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Abstract

Human-centered design (HCD) is a creative approach to technology design that prioritizes users’ needs in the design
process. It is characterized by three phases: understanding, ideation, and evaluation. Enthusiasm for using HCD per-
sists among ICTD (information and communication technologies for development) researchers; funding agencies
continue to support efforts to use the approach in development projects. However, published studies documenting
each phase of the approach are few. Here, we present one such case study that documents our use of HCD to under-
stand farmers’ hand tools in Kenya and to explore their ideas for new tools—designed to make weeding easier. We
also present an evaluation of three redesigned tools, which were manufactured by jua kali (local metal workers). Our
ªndings suggest that HCD resulted in improved tools. These ªndings motivate a discussion that elaborates on using
HCD in ICTD. We suggest that the most signiªcant impacts of HCD may come from using the approach to under-
stand diverse local conditions as they relate to design, and from jua kali integrating the approach into their design
practices. Finally, we consider how HCD supports (and challenges) conducting ethical research.
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Introduction
Over the last 15 years, there has been signiªcant enthusiasm among researchers, practitioners, and funding
agencies for using a Human-Centered Design (HCD) approach to guide the development of technological solu-
tions for socioeconomic problems in the developing world (Bazzano, Martin, Hicks, Faughnan, & Murphy,
2017; Gordon, Kramer, Moore, Yeung, & Agogino, 2017). This creative approach to problem solving prioritizes
users’ needs in design, a process that involves learning about their context and developing design concepts
grounded in this knowledge. HCD is generally characterized by these phases: understanding, ideation, and
evaluation (Vechakul, Shrimali, & Sandhu, 2015). Its use has resulted in some successful ICTD interventions
(e.g., Brilliance—a lamp to treat neonatal jaundice; Gordon et al., 2017) and some less successful ones. HCD
guided aspects of the One Laptop Per Child project (low-cost laptop computers for children in the developing
world); this effort is generally regarded as a classic example of failure in ICTD (Philip, Irani, & Dourish, 2012).
However, the impact of the process and its outcomes remains mostly unknown because there are few case
studies describing the methodology, results, and impacts of HCD (Bazzano et al., 2017). Such case studies can
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beneªt the ICTD community by providing researchers and practitioners with actionable strategies for their pro-
jects. More broadly, such studies are necessary if HCD projects are to be replicated and are to inform critical dis-
cussions about using the approach in developing contexts. In this article, we present a case study that
describes our implementation of the full HCD cycle—from understanding through evaluation—to redesign
agricultural hand tools in Western Kenya.

Our project’s ªeldwork began in June 2017 and has included numerous engagements with groups of small-
holder farmers (our end users) by the authors and our collaborating NGO’s ªeld assistants. The designers in our
study were jua kali (which means hot sun in Swahili)—typically, men who work in Kenya’s informal sector as
metalworkers, mechanics, and carpenters. Following our understanding phase—conducted with ªve groups
of approximately 20 farmers each—we learned about the tools and practices of the farmers and identiªed an
opportunity to design new tools that reduce the drudgery of weeding. We then asked four farmer groups
(73 farmers) to participate in design workshops where they engaged in ideation activities (e.g., drawing new
tools) to explore what they wanted in the redesigned tools. The jua kali used the outcomes from this phase to
guide the development of several prototype hand tools. To date, we have evaluated these prototypes with
19 groups of farmers (233 farmers). Our evaluation suggests that our use of HCD resulted in successful new
tools, in that they were an improvement over existing tools used for weeding. Farmers were also interested in
buying them. Our experience motivates a discussion that elaborates on using HCD in ICTD. We make a case for
how the approach can be used as a distinctive inquiry practice useful for understanding the complexity of
local conditions as they relate to design. We also suggest that ICTD researchers consider how they can build
jua kali’s capacity to use HCD in their existing design processes. Lastly, we reºect on how HCD supports (and
challenges) conducting ethical ICTD research.

The rest of this article is organized as follows. We present a brief overview of HCD and how it has been
used in ICTD and related ªelds. This review includes critiques of the approach. We then describe our study’s
context and provide information about African agricultural hand tools. Next, we present a detailed description
of the implementation of, and ªndings from, each phase of our HCD process (understanding, ideation, evalua-
tion). After this, we elaborate on our ªndings in light of what is known about using HCD in ICTD. Our work is a
novel contribution to the literature for the growing number of researchers and practitioners who use HCD, as
well as for the foundations and donors who fund such projects.

An Overview of HCD
Human-centered design is also referred to as user-centered design and design thinking. It is a framework that
originates from research conducted in ergonomics, computer science, and artiªcial intelligence (see Giacomin,
2014 for overview). It has evolved from an engineering-based approach that just considered the user, to one
that broadly encompasses placing “our understanding of people, their concerns, and their activities at the
forefront in the design of new technology” (Bannon, 2011, p. 53). Central tenets of HCD include developing
empathy for users, understanding users’ contexts, iterating continuously (e.g., reªning ideas based on user
feedback), and embracing ambiguity (e.g., it is difªcult to anticipate or control outcomes of the approach)
(Brown & Wyatt, 2010). The approach generally involves three phases: developing an explicit understanding of
users, generating and prototyping design ideas, and evaluating them with end users (Vechakul et al., 2015).

Researchers and practitioners rely on various methods to develop a design-oriented understanding of users
and to evaluate project outcomes (see Hanington & Martin, 2012). Participatory methods that invite users to
“engage in the generation . . . of visual artifacts to communicate their thoughts or ideas” (Hanington, 2003,
p. 15) are considered especially useful for generating design concepts in HCD. We incorporated these meth-
ods into our project because we recognized that farmers are the most knowledgeable about the tools
they needed.

98 Information Technologies & International Development

REDESIGNING AGRICULTURAL HAND TOOLS IN WESTERN KENYA



Related Work

Human-Centered Design in ICTD, HCI4D, and Related Fields
Many ICTD researchers have adopted HCD’s commitment to placing people’s concerns at the forefront of the
design process, as have researchers in Human-Computer Interaction for Development (HCI4D), a growing
“subªeld of ICT4D that focuses on understanding how people and computers interact in developing regions,
and on designing systems . . . for these contexts” (Ho, Smyth, Kam, & Dearden, 2009, p. 2). Within HCI4D/
ICTD, there are some prior efforts which document the full HCD cycle (e.g., Watkins, Loudon, Gill, & Hall,
2017). They suggest that HCD can be useful for informing the development of novel interventions. However,
these studies tend to have smaller sample sizes and shorter timeframes than ours. What is more typical is for
studies to present only one or two phases of the approach instead of all three, e.g., studies which present
ªndings from the understanding phase (e.g., Wyche & Steinªeld, 2016) or the evaluation phase (e.g., Brunette
et al., 2010), or which present both of these phases but omit the ideation phase (e.g., Guha, Rifat, Shezan, &
Dell, 2017). Within HCI4D/ICTD less attention has been devoted to using HCD to redesign nondigital technolo-
gies. Given their focus on computing, this is unsurprising. However, by focusing on nondigital technologies—
in the case of our project, agricultural hand tools—we work toward applying HCD and lessons learned in
HCI4D/ICTD to other ªelds that use the approach in developing regions.

Donaldson recognizes HCI4D/ICTD as extensions of earlier movements that also accounted for people’s
needs and contexts when designing technologies to support socioeconomic development, in particular the
Design for Development (or DfD) and related Appropriate Technology (or AT) movements (Donaldson, 2009),
which trace back to ideas proposed in Schumacher’s 1973 book Small Is Beautiful: The Study of Economics as if
People Mattered. These ideas included using local materials to develop technologies for local use and creating
workplaces—where people already live—to produce them (Schumacher, 1973). More broadly, these ideas
contrasted top-down development projects and promotions of Western “modern” technology, which were
perceived as the path to development.

In addition to HCI4D, a new interdisciplinary ªeld named Development Engineering (DE), which focuses on
“creating solutions that improve human development in low-resource settings at a scale” builds on aspects of
the DfD and AT movements (Levine, Agogino, & Lesniewski, 2016, p. 1). Project examples include efforts
to design both digital and nondigital interventions (e.g., redesigned cookstoves for women in Sudan
and smartphone applications for health data collection in India). Of central importance to the uptake of
HCD is “scaling for impact”—that is, avoiding designing products “that meet a niche in the consumer mar-
ket” and to instead “focus on solutions that can solve problems at scale” (Levine et al., 2016, p. 3). By situat-
ing our project in these ªelds, we hope to encourage discussions among researchers about using HCD—
speciªcally, discussions predicated on these ªelds’ shared commitment to using the approach to develop a
range of technologies.

HCD Elsewhere and Critiques of the Approach
Enthusiasm for HCD continues to grow, as evidenced by design ªrms (e.g., IDEO and Dalberg) that promote
the approach to solve complex socioeconomic problems, as well as by support from foundations and donors
(e.g., the Bill and Melinda Gates Foundation and USAID) to fund these efforts (Bazzano et al., 2017). Although
aspects of HCD have been used since the inception of HCI4D/ICTD/DE, the approach itself has only recently
been adopted by researchers in global public health. Scholars in this ªeld increasingly recognize that by focus-
ing on comprehension of context, ideation, and iteration, HCD aligns with their goals. Public health research-
ers have used HCD to design handwashing systems in Kenya and mobile phone applications in Tanzania that
provide women with health information (Bazzano et al., 2017). However, Bazzano et al. (2017) raise concerns
about the approach. They conducted a scoping review of global public health research that used HCD, and
concluded that it was rare for studies to adequately document the entire HCD process (e.g., to describe their
methodology and/or results). They added that it was unclear whether the approach resulted in interventions
which actually improved global health outcomes.

Other scholars have made similar critiques, arguing that the use of HCD in developing contexts is another
example of privileged researchers (typically from Western universities) traveling to economically poorer
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countries to solve problems (Philip et al., 2012). Philip et al. (2012) use the term postcolonial computing to
describe this approach to technology development. The idea has inspired constructive critiques of the uneven
power relations, including arguments that HCD is another form of methodological hegemony, or what Avle et
al. describe as a “dominating approach towards design” which emanates from Silicon Valley models of social
change (Avle, Lindtner, & Williams, 2017, p. 472). Other scholars note that this social change rarely occurs, and
that the process tends to beneªt Western design and technology companies rather than the communities
(Tunstall, 2013). Dearden describes the approach as harmful, because researchers rarely work with in-country
partners and often do not undertake the necessary “groundwork and homework” (Dearden, 2008, p. 10). He
adds that ethical issues must be accounted for when using HCD in ICTD projects.

We acknowledge and are sensitive to these critiques, and they have informed our research in these ways.
Our project represents a constructive and genuine collaboration between Western academics—who have a
combined 35� years of experience conducting design-oriented and participatory ªeldwork in Kenya—and
Rural Outreach Africa (ROA), an established NGO with 30� years of experience developing and implementing
projects that support more than 50,000 Kenyan farmers. Similar to the academic researchers, ROA’s activities
are guided by a philosophy of participatory development.1

A unique aspect of our project was that we neither designed nor made the redesigned tools. Instead, the
designers are local small-scale fabricators who work in rural Kenya. Rather than using HCD to beneªt only
Western researchers, our intention was to implement the approach so that the outcomes could be manufac-
tured and sold by local jua kali and beneªt smallholder farmers. Finally, the aforementioned critiques are rarely
grounded in implementation of the entire HCD process, as presented in this article: from understanding users
to ideating, prototyping, and evaluating multiple ideas. Our implementation of the full HCD cycle details the
potential value of using the approach to redesign farmers’ tools and draws attention to ethical issues to con-
sider when putting HCD into practice.

Our Study
Our ªeldwork began in June 2017. Our project was supported by a $50,000 grant from Michigan State Univer-
sity’s Alliance for African Partnership (AAP) program, which encourages innovative and equitable partnerships
between itself and African institutions. Prior to our ªeldwork, the authors collaboratively developed the pro-
posal, which was inspired by observations made over our years of research engagement. Agricultural tools are
frequently a rural household’s most important technology, and their design has remained unchanged for hun-
dreds of years (Blench & Dendo, 2006). HCD offered a compelling framework for exploring these tools and
farmers’ ideas about how to redesign them. Further, the approach was aligned with the researchers and NGO’s
shared commitment to participatory research.

The ªndings presented here primarily come from the authors’ combined eight visits to Western Kenya
between June 2017 and January 2019. We also present data collected by Stephen Sino, ROA’s ªeld assistant.
As is typical in HCD, our approach was tailored to the topic under study, the context where the project took
place, and the research team’s positionality.

Researchers’ Positionality
HCD is a highly subjective, creative, and interdisciplinary process. As such, it is important for researchers
to consider their positions and the impacts on their projects—factors which have not always been consid-
ered (Bazzano et al., 2017). Two authors are university professors who conduct research in HCI4D and geo-
graphy. When in the ªeld, we are generally considered outsiders, or wazungu (Swahili for white people
or foreigners). The other author has a Master’s in Business Administration and works for ROA as a researcher
and development practitioner. We recognize that our education and comparative wealth are markers of differ-
ence that distinguish us from most people in our ªeldsites. We are also aware of, and sensitive to, power rela-
tions underlying our interactions with participants and are committed to conducting research in a respectful
manner. This article represents our shared perspectives into the data collection, analysis, and presentation of
the project.
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Smallholder Agriculture and African Hand Tools
Smallholder farmers in sub-Saharan Africa number around 33 million, represent 80% of all farms in the region,
and contribute up to 90% of food production in some countries (Wiggins & Keats, 2013). Agriculture has long
been the dominant economic activity for people (especially women) in rural parts of Africa. Food production
(digging, planting seeds, harvesting, etc.) is arduous and time-consuming. Prior efforts to develop technologies
that assist farmers with this work have primarily focused on mechanization—that is, promoting animal trac-
tion (e.g., using oxen) and/or tractors to assist farmers (Bryceson, 1995). However, most African farmers con-
tinue to use hand tools (Figure 1). The continent has a rich diversity of these tools, and their designs differ by
region, based on the materials available, soil types, and crops grown. Smallholder farmers continue to use
hand tools because their farms are too small to proªtably support mechanization (e.g., the purchase and use
of a tractor). Most smallholder farmers lack the ªnancial resources to switch to more labor-efªcient technolo-
gies (Blench & Dendo, 2006).

Study Context
We conducted our project in Western Kenya, primarily in rural villages in Kakamega and Vihiga counties. The
poverty rate in these counties is 36% and 42%, respectively (KNBS, 2018). We chose them because small-scale
farming is people’s primary livelihood strategy and because ROA has a regional ofªce and works with farmer
groups there. The study villages had roughly 2,000 people each and were located 5–50 kilometers from main
roads. Their poverty rates are typical of their counties. We visited market towns where farmers gather weekly
to sell crops and buy agricultural tools and where jua kali have their workshops. We also worked closely with
an Agricultural Technology Development Centre (ATDC), a government agency that trains some jua kali.

Volume 15, 2019 101

WYCHE, OLSON, KARANU

Figure 1. Typical Jembe (hand hoe in Swahili).



Users and Designers: Smallholder Farmers and Jua Kali
Our users were smallholder farmers living in Western, Kenya. We have worked with 26 registered groups2 who
are part of ROA’s network in the region. Members of these groups regularly participate in other events orga-
nized by the NGO. To date, approximately 340 farmers have contributed to the project’s different phases.
These groups varied by size (7–35 people), and their participants varied by class (monthly household incomes
ranged between 4,000–8,000 Kenyan Shillings (KES) per month, or about $39–77). Farmers’ ages ranged
between 18–80 years old, with the majority of our participants being women who were at least of middle age
(ASDSP, 2014). Signiªcantly, more women than men are responsible for food production in Western Kenya;
these women tend to be 55� years old (Palacios-Lopez, Christiaensen, & Kilic, 2015). Jua kali played an impor-
tant role in our project because they used the information gleaned from our ideation phase to guide the design
and fabrication of the new tools. In Western Kenya, metal working jua kali manufacture steel windows, secu-
rity gates, and doors, as well as repair and sharpen farmers’ agricultural hand tools. These craftsmen are recog-
nized for their innovative capabilities (wa Kabecha, 1998). Thirteen participated in our project.

HCD: Understand, Ideate, and Evaluate
There are three phases of the HCD process: understanding is “[identifying] the problem or opportunity that
motivates the search for solutions,” ideation is “the process of generating, developing, and testing ideas,” and
evaluation is user testing and reªnement (Vechakul et al., 2015, p. 2553). Here we describe these phases and
note the design methods used during those phases.

Understand
In July 2017 members of our research team visited ªve groups of farmers (150 participants in total:
104 women; 46 men) at different villages in Kakamega and Vihiga counties. We used group interview and
observation methods to understand what agricultural tools they had and their experiences using them. We
began meetings by introducing ourselves, explaining the HCD process, and our project. We then told farmers
that their participation was voluntary, that all information would be anonymized, and asked for verbal consent
(all agreed). Sino moderated the interviews, primarily speaking Luhya, but—as is typical in Western Kenya—
interjecting Swahili and English words (i.e., code-switching). After each participant introduced themselves, we
asked them to demonstrate how they use their tools and what they liked and disliked about them. Sessions
lasted up to two hours.

Our understanding phase also included identifying jua kali who would be interested in learning about HCD
and manufacturing the tools. Instructors at an ATDC recommended jua kali working near our ªeldsites. During
this visit, we met ªve of them, described our project and the HCD process. We also toured their workshops,
noting their tools and machinery and the fabrication processes they used. Another method used during this
phase was historical analysis; that is, a design method that “compares features of an industry . . ., or practices
through various stages of development,” (IDEO Method Cards, 2003). For our project, this meant reviewing
agricultural tools used in other countries, including the United States. We reviewed patents for hand tools and
purchased versions of them (sold in the U.S.)—including a wheel hoe, a dual head hoe cultivator, and a stirrup
weeder (Figure 2). Our intention was to ask Kenyan farmers to interact with these tools during our project’s
ideation phase.

Ideate
In October 2017 we returned to the sites and met with four additional farmer groups (73 participants:
46 women; 27 men). We asked them to participate in design workshops; that is, a “form of participatory
design consolidating creative co-design methods into organized sessions” (Hanington & Martin, 2012, p. 62).
The co-design activities used in the workshops included a sketching exercise and testing of tools.

We followed the protocol used in prior sessions and asked for permission to share the design sketches with
jua kali and others. Farmers gave us their verbal consent to do so. Following a general discussion about
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farming and tools, we asked par-
ticipants to form groups of four
and ªve. We covered tables with
kraft paper (durable brown paper)
and provided the groups with col-
ored chalk, sticks of charcoal, and
pencils. We then asked partici-
pants to draw your “ideal weed-
ing tool.” Groups then presented
their concepts to each other and
asked for comments. To gain more
insights into what farmers might
want in redesigned tools, we
asked them to interact with the
U.S. tools in a nearby shamba
(Swahili for small ªeld). These
tools had been hidden in a vehicle
so that their presence would not
inºuence the farmers’ sketches.
Farmers provided a running com-
mentary of their experiences as
they took turns pushing the wheel
hoe through the soil, jabbing the
cultivator into the ground, and

pulling the stirrup weeder to clear unwanted plants. These sessions typically lasted two hours. Each participant
received 100 KES (about $1) as compensation for participating in workshops.

In June 2018 we revisited the ªve jua kali whom we had met during our July 2017 trip and showed them
the farmers’ drawings (described later in this article). We also shared our ªndings about farmers’ reactions
to the U.S. tools and left samples of these tools with jua kali so they could study them. Prior to the project’s
evaluation phase, they made 17 distinct prototypes of these tools: six forked jembe, eight long-handled stir-
rup weeders, and three wheel hoes. These prototypes reºected their interpretation of the farmers’ draw-
ings, modiªcations of the U.S. tools, and their own ideas for fabricating strong and inexpensive tools using
available materials.

Evaluate
During the evaluation phase (August–December 2018), Sino presented a prototype of each tool to 19 new
farmer groups (233 farmers). He demonstrated how to use the tools and asked the farmers to use them at
their convenience. A week later, he returned to the groups for their evaluation. We used survey and observa-
tion methods to assess farmers’ reactions to the prototypes. The survey was adapted from Lund’s (2001) USE
(usefulness, satisfaction, ease of use) technology evaluation questionnaire and included Likert-scale questions
about usefulness, ease of use, and willingness to buy (Lund, 2001). The survey also included several open-
ended questions. Sino orally administered the survey. Groups completed a survey for each prototype they
tested. In total, 18 groups tested the forked jembe, the stirrup weeder, and the wheel hoe. An additional
group tested only the wheel hoe. In September 2018 the authors returned to the ªeld to conduct group inter-
views and observations with two farmer groups (45 farmers: 26 women; 19 men). We asked questions about
their tool price preferences and about social and cultural aspects of tool use. During this visit, we also con-
ducted interviews with the jua kali and asked them questions about the HCD process.

Analysis
The goals of our analysis were consistent with other HCD projects. We focused on developing a comprehen-
sive view of the users and design space under investigation (Hanington & Martin, 2012). A similar approach
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Figure 2. Commercially available U.S. tools: (1) stirrup weeder; (2) wheel
hoe; (3) dual-head hoe cultivator.



was used to analyze data. Data included ªeldnotes, interviews, survey responses, photographs, audio record-
ings, and videos that were taken during meetings with farmers and jua kali. We hired a professional trans-
lator to transcribe and translate the recordings into English for our analysis. Manual content analysis was used
to generate common design-related themes and insights about using HCD and to identify common themes. To
ensure accuracy of information, the authors frequently consulted with each other (in person, via Skype and
WhatsApp) to clarify and conªrm themes in the data. We used SPSS to analyze the survey data.

Findings
We ªrst present ªndings from the understanding phase, speciªcally, how our observations prompted us to
focus on designing tools to assist farmers with weeding. We then focus on the outcomes of the ideation
phase, especially participants’ sketches and their feedback from using the commercially available tools. After
that, we present the outcomes from our evaluation of the new tools.

Understanding
Farmers brought a variety of tools to our initial sessions. These included the panga (machete) used for harvest-
ing maize and the slasher (which describes the sweeping stroke performed when using it), a long piece of
bent metal with a sharpened end used for cutting grass. Less common tools were the ox-drawn plow, ax,
shovel, mattock, rake, and planting lines (ropes—with knots—tied around two sticks to indicate plant
spacing). The most common and signiªcant tool was the hand hoe or jembe, and its multiple variations
(e.g., forked, small, and narrow-bladed).

The jembe is an ancient technology; archeologists have documented their presence in parts of Africa as far
back as 12000 B.P. (Blench & Dendo, 2006). Other than replacing wood or stone with iron blades, its design
has remained unchanged (Bryceson, 1995). The jembe produces food and income for our participants; they
use it with an intimate and sophisticated local knowledge of the soil (e.g., how rocky and/or wet it is) and
crops. We asked farmers to compare this technology with the mobile phone, and the jembe’s signiªcance
became more evident, mostly because without the jembe, farmers could not earn money to buy a phone:

You use the jembe to dig, and then the land will produce food and then I can sell part of the produce to buy
a mobile phone.

Farmers had much to say about these tools, especially their design. Their comments included complaints about
wooden handles, speciªcally, the tendency to get splinters or blisters from them. Wood was used mostly
because it was affordable (a wooden handle costs about $1) and—for those farmers who lived adjacent to
Kakamega Forest—it was less expensive (about $0.50). A common concern was the quality of the jembes’
blades. Many told us that the metal broke easily, especially where there were stones or deep roots in the soil or
when the soil was dry and hard. Farmers also frequently commented on the cost of buying a new hoe; this was
done at least once a year. For many, purchasing a new, especially higher-quality and longer-lasting jembe was a
signiªcant expense. Farmers told us that jembes made of lightweight metal were affordable, costing just
250 KES (about $2.50). However, they were not “long-lasting” and typically broke after one cropping sea-
son. Instead, most participants preferred the heavier blade made from high-carbon steel—called “Crocodile,”
in reference to the orange crocodile logo which appears on their blades. These were prized, not only because
they were strong, but also did not have to be sharpened as frequently as the less expensive hoes; how-
ever, they cost about $4.50 (roughly a week’s salary for many participants), which meant they were unafford-
able for many farmers.

Weeding
The most frequent activity during the growing seasons (March–July and October–December) is weeding.
Although farmers told us that all aspects of food production (e.g., breaking the soil and planting) were strenu-
ous, weeding was universally recognized as the most grueling task because, unlike the other activities it was
recurrent. Women are responsible for 90% of weeding in East Africa (Bryceson, 1995); this was the case
among the farmers in our study. They talked extensively about the process, sharing their knowledge, including
how they knew when it was necessary to weed (when weeds reached knee high) and which weed varieties
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were the most difªcult to control. Most agreed that “couch grass” (Cynodon dactylon) was the toughest to
remove because of its thick, web-like roots. Weeding was not just backbreaking, but painstaking, especially in
ensuring that one did not accidentally cut the roots of adjacent crops.

Other factors contributed to making weeding an arduous task, including a sense that as soon as a weed
was removed, it was just a matter of time before another appeared. However, what made weeding painful was
the frequent back bending. Constant bending and squatting increased women’s fatigue and led to body
aches, especially pain in their backs, hips, and shoulders. Prior research suggests that weeding contributes to
severe musculoskeletal pain disorders among African women (Naidoo, Kromhout, London, Naidoo, & Burdorf,
2009). Older women were especially vocal about the pain, telling us that it worsens with age.

Ideation
In HCD the goal of the understanding phase is to identify an opportunity to motivate the ideation. We
identiªed weeding tools as the opportunity. Women and men shared similar stories about weeding, and the
consequential back and shoulder pain. It was these experiences that seemed to inspire the ideas captured in
their drawings.

Farmers’ Drawings and Reactions to U.S. Tools
Thirteen small groups drew concepts during the project’s ideation phase (Figure 3); all communicated their
ideas about redesigned tools, which were intended to make weeding easier. Seven sketches featured rede-
signed jembes. These redesigns were similar to each other, but differed in their dimensions (e.g., blade size,
blade angle, and handle length). Sketches also included requests for hoe handles manufactured from different
materials, especially plastics that would be lighter weight and “do less harm to the hands” (less likely to cause
blistering). These drawings also depicted another concern farmers mentioned during the understanding phase:
the quality of the blade materials. Five drawings included blades made from disc plow metal, the carbon steel
used in the circular blades on a tractor disk, or disc harrow. The farmers agreed that using this material for
tools’ blades would be an improvement in that blades would break less often and require less sharpening.
However, they also pointed out that it would make the tools heavier and more burdensome to use.

Four jembe sketches featured concepts described as “two in one”; that is, one tool that performed two
functions (Figure 3, #1 and #2):

First part is big, and the second part is smaller. On different farms there are places where there are no stones
so when there are no stones, you use the big part, and then when you reach stones you just change, and
you dig with the smaller jembe. . . . [I]nstead of carrying two hoes, it’s better to combine them into one.

We probed to learn more about why a hybrid device was desirable and were consistently told that such a tool
would be cost effective (e.g., two tools for the price of one) and would make weeding faster. There were also
some imaginative ideas, such as a tool that would weed several rows at a time as it is pulled (Figure 3, #3).
Three groups sketched a jembe blade attached to a wheel (Figure 3, #4), similar to the wheel hoe from the U.S.
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Figure 3. Farmers’ drawings (images shown with participants’ permission).



and to the ox-drawn plow. The women who drew one of these concepts told us that this wheel would enable
easier movement, and that the stand would help in balancing the equipment. One drawing also included a
helmet to shield the sun from farmer’s eyes when using the hoe.

Following the drawing activity, we brought out the tools from the U.S. (that had been hidden) and asked
farmers to interact with them. This activity proved to be useful for eliciting more feedback about what they
wanted in a tool. The wheel hoe generated the most enthusiasm because it could be used without bending
and would make weeding faster; however, those farmers who lived in areas where the soil was heavier
(i.e., clay-based soils) feared the hoe would be too difªcult to push. They suggested adding a chain so that one
farmer could push it from behind with the handles, and another could pull it with a chain from the front
(like an ox-drawn plow).

Jua Kali’s Process
Jua kali used the ªndings from the ideation phase to guide the development of the prototype tools. All 17 pro-
totypes included elements of farmers’ feedback. To make some tools lighter, jua kali used metal tubes (rather
than wood) for handles. Some prototypes looked like modiªed versions of the U.S. tools (i.e., the stirrup
weeder), while others more closely resembled the ideas presented in farmers’ drawings, especially the forked
jembe. These drawings also inºuenced jua kali’s decisions about the size of the tools’ blades, which were larger
than those on the U.S.-manufactured dual-head hoe cultivator (Figure 1). In response to farmers’ concerns
about blisters, jua kali added rubber material (i.e., bicycle handlebar grips) to the wheel hoe handles. Some jua
kali reused disc plow metal or the metal from old machetes to make blades, which would accommodate farm-
ers’ desire for something that was lightweight, but strong enough to retain a sharp edge for a long time. They
also experimented with different handle lengths and blade angles (Figure 4). Last, all jua kali mentioned the
interest the new tools generated among onlookers (people walking by their shops). As of this writing, jua kali
have sold 19 forked jembes and 12 stirrup weeders.

Evaluation
The ªndings from our surveys and observations suggest that farmers were overwhelmingly satisªed (very
happy) with the new tools, preferred them over their existing ones, and would buy them. We recognize, how-
ever, that response bias and the novelty effect likely contributed to these responses (Dell, Vaidyanathan,
Medhi, Cutrell, & Thies, 2012). To better understand why farmers preferred the new tools, we present ªndings
from the analysis of the open-ended questions which captured the positive and negative aspects of each tool
(Table 1). The results suggest that there was general agreement among groups as to why they preferred the
new over the older tools. Reasons included ease of use, increased the speed of work, reduced need to bend
down, and use of lightweight materials. Responses varied somewhat by tool. The wheel hoe was appreciated
because it made the work go faster; the forked jembe was considered to do better work than the traditional
jembe because its handle was hollow metal instead of (and thus lighter than) solid wood; and the long-
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Figure 4. Prototype tools: wheel hoe, forked jembe, and stirrup weeder.



handled stirrup weeder was appreciated because it limited the bending down associated with weeding. Ulti-
mately, each redesigned tool addressed needs uncovered during our understanding and ideation phases.

Price was also frequently mentioned as a criterion for adopting the new tools in the open-ended responses.
We knew that price would be a barrier to some of the new tools’ adoption, but the jua kali speculated that
they could be made at an affordable price; e.g., the forked jembe would cost approximately 400 KES ($4), a
reasonable price for a single tool which could do the job of two tools. Farmers who lived near the Kakamega
Forest told us they would just buy the stirrup weeder’s metal component (300 KES; $3) and make their own
wooden handle, thus saving the cost of purchasing a handle. The wheel hoe’s price (around $65) was per-
ceived as being too high for individual small-scale farmers to purchase; however, some groups thought they
would pool their resources to buy one, which they would share.

Farmers also provided negative critiques of the prototypes. The most common complaints were that the
tools needed to be slightly modiªed; that is, a blade’s angle and exact dimensions, as well as the length/width/
weight of a handle, etc., needed to accommodate the speciªc user’s size and strength, their farm’s soil condi-
tions (e.g., moisture levels, rocks, sandiness) and cropping practices (e.g., distance between crops and types of
crops grown). Other comments focused on how well (or not) the tools would support weeding certain crops.
The forked jembe would be suitable for weeding ªnger millet (a crop that is planted close together);
whereas the stirrup weeder would not because the handle is long, and the blade might inadvertently cut the
millet along with the weeds. A limitation of the wheel hoe was that it would only be useful for crops that
are planted in a straight line (e.g., maize). Farmers’ consistently judged the prototype’s appropriateness in
terms of their own physical strength, the nature of their crops, and their soil type. Their wealth (which affects
farm size, and thus the need to pay for labor) was also a factor.

Many of the 45 farmers who participated in the group interviews praised the new tools and told us, “You
can work a big area in a little time” and “When we enjoy the tool, work becomes easier.” It was unclear if the
tools would result in less back and shoulder pain; however, it was clear that the new tools would make weed-
ing faster.
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Table 1. Farmers’ Responses to Open-Ended Questions about Positive Aspects of New Tools
(Column Percentages, Multiple Responses Grouped).

Forked
jembe

Long-handled
stirrup weeder

Wheel
hoe

Work goes fast Count 6 6 14
% within tool 33% 33% 78%

No bending Count 3 12 5
% within tool 17% 67% 28%

Strong, durable Count 5 5 5
% within tool 28% 28% 28%

Lightweight Count 10 3 1
% within tool 56% 17% 6%

Does good work Count 6 4 3
% within tool 33% 22% 17%

Easy to use Count 4 2 2
% within tool 22% 11% 11%

Multipurpose Count 4 1 3
% within tool 22% 6% 17%

Good for a particular
crop, soil type

Count 4 3 1
% within tool 22% 17% 6%

Other Count 1 1 4
% within tool 6% 6% 22%



Jua Kali and HCD
In addition to asking farmers to evaluate the new tools, we also asked the jua kali to reºect on the HCD pro-
cess. None were familiar with HCD prior to our study. Most characterized HCD as valuable, as a new way of
doing business and—as previously mentioned—some had sold the new tools. They also appreciated the
prototyping process; that is, developing a preliminary model and getting farmers’ feedback about it. All had
some experience working with farmers, especially repairing their broken tools; however, none had ever talked
with farmers about designing new ones. It was these conversations that appeared to be what jua kali most
appreciated about HCD, in one participant’s words:

It is a good idea for us to listen to farmers because they are the users. When they want something fabri-
cated in their own way—they give us the design they want, we fabricate for them.

He and other jua kali added that another beneªt of the approach was that it allowed them to explain to farm-
ers how they arrived at their prices, in particular, the beneªts of paying a higher price for a tool made out of
higher-quality materials. These ªndings differ from those of prior studies of jua kali and their design processes
and suggest that such interactions between them and users are not typical (Donaldson, 2006).

Discussion: HCD in Development Research
We present a case study that details each phase of our use of HCD to redesign agricultural hand tools in West-
ern Kenya. Our research extends prior research that demonstrates the utility of this approach in ICTD. Out-
comes from our ideation phase demonstrate that smallholder farmers have clear ideas about how to redesign
technology so that it beneªts them. Our implementation of HCD suggests actionable strategies that research-
ers and practitioners can apply to their projects. These strategies include researchers closely collaborating with
NGOs committed to using participatory approaches, using design methods that allowed us to generate knowl-
edge with farmers, and most signiªcant, keeping this knowledge in communities (e.g., by sharing it with jua
kali). Here we consider other ways HCD can beneªt ICTD research more broadly.

HCD as an Inquiry Practice and Capacity Building
Within HCI4D/ICTD/DE, HCD is proposed as an approach which can yield technological solutions that scale
(Levine et al., 2016). Donors and funding agencies similarly promote HCD in development projects because the
approach can be used for “scaling compelling solutions” (USAID, 2018, para. 2). However, developing such
technology requires generalizations that might not account for the signiªcant variances among communities.
During each phase of our project, we observed community-speciªc differences, including, but not limited to,
types of tools owned, soil conditions, proximity to forests, types of weeds, crops grown, and farmers’ socioeco-
nomic status. Efforts to develop scalable interventions might not account for local conditions—an observation
made by other ICTD researchers (Ho et al., 2009). More broadly, we observed that HCD’s strength might be not
just in using it to develop technological interventions, but also for developing a deeper understanding of these
differences as they relate to design.

Considering HCD as a distinctive inquiry practice, and not just an approach to solving problems, has other
implications for ICTD. Within the ªeld the approach is generally applied to developing innovative digital tech-
nologies. Here, we applied it to redesigning an important nondigital technology. We found that the innova-
tions farmers want may not need to be radically new and high tech. Our project outcomes dramatically differ
from ICTD technologies being proposed for smallholder farmers, including mobile market information systems
which allow farmers to negotiate better prices or drones to support precision agriculture. The farmers in our
study wanted gradual improvements to the tools they already had—a ªnding which suggests that new or digi-
tal may not always be better or necessary. By narrowly focusing on digital technologies—what Mavhunga
(2017) describes as “inbound” things that are typically transferred from outside of Africa—ICTD researchers
risk overlooking both the other signiªcant technologies in peoples’ lives and, more broadly, the ways techno-
logical innovation has existed on the continent long before colonialism. One way to challenge computing’s
colonial roots is to widen the boundaries of HCI4D/ICTD research to include these nondigital technologies and
the craftspeople who make them.
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By drawing attention to local forms of manufacturing and production, we see other ways that HCI4D/
ICTD/DE researchers can engage with HCD. We take seriously the role of ambiguity in this process: the inability
to anticipate all outcomes of the approach (Brown & Wyatt, 2010). Ultimately, the most compelling outcome
of our project may not be the new tools; rather, it may be our efforts to teach jua kali the process. More spe-
ciªcally, there would be beneªts to building capacity so that jua kali can use HCD to engage with members of
their communities, design the niche technical solutions they need, and produce them locally.

The Ethical Considerations of HCD in ICTD
Questions of power and ethics are becoming more central in ICTD. However, they have not always been con-
sidered in prior research (Dearden, 2008). Utilizing HCD in Western Kenya presents new opportunities and
challenges in this regard. Scheyvens writes that considering local needs when identifying a research topic is
aligned with conducting ethical research (Scheyvens, 2014). We achieved this by focusing on agricultural hand
tools, an understudied technology, which the authors have long recognized as being one of the most impor-
tant technologies in rural households. Further, ªndings from our project suggest that these tools may even be
more signiªcant than the mobile phone—the technology which is a more common focus of HCD efforts (e.g.,
Wyche & Steinªeld, 2016). Reciprocity is also important to consider when conducting ethical research
(Scheyvens, 2014). That is, “researchers should . . . consider how they can give back to the communities . . .
with which they do research” (Dearden & Kleine, 2018, p. 4). The authors beneªt from this project by publish-
ing the work. The NGO and jua kali gain knowledge which they may apply to future projects. The jua kali also
beneªt from selling the new tools. How do the farmers beneªt?

Engaging in the full HCD cycle—in particular, sharing our ªndings, iterating on the design concepts, and
evaluating them with farmers—contributed to building a reciprocal relationship. This process requires long-
term engagement with communities. Such a commitment is considered ethical because it communicates to
research participants the importance of the relationship (Scheyvens, 2014); in the case of our project, it also
allowed farmers to see what their participation contributed to (i.e., the redesigned tools). Sino and coauthor
Karanu continue to meet with the farmer groups who participated in the project. The farmers and jua kali pro-
vide them with updates on the spread and adoption of the tools; indeed, this demonstrates how building
meaningful relationships with local NGOs can contribute to sustaining projects like ours (Dearden & Kleine,
2018). Lastly, the redesigned tools are a practical outcome of our research and one that we hope will ultimately
give back to farmers by reducing the drudgery associated with weeding.

Although aspects of our process—especially the drawing activity—seemed effective, it raises challenging
questions regarding intellectual property. Who should be credited with inventing the new tools? We do not
have a straightforward answer to this question. In our research, we worked to address this by clearly explaining
to farmers how we would use the drawings. We also believed the beneªts of developing tools that met farm-
ers’ needs and wants outweighed the potential harm that could come from sharing their drawings (to which
they gave consent). What is clear from our research is that critiques of using HCD in developing contexts are
insufªcient: Efforts must be made to thoughtfully implement the approach and to consider ways in which it
can be improved to account for ethical issues.

Limitations, Future Work, and Conclusion
Our initial evaluation suggests that the redesigned tools may decrease the drudgery that accompanies weed-
ing; however, more systematic analysis is needed to assess the new tools’ health impacts. More rigorous
research is also needed to understand whether manufacturing the tools presents a viable business opportunity
for jua kali. We will conduct an economic analysis to determine the equilibrium point between affordability for
the farmers and proªtability for the jua kali and explore the intellectual property issues that arise when using
HCD methods. The authors are working to secure funding so we can pursue this research. Other efforts to
make our project sustainable include engaging with government ofªcials and polytechnics to explore ways
to teach jua kali and others about HCD. We also recognize that our project has limitations. Signiªcant ques-
tions remain about the effectiveness and impact of our tools. Despite these limitations, our research offers a
novel case study, actionable strategies, and critical reºections about HCD, which can beneªt the growing num-
bers of ICTD researchers and practitioners interested in the approach.
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In this article, we documented our project’s HCD cycle—from understanding to evaluation—so that it
would have value to HCI4D/ICTD/DE communities and to public health scholars. We present a reºective
account that details our methodological choices and our ªndings, as well as a discussion that will contribute to
discourse about the potential beneªts and drawbacks of using HCD in development projects. Our conclusion is
that HCD is a promising approach that can result in better-designed technologies, but that its implementation
requires researchers who have strong local partners, a long-term commitment to projects, and a deep under-
standing of the context in which they work. We also conclude that the most signiªcant impacts of HCD may
not come from Western technologists using the approach to design new technologies. Instead, we should
consider how local designers can use HCD to improve upon what they are already doing and to more broadly
motivate conversations with the people they are designing for. ■
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