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Abstract

Background In recognition of the potential importance of road access in the provision of and request for agricultural
extension services, this study investigates whether and to what extent access to paved roads would influence farmers’
access to extension services, using a nationally representative sample of households and communities in Malawi. Our
study proposes an extension access measure that reflects the diversity of agricultural topics and extension service
providers available in the village where farmers resided, which commonly is captured in a binary fashion of “contact”
with extension agents.

Method The level of extension access is measured in the form of count data, and we employ a hurdle negative bino-
mial regression model to account for unobserved farmer heterogeneity and excessive zeros that represent a group of
farmers who received no extension services due to a lack of supply of extension opportunities in the village or a lack
of demand.

Results We find a negative and non-linear relationship between access to paved roads and extension services,
showing that, on average, the extent of access to extension services decreased by 14.1 percent as a farmer’s resi-
dence was one log of distance away from the nearest paved road. Women farmers had considerably lower extension
access scores by 24.3 percent than men, indicating the prevalence of the country’s deeply rooted cultural and gender
barriers. Furthermore, serving as lead farmers, human capital and economic characteristics, and extension resources
available in the village—such as the number of extension agents and demonstration and farm trials—are identified as
factors having a sizable contribution to determining the extent of extension access.

Conclusion Our study findings will provide empirical evidence that answers questions raised by past studies con-
cerning the relationship among roads, agricultural extension, productivity, and other economic outcomes. Also, it will
inform future research about the access to agricultural extension and agricultural development nexus.
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country’s economic development and reduce food inse-
curity and poverty.

Malawi experienced a significant decrease in eco-
nomic growth from 5.7% in 2014 to 2.8% in 2015 [70].
The agriculture sector even recorded a negative growth
rate of 2 percent. This low rate was largely the result of
adverse weather conditions. Floods in southern regions
followed by a countrywide drought contracted agricul-
tural production over the 2014/15 growing season. As a
result, one-third of maize production shrank, resulting in
2.8 million food-insecure people [70]. In fact, vulnerabil-
ity to climate change has been criticized as a country’s
prolonged problem over the past several decades. Stud-
ies claimed that Malawi tended to lose a higher volume
of crop yields from natural shocks relative to other Sub-
Saharan African countries, and the extent to which those
shocks impacted Malawi’s agricultural production was
mainly due to the lack or low adoption of risk manage-
ment practices and technologies [e.g., 33, 37, 45, 46].

Agricultural extension and advisory services (hereaf-
ter referred to simply as agricultural extension services)
are one of the most important areas in addressing the
underlying challenges of achieving Malawi’s agricul-
tural development goals [64]. Traditionally, agricultural
extension focuses on four broad objects: (i) disseminat-
ing new technologies and agronomic practices around
the national staple food crops; (ii) increasing farm
incomes through high-value crop production, especially
for small-scale, landless, and indigenous farmers; (iii)
empowering farmers by building social capital within the
community; and (iv) strengthening farmers’ capacity to
use sustainable natural resource management practices
[47, 77]. The promise of agricultural extension has been
well documented in the literature [e.g., 3, 5, 9, 14, 16, 55,
65]. However, cautionary examples of poorly perform-
ing extension services exist as well, and a recent survey
of returns to agricultural research (including extension)
reported high rates of return (internal rate of return) with
very wide variance for the return to investment into agri-
cultural extension in Sub-Saharan Africa [57].

The government of Malawi has made significant strides
in reforming extension policies in the country’s history to
achieve the aforementioned objectives of extension [30,
39]. The current system, launched by the government in
2000, is one of the most progressive agricultural exten-
sion strategies, in which multiple actors (extension ser-
vice providers) are engaged in delivering accountability
and responsiveness to smallholder farmers. Currently,
in Malawi, there exist more than 120 agriculture-related
organizations and programs that prioritize the delivery
of extension services [61]. With the accompanying efforts
of the government and multilateral organizations, access
to extension services has been substantially increased.

Page 2 of 17

According to National Statistical Office (NSO), in 2005,
only 13% of Malawi’s farm households received advice
from extension agents on crop production and input
management [54]. On the other hand, more recent statis-
tics, conducted by the International Food Policy Research
Institute (IFPRI), presented that half of the farm house-
holds received some agriculture- and nutrition-related
advice in the past 12 months (2015/16 cropping season).
This figure was higher than in many other African coun-
tries [66]. However, despite increased access to extension
access, agricultural productivity has been stagnating, and
more than half of Malawians suffered from poverty in
2017 [61]. One-third of children under five were stunted,
and 6.7 million people were in need of food assistance
[61]. These increasingly built pressure to revisit the strat-
egy and operation of the current agricultural extension
system.

One of the major constraints facing the country’s
extension system is a few extension requests. About one
in ten farmers who received advice requested additional
extension services [61]. Dinar [19] and Frisvold et al. [27]
asserted that the provision of and request for extension
services are simultaneously determined; hence, farm-
ers’ lack of interest in requesting additional advice would
reduce the corresponding supply of extension services,
ending up with a lower equilibrium to which the demand
and supply of extension services are converged. In con-
sidering that eight in ten farmers reported being “very
satisfied” with extension services they received, and nine
in ten said “the advice was something they wanted or
needed” [66], the quality of advice might not be the main
reason, causing this low request for extension services.

Another reason for this may relate to the develop-
ment of infrastructure [e.g., 2, 16, 36, 72]. For example,
poor road infrastructure may limit extension agents’
ability to visit farmers, especially in remote rural vil-
lages. Specifically, traveling to—geographically hard to
reach—villages would incur high transportation costs,
thereby reducing the frequency of agents’ visits to those
villages. Farmers who live in hard-to-reach villages may
not make further extension requests if they anticipate not
receiving the services when needed (some crop practices
and technologies are time-sensitive). In contrast, bet-
ter access to roads would not only reduce agents’ burden
of transportation costs but also enhance farmers’ access
to markets—enabling them to lower various transaction
costs associated with acquiring farm inputs (e.g., chemi-
cal fertilizer and hybrid seeds), hiring labors, and selling
agricultural products—which in turn increase farmers’
demands and adoption capabilities of agricultural tech-
nologies recommended by extension agents. Moreover,
areas with a higher expected rate of return are likely to
be prioritized for the investment in road infrastructure,
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while the rest areas, especially in remote rural villages,
suffer from none or limited access to markets and public
extension resources [9, 16]. This implies that those half
farmers who reported no access to extension services—
during the 2015/16 crop season—would include those
who needed but could not receive the services due to no
extension opportunity within the village.

On realizing the importance of road access in the
dynamics of the supply and demand of extension ser-
vices, this study investigates whether and to what extent
access to paved roads would influence farmers’ access
to extension services, using a nationally represented
sample of households and communities in Malawi. Our
study proposes an extension access measure that reflects
the diversity of agricultural topics and extension service
providers available in the village where farmers resided,
which is usually captured in a binary fashion of “con-
tact” with extension agents. In specific, we construct an
index based on nine different agricultural topics and nine
modes of face-to-face and group-based extension ser-
vices that farmers had experienced in the past 12 months.
The level of extension access is measured in the form of
count data, and we employ a hurdle negative binomial
regression model to account for unobserved farmer het-
erogeneity and excessive zeros, representing a group of
farmers who received no extension services due to the
lack of extension opportunity in the village (details on the
construction of the extension services index are provided
in the section “Measurement of access to agricultural
extension services”).

The results indicate a significant and non-linear rela-
tionship between access to paved roads and extension
services, showing that the extent of access to extension
services decreased (by 14.1 percent) as a farmer’s resi-
dence was one log of distance away from the nearest
paved road. That is, a one-percent increase in distance to
paved roads was correlated with a reduction in extension
access scores of about 0.082%. We also find that women
farmers had considerably lower extension access scores
by 24.1 percent than men, indicating the prevalence of
deeply rooted cultural barriers that reduced women’s
ability to access extension services. Furthermore, serv-
ing as lead farmers, human capital and economic char-
acteristics, and extension resources available in the
village—such as the number of extension agents and
demonstration and farm trials—are identified as factors
having a sizable contribution to determining the extent of
extension access.

History of agricultural extension systems in Malawi
The history of Malawi’s extension systems underwent
three phases: colonial period, one-party rule, and dem-
ocratic rule. In 1903, the colonial government brought

Page 3 of 17

in agricultural extension that distributed free cotton
seeds and advised farmers on improved cotton produc-
tion practices [39]. It then broadened to other export
commodities (i.e., tobacco). The colonial-era exten-
sion system employed the top-down strategy, a one-
way communication, that extension agents provided
an array of agricultural information to farmers. Later
in the 50 s, the concept of master farmers was incor-
porated into the mainstream of extension activities. In
specific, extension agents offered intensive agricultural
training to selected (master) farmers and had these
farmers help to disseminate innovative technologies
and motivate neighboring farmers to adopt them [39].
However, the master farmer approach was criticized
for its selection of progressive farmers along with poor
dissemination of improved technologies and informa-
tion, which resulted in widening the gap in agricultural
knowledge and resources between the master farmers
and other smallholder farmers [62].

Extension systems after the country’s independence
shifted to a group approach in the 70 s (during the era
of one-party rule), declaring to assist as many small-
holder farmers as possible, as opposed to the master
farmer approach of the colonial period. In trying to
enhance the group approach, the government adopted
the block extension system (BES), a modification of
the World Bank’s Training and Visit (T&V) system, in
1981. However, it did not take long for the Ministry of
Agriculture to recognize that BES was only reaching
the specialized farmer groups, leaving out the majority
of subsistence farmers who were mostly resource-poor
and women. In addition, every farmer received almost
the same agricultural messages every year regardless
of their economic and educational status and regional
attributes where they lived [39]. This approach was
against what had been recommended: extension ser-
vices should focus on introducing more efficient farm-
ing systems that will increase farm income for different
farmers through effectively using household, commu-
nity, and natural resources [77].

The current agricultural extension policy, built on the
principles of pluralistic, decentralized, and demand-
driven extension delivery, was launched by the govern-
ment in 2000. The advent of multiparty politics in 1994
gave ordinary Malawians a voice, and the top-down-
based public extension systems began to collapse.
Moreover, Malawians have witnessed new players—
non-governmental organizations (NGOs) and private
sector organizations, research institutes, and universi-
ties—joining into agricultural extension services, which
were prerogative of the Ministry of Agriculture in the
past two phases.
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Literature review

In developing countries, eight in ten extremely poor
people live in rural villages, and nearly two-thirds of
them sustain their livelihoods from agricultural activi-
ties [11]. In addition, the growth in the agriculture sec-
tor over the others is predicted to be two to four times
more effective in raising income among the poorest
[11]. Studies have suggested that expanding the rural
road network and agricultural extension services can
play an essential role in creating an enabling environ-
ment that promotes agricultural productivity and pov-
erty reduction.

Dercon et al. [16], utilizing panel data from 15 vil-
lages from 1994 to 2004, examined the impacts of public
investment in improving access to all-weather roads and
agricultural extension services on consumption growth
and poverty in Ethiopia. The study found that receiving
at least one extension visit reduced headcount poverty
by 9.8 percentage points and increased consumption
growth by 7.1 percent. Access to all-weather roads was
also predicted to reduce poverty by 6.9 percentage points
and increase consumption growth by 16.3 percent. Der-
con et al. [16] asserted that better access to roads made
it easier for farmers to acquire farm inputs and higher
input and output prices, while agricultural extension ser-
vices contributed to farmer’s income and consumption
through the facilitation of a technology transfer—inform-
ing farmers of new agricultural information—and adop-
tion of the best technologies and practices.

More recent studies considered linking road acces-
sibility with the provision of extension services rather
than separate mechanisms affecting farmers’ agricultural
and economic developments. Shamdasani [72] showed
that farmers in rural India, by accessing roads through
national road-building programs, were more likely to
invest in agricultural technologies, diversify crop port-
folios, and adopt labor-intensive farm practices. One of
the channels the author described as an effect of road
accessibility was the increased ability of extension agents
to reach farmers by reducing transportation costs of
traveling to villages that had previously poor road infra-
structure. Similarly, Aggarwal [2] found that, in India, the
provision of paved roads, which connected rural villages
to the nearby town, increased the adoption of agricultural
technologies (i.e., chemical fertilizer and hybrid seeds),
primarily explained by the benefits of access to markets
and extension services. Although there are a series of
studies examining the associative or causal relationships
between rural roads and various individual and commu-
nity-wide benefits [e.g., 35, 38, 74], only a few explained a
potential role of agricultural extension in those relation-
ships by granting the linkage between road accessibility
and provision of extension services.
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Besides access to roads, previous studies have identi-
fied a multitude of factors determining the provision and
request for extension services. We classify them into six
categories, including gender, human capital, resource
endowment and non-farm employment, farmer organi-
zation, and extension resources within the village.

First, although the modality of extension delivery var-
ies by country, women generally have less access to agri-
cultural extension services [23, 58, 60, 63]. For example,
in Malawi, seven percent of female-headed households
received advice from extension agents relative to 13 per-
cent of male-headed households [82]. In Ghana, less than
two percent of female-headed households and female
spouses of male-headed households accessed extension
services relative to nearly 12 percent of male-headed
households [83]. Similar results were found in Ethiopia
though the gender gap in extension access was relatively
smaller [83].

Studies highlighted several challenges in reaching
women farmers. First, extension agents prefer to work
with farmers who can control economic and productive
resources and make production-related decisions within
the household. This person is most commonly the male
in a husband-wife household. Moreover, extension agents
believe that delivered information would trickle down
from the male household head to all other household
members [23]. Therefore, extension agents do not recog-
nize the need to make extension services more accessible
for women, even though they are responsible for at least
40 percent of the agricultural labor in six African coun-
tries [20, 56]. Besides, many women experience restric-
tions on physical mobility beyond the family nucleus
and interacting with male extension agents, considered
a major constraint, limiting women’s access to extension
services and adoption of agricultural innovations, by
which extension agents recommend [23, 40, 48, 60].

Second, human capital refers to the stock of knowl-
edge, skills, and health embodied in people, making labor
more productive and trending towards higher wages [7].
Investment in human capital—often through education
and health—contributes to agricultural productivity [32,
53]. Specifically, educated and experienced farmers can
better evaluate the usefulness of agricultural information
received in the past, and this stock of information guides
their future demand for extension services [8]. Moreover,
extension agents are more likely to choose experienced
farmers as contact persons to host agricultural activi-
ties such as farmer field days and demonstration plots to
disseminate agricultural information to other farmers in
their neighborhoods [28].

An equally important form of human capital as edu-
cation is health and nutrition. People in good health
generally have better intellectual capabilities, leading
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to higher labor productivity and income. On the other
hand, undernutrition and diseases can result in reduced
work capacity and a loss of days worked [13]. Strauss
[75] estimated a Cobb-—Douglas agricultural produc-
tion function for farmers in Sierra Leone and uti-
lized the average calorie intake as a proxy for effective
labor. More studies by Deolalikar [15], Strauss and
Thomas [76], and Schultz and Tansel [71] affirmed the
nutrition-productivity relationship, using nutritional
intake, weight-for-height, and other health conditions.
Although the linkage between nutrition and access to
the agricultural extension has not been explicitly estab-
lished in the literature, poor health from inadequate
nutrition and food intake presumably reduces farmers’
capability in requesting extension services, processing
information, and utilizing modern technologies.

Third, farmers’ wealth—often measured by farm
revenues, non-farm income, assets, and farm size—
indicates their capacity not only to learn and adopt
new agricultural technologies but also to absorb the
risk of technology failure [24, 52]. For example, some
agricultural technologies (e.g., chemical fertilizer
and machinery) accompany high costs of purchasing
inputs or hiring laborers if the technology is labor-
intensive. Wealthier farmers are better able to afford
such costs than resource-poor farmers who face several
other needs, competing for already limited financial
resources [21, 22]. Similarly, access to credit and the
amount can increase farmers’ ability to pay for trans-
action costs associated with undertaking investment in
value-addition activities as recommended by extension
agents.

In addition, non-farm employment is a reliable source
of farm household income. Farmers face various risks
in terms of uncertainty in the use of new technologies,
agricultural pests and diseases, price volatility, and mar-
ket failure. Non-farm employment is one of the informal
mechanisms making it possible for subsistence farmers
to insure against a risky environment and support their
livelihoods [18, 69]. On the other hand, as the extent of
farmers’ engagement in non-farm employment increases,
the amount of time they can contribute to farm activities
decreases [12].

Fourth, small-scale farmers, by being a member of
farmer organizations or cooperatives, can reduce asym-
metries in accessing extension services, acquiring farm
inputs, and marketing products through achieving econ-
omies of scale that are merely realized in a small-family
farm setting [26, 43]. In Malawi, the ratio of farmers to
government and non-government extension agents was
roughly 1568 or 2232 to 1, which was significantly worse
than in many other African countries [61]. This low
extension agent-to-farmers ratio necessitates extension
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service providers to favor farmer organizations so as to
reach many farmers at once [28].

Farmers’ access to extension services is also deter-
mined by extension resources available in the village.
Frisvold et al. [27] found that more community volun-
teers increased extension agents’ site visits, whereas the
number of extension agents in the community was not
statically relevant. The types of commodities farmers
were engaged in led to heterogeneous site visits of exten-
sion agents, plausibly explained by the nature of the crop
and growing practices as well as geographic dispersion
and remoteness of livestock and crop production. Some
of these findings were parallel to Dinar [19] and Ragasa
and Comstock [67], indicating the importance of control-
ling for village-wide extension resources in addition to
individual characteristics.

In summary, many existing research that studied vari-
ous benefits individuals and communities would accrue
from the improvement in road accessibility stressed the
role of better access to agricultural extension services
(through improved road access) as an underlined mech-
anism to enhance farmers’ agricultural knowledge and
technology adoption without conclusive evidence. More-
over, as discussed throughout this section, there is a set of
variables that were shown or not to be shown as determi-
nants of the demand and supply of agricultural extension
services across prior studies. This gap and inconsistency
in the literature motivate the current study by answering
questions of whether and to what extent access to paved
roads and other factors would influence farmers’ access
to extension services in Malawi. The study findings will
provide empirical evidence that answers questions raised
by past studies concerning the relationship among roads,
agricultural extension, productivity, and other economic
outcomes. Also, it will inform future research about the
access to agricultural extension and agricultural develop-
ment nexus.

Dynamics of supply and demand of agricultural
extension services

Previous extension literature asserted that the provision
of and request for extension services are simultaneously
determined [e.g., 19, 27]. We employ the framework of
Frisvold et al. [27] to describe the dynamics of supply
and demand of agricultural extension services. A farmer
i requests extension services based on a cumulative stock
of agricultural information provided by extension agents
at time ¢, Pj;, and other exogenous factors affecting costs
and benefits of requesting extension services (X;). The
demand for extension services, R;;, can be written as:

Rit = Ryt (Pit—1, Xit). (1)
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Fig. 1 Dynamics of supply and demand of agricultural extension
services. Source: Frisvold et al. [27]

The benefits of requesting extension services depend
on agricultural commodities and gross revenue (changes
in relative commodity prices and expected yields before
and after accessing extension services). Requesting exten-
sion services also incurs costs reflecting, but not limited
to, farmers’ opportunity costs of time, communication
costs (e.g., telephone/mobile phone/internet), and trans-
portation costs if one needs to travel to an extension
office. In response to farmers’ requests over the year,
extension agents provide additional information:

Py = Pyt (Rit, Zit), (2)

where Z;; is a vector of exogenous factors reflecting costs
or constraints on supplying extension services such as
mobility (e.g., access to paved roads, transportation, and
fuel allowance), financial capacity, number of extension
agents, and training and agricultural knowledge of exten-
sion agents. The increased stock of agricultural informa-
tion through additional extension activities stimulates
farmers to make subsequent requests for the services,
and then extension agents respond correspondingly.
This process is repeated until the cumulative extension
demand and supply reach an equilibrium (Fig. 1).

Measurement of access to agricultural extension
services

Most previous research measured access to extension
services by a binary indicator of “contact” with exten-
sion agents, acquaintance with extension agents, or
receipt of advice on agricultural production, marketing,
or nutrition [59, 64, 68] or the number of extension vis-
its received [9, 19, 21, 28]. However, these measures did
not account for the diversity of agricultural topics and
extension service providers available in the village where
a farm household lived. Learners, in general, have differ-
ent learning styles. Some of them prefer interacting with
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an extension agent individually to receive instruction tai-
lored to their own needs, while others may emphasize
cooperative learning, built on the belief that they learn
better when they learn together. Moreover, extension ser-
vice providers have a different philosophy of agricultural
education and areas of specialty; hence, farmers who
receive agricultural advice from diverse extension service
providers may have a higher likelihood of understanding
the usefulness of the information and utilizing it appro-
priately than those who receive advice from an agent.
This gap in learning would widen when the farmer relies
on the agent’s advice in areas where the agent has limited
knowledge. An equally important component describing
access to extension services is the diversity in agricultural
information. Specifically, the effect of receipt of exten-
sion services for farmers who accumulate knowledge and
experience in various areas of agriculture such as produc-
tion, marketing, and nutrition would be different from
those who only receive advice on crop production.

In this research, we attempt to integrate such diversities
in agricultural topics and extension service providers—
measuring heterogeneous levels of information received
through extension services, which would differentiate the
effectiveness of extension services. We propose an exten-
sion access index based on nine different agricultural
topics and nine modes of face-to-face and group-based
extension services. Nine agricultural topics include agri-
cultural processing; livestock; aquaculture; marketing/
value chain; agro-processing/postharvest; other liveli-
hoods; sustainable land management; environment/
climate change; and health/nutrition. Nine extension ser-
vice providers include government extension worker(s);
private sector extension worker(s); NGO; farmer organi-
zation or other community-based organizations; lead
farmer(s); other farmers, neighbors, or friends; farmer
field schools; health workers; and hospital(s) or clinic(s).
In our empirical implementation, we measure the level of
agricultural extension access by counting the number of
agricultural topics covered by different extension service
providers in the past 12 months as written as:

9 9
Access Scorey,,, = Z Z Apns (3)
=1 m=1

where Ay, represents a binary indicator that equals 1 if
a farmer received agricultural extension services from an
extension provider (m) on the agricultural topic (/). For
example, if a farmer received livestock-related extension
services from multiple providers, including government
extension worker(s) and lead farmer(s), and health/nutri-
tion information from health worker(s) and clinic(s). The
access score of this farmer would then be 4. If a farmer
received advice/information on all nine agricultural
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Fig. 2 Geography of roads in Malawi

topics from all nine extension providers, the access score
of this farmer would be 81 (9 topics x 9 modes of pro-
viders). That being said, the access index ranges from 0
to 81. This index can be perceived as an equilibrium to
which the provision of and request for extension services
were converged.

Data source

This study used nationally representative household and
community survey data collected during the 2016 crop-
ping season (August—October) in Malawi by IFPRI and
its partners.! The surveys covered 3001 households and
299 sections in 29 districts, excluding Likoma (Fig. 2).
The survey used a multi-stage sampling strategy, which
entailed multiple stages of random sampling based on
the hierarchical structure of clusters within the popula-
tion. The probability proportional to size (PPS) sampling
was used to determine the number of communities and
households in each district [51]. More specifically, the
survey team randomly selected 299 sections at the first
stage, and one community within each selected section

! The IFPRI collected the surveys with financial support from the Govern-
ment of Flanders and the German agency for international development (GIZ)
and survey support from the USAID-funded Strengthening Agricultural and
Nutrition Extension (SANE) project led by University of Illinois at Urbana-
Champaign.

was randomly chosen at the second stage. Finally, ten
heads of households were interviewed from each selected
community. The full list of the sections and households
within these sections was generated with the assistance of
the Ministry of Agriculture, Irrigation, and Water Devel-
opment and community leaders. The survey team used
tablet computers for the interview to minimize measure-
ment errors and monitor daily data collection.

Empirical strategy

This study measures the level of access to extension ser-
vices in the form of count data. The Poisson regression
model is the most popular method for analyzing count
data. The model assumes that the number of events y
(access to extension services) for a farmer i follows a
Poisson distribution with a conditional mean A depend-
ing on a vector of the observable characteristics x; as in
Eq. (4):

et YL

Pr(yilhi) = ——— y=012..., (4)
Ji:

where /; = ¢"P. The unique feature of the Poisson distri-
bution is the equality of the conditional mean and vari-
ance [79]. However, our data revealed overdispersion,
meaning that the variance was larger than the mean. For

example, the extension access score is an average of 1.5
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out of 81, with a variance of 5.13. When overdispersion
occurs in the data, the Poisson model understates the
standard errors of the estimates, resulting in increased
Type L error rates (false-positive results) [34].

Previous studies demonstrated that overdispersion is
caused by unobserved heterogeneity and/or excessive
zeros in the data. The heterogeneity indicates that each
person has a different probability of access to exten-
sion services, which can be captured by the observable
regressors. However, our study sample appeared to have
various levels of access to extension services, making it
difficult to capture all relevant characteristics. The nega-
tive binomial (NB) model can be used as an alternative to
Poisson when omitted factors exist [31]. The NB model
introduces an individual unobserved heterogeneity, ¢;,
into the conditional mean of the Poisson distribution as
in Eq. (5):

T, = E(ilxs) = el#71), 5)

where e is assumed to be independent of x; and has a
gamma distribution with mean 1 and variance y. Thereby,
the NB distribution has the conditional mean of 4; and
the conditional variance of ;(1 + y 4;). In addition, the
variance-mean ratio indicates that as y approaches zero,
y becomes a Poisson distribution, whereas the distribu-
tion will be more dispersed as y becomes larger [73]:

Var(y;)
E(:)

The NB model is adequate for tackling the overdisper-
sion problem arising from omitted heterogeneity; how-
ever, it does not address overdispersion caused by excess
zeros in count data. Specifically, our data show that 48.6%
of the study sample reported no access to extension ser-
vices in the past 12 months (Fig. 3). Possible illustrations
of zeros are as follows: social and cultural norms often
restrict women from attending agricultural training out-
side the family nucleus or interacting with male exten-
sion agents who predominate in most extension settings.
Women affected by cultural norms would then be disad-
vantaged by inadequate access to agricultural informa-
tion and training even though the opportunity existed.
In addition, if there were none or only a few extension
agents assigned in the community, the chance of receiv-
ing advice from them might be little or none. Moreover,
poor access to roads could limit the ability of extension
agents to reach farmers in remote rural areas.

To account for the unobserved heterogeneity and the
excess of zeros in our model, we use the hurdle nega-
tive binomial logit model (HNBL). The hurdle model,
also known as the two-part model, combines a dichoto-
mous model for the binary outcome of the count being

=1+ vE(y). (6)
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Fig. 3 Distribution of access to extension services scores

below or above the hurdle, with a truncated model for
outcomes above the hurdle [79]. In our study context,
the hurdle model can distinguish the decisions between
participation in extension services (hurdle at zero) and
the extent of access to various types of extension services
(positive counts).

The probability distribution of the hurdle-at-zero
model is given by:

f (i =0) =£(0) (7)

1—£(0
fmznzhﬁgﬂm=%@%

where fi and f; are probability functions of a zero out-
come (e.g., logit) and positive integers (e.g., NB), respec-
tively. The numerator of 6 indicates the probability of
crossing the hurdle and the denominator is a normali-
zation that accounts for the truncation of f;. Then, the
conditional mean of the hurdle model can be written
as:E(yi|xi) =0k, (yi). If 6 exceeds 1 (that is, the prob-
ability of crossing the hurdle is greater than the sum of
the probabilities of positive outcomes), the mean of the
hurdle model is greater than the mean of the standard
model, which is NB in our study. On the other hand, if
0 is less than 1, the mean of the hurdle model is smaller
than the mean obtained from the NB model. The condi-
tional mean of the hurdle negative binomial logit model
can be defined as in Eq. (8):

_17-1
E(ylx) = 21— A +v2)77] (8)
where 4; = e(x"}3 ) The two-stage decisions of the model
are functionally independent, thus achieving maximum
likelihood (ML) estimation by separately maximizing the

two terms in the likelihood: zeros and positive counts. To
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implement the hurdle negative binomial logit model, we
define a vector of explanatory variables, described in the
following section and Table 1, and the same set of explan-
atory variables is utilized in both stages—participation
and intensive margins—of the model.

Our empirical approach has a potential endogeneity
problem in the model. More specifically, if the priority of
investments in transportation infrastructure and alloca-
tion of extension resources were determined, for exam-
ple, by the expected rate of return of an area, the political
importance of an area, or residents’ demand for roads
and extension services, which were not accounted in
the model, the estimated coefficient on access to paved
roads can be inaccurately estimated. In addition, some
factors could influence both the supply and demand for
extension services in the same or opposite direction and,
therefore, we conservatively interpret the estimated coef-
ficients as the net association of those factors rather than
a causal relationship on extension access.

Determinants of access to agricultural extension
services

Studies found that, though the causality of the relation-
ship is uncertain, access to extension services is a func-
tion of the farmer’s gender [58, 60], human capital [8,
28], production of agricultural commodities [27, 67],
economic and productive resources [21, 22, 24], risk pref-
erence [25, 44], communication tools [27], mobility and
roads [2, 16, 36, 72], and extension resources within the
village [19, 27, 67].

After reviewing a number of agricultural extension
studies and information available in the dataset, we
model access to extension services as a function of seven
sets of characteristics: (i) farmer’s demographic charac-
teristics, (ii) human capital, (iii) resource and commu-
nication tools, (iv) farm characteristics, (v) risk-attitude
and farmer organization, (vi) extension resources within
the village, and (vii) access to paved roads and market.

Farmer’s (head of household) demographic character-
istics include age, gender, marital status, religion, and
household size. Human capital is measured by years of
schooling, years of farming experience, and household
dietary diversity score (HDDS). Household resources are
captured by household economic resources, cropland
size, non-farm employment, and loan access. Commu-
nication tools are measured by owning a telephone, cell
phone, or internet. Farm characteristics include serving
as a lead farmer in the village, and types of agricultural
commodities that the farmer produced, including crops
of tree, maize, cereal, tuber, ben, groundnut, vegetable,
tobacco, and livestock rearing. Risk attitude and farmer
organization are captured by whether a farmer was con-
sidered risk-averse or not and the number of agricultural
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organizations the head was a member of. Extension
resources within the village include the number of exten-
sion agents in the village, the number of agricultural
projects implemented in the village over the last 5 years,
and the number of demonstration plots and farm tri-
als organized in the village over the last 5 years. Access
to paved roads and market are captured by the distance
from a farmer’s residence to the nearest primary or trunk
road, the existence of a market in the village, and the level
of difficulty in accessing fertilizer.” Lastly, we control for
regional characteristics that include USAID’s Feed the
Future Zone of Influence and regional dummies (i.e.,
northern, central, and southern regions). Table 1 presents
the description and descriptive statistics of the variables
used in this study.

Results

Table 2 presents the results of the Poisson and NB mod-
els. The results from the Poisson model show that the
extent of access to extension services decreased as a
farmer’s residence was farther away from the nearest
paved road. Also, more educated and wealthier farmers
and farmers with greater dietary diversity tended to have
higher extension access scores, while aged farmers had
lower access scores. In addition, lead farmers and farm-
ers who were members of farmer organizations or who
owned communication tools were more likely to have
higher extension access scores, while women and risk-
averse farmers tended to have lower access scores than
their counterparts. Furthermore, a set of agricultural
commodities, the number of extension agents, demon-
stration plots, and farm trials were positively associated
with extension access scores.

However, the presence of overdispersion and excessive
zeros in our data may cause bias in model estimation,
leading us to consider the NB and hurdle NB models.
The NB model addresses overdispersion by introducing
a dispersion parameter (y) to account for unobserved
heterogeneity in the data. Overall, the NB model results
are similar to those obtained from the Poisson model,
but three variables, including farmers’ religion and pro-
duction of groundnut and vegetable crops, lose their sta-
tistical significance. The likelihood ratio (LR) test rejects
the null hypothesis, indicating that the overdispersion
parameter is greater than zero; thus, the NB model out-
performs Poisson. However, the NB model does not
address overdispersion arising from excessive zeros.

Table 3 presents the results of the hurdle negative bino-
mial logit model. As previously described, this model

2 The primary and trunk roads are paved highways that connect district head-
quarters (Fig. 2).The GPS coordinates collected in the survey enable us to
measure the distance from farmer’s residence to the nearest paved road.
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Table 1 Description and summary statistics of variables (N=2441)
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Variable

Description

Mean (Std. Dev.)

Demographic characteristics
Age
Female
Married
Muslim
Household size
Human capital
Years of schooling
Farming experience
HDDS?
Resource and communication tools
Household economic resource

Log of household economic resources
Cropland size

Log of cropland size

Loan access

Non-farm employment

Communication tools

Farm characteristics
Lead farmer
Livestock
Tree
Maize
Cereal
Tuber
Bean
Groundnut
Vegetable
Tobacco
Risk attitude and farmer organization
Risk-averse
Farmer organization
Mobility and access to fertilizer
Difficulty in accessing fertilizer
Market
Distance to paved roads
Log of distance to paved roads
Extension resources within the village
Number of extension agents
Number of agricultural projects

Number of demonstration plots and farm trials

Regional characteristics
Feed the future zone of influence
South Region
Central Region

Head of household (HH) age
1if a HH is female; O if otherwise
1if a HH is married; O if otherwise
1 if a HH is Muslim; 0 if otherwise
Household size

HH's years of schooling
HH's years of farming experience

Household dietary diversity score

The summation of annual household income and the total value of the family’s assets

Cropland size

1if a HH has received a loan; 0 if otherwise
1if a HH is involved in non-farm employment; O if otherwise

1 if a HH has communication tools (i.e, telephone/mobile phone/internet); O if
otherwise

1if a HH serves as a lead farmer; 0 if otherwise

1 if a HH rears livestock; 0 if otherwise

1 if a HH produces a tree crop; 0 if otherwise

1 if a HH produces a maize crop; 0 if otherwise

1 if a HH produces a cereal crop; 0 if otherwise

1 if a HH produces a tuber crop; 0 if otherwise

1 if a HH produces a bean crop; 0 if otherwise

1 if a HH produces a groundnut crop; 0 if otherwise
1 if a HH produces a vegetable crop; 0 if otherwise

1 if a HH produces a tobacco crop; 0 if otherwise

1if a HH is risk-averse; O if otherwise
A number of farmer organizations the HH are a member of

HH’s difficulty in accessing fertilizer (1—not serious to 4—very serious)
1 if there is a market in the village; 0 if otherwise

Distance from farmer’s residence to paved roads

The number of extension agents assigned in the village
The number of agricultural projects in the village in the past five years

The number of demonstration plots and farm trials in the village in the past five years

1 if the area is Feed the Future Zone of Influence; 0 if otherwise
1 if the area is south region; 0 if otherwise
1 if the area is central region; O if otherwise

41.06 (15.81)
0.26 (0.44)
0.79 (041)
0.19(0.39)
3(241)
5.77 (3.80)
13.70(15.62)
4.78 (2.09)

55,615.84
(125,377.60)

9.20 (2.98)
246 (2.03)
2(0.48)
6(0.37)
0.27 (0.44)
0.58 (0.49)

0.16(0.37)
0.70 (0.46)
0.34(047)
0.93(0.26)

1(032)
0.09 (0.29)
0.56 (0.50)
0.30(0.46)
0.12(032)
0.10(0.30)

0.70 (0.46)
091(1.14)

3.50(0.98)
0.07 (0.25)
1241 (12.19)
2.17(0.98)

1.20(0.76)
3.10(1.64)
2.00(2.11)

0.67 (0.47)
0.53 (0.50)
041 (0.49)

Standard deviations are in parenthesis

2 Household Dietary Diversity Score measures the number of different food groups (a total of 12 food groups) consumed over 24 h. HDDS ranged from 0 to 12, and the
higher the score, the more diversified food groups the household consumed over 24 hours
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Table 2 (continued)

(1)

(2)

m (2)

Variables Poisson  NB Variables Poisson  NB
Age —0008"  —0009"" Farmer Organization 0110 0.123™
(0.002) (0.00269) (0.022) (0.0419)
Female —0170"  —0172" Difficulty in Accessing Fertilizer —0050""  —00524"
(0.058) (0.0910) (0.016) (0.0271)
Married 0.075 0.0928 Market —0.040 —0.0542
(0.063) (0.0984) (0.035) (0.0570)
Muslim ~0102°  —0.103 Log of Distance to Paved Roads —0175"  —0.186™"
(0.056) (0.0844) (0.018) (0.0297)
Household Size 0027 0.0309™ Number of extension agents 0107 0.113™
(0.007) (0.0126) (0.020) (0.0374)
Years of schooling 0.022™ 0.0286™" Number of Agricultural Projects —0.007 —0.00597
(0.005) (0.00871) (0.011) (0.0178)
Farming experience 0011 00115™ Number of Demonstration Plots and Farm Trials ~ 0.053™" 00491
(0.002) (0.00285) (0.007) (0.0131)
HDDS 00417 00476 Feed the future zone of influence 0501 0484
(0.009) (0.0141) (0.044) (0.0683)
Log of Household Economic Resources 00517 00590 South Region —0345""  —0382"
(0.009) (0.0123) (0.077) (0.128)
Log of Cropland Size 0.034 —00183 Central Region —0312""  —0409™
(0.040) (0.0669) (0.076) (0.127)
Loan Access 0.045 0.0780 Constant —1203""  —1.147"
(0.045) (0.0763) (0.186) (0.292)
Off-Farm Employment —0.002 —0.00512 Y —0.154"
(0.051) (0.0772) (0.067)
Communication Tools 0308 0277 Observations 2441 2441
(0.045) (0.0683) Standard errors are in parentheses
Lead Farmer 0445™" 0472 ™ p<0.01, *p<0.05, *p<0.1
(0.043) (0.0743)
Livestock 0219 0.170"
(0047)  (0.0682) relaxes the assumption that the zeroes and the posi-
Tree 0364 03997 tives come from the same data-generating process. In
(0035 (0.0581) other words, it distinguishes the decisions between par-
Maize 0265™  0.247" ticipation in extension services (hurdle at zero) and the
(0.087) (0.123) extent of access to various types of extension services.
Cereal —0165""  —0164° The results of the logit model that predicts the event of
(0.060) (0.0938) crossing the hurdle show that the probability of a farmer
Tuber 0064 0.0364 accessing extension services decreased as their residences
(0.050) (0.0885) were farther away from the nearest paved road. Older
Bean 0.199™ 02237 farmers had a lower likelihood of crossing the hurdle
(0.037) (0.0574) (or access to extension services), parallel to the previous
Groundnut 0.066" 0.0663 studies’ findings that older farmers relied more on their
(0.037) (0.0616) accumulated knowledge than on requesting advice from
Vegetable 019" 0123 extension agents [1]. In addition, a one-unit increase in
(0.049) (0.0830) HDDS was associated with a 9 percentage point increase
Tobacco —0015 00585 in crossing the hurdle, providing evidence in support of
(0.057) (0.0950) a linkage between nutrition and participation decisions
Risk-Averse —-0.101""  —0.110° on agricultural extension. Moreover, lead farmers, farm-
(0.039) (00611) ers with higher educational attainment and longer farm

experience, farmers with communication tools, and
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Table 3 Hurdle Negative Binomial Logit model results Table 3 (continued)
(1) (2) (m (2)
Variables Logit NB Variables Logit NB
Age —0012"  —0.005 Farmer Organization 0.147" 0.118™
(0.004) (0.003) (0.084) (0.039)
Female —0.042 —0.278™  Difficulty in accessing fertilizer —0.075 —0.038
(0.143) (0.101) (0.048) (0.027)
Married 0.144 —0.008 Market —0.021 —0.052
(0.154) (0.109) (0.096) (0.059)
Muslim —0284"  —0006 Log of distance to paved roads —0204"  —0152"
(0.137) (0.092) (0.050) (0.031)
Household size 0.0482" 0.022" Number of extension agents 0.145" 0.082"
(0.022) (0.013) (0.063) (0.037)
Years of schooling 0.027" 0.026™ Number of agricultural projects —0.032 0014
(0.015) (0.009) (0.029) (0.019)
Farming experience 0013" 0010™ Number of demonstration plots and farm trials ~ 0.047" 0.046™"
(0.005) (0.003) (0.022) (0.013)
HDDS 0.094™" 0.019 Feed the future zone of influence 0891 0.163"
(0.024) (0.015) (0.113) (0.075)
Log of household economic resources 0056 0047 South Region —1.169"" 0084
(0.018) (0.015) (0.230) (0.130)
Log of cropland size —0.031 0.001 Central Region —1206™ 0101
(0.115) (0.069) (0.231) (0.128)
Loan access 0.043 0.067 Constant -10157  —0662"
(0.139) (0.075) (0.478) (0.323)
Off-farm employment —0.182 0.096 Iny —1.008™
(0.125) (0.085) (0.142)
Communication tools 03047 02107 Observations 2441 2441
(0.107) (0.077) Standard errors are in parentheses
Lead farmer 0883 0304 " p<0.01,**p<0.05,*p<0.1
(0.155) (0.070)
Livestock 0.248" 0.073
(0.106) (0.078) farmers who produced livestock, tree, beans, vegetable,
Tree 0568 02717 and tobacco crops were more likely to cross the hurdle
(0.103) (0.059) than their counterparts. Becoming a member of a farmer
Maize 0.169 0.275° organization and some factors of extension resources
(0.188) (0.145) within the village were positively associated with farm-
Cereal —0051 —0236"  ers’ participation decisions on the services. Lastly, farm-
(0.153) (0.100) ers who resided in southern and central regions relative
Tuber —012 0128 to northern regions were predicted to have a higher like-
(0.161) (0.086) lihood of crossing the hurdle when the Feed the Future
Bean 0370™" 0.110" Zone of Influence was controlled.
(0.096) (0.061) The NB part of the model shows that the extent of
Groundnut 0.153 0.022 farmers’ access to extension services decreased by 14.1
(0.107) (0.062) percent for a one-log point increase in the distance
Vegetable 0.249° 0.065 between farmers’ residences and the nearest paved road.?
(0.146) (0.083) In other words, extension access scores would decline
Tobacco 0312' -0.103
(0.170) (0.095)
Risk-averse —0.028 —-0n7"
(0.100) (0.065) 3 The incident rate ratio (IRR) is calculated by exponentiating the coefficient

of interest. We subtract 1 from estimated IRR value to calculate the percent-
age change in extension access.
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Fig. 4 Predicted extension access scores by distance (km) from
farmer’s residence to paved roads

by 14.1% as a result of an increase of 172% in distance
to paved roads.* That is, a one-percent increase in dis-
tance to paved roads was correlated with a reduction in
extension access scores of about 0.082% (=14.1/172). To
help understand the effect of distance, we visualize the
non-linear relationship between distance and access to
extension services in Fig. 4. For example, as Fig. 4 shows,
holding all other variables constant, a farmer located
1 km from the paved roads had an expected extension
access score of about 1.8, while a farmer 10 km from the
paved road had an expected access score of 1.25. The
difference implies a 30% decrease in access due to the
increased distance. The marginal decrease in extension
access score is predicted to diminish as farmers lived far-
ther away from paved roads. The extension agents spend
a substantial amount of their time visiting farmers; thus,
the poor road infrastructure, common in remote rural
areas, could limit the agents’ ability to reach farmers and
bring the requisite inputs and technologies into the com-
munities. Moreover, farmers farther away from paved
roads tended to have limited access to markets, which
in turn incurred higher transaction costs of input pro-
curement and product marketing. Increased transaction
costs were likely to be correlated with a decrease in farm-
ers’ demand and adoption capabilities of improved farm
practices and technologies recommended by extension
agents.

Women farmers were predicted to have considerably
lower extension access scores by 24.3 percent than men,
indicating the prevalence of deeply rooted barriers that
reduced women’s ability to access extension services. On

* Suppose a village resident had the mean extension access score of 8.75 km
(or 2.17 in natural logarithm). It then increased distance to roads by 23.78 km
or one more unit of logged distance to roads, representing 172% [=((23.78—
8.75)/8.75) x 100].
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the other hand, an additional year of schooling and farm
experience was associated with an increase of 2.6 percent
and 1 percent in access scores, respectively. Lead farm-
ers and owning communication tools were substantially
associated with an increase in extension access scores
by 35.5 percent and 23.4 percent, respectively, relative to
their counterparts.

Farmers engaged in tree, maize, and bean crop pro-
duction were predicted to have greater extension access
scores, which equaled 31.1 percent, 31.7 percent, and
11.6 percent, respectively. On the other hand, growing
cereal crops was associated with a reduction of 21 per-
cent in access scores. Even though we cannot explicitly
explain the reasons underlying the opposite sign of the
coeflicients on different agricultural commodity vari-
ables, one plausible reason may be that farmers who pro-
duced agricultural commodities, in which the coefficients
are negative, tended to live farther away from paved
roads than other commodities with positive coefficients.
Such descriptive observations lead us to raise a hypothe-
sis that the interaction of distance and types of commodi-
ties grown might untangle confounding effects among
commodities, distance, and extension access. Though
the results are not shown for the sake of brevity, add-
ing interaction terms between distance and agricultural
commodities causes the cereal and its interaction vari-
ables to become insignificant. Coefficients on the inter-
action terms also indicate that extension access scores
decreased for maize and vegetable farmers who lived
farther away from the road, but their effects were smaller
than the size of the coefficients on the maize and veg-
etable variables. Furthermore, some commodities might
require more intensive management, stimulating more
extension requests and service provision.

Household economic resources were positively associ-
ated with extension access scores, while other variables
describing economic and productive resources were
not statistically significant. In addition, farmers who
belonged to more farmer organizations tended to have
higher extension access scores, while risk-averse farmers
had lower scores than their counterparts. Furthermore,
the additional number of extension agents assigned in the
community and demonstration or farm trials in the last
5 years, representing the previous relationship between
extension agents and the community, were predicted to
increase farmers’ extension access scores by 8.5 percent
and 4.7 percent, respectively. Finally, farmers who lived in
USAID’s Feed the Future project areas had a 17.7% higher
extension access score than those outside the project
areas, reflecting the agency’s efforts to reach and train
marginalized farmers. These results confirm findings
from previous literature that identifies factors affecting
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extension access, introduced in the literature review
section.

The Vuong test for non-nested models, introduced by
Vuong [78], has been widely used to determine whether
the hurdle-negative binomial model has a better fit
than NB. However, the recent studies of Desmarais and
Harden [17] and Wilson [80] criticized that the Vuong
test is not appropriate to compare these two models
because they are not nested. Instead, the Akaike Informa-
tion Criterion (AIC) is suggested [42, 84]. We find that
the AIC value of the hurdle model is smaller than NB for
access to extension services. In addition, the ¢-test for the
overdispersion parameter is statistically significant at the
1 percent level, indicating overdispersion even after the
excessive zero issue is addressed. Altogether, AIC and
t-test results suggest that the hurdle negative binomial
model provides a better model fit over Poisson and NB
models.

Discussion
Prior studies that examined individual and community-
wide benefits of road accessibility in rural areas in the
least developed countries anecdotally stressed the role
of increased access to agricultural extension services
(through improved road access) as an underlined chan-
nel that enhances farmers’ agricultural knowledge and
technology adoption. This study attempts to close this
gap in this literature by answering questions of whether
and to what extent access to paved roads would influ-
ence farmers’ access to extension services in Malawi. Our
findings indicate a negative and non-linear relationship
between access to paved roads and extension services,
showing that the extent of access to extension services
decreased as a farmer’s residence was farther away from
the nearest paved road. We also find that greater house-
hold economic resources, higher human capital accu-
mulation, and being a member of farmer organizations
were associated with an increased extent of extension
access, while older farmers or risk-averse farmers tended
to have lower extension access scores than their coun-
terparts. In addition, women farmers appeared to have
considerably lower access scores than men farmers. Hav-
ing communication tools and some farm characteristics
such as serving as lead farmers and types of agricultural
commodities—although the effects were heterogeneous
across commodities—were positively associated with
extension access scores. Lastly, extension resources
available in the village, such as the number of extension
agents and demonstration and farm trials, were positively
associated with the extent of extension access.

This study advances the previous research in this area
in a number of ways. First, many studies on agricultural
extension services define access to agricultural extension
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services by a binary indicator of contact with or receipt
of advice from extension agents or through farmer-based
organizations [59, 64, 68]. This binary access/participa-
tion measurement often provides straightforward impli-
cations and methodological merit, especially for impact
assessment studies that compare the outcome of interest
between the treatment and control groups; however, it
does not account for the diversity of agricultural topics
and extension service providers available within the vil-
lage. In addition, as a consequence of the binary access
measurement, prior studies’ scope of research tended
to be limited to understanding determinants of par-
ticipation in agricultural extension services. The central
assumption behind this binary measurement neither
allows for farmers’ differential learning styles—e.g., peer-
to-peer learning, one-on-one training with an extension
agent, and other forms of cooperative learning—nor the
heterogeneous quality of education among service pro-
viders. Our study extends previous work in this area by
proposing a reasonable measure of extension access that
incorporates a range of agricultural topics and types of
extension service providers. We also employ a hurdle
model that explores both the decisions between par-
ticipation in extension services (hurdle at zero) and the
extent of access to various types of extension services
(positive counts), which add more richness to the analysis
of understanding both stages of decisions.

More specifically, if we only focus on the determinants
of the binary measurement of agricultural extension
access, which is the logit part of regression in Table 3,
we would conclude that there was no (statistically sig-
nificant) gender difference in access to extension services
during the analysis period. However, the NB part of the
analysis reveals a significant gender inequity in access-
ing diverse agricultural topics from various service pro-
viders. In addition, variables such as age, religion, and
nutrition status were shown to be statistically relevant to
the binary access of extension services but did not influ-
ence their intensity levels. Over the past decade, with the
accompanying efforts of the government and multilateral
organizations, Malawians have experienced a substantial
increase in agricultural extension services. These efforts
might alleviate gender bias in the exposure to some types
of agricultural extension services, which were criticized
as a major barrier to agricultural development and sus-
tainability over decades in most underdeveloped coun-
tries including Malawi. However, women’s ability to learn
diverse agricultural information (this might be partly
explained by women’s exclusion from particular farm
livelihoods such as cash crops and large animals) and the
ability to attend agricultural training outside the fam-
ily nucleus or interact with male extension agents who
predominate in most extension settings might still be
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limited. On the other hand, the distance to paved roads
was predicted as a barrier in both the participation and
intensity parts of extension access, providing broader
insights into future extension education and service plan-
ning and development.

Although our study provides evidence that improve-
ments in road infrastructure can help enhance farmers’
access to agricultural extension services, the questions
surrounding the cost-effectiveness of investment in road
infrastructure still remain unanswered. Road construc-
tion and maintenance incur a substantial amount of
money. According to the studies on road infrastructure
costs, a small construction or upgrade of paved roads
was estimated at MWK 170 million per land kilome-
ter [49], with periodic maintenance costs at 2.2% of the
road asset value [29]. On the other hand, improved rural
roads and infrastructure can create economic opportuni-
ties through a range of mechanisms. Specifically, roads
provide farmers with affordable access to both markets
for agricultural outputs and modern inputs, enhanc-
ing their agricultural profits [16, 38]. In addition, exten-
sion workers, by reducing transportation costs and time,
are capable of reaching a greater number of rural farm-
ers and implementing more demonstration plots and
field days [2, 72]. Moreover, since off-farm employment
tends to be highly dependent on transportation, build-
ing rural roads can contribute to keeping residents’ off-
farm employment or starting new off-farm employment,
which would simultaneously foster sustainable growth in
small- and medium-sized enterprises [41]. Furthermore,
road infrastructure is one of the essential elements deter-
mining the demand for tourism in Malawi, which targets
its contribution to the GDP of 14.4 percent by 2040 [50].
The problems in estimating the cost—benefit of return on
investment are that a wide range of social benefits accrue
in the long-term and are not easily estimated.

Information, communication, and technology (ICT)
has gained increasing attention as a solution to address
limited extension services in remote rural areas and avoid
the tremendous costs of road construction. ICT-based
tools include computer, radio, television, and mobile
phones, and their applications have features connecting
farmers to diverse and timely information (e.g., market
price information, new agricultural technologies, nutri-
tion, health, and weather information) [4, 6]. However,
ICT has several challenges, such as a lack of ICT infra-
structure and financial capacity to spend on ICT innova-
tions [6]. Specifically, most rural villages have no access
to electricity and poor network connectivity, posing
severe barriers to bringing agricultural and nutrition/
health information into rural villages. Moreover, poor
farmers cannot afford the costs of purchasing mobile
phones, sim cards, and extension services rendered by
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ICT innovators. In addition, the use of ICT is consider-
ably limited by illiteracy, while most illiterate farmers
are smallholders and live in rural villages. Furthermore,
some agricultural technologies are difficult to understand
by listening to the radio—the most common form of ICT
in Malawi [10]—raising questions about whether radio-
led ICT is sufficient to replace extension agent visits
regarding the use of complex modern technologies. That
is, many aspects of costs and the effectiveness of ICT
are still uncertain and require additional research dedi-
cated to comparing the return on investments between
expanding rural roads and ICT infrastructure.

Conclusion

Despite increased extension access in Malawi, farmers
still suffer from low crop and livestock yields, chronic
food shortages, and poverty. These increasingly built
pressure to revisit the strategy and operation of the
country’s current agricultural extension system. Never-
theless, a majority of studies of agricultural extension in
Malawi have focused on the effectiveness of agricultural
technology adoption based on the notion that extension
service providers are effectively operating to reach and
deliver agricultural information to farmers. Although
these impact studies could provide richer perspectives
on the effectiveness of emerging agricultural technolo-
gies, more fundamental issues that the government and
other stakeholders may need to be aware of are the lim-
ited geographical coverage of extension services, gender
bias in access to extension services, and other individual
and structural barriers that could limit farmers’ ability to
access and utilize the services.

Our study finds that road access strongly influences
access to extension services on both the extensive (0/1)
and intensive (1 to 81) margins. In addition, our meas-
ure of extension service access captures the richness and
variety of extension service offerings potentially available
to farmers in Malawi. Examining both the 0/1 margin
and the extensive margin shows the differing effects of
variables such as gender and helps to explain some of the
continuing gender bias found in Malawian agriculture.
Future research might extend this approach and work
to address the issue of the quality of extension services,
and it may apply the access measure implemented here to
other contexts.

Abbreviations

AFDB African Development Bank

AIC Akaike Information Criterion

BES Block extension system

FAO Food and Agriculture Organization of the United Nation
GDP Gross domestic product

HDDS Household Dietary Diversity Score

ICT Information, Communication, and Technology



Lee et al. Agriculture & Food Security (2023) 12:3

IFPRI International Food Policy Research Institute
LR Likelihood ratio

NB Negative binomial

NGO Non-Governmental Organizations

NSO National Statistical Office

PPS Probability proportional to size
T&Y Training and Visit

Acknowledgements

This study was supported by the USAID-funded Strengthening Agriculture
and Nutrition Extension (SANE), led by the University of lllinois at Urbana-
Champaign. This study was also greatly supported by the academic, financial,
and administrative efforts of many organizations including IFPRI on collecting
a nationally representative sample of Malawi. These sources of support are
gratefully acknowledged. We would also like to acknowledge the many grass-
roots farmers who provided survey responses to this study.

Author contributions

HBL, PM, and HH were engaged in all aspects of this study regarding data
administration and cleaning, data analyses, result interpretation, and paper
writing. All authors read and approved the final manuscript.

Funding

Our research was funded in part by the USAID-funded Strengthening Agricul-
ture and Nutrition Extension Activity (Grant Number AID-LA-15-00003, 2015)
as well as with funds from the University of lllinois.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board at IFPRI and local
IRB in Malawi. The documents will be available upon request.

Consent for publication
Not applicable.

Competing interests
The authors hereby declare we have no conflicts of interest related to this
manuscript.

Received: 29 July 2022 Accepted: 31 January 2023
Published online: 09 February 2023

References

1. Abdulai S, Nkegbe PK, Donkoh SA. Assessing the technical efficiency of
maize production in northern Ghana: the data envelopment analysis
approach. Cogent Food Agric. 2018;4(1):1512390.

2. Aggarwal S. Do rural roads create pathways out of poverty? Evidence
from India. J Dev Econ. 2018;1(133):375-95.

3. Aker JC. Dial “A"for agriculture: a review of information and communi-
cation technologies for agricultural extension in developing countries.
Agric Econ. 2011,42(6):631-47.

4. Aleke B, Ojiako U, Wainwright DW. ICT adoption in developing coun-
tries: perspectives from small-scale agribusinesses. J Enterprise Inf
Manag. 2011;24:68.

5. Anderson JR, Feder G. Agricultural extension. Handb Agric Econ.
2007;1(3):2343-78.

6. Ayim C, Kassahun A, Addison C, Tekinerdogan B. Adoption of ICT
innovations in the agriculture sector in Africa: a review of the literature.
Agric Food Secur. 2022;11(1):1-6.

7. Becker GS. Human capital and the economy. Proc Am Philos Soc.
1992;136(1):85-92.

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

31

32.

33.

Page 16 of 17

Berger M, DeLancey V, Mellencamp A. Bridging the gender gap in
agricultural extension. Washington: International Center for Research on
Women; 1984.

Birkhaeuser D, Evenson RE, Feder G. The economic impact of agricultural
extension: a review. Econ Dev Cult Change. 1991;39(3):607-50.

. Cardin M, McNamara P. E. Strengthening Agricultural and Nutrition

Extension. Feed the Future. USAID. 2016. file:///C:/Users/Han%20Bum%20
Lee/Desktop/FY15-16%20SANE%20Annual%20Report%20(FINAL%20
Updated%202016.11.3)%20pdf.pdf.

. Castaneda R, Doan D, Newhouse DL, Nguyen M, Uematsu H, Azevedo JP.

Who are the poor in the developing world?. World Bank Policy Research
Working Paper. 2016 Oct 2(7844).

. Chikwama C. The role of rural off-farm employment in agricultural devel-

opment among farm households in low-income countries: Evidence
from Zimbabwe. Afr J Agric Resour Econ. 2010;4:1-09.

. Croppenstedt A, Muller C. The impact of farmers’health and nutritional

status on their productivity and efficiency: evidence from Ethiopia. Econ
Dev Cult Change. 2000;48(3):475-502.

. Davis K, Nkonya E, Kato E, Mekonnen DA, Odendo M, Miiro R, Nkuba J.

Impact of farmer field schools on agricultural productivity and poverty in
East Africa. World Dev. 2012;40(2):402-13.

. Deolalikar AB. Nutrition and labor producvivity in agriculture: estimates

for rural South India. Rev Econ Stat. 1988;1:406-13.

. Dercon S, Gilligan DO, Hoddinott J, Woldehanna T. The impact of agricul-

tural extension and roads on poverty and consumption growth in fifteen
Ethiopian villages. Am J Agr Econ. 2009,91(4):1007-21.

. Desmarais BA, Harden JJ. Testing for zero inflation in count models: bias

correction for the Vuong test. Stand Genomic Sci. 2013;13(4):810-35.

. Diiro GM, Sam AG. Agricultural technology adoption and Nonfarm earn-

ings in Uganda: a semiparametric analysis. J Dev Areas. 2015;1:145-62.

. Dinar A. Provision of and request for agricultural extension services. Am J

Agr Econ. 1989;71(2):294-302.

Doss C, Meinzen-Dick R, Quisumbing A, Theis S. Women in agriculture:
four myths. Glob Food Sec. 2018;1(16):69-74.

Doss CR, Morris ML. How does gender affect the adoption of agricultural
innovations? The case of improved maize technology in Ghana. Agric
Econ. 2000;25(1):27-39.

Duflo E, Kremer M, Robinson J. How high are rates of return to

fertilizer? Evidence from field experiments in Kenya. Am Econ Rev.
2008;98(2):482-8.

FAO (Food and Agriculture Organization of the United Nations). The state
of food and agriculture: Women in agriculture. Closing the gender gap
for development. FAO. 2011.

Feder G, Just RE, Zilberman D. Adoption of agricultural innova-

tions in developing countries: a survey. Econ Dev Cult Change.
1985;33(2):255-98.

Feder G, Umali DL. The adoption of agricultural innovations: a review.
Technol Forecast Soc Chang. 1993;43(3-4):215-39.

Fischer E, Qaim M. Linking smallholders to markets: determi-

nants and impacts of farmer collective action in Kenya. World Dev.
2012;40(6):1255-68.

. Frisvold GB, Fernicola K, Langworthy M. Market returns, infrastructure

and the supply and demand for extension services. Am J Agr Econ.
2001;83(3):758-63.

Gido EO, Sibiko KW, Ayuya Ol, Mwangi JK. Demand for agricultural exten-
sion services among small-scale maize farmers: micro-level evidence
from Kenya. J Agric Educ Ext. 2015;21(2):177-92.

Government of Malawi. Malawi National Transport Master Plan, Ministry
of Transport and Public Works. 2018. http://npc.mts.mw/wp-content/
uploads/2020/07/National-Transport-Master-Plan1.pdf.

Green E. Modern agricultural history in Malawi: perspectives on policy-
choice explanations. Afr Stud Rev. 2007;50(3):115-33.

Greene WH. Econometric Analysis. 6th ed. New Jersey: Peason Education.
Inc.; 2008.

Griliches Z. Research expenditures, education, and the aggregate agricul-
tural production function. Am Econ Rev. 1964;54(6):961-74.

Hendriks TD, Boersma FK. Bringing the state back in to humanitarian
crises response: Disaster governance and challenging collaborations in
the 2015 Malawi flood response. Int J Disaster Risk Reduct. 2019;1(40):
101262.


http://npc.mts.mw/wp-content/uploads/2020/07/National-Transport-Master-Plan1.pdf
http://npc.mts.mw/wp-content/uploads/2020/07/National-Transport-Master-Plan1.pdf

Lee et al. Agriculture & Food Security

34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

(2023) 12:3

Hilbe JM. Modeling count data. Cambridge: Cambridge University Press;
2014.

Jacoby HG. Access to markets and the benefits of rural roads. Econ J.
2000;110(465):713-37.

Jacoby HG, Minten B. On measuring the benefits of lower transport costs. J
Dev Econ. 2009;89(1):28-38.

Katengeza SP, Holden ST, Lunduka RW. Adoption of drought tolerant maize
varieties under rainfall stress in Malawi. J Agric Econ. 2019;70(1):198-214.
Khandker SR, Bakht Z, Koolwal GB. The poverty impact of rural roads:
evidence from Bangladesh. Econ Dev Cult Change. 2009;57(4):685-722.
Knorr J, Gerster-Bentaya M, Hoffmann V. The history of agricultural extension
in Malawi. Weikersheim: Margraf; 2007.

Lee HB, McNamara PE, Bhattacharyya K. Does linking women farmers to
markets improve food security? Evidence from rural Bangladesh. Agric Food
Secur. 2022;11(1):1-4.

Lokshin M, Yemtsov R. Has rural infrastructure rehabilitation in Georgia
helped the poor? World Bank Econ Rev. 2005;19(2):311-33.

Long JS. Regression models for categorical and limited dependent variables:
Advanced Quantitative Techniques in the Social Sciences Series. 204 Kalter.
1997.

Markelova H, Meinzen-Dick R, Hellin J, Dohrn S. Collective action for small-
holder market access. Food Policy. 2009;34(1):1-7.

Marra M, Pannell DJ, Ghadim AA. The economics of risk, uncertainty and
learning in the adoption of new agricultural technologies: where are we on
the learning curve? Agric Syst. 2003;75(2-3):215-34.

McCarthy N, Kilic T, De La Fuente A, Brubaker JM. Shelter from the storm?
Household-level impacts of, and responses to, the 2015 floods in Malawi.
Econ Disasters Clim Change. 2018;2(3):237-58.

McCarthy N, Kilic T, Brubaker J, Murray S, de la Fuente A. Droughts and
floods in Malawi: impacts on crop production and the performance of
sustainable land management practices under weather extremes. Environ
Dev Econ. 2021,26(5-6):432-49.

McNamara PE, Moore A. Introduction: the intersection of conflict, agricul-
ture and extension. Building Agricultural Extension Capacity in Post-Conflict
Settings. Boston: CABI; 2017.

Mudege NN, Chevo T, Nyekanyeka T, Kapalasa E, Demo P. Gender norms and
access to extension services and training among potato farmers in Dedza
and Ntcheu in Malawi. J Agric Educ Ext. 2016;22(3):291-305.

Mubila M, Moolman A, Zyl WV, Kokil B, Lufumpa CL. Study on road infra-
structure costs: Analysis of unit costs and cost overruns of road infrastruc-
ture projects in Africa. Market Study Series. 2014. https.//www.afdb.org/filea
dmin/uploads/afdb/Documents/Publications/Study_on_Road_Infrastruc
ture_Costs-_Analysis_of_Unit_Costs_and_Cost_Overruns_of_Road_Infra
structure_Projects_in_Africa.pdf.

National Planning Commission. Cost-benefit analysis of upgrading road
infrastructure for tourism in Malawi. Malawi Priorities, National Planning
Commission, Copenhagen Consensus Center, and African Institute for
Development Policy. Malawi. 2021. https.//www.copenhagenconsensus.
com/sites/default/files/mp_transport_technical_report.pdf.

Niu C, Ragasa C. Selective attention and information loss in the lab-to-farm
knowledge chain: the case of Malawian agricultural extension programs.
Agric Syst. 2018;1(165):147-63.

Nkonya E, Schroeder T, Norman D. Factors affecting adoption of

improved maize seed and fertiliser in northern Tanzania. J Agric Econ.
1997,48(1-3):1-2.

Norton GW, Alwang J, Masters WA. World food systems and resource use.
Economics of Agricultural Development. 2010;2.

NSO (National Statistics Office). 2005. Integrated Household Survey
2004-2005. Volume I: Household Socio-economic Characteristics, National
Statistics Office, Zomba, Malawi.

Owens T, Hoddinott J, Kinsey B. The impact of agricultural extension on farm
production in resettlement areas of Zimbabwe. Econ Dev Cult Change.
2003;51(2):337-57.

Palacios-Lopez A, Christiaensen L, Kilic T. How much of the labor in African
agriculture is provided by women? Food Policy. 2017;1(67):52-63.

Pardey PG, Andrade RS, Hurley TM, Rao X, Liebenberg FG. Returns to food
and agricultural R&D investments in Sub-Saharan Africa, 1975-2014. Food
Policy. 2016;1(65):1-8.

Peterman A, Quisumbing A, Behrman J, Nkonya E. Understanding the
complexities surrounding gender differences in agricultural productivity in
Nigeria and Uganda. J Dev Stud. 2011;47(10):1482-509.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

83.

84.

Page 17 of 17

Peterman A, Behrman JA, Quisumbing AR. A review of empirical evidence
on gender differences in nonland agricultural inputs, technology, and
services in developing countries. Gender in Agriculture. 2014:145-86.
Ragasa C. Improving gender responsiveness of agricultural extension.
Gender in agriculture. Dordrecht: Springer; 2014. p. 411-30.

Ragasa C. Supply of and demand for agricultural extension services in
Malawi—a synthesis. Intl Food Policy Res Inst; 2018.

Ragasa C. Effectiveness of the lead farmer approach in agricultural exten-
sion service provision: nationally representative panel data analysis in
Malawi. Land Use Policy. 2020;1(99): 104966.

Ragasa C, Berhane G, Tadesse F, Taffesse AS. Gender differences in access
to extension services and agricultural productivity. J Agric Educ Ext.
2013;19(5):437-68.

Ragasa C, Mazunda J, Kadzamira M. The national extension policy of
Malawi-lessons from implementation. International Food Policy Research
Institute (IFPRI); 2015.

Ragasa C, Mazunda J. The impact of agricultural extension services in the
context of a heavily subsidized input system: the case of Malawi. World Dev.
2018;1(105):25-47.

Ragasa C, Niu C. The state of agricultural extension and advisory services
provision in Malawi: Insights from household and community surveys. Intl
Food Policy Res Inst; 2017.

Ragasa C, Comstock A. Dynamics in agricultural extension services provision
in Malawi: Insights from two rounds of household and community panel
surveys. Intl Food Policy Res Inst; 2019 Aug 1.

Ragasa C, Aberman NL, Mingote CA. Does providing agricultural and
nutrition information to both men and women improve household food
security? Evidence from Malawi. Glob Food Secur. 2019;1(20):45-59.
Reardon T, Berdegué J, Escobar G. Rural nonfarm employment and
incomes in Latin America: overview and policy implications. World Dev.
2001;29(3):395-409.

Record RJ, Kandoole PF, Hoglund Giertz AM. Malawi economic monitor:
absorbing shocks, building resilience. The World Bank; 2016 May 1.
Schultz TP, Tansel A.Wage and labor supply effects of illness in Cote d'lvoire
and Ghana: instrumental variable estimates for days disabled. J Dev Econ.
1997;53(2):251-86.

Shamdasani Y. Rural road infrastructure & agricultural production: evidence
from India. J Dev Econ. 2021;1(152): 102686.

Sheu ML, HuTW, Keeler TE, Ong M, Sung HY. The effect of a major cigarette
price change on smoking behavior in California: a zero-inflated negative
binomial model. Health Econ. 2004;13(8):781-91.

Shrestha SA. Roads, participation in markets, and benefits to agricultural
households: evidence from the topography-based highway network in
Nepal. Econ Dev Cult Change. 2020;68(3):839-64.

Strauss J. Estimating the determinants of food consumption and caloric
availability in rural Sierra Leone. Agricultural household models: extensions,
applications, and policy. Baltimore: Johns Hopkins University Press; 1986. p.
116-52.

Strauss J, Thomas D. Health, nutrition, and economic development. J Econ
Lit. 1998;36(2):766-817.

Swanson BE, Rajalahti R. Strengthening agricultural extension and advisory
systems. World Bank. 2010. https.//openknowledge.worldbank.org/handle/
10986/23993.

Vuong QH. Likelihood ratio tests for model selection and non-nested
hypotheses. Econometrica: Journal of the Econometric Society. 1989 Mar
1:307-33.

Winkelmann R. Econometric analysis of count data. Berlin: Springer; 2008.
Wilson P. The misuse of the Vuong test for non-nested models to test for
zero-inflation. Econ Lett. 2015;1(127):51-3.

. World Bank. (n.d.). World Bank Open Data. https://data.worldbank.org/
82.

World Bank. Malawi poverty and vulnerability assessment : investing in our
future, synthesis Report. Washington: World Bank; 2007.

World Bank. Gender and Governance in Rural Services: insights from India,
Ghana, and Ethiopia. Washington: World Bank; 2010.

Xu L, Paterson AD, Turpin W, Xu W. Assessment and selection of competing
models for zero-inflated microbiome data. PLoS ONE. 2015;10(7): e0129606.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/Study_on_Road_Infrastructure_Costs-_Analysis_of_Unit_Costs_and_Cost_Overruns_of_Road_Infrastructure_Projects_in_Africa.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/Study_on_Road_Infrastructure_Costs-_Analysis_of_Unit_Costs_and_Cost_Overruns_of_Road_Infrastructure_Projects_in_Africa.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/Study_on_Road_Infrastructure_Costs-_Analysis_of_Unit_Costs_and_Cost_Overruns_of_Road_Infrastructure_Projects_in_Africa.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Publications/Study_on_Road_Infrastructure_Costs-_Analysis_of_Unit_Costs_and_Cost_Overruns_of_Road_Infrastructure_Projects_in_Africa.pdf
https://www.copenhagenconsensus.com/sites/default/files/mp_transport_technical_report.pdf
https://www.copenhagenconsensus.com/sites/default/files/mp_transport_technical_report.pdf
https://openknowledge.worldbank.org/handle/10986/23993
https://openknowledge.worldbank.org/handle/10986/23993
https://data.worldbank.org/

	Road accessibility and agricultural extension services in Malawi
	Abstract 
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	History of agricultural extension systems in Malawi
	Literature review
	Dynamics of supply and demand of agricultural extension services
	Measurement of access to agricultural extension services
	Data source
	Empirical strategy
	Determinants of access to agricultural extension services
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


