions
Determinants of ACDEP agricultural extension programme 
participation
The results from the probit model for the participation in 
ACDEP agricultural extension programme are presented 
in Table 2. The model fits the data reasonably well as indi-
cated by the Wald test that all the coefficients are jointly 
equal to zero is rejected [Chi2 (8) = 28.37; p  = 0.000]. 

The probit  model also correctly classified 69.37% of 
the maize farm households among the participants and 
69.66% among the non-participants with a total accurate 
prediction rate of 69.50% for the entire sample.

From the table, the probability of participating in the 
ACDEP extension programmes is significantly influ-
enced by the age of the household head, the number 
of years in crop farming, access to agricultural credit, 
membership of a farmer-based organization and the size 
of plots allocated to maize production (farm size). The 
positive and significant influence of age on the probabil-
ity of participation in the ACDEP agricultural extension 
programme is against the notion that older farmers are 

Table 2 Determinants of  participation in  ACDEP 
agricultural extension programme

a, b,c denote significance levels at 1, 5 and 10%, respectively

Variable Coefficient SE

Age of the household head 0.112b 0.050

Household size 0.014 0.018

Number of years in formal education − 0.002 0.017

Number of years in crop farming (experience) 0.016c 0.009

Access to agricultural credit 0.669b 0.283

Membership of farmer‑based organization (FBO) 0.309b 0.149

Farm size allocated to maize cultivation in hectares 0.423a 0.107

Number of maize farm plots 0.043 0.180

Constant − 1.259 0.373

LR  Chi2 (8) 26.47

Prob > Chi2 0.000

Wald  Chi2 (8) 28.37

Prob > Chi2 0.000

Sensitivity (% correctly classified among partici‑
pants)

69.37%

Specificity (% correctly classified among non‑
participants)

69.66%

Total correctly classified (%) 69.50%
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usually reluctant to accept new information and ideas as 
reported by Asres et al. [19] and Genius et al. [23]. How-
ever, the result is consistent with the studies by Tiwari 
et al. [24] and Mendola [25]. Farmers with longer years in 
farming business have a higher likelihood of participating 
in the ACDEP programmes to optimize their farm pro-
ductivity and income. Hence, the positive and significant 
effect of this variable is expected.

Similarly, access to agricultural credit will encourage 
farmers to participate in the extension programme to get 
more information that may help to maximize their yield 
to repay the credit on time. Group membership such 
as FBO enhances farmer-to-farmer extension services 
where knowledge and ideas on farm business and other 
off-farm activities are transferred from one farmer to 
the other. Thus, farmers who are members of FBOs are 
likely to get sufficient awareness and knowledge on farm 
technologies and, hence, are sensitized to join extension 
programme for more information on their farm busi-
ness. Similarly, participants in the ACDEP agricultural 
extension programme tend to have larger farm sizes than 
their non-participants counterparts as supported by the 
descriptive statistics in Table 1. Usually, members of such 
extension programmes are encouraged to consider their 
farm as a business entity rather than a cultural way of 
life and are, therefore, poised to achieve higher output 
through expansion and productivity. Gebreegziabher [26] 
reported a positive effect of plot size on the probability of 
participating in an extension programme in Ethiopia.

Effects of ACDEP extension programme on yield, farm 
income and household income
The econometric results of the effects of the exten-
sion programme on the four outcome variables (maize 
productivity, farm income per hectare, total house-
hold income and total household income per capita) are 
reported in Table 3. These outcome variables are already 
defined in Table 1. The following paragraphs discuss the 
effects of ACDEP agricultural extension programmes 
on each of the performance indicators across the three 
models.

Table  3 indicates that ACDEP agricultural extension 
programmes had positive effects on the productivity 
and farm income of the households in the study area. 
The results from different estimation approaches are 
quantitatively similar in terms of the direction, indicat-
ing the robustness of the results to changes in the esti-
mation techniques. The estimated results show that the 
ACDEP extension programme had no significant effects 
on maize farm productivity when regression on covari-
ates and regression on propensity scores were used. 
However, in the Heckman treatment effect model, the 
effect is positive and significant. Since all the variables are 
specified in logarithmic terms, it suggests that participat-
ing in the ACDEP extension programme has increased 
farm productivity by 11.3% points. The result from the 
Heckman model is at variance with the study of Feder 
et  al. [27] who found no contribution of extension pro-
grammes to crop productivity. However, it is in line with 
other previous studies [28–31] reporting positive effects 
of extension programmes on crop farm productivity. The 
estimated effects for maize farm income per hectare vary 
from 0.113 to 1.13 depending on the estimation proce-
dure. These coefficients imply that the extension pro-
gramme has led to an increase in farm income by 11.3 to 
111.3 percentage points. The effect is smaller in a regres-
sion on propensity score than the Heckman treatment 
effect model as indicated in Table 3. The wide divergence 
in the magnitude of the effects may partly be attributed 
to the difference in the unobserved heterogeneity among 
the maize farm households. The regression on propen-
sity score minimizes selection biases based on observed 
covariates, while Heckman treatment effects correct for 
selection bias arising from unobserved factors, hence, 
the two estimation techniques are most likely to produce 
different estimates. Moreover, given the market-oriented 
nature of the extension programmes nowadays, the large 
effect on farm income is not surprising. Thus, the focus 
is more on linking farmers to the market where products 
are purchased at the right time, rather than technology 
adoption.

For Heckman treatment effects, regression on pro-
pensity score and regression on covariate models, 

Table 3 Effects of ACDEP extension programmes on yield, farm and household income

a,b,c denote 1, 5 and 10% significance levels, respectively. SE denotes standard errors

Outcome variable Regression on covariates Regression on propensity score Heckman treatment 
effects

Coefficient SE Coefficient SE Coefficient SE

Maize yield (kg/ha) 0.011 0.039 0.012 0.040 0.113a 0.018

Maize farm income (total sales in GH¢/ha) 0.135 0.120 0.113c 0.063 1.113a 0.192

Total household income (GH¢) 0.361a 0.038 0.233a 0.043 0.853a 0.153

Total household income per capita 0.347a 0.043 0.216a 0.048 1.104a 0.194
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extension programmes lead to 85.3%, 23.3% and 36.1% 
increase in total household income, respectively. 
Gebrehiwot [9] observed that extension programmes 
lead to 7% and 10% points in farm household income 
when estimated with regression on covariates and pro-
pensity score matching using stratification technique, 
respectively. Similarly, Asres et  al. [19] reported 6% 
and 18% increase in household income through partici-
pation in extension programme when estimated with 
OLS and Heckman treatment effects, respectively. The 
results also corroborate with that of [28] and [32]. The 
effects of ACDEP agricultural extension programmes 
on per capita income differ across the three models 
regarding the magnitudes of the effects. The exten-
sion programmes improve per capita income by 34.7% 
and 21.6% for regression on covariates and regression 
on the propensity scores, respectively. It increases by 
110.4% in the Heckman treatment effect model. The 
greater impact of the ACDEP programme on the per 
capita income could emanate from the large effect of 
farm income coupled with the smaller household size 
of the participants compared with that of the non-
participants as indicated in the descriptive statistics. 

Apart from participation in extension programme, 
some other factors have been estimated to affect farm 
households’ income. Table 4 presents the full results of 
the regression on covariates, regression on propensity 
scores and the second stage of the Heckman treatment 
model. The two regressions (regression on covariates 
and regression on propensity scores) are free from mul-
ticollinearity as indicated by the variance inflation fac-
tor (VIF) mean values of 1.39 and 2.65 for regression on 
covariates and regression on propensity scores, respec-
tively. The VIF for each independent variable was less 
than the critical value of 10 indicating non-existence 
of multicollinearity [33]. The results are also free from 
heteroscedasticity as indicated by the small values of 
the Chi2 generated by the Breusch–Pagan/Cook–Weis-
berg heteroscedasticity test.

The results indicate the significance of household loca-
tions and their effects on their farm income. The dis-
tance to market centres, both local and regional markets, 
is found to negatively affect their farm income. These 
findings may be attributed to the fact that ACDEP pro-
grammes are targeted at the remote districts and com-
munities where poverty is pervasive. The other side is 

Table 4 Regression on  covariates, propensity score and  Heckman treatment effects (maize farm income per  capita 
as dependent variable)

*denotes significance level of LR  Chi2 and it is at 1% level
a,b,c denote significance levels at 1, 5 and 10%, respectively

Variable Regression on covariates Regression on propensity scores Heckman treatment effect

Coefficient SE Coefficient SE Coefficient SE

ACDEP extension 0.135 0.120 0.113c 0.063 1.113a 0.192

ACDEP pscore 3.663a 0.749

Distance to local market − 0.142a 0.029 − 0.136a 0.036

Distance to regional market − 0.037b 0.014 − 0.019 0.088

Gender of household head 0.165 0.138 0.136 0.131 0.209 0.121

Formal education 0.009 0.011 0.024b 0.007 0.014a 0.012

Household size 0.091a 0.011 − 0.117a 0.011 0.097a 0.012

Farming experience 0.002 0.006 0.021a 0.007 − 0.008 0.006

Access to credit 0.052 0.159 0.801a 0.232 0.179b 0.018

Membership of FBO 0.138 0.137 0.030 0.122 0.309a 0.049

Number of maize farm plots 0.106 0.093 0.319b 0.125 − 0.025 0.107

Farm size (maize) 0.345a 0.043 0.217a 0.048 0.312a 0.048

Constant 6.228a 0.206 5.596a 0.235 6.040 0.234

Adjusted R‑squared 0.535 0.585

Lambda 0.632 0.107a

LR  Chi2(1) = 13.43 0.000*

Breusch–Pagan/Cook–Weisberg test

 Chi2(1) 0.380 0.240

 Prob > Chi2 0.538 0.622

 VIF (mean) 1.390 2.65

 Observations 200 200 200
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that farmers sometimes find it difficult in transporting 
their produce to the urban market centres as they are 
being constrained by finance and other factors such as 
road networks.

Other socio-economic factors such as the educational 
attainment (measured as the number of years in for-
mal education), household size and farming experience 
(measured as the number of years in crop farming) signif-
icantly affect farm income with different estimation tech-
niques. Similarly, institutional variables such as access to 
agricultural credit and social capital variable (FBO mem-
bership) are estimated to have positive and significant 
effects on farm income. The number of farm plots owned 
is positive and significant in the regression on propensity 
score but not significant in the regression on covariates 
and Heckman treatment effect model. Furthermore, the 
size of the plot allocated to maize production (farm size) 
had a positive and significant influence on farm income 
across the three estimation techniques. This underscores 
the importance of farm size to increasing farm income 
among smallholder rural farm households.

Conclusions
The study has assessed the effects of ACDEP agricultural 
extension programme on the productivity and income of 
farm households using primary data from two districts 
in the Northern region, Ghana. Since the agricultural 
extension programmes require  a substantial amount of 
investment,  understanding its effects on the beneficiar-
ies (farmers) is very important. After controlling for 
selectivity bias, we found out that participation in the 
ACDEP agricultural extension programme improves wel-
fare through an increase in farmers’ income. However, 
the effect levels are different depending on the empirical 
estimation procedure adopted. The central government 
and development partners should commit more human, 
financial and logistical resources to agricultural extension 
delivery in the country to boost agricultural productivity, 
farm incomes and total household income. Also, access 
to agricultural credit and formation of farmer groups 
such as farmer-based organizations should be promoted 
for agricultural extension service delivery to realize its 
full impact.
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