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ABSTRACT
Information and services delivered through mobile phones, ‘m-services’, have transformative potential to
provide rural African farmers with important agro-meteorological information. However, a greater
understanding is needed regarding the types of m-services available to farmers, how farmers access
that information, and possible factors affecting m-service use. With a study of smallholder farming
communities in central Kenya, we examine factors affecting the likelihood of Kenyan farmers’ adoption
of m-services specifically related to agriculture and livestock information, buying and selling products,
and alerts about agricultural or livestock activities. According to a survey of 577 farming households,
98% of respondents own a mobile phone. Approximately 25% use it to access information about
agriculture and livestock, 23% access information about buying and selling products, and 18% receive
alerts. Personal smartphone ownership increases the likelihood of m-services use (p < .001), as does
membership in farmer organizations (p < .001). We find that age and income are not significantly
related to m-service use, and we discuss this result in terms of intersections between smartphone
ownership, gender, and education. Consistent with prior qualitative research, our quantitative results
further support the need for m-services providers to design for basic or feature phone users for
improved dissemination of agro-meteorological information.
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1. Introduction

Lack of access to information and knowledge transfer can ham-
per agricultural production in rural farming communities in
sub-Saharan Africa (SSA). Agricultural, market, and weather
information is critical to agricultural productivity, especially
for reducing uncertainty and risk associated with extreme
weather events and disease (Baumüller, 2013). The dissemina-
tion of agro-meteorological information can improve liveli-
hoods by reducing uncertainty and enable improved inputs
and technology adoption (Hansen et al., 2007). Access to infor-
mation through mobile phones and mobile internet can also
help agriculturalists manage risk and reduce vulnerabilities to
a changing climate (Baumüller, 2013).

Information communication technologies (ICTs) such as
mobile phones are touted as digital platforms with transforma-
tive potential to reach many farmers at once across rural set-
tings (Santosham & Lindsey, 2015; World Bank Group,
2018). Large-scale investment in ICT infrastructure has led to
growth in telecommunications connectivity of unprecedented
scale across Africa (World Bank Group, 2018). As the cost of
mobile phones have fallen and connectivity has spread,
phone ownership and internet access have become possible
for populations in the continent’s lowest-income areas
(Wyche & Olson, 2018). With this uptake of mobile phones,

users can subscribe to receive mobile phone-enabled services
or ‘m-services’ to access agro-meteorological (Baumüller,
2013) and market information (Wyche & Steinfield, 2016).

M-services deliver electronic media content through
mobile technologies and is an umbrella term that includes
m-agri, m-commerce, m-banking or m-payments. M-services
come in varied forms, including Short Message Service
(SMS), Unstructured Supplementary Service Data (USSD),
mobile applications (apps) and helplines. The difference
between SMS and USSD protocol is that SMS is a text messa-
ging service, whereas USSD protocol are in the form of
‘Quick Codes’. Depending on the electronic media m-services
contain, they can be accessed by phones with and without
internet access. M-services can be used to connect buyers
to sellers, disseminate general information about farming
and livestock (such as market information on prices), and
send alerts on pest and disease threats (Baumüller, 2018).
Some m-services are free to use or may require a cost to
use advanced features, while others are entirely proprietary.
For example, Ujuzi Kilimo in Kenya offers actionable rec-
ommendations to farmers through subscription-based SMS
and USSD services.1

Whether m-services can improve agricultural livelihoods is a
question facing scholars and development programmes focused
on addressing rural livelihood vulnerability. Qiang et al. (2012)
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showed that increased access to climate, crop disease, andmarket
information via m-services improved farmers’ production and
profitability in Kenya. However, wealthier, educated, and typi-
cally urban populations have greater access and therefore
benefit from m-services in comparison to rural, poorer popu-
lations, especially rural women (David et al., 2005; Porter
et al., 2012; Wyche & Olson, 2018; Wyche et al., 2019). As a
result of this limited access to information for some populations,
scholars have questioned whether mobile-based market infor-
mation can improve circulation of market prices and reduce
information asymmetries between farmers and buyers. Sriniva-
san and Burrell (2013) and Wyche and Steinfield (2016) have
detailed the underlying barriers to using mobile phones for
accessing Market Information Systems (MIS). These barriers
include, but are not limited to, cost of airtime, challenges with
charging faulty and low-quality batteries, language, and literacy
(Srinivasan & Burrell, 2013; Wyche & Steinfield, 2016).

However, in the literature on ICT use in SSA, far less atten-
tion has been placed on understanding the different types of
information communicated via m-services, how farmers access
that information, and possible factors affecting the likelihood of
m-service use. Our study addresses these knowledge gaps by
drawing on a sample of more than 500 smallholder farmers in
rural central Kenya. We first identify who uses m-services, the
types of m-services that survey respondents use, and how the
m-services are used. We then assess the factors that affect the
likelihood of m-service use by modelling the associations
between individual-level characteristics and three classes of agri-
cultural information available via m-services: farming infor-
mation, buying and selling farming products, and alerts on
farming activities. The latter helps us understand the underlying
factors impedingm-services adoption.We then discuss the inter-
actions between education, income, and gender with smartphone
ownership; the important role that farmer organizations play in
m-services adoption; and how developers of m-services can use
this information to target unreached individuals.

2. Literature review

2.1. ICTs, adaptive capacity, and vulnerability

ICTs are often cast as technologies that can increase access to
information and resources and connect individuals. Infor-
mation disseminated via m-services are therefore seen as
important tools for helping farmers adapt and to address vul-
nerability (Eakin et al., 2017), where vulnerability, per the
IPCC (2007) is ‘the degree to which an environmental or social
system is susceptible to, and unable to cope with, adverse effects
of climate change, including climate variability and extremes’
(p. 883). Vulnerability is often conceptualized as including
three interlinking elements: exposure, sensitivity, and adaptive
capacity (Adger, 2006). While exposure relates to the degree
and type of the perturbation, adaptive capacity relates to the
capacity of individuals or groups to manage and influence
their resources and risks in the face of a perturbation (Waters
& Adger, 2017). Both the degree of exposure and adaptive
capacity shape a system’s sensitivity to that perturbation.
Many determinants of household-level adaptive capacity have
been identified, which can relate to access to assets and

resources (Moser, 1998). At the local level, one such determi-
nant has been access to information resources and the ability
of decision-makers to marshall the information (Fawcett
et al., 2017; Smit & Wandel, 2006). Within this context, ICTs
provide an efficient means to reach a growing user base and
build adaptive capacity through enabling access to critical
information and facilitating a process of learning (Eakin
et al., 2017).

There is, however, contradictory evidence about how useful
ICTs are or can be for addressing vulnerability, with some
studies finding positive effects and others no impact. In a
review of climate change adaptation and ICTs in the Caribbean
and Latin America, Eakin et al. (2017) suggest that ICTs sup-
port adaptation through increasing social capital, improving
access to critical information for decision-making, and coordi-
nating actors. Marenya and Barrett (2007) found that lack of
access to information, land, and credit, constrained natural
resource management efforts and thus rendered smallholder
farmers in western Kenya more vulnerable to climate variabil-
ity. Similarly, researchers contended that in Laikipia county,
Kenya, limited access to agro-meteorological information ham-
pers adaptive capacity (Ogalleh et al., 2012; Wiesmann, 1998).
Bryan et al. (2009) came to similar conclusions that lack of
access to information is a main barrier to adaptation among
Ethiopian farmers. Specific to the impact of DrumNet, a
phone-based MIS, Ogutu et al. (2014) found a positive influ-
ence on labor productivity, seeds, fertilizers and land in three
Kenyan provinces.

A growing body of literature criticizes ICTs for development
programmes and provides evidence for why they do not work.
In the domain of distributing market price information
through MIS, Camacho and Conover (2011) and Fafchamps
and Minten (2012) showed poor adoption of MIS and their
lack of impact on agricultural outcomes. Following this work,
Burrell and Oreglia (2015) sought to better understand Ugan-
dan and Chinese agriculturalists’ decision-making processes
and need for market price information. They suggested that
using mobile phones to collect and distribute market infor-
mation through MIS is of limited relevance since information
about price is only one of several factors that aids decision-
making (Burrell & Oreglia, 2015). Similarly, Srinivasan and
Burrell (2013) suggest that mobile phones should not be
given an over-privileged role in seeking market price infor-
mation. Finally, although there are many apps for agriculture
in Kenya and SSA, it is still unclear how many people actually
use them after initially subscribing and/or downloading them.

2.2. Adoption and utilization of M-services in Kenya

Adoption of mobile phones and m-services is attributed to sev-
eral factors related to the local context. In Kenya, agriculture
and livestock are key economic sectors and contribute to
more than one-third of total gross domestic product (GDP)
(Kenya Bureau of Statistics Economic Survey, 2017). The Com-
munications Authority of Kenya (2018) reports that as of
March 2018, 95.1 % of the adult population had a mobile
phone subscription and 42.9% percent had access to broadband
internet. The growing affordability of internet access coincides
with an impressive number of m-services available for Kenyan
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farmers to utilize. For instance, Twiga Foods connects horticul-
tural farmers to buyers using a mobile-based buyer-to-buyer
platform,2 and Mkulima Online, M-Farm, provides access to
crop prices and connects buyers and sellers (Baumüller, 2013,
2015). The high adoption rates of mobile phones in Kenya com-
pared to other sub-Saharan African countries, see Figure 1, may
be one factor for the multitude of m-services available.

Given the ubiquity of mobile phone ownership in Kenya,
ICTs may continue to have increased importance in the sphere
of agricultural extension. The aim of agriculture extension is to
provide services and advice to rural farmers and their families
so they may maximize the resources made available to them
(Katz & Barandun, 2002). Private extension services exist in
Kenya in part due to the inefficiency of public extension,
which was identified as a factor that impedes agricultural devel-
opment and perhaps an explanation for low yields (Muyanga &
Jayne, 2008). M-services can serve as a gap-filling mechanism
for the agriculture extension system. While governments may
provide their own m-services through websites and/or SMS
or USSD services, partnerships with other sectors such as pri-
vate companies, NGOs, and research institutions can help
bolster farmer productivity and improve the limited capacity
of government programmes (Caine et al., 2015; Donovan,
2017).

2.3. Factors that influence adoption and use
of M-services

Factors that influence technology adoption and use are typi-
cally related to education level, age, and gender (Meso et al.,
2005); however, cost may also pose a barrier to usage. Ogutu
et al. (2014) found a significant difference in average age
between DrumNet participants and nonparticipants; however

no difference in gender. Wyche and Steinfield (2016) investi-
gated factors that impede adoption of the m-service M-Farm
in western Kenya. The majority of interviewees owned feature
phones, and while participants could theoretically access M-
Farm with those phones, they did not. Wyche and Steinfield
(2016) note a variety of barriers including limited amounts of
phone credit which stifles SMS use, phone charging limits,
phones with considerable wear and tear that prohibited use,
as well as the perception that mobile phones are for voice com-
munication rather than SMS-interaction.

After initial adoption of m-services, appropriate use of
information requires having credible information and trusting
in that information. Mittal et al. (2010) found that farmers use
mobile-enabled agricultural information when the information
is timely, of good quality, and when they trust the information.
For SMS information specifically, trust needs to be established:
the recipient is unlikely to take SMS information coming from
an unknown sender in the slurry of other spam SMS (Cheney,
2018; Crandall, 2012).

Research also suggests that individuals’ perceptions are
important determinants of individual technology use. Thiga
and Ndungu (2015), for example, identify lack of awareness
as the primary reason why agriculture extension officers do
not utilize ICTs in Kenya. Mobile applications in particular
were the least utilized form of ICT among respondents
(Thiga & Ndungu, 2015). Since agriculture extension officers
provide outreach to farmer organizations such as agricultural
and livestock cooperatives they are positioned to be agents of
change and advancement within a community. However, in
cases where the extension agents are not exhibiting high adop-
tion or promotion of these useful services, farmers may benefit
from information transfer through other routes such as mobile
devices and their non-extension social networks.

Figure 1. Growth rate of cellular usage as defined by mobile phone subscriptions per 100 people between 1990–2017. Mobile phone subscriptions in Kenya appear
higher than mobile phone subscriptions of least developed countries according to UN Classification and Sub-Saharan African countries excluding high income. Data
accessed on 18 June 2019. Data source: World Bank. Source: International Telecommunication Union, World Telecommunication/ICT Development Report and database
(2018).
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3. Research methodology

3.1. Study area

Laikipia, Meru and Nyeri counties meet at the northern and
western slopes of Mount Kenya in the semi-arid highlands of
Kenya. We focus on 35 smallholder farming communities
within the following sub-counties: Laikipia North and Laikipia
East (Laikipia), Buuri, North and Central (Meru), and Kieni
East (Nyeri). Many of the households are part of farmer organ-
izations, which can be classified as farmer cooperatives, farmer
groups, or local water resource governance groups called
Community Water Projects (CWPs). In this study, we charac-
terize farmer cooperatives and CWPs as formal organizations
in comparison to farmer groups, which are informal
organizations.

Farmer cooperatives are official, government-registered
forms of collective action that are typically composed of small-
holder farmers working together across a large area on agricul-
tural production, sale of products, and opportunities to enter
higher-value markets (Markelova et al., 2009; Narrod et al.,
2009). They follow a formal structure of organization with writ-
ten rules. One of the main benefits of farmer cooperative mem-
berships is the reduction of transaction costs among
smallholder agriculture producers who are often located in
remote areas and have limited economic capacity to enter pro-
duction systems (Markelova et al., 2009). In contrast to farmer
cooperatives, farmer groups are informal and may not be
officially registered with the government. Farmers either self-
organize or are organized into groups by agricultural extension
agents to facilitate trainings and knowledge exchange. Mem-
bers in these informal organizations typically share information
about best practices in agriculture. They may also collectively
pool savings to help afford agricultural inputs or assist group
members in times of need. Community Water Projects
(CWPs) are a third type of farmer organization. CWPs use for-
mal institutions where members officially meet and interact
with each other on a weekly to monthly basis to attend meet-
ings, maintain irrigation infrastructures, and access irrigation
water resources. To become a CWP member, farmers typically
pay a joining fee to connect to irrigation water via piped net-
works from rivers off Mount Kenya, as well as monthly main-
tenance fees.

3.2. Data collection

A team of eight Kenyan enumerators conducted the household
survey using Qualtrics software between June and July 2018
(Qualtrics, 2019). The multilingual team of six women and
two men conducted the survey in Kiswahili, Kikuyu, or Kimeru,
depending on the respondent’s background. We interviewed
605 respondents; however 577 responses were used for the
study. We removed respondents who either did not indicate
farming as their primary occupation, were flagged by enumer-
ators as giving incomplete answers, or refused to answer or did
not know their level of education attained. Respondents were
not compensated for their participation in the study. See Sup-
plementary Info (S.I.) for more information on survey
methodology.

The households selected for the study are a representative
sample of households that receive water from CWPs. Addition-
ally, our sample is not representative of all Kenyan small-
holders. These households were selected as part of a five-year
multi-institutional research project conducted in the region
(Lopus et al., 2017; McCord et al., 2017). The five-year study
assesses agronomic decision-making of irrigated (CWPs) and
non-irrigated households in Laikipia, Meru and Nyeri counties.
At the start of the project, we used a randomized sampling
approach of farmers within CWPs. As the project expanded,
we gathered longitudinal data as well as data from non-CWP
members because we could not get in contact with everyone
who had previously been sampled. Thus, we augmented our
dataset with the help of local guides and selected neighbouring
households within the communities. Respondents were either
the head of household or spouse of the household head.

The survey took 90 min on average and covered a range of
topics including agricultural management, perceptions of rain-
fall and climate change, use of weather and climate services, use
and barriers to use of ICTs, migration, and household socio-
demographics. The ICT module was administered about half-
way through the survey and took approximately 20 min. The
ICT module followed the design of the U.S. Agency for Inter-
national Development’s (USAID) toolkit on gender and ICT
(Highet et al., 2017) and comprised of three parts: demo-
graphics, access and use of ICTs, and mobile farming use.

The USAID practical toolkit offers quantitative and qualitat-
ive methods for data collection on access, usage, barriers and
perceptions of ICTs such as mobile phones, radios and other
internet-enabled devices. We selected and modified questions
from the toolkit and we pre-tested the questions in three
pilot interviews. Additionally, we used a four-day enumerator
training session to refine the questionnaire; however, no
major corrections were made. Our analysis focuses on use
and non-use of three m-services, which was determined by
the responses to the question: ‘During the last growing season,
did you use your mobile phone to access any of the following
services for your agricultural/livestock management? (e.g.
includes Facebook, Mkulima Bora, WhatsApp, M-Farm
through SMS, apps such as Mkulima Bora)’. Respondents
then answered ‘yes’ or ‘no’ to the following m-services: Acces-
sing farming (either livestock or agriculture) information, buy-
ing and selling agricultural or livestock products, and receiving
important information or alerts on agriculture/livestock activi-
ties. We also asked respondents to provide the names of agri-
cultural, livestock, or weather services apps accessed through
their phones during the last growing season and included
these summarized open-ended responses in the S.I.

4. Data analysis

4.1. Description of variables

We selected three m-services as our dependent variables: farm-
ing and livestock information, buying and selling products, and
alerts on agricultural or livestock activities. For brevity we refer
to these as farming, buying and selling, and alerts, respectively.
The following explanatory variables were taken from the house-
hold survey and grouped into the following categories
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(Table 1). We note the theorized effect of the explanatory vari-
ables on the dependent variables in Table 2.

Personal Smartphone: We asked the farmer whether their
mobile phone had access to the internet and the ability to down-
load apps. If the farmer responded ‘yes’ to both of those attributes,
we classified them as owning a ‘smartphone’ (i.e. a handset able to
access the internet and download apps). We compared these to

owners of non-smartphone phones which include basic and fea-
ture phones. ‘Basic’ phones (mulika mwizi in Kiswahili) cannot
download apps or access the internet. ‘Feature’ phones are able
to access the internet because they come pre-loaded with appli-
cations such as Facebook or Twitter but they do not have the abil-
ity to download apps. An example of a basic phone available for
purchase in Kenya is Nokia 1110, whereas a feature phone pre-

Table 1. Summary statistics of outcome variables and demographic characteristics of respondents.

Type Variable Levels n %

DV Farming No use 435 75.4
Use 142 24.6

Buying & selling No use 445 77.1
Use 132 22.9

Alerts No use 473 82.0
Use 104 18.0

IDV Personal smartphone No 381 66.0
Yes 196 34.0

Membership in farmer organizations None 100 17.3
One farmer organization 263 45.6
Two farmer organizations 172 29.8
Three farmer organizations 42 7.3

Membership in Community Water Project No 125 21.7
Yes 452 78.3

Membership in informal farmer group No 346 60.0
Yes 231 40.0

Membership in agricultural cooperative No 500 86.7
Yes 77 13.3

Education (highest attained) No formal education or some primary 105 18.2
Completed primary of some secondary 240 41.6
Completed secondary or some post-secondary 161 27.9
Completed post-secondary or vocational training 71 12.3

Income quartilea < 28,837 Ksh 144 25.0
28,838–55,000 Ksh 135 23.4
55,001–86,575 Ksh 143 24.8
86,576 Ksh and above 155 26.9

County Laikipia 299 51.8
Meru 150 26.0
Nyeri 128 22.2

Sex Women 327 56.7
Men 250 43.3

Notes: DV stands for Dependent Variable and IDV stands for Independent Variable.
aIncome is monthly and in Kenya shillings. We reduced the number of income categories by computing quartile incomes: 25% = 28,837 ksh, 50% 55,000 ksh, 75% = 86,575 ksh.

Table 2. Hypothesized relationships with m-services adoption.

Independent variables Explanation

Personal smartphone The rapid increase in mobile phone ownership in emerging and advanced economies–along with faster internet speeds, advances in
global positioning systems, improvements in cloud-based technologies–has led to ever-increasing quantities of digital data (GSMA,
2016; World Bank Group, 2018). In response to these trends, m-services content that contains multimedia formats or information
accessible only in smartphone applications has increased (Baumüller, 2018; World Bank Group, 2018). Thus, personal smartphone
ownership increases likelihood of m-services access because m-services are predominantly aimed for devices with advanced
features.

Membership in farmer
organizations

Increased knowledge and information exchange opportunities, including through contact with government extension agencies, from
farmer organizations, leads to increased m-services use. Kenyan farmers’ membership in banana cooperatives has been shown to
increase access to production information and innovation (Fischer & Qaim, 2012). Increased access and control over water resources
explains differences in technology adoption (Feder & Umali, 1993).

Farm size Use of modern ICTs (e.g. mobile phones) increases with farm size among farmers in India (Mittal & Mehar, 2016). Mittal et al. (2010)
shows that farmers with large plots better leverage information and communications than small farmers, e.g. benefiting most from
obtaining information and accessing professional agronomic help since they have fewer constraints in physical infrastructure.

Household income Willingness to bear financial risks of a new technology not performing well increases with income or off-farm income (Kebede, 1992).
Household and livestock assets Wealthier households (i.e. those with greater quantities of household and livestock assets) may be better able to bear potential risks

associated with technology adoption such as m-services (Kassie et al., 2013).
Age Younger technology users tend to adopt new technologies more quickly than older users (Appelbaum, 1990). Willingness to invest in

technologies with longer-term payoffs may decrease with age (Feder & Umali, 1993).
Education Higher levels of education influences an individual’s ability for technology use (e.g. Piccoli et al., 2001). Farmers’ decisions to bear risks

related to adoption of new technologies (Feder et al., 1985) and modern information sources such as mobile phones (Feder & Umali,
1993; Mittal & Mehar, 2016) positively correlates with education level.

County We include County as a geographic variable to account for potential variation in phone service quality that may affect m-service use.
Whether the respondent is a
woman

Men and women perceive and adopt technology differently (Gefen & Straub, 1997). Lower levels of literacy and education, household
duties and heavy workloads, finances and lack of disposable income, social norms, all intersect to reduce women’s mobile phone or
mobile internet use (e.g. Mwesige, 2004; Naidoo et al., 2008).
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loaded with Facebook is Tecno T351. If respondents had more
than one phone, we asked about their primary handset, i.e. the
one used most often.

Membership in Farmer Organizations:We recorded member-
ship in three types of farmer organizations (agricultural coopera-
tives, farmer groups, and Community Water Projects), and
combined the responses to reflect the total number of farmer
organization types (0–3) for which a farmer is a member.

Farm Size: Respondent provided the areas of their land
under production and fallow, in acres, during the March–
April–May 2018 growing season. We combined these two
areas to get total farm size.

Livestock Assets: We asked the respondent to count the
number of livestock owned by the household from a list of
common animals including cattle, goats and sheep. We sub-
sequently used a weighted formula to convert this livestock
count to Tropical Livestock Units (TLU) (Jahnke, 1982).

Income:We asked the respondent to select household monthly
income from a selection of ranges (none, 100–2000 ksh, 2001–
6000 ksh, 6001–18,000 ksh, 18,001–36,000 ksh, 36,001–54,000
ksh, 54,001–72,000 ksh, or more than 72,000 ksh) from the follow-
ing sources: casual labor, regular salary, small business, charcoal
sales, horticulture, sale of forest products, livestock, remittances,
rental income, pension, and savings group. We computed the
income variables in multiple ways which produced similar results
(see S.I.) and ultimately selected the median value from those
ranges. We summed the median values of the various incomes
to estimate monthly income in Kenya shillings. We reduced the
number of income categories by computing quartile incomes:
25% = 28,837 ksh, 50% 55,000 ksh, 75% = 86,575 ksh.

Assets: We used a simple index reflecting household owner-
ship of a television, car, motorcycle, and/or computer (including
tablets). We added the ownership values together and treated the
sum as a continuous variable (0–4). However, because only four
households owned all four assets, we combined those households
with the households who owned three of the four assets (0–3).

Age: We asked for the respondent’s year of birth and then
calculated their age relative to the year 2018.

Education: Kenya follows the 8–4–4 educational system with
eight years in primary school, four years in secondary, and four
years of university or vocational training. We asked for the
highest level of education completed by the respondent. The
options were coded as follows: No formal education or some
primary (level= 1; reference), Completed primary or some sec-
ondary (2), Completed secondary or some post-secondary (3),
Completed post-secondary or vocational training (4).

County: Farmers were located in one of three counties: Lai-
kipia, Meru, or Nyeri. We created dummy variables for Meru
and Nyeri residents with Laikipia as the reference category.

Gender: Men were the reference category (coded as 0).

4.2. Logistic regression analysis to identify drivers
of M-service adoption

We used a binary logistic Generalized Linear Model (GLM) to
test the likelihood that a respondent adopts various m-services.
We estimated the odds ratio (OR) for each dichotomous depen-
dent variable: use or non-use of weather information,

information about agriculture and livestock, or important alerts
on agriculture and livestock activities.

Because several farmers were part of the same water govern-
ance groups or farmer organizations, household-level data were
not fully independent. Therefore, we also ran the regressions
using a Generalized Linear Mixed Effects Model (GLMM) to
account for possible overdispersion and clustering by requiring
a group factor. Random effects modelled the correlation between
the groups using community subsets calledWater Resource User
Associations (WRUAs) as the group factor. For more infor-
mation regarding the treatment of WRUAs and grouping vari-
ables in the GLMM, see our Methodological Appendix (S.I.).
To test for the difference between the models with and without
random effects, we used a nested ANOVA model comparison.
We determined to proceed in using the GLM without random
effects because the Aikake information criterion (AIC) values
were lower for the GLMs compared to the GLMMs.

We cleaned data and developed the model specification using
Python programming language (Python Software Foundation,
2019). The logistic regression analysis was completed using the
lmer function in the lme4 library in R (Bates et al., 2015).

5. Results

5.1. Descriptive statistics

We begin by compiling the rates of phone ownership (smart-
phone, feature phone, basic phone) by gender to identify the
extent to which lack of access to internet-enabled phones
could underlie gender-based differences in the use of m-ser-
vices in Table 3. Approximately 34 % of respondents own a
smartphone: a greater proportion of men own smartphones
compared to women. Basic phones are owned by 56% of
women compared to 48% of men. Considering that access to
a smartphone is meaningful for m-services access, we investi-
gated differences in age, education, and membership in farmer
organizations between smartphone owners and non-owners, as
shown in Table 4. The average education and number of farmer

Table 3. Types of handset owned by respondent.

Gender Phone type No. of respondents Proportion

Women Basic 184 56.27
Feature 42 12.84
Smartphone 101 30.89

Men Basic 121 48.40
Feature 34 13.60
Smartphone 95 38.00

Note: Sample size for women n=327 and men n=250.

Table 4. Descriptive statistics of smartphone non-owners and owners membership
in farmer organizations, age, and education.

Variable Statistic Non-owner Owner

Farmer organizations Mean 1.13 1.54
S.D. 0.823 0.780

Age Mean 52.6 47.8
S.D. 12.0 12.1

Education Mean 2.13 2.76
S.D. 0.839 0.918

Note: S.D., standard deviation. Age reported in years. Education reported in high-
est level attained (see Description of variables for more information). Farmer
organizations reported in binary membership in farmer groups, CWP, and/or
agricultural cooperative.
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organizations is greater for smartphone owners compared to
non-owners. The variance of those statistics is similar between
smartphone owners and non-owners.

To help discern whether education, age, and membership in
farmer organizations influences access to m-services we com-
pare differences in these socioeconomic factors between men
and women m-services users and non-users. As shown in
Table 5, the average age and education level is lower for female
m-services users than male. Similarly, women are on average
members of fewer farmer organizations. The variances of
those statistics are generally similar between men and
women. We use these differences between men and women
to contextualize the importance of these socioeconomic factors
in governing m-service use, despite them not always being sig-
nificant in the logistic regression models.

5.2. Logistic regression results

5.2.1. Smartphone ownership
Personal smartphone ownership, defined as owning a handset
with access to internet and ability to download apps, increases
the likelihood of m-services use in all three models as shown in
Table 6. Smartphone owners are between 1.83 and 2.72 times as
likely as non-smartphone owners to use m-services (p < .05 for
buying and selling and p < .001 for farming, and alerts).

5.2.2. Farmer organizations
We find that membership in farmer organizations positively
influenced m-service use. As shown in Table 6, respondents
in farmer organizations are 1.64–2.06 times more likely than
non-members to use m-services across the three types of farmer
organizations, which include farmer cooperatives, informal
farmer groups, and Community Water Projects (p , .001).
When disaggregating by farmer organization type in Table 7
our results show that members of informal farmer groups are
between 1.82 and 2.87 times more likely to use farming (p <
.01), buying and selling (p < .01), and alerts (p < .001) m-ser-
vices. However members of agricultural cooperatives are only
more likely to use m-services for obtaining farming infor-
mation (p < .01). Members of CWPs are only more likely to
use m-services for accessing information about buying and sell-
ing (p < .001).

5.2.3. Wealth, gender and socioeconomic factors
Household-level characteristics, such as household assets and
livestock assets, and individual-level characteristics such as
education are also associated with m-service use. After account-
ing for whether a respondent owns a smartphone, we do not
find age or farm size to be significantly related with m-service
use any model iterations (p>.1, Tables 6 and 7). Income is sig-
nificantly related to one m-service use in Tables 6 and 7 in the

Table 5. Summary statistics of m-services users and non-users by gender.

Alerts Buying and selling Farming

No use Use No use Use No use Use

W M W M W M W M W M W M

Age
Mean 50.4 52.7 45.8 52.2 50.1 52.6 48.1 52.5 50.6 52.7 46.7 52.4
S.D. 12.22 11.98 10.39 13.74 12.57 12.40 9.67 12.38 12.42 12.30 10.18 12.63
Farmer organizations
Mean 1.17 1.25 1.44 1.71 1.14 1.25 1.48 1.64 1.11 1.18 1.56 1.78
S.D. 0.829 0.815 0.769 0.803 0.835 0.838 0.731 0.753 0.800 0.810 0.828 0.736
Education
Mean 2.20 2.44 2.35 2.68 2.23 2.48 2.23 2.55 2.17 2.37 2.43 2.82
S.D. 0.939 0.933 0.635 0.811 0.938 0.907 0.745 0.926 0.941 0.887 0.714 0.893

Note: W, women; M, men; S.D., standard deviation. Education level is highest attained where no formal education or some primary (1); reference), Completed primary or
some secondary (2), Completed secondary or some post-secondary (3), Completed post-secondary or vocational training (4).

Table 6. Predictors of use of farm/livestock information, to buy or sell agricultural produce or livestock, and alerts m-services.

Farming Buying and selling Alerts

Predictors Odds ratio C.I. Odds ratio C.I. Odds ratio C.I.

Smartphone (Yes) 2.19∗∗∗ 1.39–3.45 1.83∗ 1.14–2.91 2.72∗∗∗ 1.62–4.55
Farmer organizations 2.06∗∗∗ 1.56–2.72 1.64∗∗∗ 1.24–2.17 1.83∗∗∗ 1.33– 2.52
Farm size 1.04 0.95–1.14 1.00 0.91–1.10 1.02 0.92–1.14
TLU 0.80 0.64–1.01 0.65∗∗ 0.50–0.85 0.51∗∗∗ 0.37–0.70
Income quartile (Level = 2) 1.10 0.58–2.08 1.65 0.86–3.16 1.75 0.84–3.63
Income quartile (Level = 3) 1.03 0.56–1.92 1.63 0.87–3.06 1.02 0.48–2.17
Income quartile (Level = 4) 1.48 0.79–2.74 1.70 0.89–3.25 2.30∗ 1.11–4.77
Assets 0.78 0.51–1.18 0.83 0.55–1.26 0.53∗∗ 0.33–0.83
Age 0.99 0.97–1.01 1.00 0.98–1.02 0.99 0.97–1.01
Education (Level = 2) 3.16∗∗ 1.44–6.92 1.56 0.82–2.95 4.55∗∗ 1.69–12.29
Education (Level = 3) 3.46∗∗ 1.54–7.77 1.13 0.56–2.26 3.53∗ 1.27–9.80
Education (Level = 4) 2.58∗ 1.02–6.51 0.67 0.28–1.60 1.52 0.46–5.04
County (Meru) 1.05 0.63–1.75 1.63 0.99–2.68 0.90 0.50–1.65
County (Nyeri) 1.25 0.73–2.12 1.22 0.70–2.11 1.56 0.86–2.82
TLU*Assets 1.26 0.82–1.92 1.37 0.90–2.10 1.53 0.95–2.48
Sex ( male) 1.11 0.98–1.27 1.20∗∗ 1.05–1.38 1.35∗∗∗ 1.15–1.58
(Intercept) 0.05∗∗∗ 0.01–0.20 0.08∗∗∗ 0.02–0.30 0.05∗∗∗ 0.01– 0.26
Observations 577 577 577

Note: C.I., confidence interval, ∗p , .05; ∗∗p , .01; ∗∗∗p , .001.
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highest income quartile only. Other measures of wealth are
livestock assets (TLU), household assets, and the interaction
between assets and TLU. Household and livestock assets are
both significantly associated with likelihood of using m-ser-
vices. Household assets are significantly associated with alerts
m-services (p < .01) while livestock assets are significantly
associated with all three models in Table 7 and buying and sell-
ing and alerts m-services in Table 6. Although the coefficients
on livestock assets and household assets were less than one,
the interaction term was greater than one, pointing to a com-
plex relationship between various forms of wealth and the
adoption of m-services. As described in our Methodological
Appendix (S.I.), the results presented here are largely consistent
with results of other iterations of the models, which controlled
for interactions between wealth variables, including smart-
phone ownership. Additionally, in one iteration of the model,
we replaced farm size as a proxy for income. We did not find
any statistical significance for farm size or income.

We find some levels of educational attainment to be signifi-
cantly correlated with m-service use in Table 6. Compared with
the reference educational level, respondents who completed
primary school or some secondary school were 3.16 and 4.55
times as likely to use farming and alerts m-services (p < .01).
Similarly, respondents who completed secondary or some
post-secondary school were 3.46 and 3.53 times more likely
than the reference group to use farming and alerts m-services
(p < .01 and p < .05 , respectively). Respondents who completed
post-secondary school or vocational training were 2.58 times
more likely than the reference group to use farming m-services
(p < .05). The results in Table 7 are similar for those education
levels.

The coefficient on being a male respondent is positive in all
iterations of the models (Tables 6, 7). In the models that do not
distinguish between farmer organization types, Table 6, the
association between gender and m-service use is significant
for buying and selling m-services (p < .01) and alerts (p <
.001). Men are 1.20 and 1.35 times more likely to use m-services
for buying and selling and alerts.

We asked respondents who did not select use of m-services
for accessing farming and livestock information to respond to a
list that describes barriers preventing their use of m-services as
shown in Figure 2. Compared to men, a greater proportion of
women perceive barriers to mobile agriculture/livestock ser-
vices across all of the categories. However, irrespective of gen-
der, the foremost barriers limiting use of m-services are lack of
awareness, lack of availability, and lack of understanding about
how m-services work. Of these three categories, women are less
aware and knowledgeable about how to use m-services com-
pared to men.

6. Discussion

6.1. The role of smartphones in M-services use

We find smartphone ownership to be a significant factor in
m-services use. However, smartphone ownership across our
study site is far from ubiquitous with 31% ownership for
women and 38% ownership for men (Table 3). GSMA (2016)
estimates 226 million smartphone connections exist in Africa,
approximately a quarter of all connections, and is reflected
most strongly in established mobile markets including Kenya,
Egypt, Nigeria, and South Africa. Thus, compared to the
rates of smartphone adoption in east Africa (17% of the popu-
lation in 2015) (GSMA, 2016), smartphone ownership is rela-
tively high among survey respondents. The prevalence of
smartphone ownership as a predictor of m-service use may
be due to the nature of how m-services tend to be designed:
technology developers generally design for smartphones rather
than basic or feature phones (Cheney, 2018; Wyche & Murphy,
2012). Our results indicate that m-services, created by develo-
pers and designers focused on smartphone applications, have
indeed reached the segments of the population who own smart-
phones. Considering that the majority of respondents own
basic or feature phones (as shown in Table 3), m-services
designed for smartphone-based applications may be failing
low-income and basic phone-owning subscribers.

Table 7. Model results which separates farmer organizations into farmer groups, agricultural cooperatives, and Community Water Projects (CWPs).

Farming Buying & selling Alerts

Predictors Odds ratio C.I. Odds ratio C.I. Odds ratio C.I.

Smartphone (Yes) 2.25∗∗∗ 1.42–3.58 1.71∗ 1.06–2.75 2.69∗∗∗ 1.59–4.56
Farmer group (Binary) 1.98∗∗ 1.29–3.04 1.82∗∗ 1.18–2.83 2.87∗∗∗ 1.73– 4.76
Ag cooperative (Binary) 2.54∗∗ 1.44–4.47 0.78 0.41–1.47 0.97 0.48–1.96
Number of CWPs 1.38 0.94–2.03 1.95∗∗∗ 1.32–2.90 1.48 0.95–2.30
Farm size 1.05 0.96–1.15 1.01 0.92–1.11 1.03 0.92–1.14
TLU 0.78∗ 0.62–0.99 0.66∗∗ 0.51–0.86 0.50∗∗∗ 0.37–0.69
Income quartile (Level = 2) 1.11 0.59–2.12 1.64 0.85–3.17 1.81 0.86–3.80
Income quartile (Level = 3) 1.10 0.59–2.05 1.59 0.84–3.02 1.01 0.47–2.16
Income quartile (Level = 4) 1.56 0.84–2.91 1.80 0.94–3.45 2.38∗ 1.13–4.99
Assets 0.79 0.52–1.20 0.82 0.54–1.24 0.53∗∗ 0.33–0.84
Age 0.99 0.98–1.01 1.00 0.98–1.02 0.99 0.97–1.01
Education (Level = 2) 3.04∗∗ 1.39–6.68 1.55 0.82–2.96 4.80∗∗ 1.77–13.03
Education (Level = 3) 3.37∗∗ 1.50–7.57 1.11 0.55–2.22 3.59∗ 1.29–10.01
Education (Level = 4) 2.54∗ 1.00–6.42 0.67 0.28–1.61 1.48 0.44–4.98
County (Meru) 1.09 0.64–1.86 1.57 0.94–2.63 1.00 0.53–1.87
County (Nyeri) 1.44 0.83–2.48 1.25 0.71–2.19 1.83 0.99–3.38
TLU*Assets 1.27 0.83–1.94 1.47 0.96–2.27 1.62 1.00–2.65
Sex ( male) 1.11 0.97–1.26 1.19∗ 1.04–1.37 1.35∗∗∗ 1.15–1.58
(Intercept) 0.06∗∗∗ 0.01–0.24 0.06∗∗∗ 0.01–0.24 0.04∗∗∗ 0.01–0.22
Observations 577 577 577

Note: C.I., confidence interval, ∗p , .05; ∗∗p , .01; ∗∗∗p , .001.

8 N. T. KRELL ET AL.



As suggested by several previous studies (e.g. Wyche &Mur-
phy, 2012; Wyche et al., 2019; Wyche & Steinfield, 2016),
designing m-services with the needs of basic phone users in
mind is a clear way to expand accessibility of m-services beyond
smartphone users. Developers need not only to design for basic
phones but also the constraints commonly experienced in
developing countries. After relating barriers of basic phone
use to lack of airtime credit, exhausted batteries, difficulty char-
ging and lack of capital to upgrade to a smartphone, Wyche and
Murphy (2012) provide an alternative design vision given the
challenges faced by rural and often unconnected agriculturalists
in Kenya. They suggest that mobile phone designers and devel-
opers assume off-grid use with unreliable electricity sources for
agriculturalists in rural and peri-urban Kenya (Wyche & Mur-
phy, 2012). Lastly, another consideration is to focus on USSD
protocol and voice call services aimed for widely spread simple
and cheap phones rather than power-intensive functionalities
of smartphones which are not ubiquitously used (Wyche &
Murphy, 2012). These intersections need to be addressed by
ICT for development programmes – such as those described
in the USAID toolkit used for survey collection – for proper
information dissemination.

6.2. Membership in farmer organizations increases
likelihood of M-service use

Membership in informal farmer groups increased the likelihood
of m-services use across all types of m-service use in comparison
to formal farmer organizations (e.g. farmer cooperatives and
CWPs). Unlike formal farmer cooperatives or the CWPs, infor-
mal farmer organizations are free to join. Yet, one benefit of pay-
ing to join an agricultural cooperative or CWP is access to
information services and networks provided by these organiz-
ations. In other words, these types of formal organizations pro-
vide a ‘club good’ version of agricultural information (i.e.
information exclusively available to members of an organization)

(McNutt, 1999). Members gain exclusive access to and benefit
from agricultural information at the price of paying a monthly
membership fee to belong to these organizations.

Contrary to formal agricultural information, members of
informal farming groups may make greater use of publicly-
available agricultural information, which is a ‘public good’
(i.e. where an individual’s use of information available to the
public does not diminish others’ use of the same information)
(McNutt, 1999). Most m-services platforms do not require an
explicit joining fee to access information and are therefore
offering agriculture information as a publicly available good.
Thus, we would expect that farmers in informal farming groups
would have a greater incentive to use and seek out m-services
agriculture information that they can freely access without hav-
ing to pay the types of membership fees required of formal
farmer organizations.

Farmers with membership in agricultural cooperatives or
CWPs were significantly more likely to use only one type of
m-service. Farmers in cooperatives already benefit from exclu-
sive information and alerts that are embedded in their member-
ship to a cooperative and the facilitated access to extension
services. Thus, we would not expect these farmers to make sub-
stantive use of freely available m-services information. Rather
than using the buying and selling function of m-services, farm-
ers in formal cooperatives are likely already benefiting from
their farmer cooperative membership with greater access to
opportunities for marketing and buying and selling their pro-
ducts in higher-value markets (Markelova & Mwangi, 2010;
Narrod et al., 2009). Similarly, farmers with CWP membership
are likely to access agricultural information as an additional
benefit to the primary benefit of obtaining water. In Kenyan
CWPs, members interact on a weekly to monthly basis through
labour activities for maintaining irrigation infrastructures and
to attend meetings regarding irrigated water resources manage-
ment. These activities would likely offer both informal and for-
mal opportunities to obtain agricultural information. As with

Figure 2. Bar plot showing barriers to m-service use by gender. We elicited specific reasons for farmers’ non-use of mobile service in response to the question: ‘What are
the reasons why you don’t access information about farming (either livestock or agriculture): I’m not aware of these services; These types of services are not available in
my area/on my network; I don’t know how to use these types of services; I get my information from other sources (e.g. my community); My phone has no internet; I do not
have an ID or required documents; The content is not in a language I understand; The content isn’t relevant to me; I have trouble reading the content; I have trouble
understanding the content; They are too expensive; My family doesn’t allow it; I’ve used it in the past but did not find it useful and/or did not like using it; I’ve used it in
the past but it is no longer available.
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agricultural cooperatives, CWP membership likely provides
access to exclusive agricultural information, and thereby
reduces the incentive to access additional agricultural infor-
mation via m-services.

By framing agricultural information access in the context of
club and public goods, we can explain why farmers in informal
farmer organizations are more likely to use m-services across all
use types in comparison to those farmers belonging to agricul-
tural cooperatives or CWPs. We conclude that membership in
informal farmer groups is a strong predictor of m-services use
due to their greater incentive to use publicly-available m-ser-
vices compared to their agricultural cooperative and CWP
counterparts, who inherently already have access to these
types of services via cooperative or CWP membership. We dis-
cuss endogeneity challenges related to farmer organizations
and related explanatatory variables in the S.I.

6.3. Wealth indicators and education

The non-significant results for income and farm size, along
with the ubiquity of mobile phones among respondents,
point to the maturity of phone ownership in the study area rela-
tive to income. In earlier phases of mobile phone adoptions,
higher income levels were associated with phone ownership,
but over time, mobile phones have become accessible to even
low-income households, as indicated by the 98% ownership
of mobile phones among survey participants. However this ubi-
quity in phone ownership of all types does not represent a ubi-
quity of smartphone ownership, which is associated with higher
incomes.

Although mobile phone ownership and use have been
expanding across communities and throughout Kenya irre-
spective of wealth, smartphone ownership is the factor that sep-
arates the wealthy from the poor in m-service use. Moreover,
smartphones open access to potentially the most comprehen-
sive and/or useful m-services which are applications and/or
internet-based platforms. Since Kenya is on the forefront of
ICT use and mobile phone ownership compared to other
countries in the region (see Figure 1), our results can serve as
a model for future trajectories of development regarding use
of mobile phones for climate and agriculture information.
While these wealth indicators are non-significant across our
models, we recognize that cost is still a major barrier to farmers
using phones as much as they would like (see S.I.). We cannot
conclude that access to smartphones means that farmers are
using the internet. However given that purchasing airtime
credit and/or data bundles is the chief reason why respondents
do not use their phones (of any type) as much as they would
like, we can infer that across all phone types, cost is still the
greatest inhibitor of mobile phones and m-services use.

Educational attainment is an important factor in determin-
ing m-service use. The differences in average education level
and age in m-service use for women, and to a lesser extent,
men (Table 5) point at the importance of these socioeconomic
factors in governing m-service use, despite them not always
being significant in the models. While age does not significantly
affect the likelihood of m-service use in our models, we do find
that the average age of women using m-services is younger than
those women who do not (Table 5), and the education level of

those using m-services across both genders is higher than those
who do not use m-services (Table 5).

6.4. Gendered barriers to M-service use

The previously described intersections between gender and
wealth, smartphone ownership, and education affect m-service
use in complex ways. At the household level, men’s and
women’s roles on Kenyan farms are different, and therefore
levels of agricultural decision-making may vary depending on
gender roles when men are head of household. Braimok
(2017) found in some cases that in the presence of a male
head, female Kenyan dairy farmers did not perceive themselves
as making or finalizing choices.

A variety of reasons govern these gendered barriers in use.
Santosham and Lindsey (2015) concluded that cost is the great-
est barrier to ownership and usage of mobile phones for
women, due to their reduced financial independence compared
to men. Although mobile phone use is nearly ubiquitous in our
study site for both men and women, the increased costs associ-
ated with smartphone ownership and use present a potential
barrier to women’s ownership of smartphones, which may
explain why women lag behind men in smartphone ownership
(Table 3). Wyche and Olson (2018) found that mobile use and
therefore m-service access among rural women remains limited
due to technical literacy, mobile phone conditions, perceptions
of the Internet, time required to learn how to use the Internet,
and seasonal income fluctuations.

7. Implications for future M-services in Kenya

Membership in farmer organizations, the relative cost to own a
smartphone, and smartphone usability are important consider-
ations of future access to mobile agricultural services in Kenya.
Although smartphone ownership is a driver of m-service use
and smartphones are more expensive and difficult to use
(Wyche & Steinfield, 2016), Karlsson et al. (2017) show that
increasingly affordable smartphones are on the rise and com-
mercially sound. African consumers can now purchase the
affordable Mara X phone, which is designed in partnership
with Google and fully manufactured in Rwanda3 as well as Chi-
nese designed smartphones that are expected to become more
prevalent among African phone markets.4

Beyond affordability, however, and from a supply point of
view, m-services are not typically designed for low income,
rural, and less educated groups, such as women, who use
basic phones (Santosham & Lindsey, 2015; Wyche & Olson,
2018). Our quantitative findings corroborate previous qualitat-
ive studies and show that women were less likely to use m-ser-
vices in comparison to men and that m-service users had higher
levels of income and educational attainment. Increasing m-ser-
vice use involves addressing both smartphone affordability and
designing m-services for audiences with lower technological
literacies.

Our study introduces additional novel findings that demon-
strate linkages between adoption rates and the role of informal
and formal farmer groups. Membership in increased numbers
of farmer organization – formal or informal – was a significant
predictor of m-service use. However, farmers not part of formal
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agriculture groups, such as agricultural cooperatives and water
governance groups were more likely to use m-services than
farmers who were involved in informal farmer groups. Under-
standing that not all m-service users are embedded in formal
agricultural groups is important for m-service design. Specifi-
cally, agricultural information shared amongst farmers in for-
mal groups may be different than the m-services information
accessed by farmers in informal groups. Overall, dissemination
of meaningful and useful agro-meterological information via
m-services requires consideration of the types of individuals
that are currently accessing m-service information.

8. Conclusions

We investigated factors that influence farmer use of agriculture
information frommobile phones, specifically m-services. While
much of the literature in academic and government spheres
stress the importance of age, location and education in defining
the digital gender gap, our results highlight additional drivers of
m-services use including participation in farmer organizations,
higher-levels of education, and smartphone ownership. Each of
these factors interacts with gender to highlight the dispropor-
tionate access of these services by women. Our results show
that age and income are not significantly related to farmer
use of mobile phone services; however smartphone ownership
is a metric of individual wealth and assets that is significantly
related to m-service use.

The prevalence of smartphone ownership across our models
point to the trend that m-services are increasingly designed for
advanced mobile phone features. Thus, we suggest that m-ser-
vices providers design for the user, which is predominantly a
basic or feature phone owner in the case of rural Kenyan farmers.
Additionally, while rates of mobile phone ownership in Kenya
are high, smartphone ownership is not as widespread. Although
phones have been expanding through rural communities, smart-
phones are the item that separates the wealthier from the poorer.
Smartphones can give farmers access to potentially the most use-
ful of climate and agriculture related m-services. Mobile phones
and other ICTs will continue to play important roles in mana-
ging risks and vulnerabilities associated with a changing climate
(Eakin et al., 2017). Efforts in the climate adaptation policy space
should address the general affordability of m-services andmobile
phones, and better target under-served groups of users, particu-
larly women and those not belonging to farmer organizations to
improve efficient and targeted dissemination of agro-meteorolo-
gical information services.

Notes

1. https://www.ujuzikilimo.com/sms.html
2. https://twiga.ke
3. https://maraphones.com/blog/best-value-smartphone-africa/
4. https://qz.com/africa/1374404/chinas-transsion-dominates-africas-

phone-market-with-tecno-itel/
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