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ABSTRACT

The current chall enges and opportunities presen
continue to be a paradox. While agriculture forms the backbbhleese economies, there are several
external factors that present a plethora of bottlenecks for the smallholder farmers who end up realizing
little to zero profits due to low productivity. In addition to these external challenges, smallholder farmers
areal ready very attuned to Ahard | aboro type of
consuming but which generate little to no benefits. Coupled with land degradation and water scarcity
Issues that climate shocks can aggravate, smallhtsldeers who rely on agriculture for their subsistence

and commercial needs remain at a great disadvantage.

As these smallholder farmers are intrinsically aware of their daily challenges in meeting the subsistence
needs and their commercial interestsythrme best placed to address these challenges given the right tools
and an enabling environment. This research investigated the challenges observed in the agricultural secto
in Malawi with a special focus on women smallholder farmers who are one of thesouaices of labor
fhumanp o we r 0 -fafroand offfarm activities. The participatory research interacted with these
women smallholder farmers to better understand thefaion labor challenges as well as their household
dynamics, demographics, levelEeducation, income generation, management offaon assets, among

other key aspects of their lives. The assessment also involved an analysis of the household and commune
labor distribution throughout the unimodal rainy season, as well as mappingirtten land physical

resources available to them in and around the community.

More specifically, the PhD research conductedansmmpt h assessment of these
to articulate from a technical/functional point of view, their opinions reggrthe existing agricultural

tools in Malawi and the suitability of these tools to the labtensive activities. In addition, the research
attempted to capture their recommended solutions on how to improve the effectiveness of the existing
tools. Such amssessment was crucial to capturing an understanding of their key challenges in relation to
more sustainable livelihoods, as well as to assess their capacity to resolve these challenges. The
assessment revealed the level of capacity needed to adopt peawech ideas to better manage their
responsibilities. The research explored the potential of the women smallholder farmers to be innovative in

finding their own solutions.
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Based on this innovation capacity and environmental assessment, the PhD reseaqmtowaded a
detailed overview of the technology-doe si gn process e xpmelt®or eidn nwivtalt or
develop new and improved agricultural technologies to save time and energy duringtiafgive on

farm activities. In addition, the resehrmvestigated the experimental application of Kinematic software
sensors to assess energy expenditure when using the existing tools compared tedbesiped by the
ibestt 0 i nnovators. A d-td ianovated (bottorme rappovaehes) hag bednh e
reviewed in the PhD thesis and arguments made to prove the concept in Malawi. In addition, the PhD
research also generated ardepth overview of the agricultural technology development and production
options in Malawi and Southern Afrioaith an analysis of each of the rapid prototyping optioas

options that speed up the prototype development process using methods 30cpraging, local arc

welding and metal casting.

Finally, the PhD research also delved into the tool produptiocess and the various challenges that limit

the availability of viable productivity enhancing technologies within the manufacturing industry in
Malawi. Shortage of electricity and lack of raw materials are just two of the problems the industry faces in
the country. The PhD research attempted to investigate available options for rapid prototyping and
production of laboisaving agricultural tools. Moreover, the PhD research thesis assessed the markets for
agricultural tools in Malawi and the willingness \@ndors to sell the improved hahdld technologies
co-developed by women farmers in Malawi. The research also captured the willingness of other farmers to

procure these tools compared to the existing tools currently in the market.

Based on the researcbrducted, this PhD thesis attempts to explain the concept of -@aerdgered co

design process within the context of-@eveloping laboesaving technologies in Malawi, with women
smallholder innovator farmers who also tested and eventually used thesedaingr and timesaving

tools. By using a range of innovative approaches, the tools were tested and an evidence base was
devel oped to prove the concept t hat women s mal
Malawi can successfully conceptualize-design and test agricultural technologies that are tailored to
their cropping systemand their needs. To assess any empowerment related gains associated with the
research process he research deployed a women s maysterhol de
adapted from the Women6s Empower ment i n-WEQrliogul
the research investigated whether such an inclusive batfoapproach could result in higher levels of

empowermentamong thevomen farmers involvedvithin the context of their agricultural livelihoods.

13



INTRODUCTION

Smallholder farmers face multiple challenges as they carry out their farming activities in the cultivation
period and later in the harvest and plostvest periods. Smallholder farmers in Malaypically have

little access to any type afiechanizear energypowered machines and are heavily dependent on human
power(Bishop-sambrook, 2006 This is evident in other developing countries as Blshop-sambrook,

2005 Ziervogel et al., 2006 where agriculturgproductivityh a s n 6 t b e dRulgimtirandrPersnj n g
1998 Fulginiti et al., 2004 However, efforts aredingplacedto facilitate processes by which farmers are
empowered to work together with other stakeholders to design and implement equitable solutions to
various development probleniduliet and Justine, 20L& articipatory technology development is one of

the approaches thate currently being facilitated to ensure relevant production of agriculture technology
and is a promising us@ngaging approach that creates relevant and sustainable technologies by engaging
the enduser at the center of the technology development psq&ms and Bentley, 2002Arevian,

20138.

Altieri et al recommend thain orderto sufficiently feed the increasing population of people by 2050,
there is an urgent need to adopt the most efficient farming systems and recommend a fundamental shift
towards agroecology as way to boost food production and improve the situation of the poorest.
However, nost smallholder farmers rely on the mastsictools and implements for their agricultural

tasks, of which over 7(Qper centare labour intensivdMurray et al, 2014) In addtion, a good
recommendation was also madellayson et athat closing the productivity gap between male and female
farmers is another way toward achieving the same (@aason et al., 200)5Agriculture practices have to
change beyond recognition for economic food ségwamd development in Africa. Farmers, particularly
women farmers, need to experience massive increase in production as well as labor pro@Calirty

and Dercon, 2004

To achieve this, technologies that enable sustainable and profitable production are very irapdrtant
research is a key driver bfoadbasedtechnological change in smallholder agriculture that may benefit
farmers in various wayfAlene and Colibaly, 2009. Like in many Africa countries, it is uncommon to
find mechanized equipment for different farming taskdMalawi and mostsmallholderfarmers have
never actually used or seen onause(Bishopsambrook, 2005Aikins, 201Q. There is generally a very
low level of knowledge and exposure on the available technologieagfaultural activities that are
relevant and can significantly change aeduce their associated labour burd@msevinsohn et al., 2033
14



In terms of gender differences, there is even lower exposure and lower levels of educations among women
smallholder farmerswhen compeed to their male counterpartsho face greater challenges and
constraints in farming hence low productivigackinyYetna and McGee, 2013guilar et al., 2011

These women smallholder farmers face major challeajesughthey contribute to the majority of the

farm labour forceespecially in developing countries where gender roles are more prorfiomst 2001
IFAD/FAO/FARMESA, MeinzenDick and Quisumbing, 201®lusi, 1997% and to the overall household
eoonomy(Omari, 1989. However, they do not have access to modern technologies, their own basic tools
or the financial resources to secure |§Bdnk, 2014 Kaarhus, 201)) credit and other assets like drought
animals that could reduce the drudgery of their wSito et al., 1994

In 2013, the Bill and Melinda Gates Foundation advertised a call for applicats t o A Cl os e
Gapo in various sectors that are stereotypical/l
in spite of these stereotypes, women are heavily involved in all levels of work together with their male
counterparts and isome cases, end up with larger workloads when their household chores and childcare
responsibilities are also considered. To close this gender gap, especially for rural communities where
technology infusion is rarely present or accessible, the PhD resedeatided to explore several research
questions in carrying out the research in Malawi, Southern Africa.

The overall research goal for this study was to investigate the potential for women smallholder farmers to
be engaged in the process of identifyihgit labour intensive work periods and associated tasks and tools,
as well as their ideas for labesaving innovations. As recommended by other researcoheespf the

main objectiveswas that lessonkarned and positive outcomes observed through theanaswould
highlight the benefitsof actively engagingsmallholder farmer groups to identify the best use of their
resources to design innovations that can enable them to be more produodtiveprove their livelihoods

in a sustainable mann@aldwin et al., 2006MeinzenDick and Quisumbing, 2012 oevinsohn et al.,

2013.

The PhD researcher was hosted by The International Center for Tropical Agriculture (CIAT) in Malawi
based on an existing memorandum of understanding with the Natlanadrsity of Ireland Galway. The

PhD researchepiloted the3D4AgDev research at the Chitedze Research Station in Lilongwe, Malawi
where CIAT is based. The research station is managed by the Ministry of Agriculture under the

Government of Malawiand research institutions such as CIAT work closely with the Governmeé s
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Department of Agricultural Research Services (DARS). The agricultural engineering staff were also

consulted in the early stages of these research.

The research sites where women farmers were identified from were in Central and Northern Malawi in
Kabudula, Lilongwe District, and in Nkhamenya, Kasungu District. There are fowtosabons in
Kabudula that at the time, were under the oversight of Concern Worldwide and thieeadidns in
Nkhamenya that at the time, were under the oversight of thieolZaRelief Servicesunder project
management by the Mzuzu Catholic DioceS,ADECOM. The research partregtwith these institutions

who assisted in identifyingey entry points whersensitization meetings and community discussions were
conducted preaing the innovator assessmehiat was conductedo identify innovatorsThe innovator
screening targetingural innovators Wo were identified from areas that hkhited access to agricultural
technologies andhe least amount of exposure to mechanipasmce these communities have similar

labour access and energy shortage challenges, coupled with their financial resource limitations.

The overall idea behind technology development is that the task/activity for which the technology is
derived or desigriefor can be better accomplished with technology infusion. The basic tenet behind the
development of technologies is that work will be improved as a result of the introduction of mechanized
options that are ultimately better for the individual using th€&his thesis investigated the potential of

these individualdo contribute innovative ideas in a group setting and engaged the end users intensively
throughout the research period to generate findings oAeg@mnovation principles and the benefits seen
within technology research and development contéxtaddition to assessing their innovation potential,

the research also investigated the feasibility of the innovation design ideas proposed by the women
farmers which is described in great detail in ¢begp45. Chapter 6 offers a complementary assessment

on the energy used by women farmers who tested the prototypes and compares them to the existing tool:
and methods used on energy exertion. The whole thesis attempts to concisely present the researcl
acivities conducted over the 202917 period and highlight key findings presented for discussion.

This first chapter provides an introductory review of available literature regarding innovation, its
definitions, interpretations and applications in the ewnhtof rural agricultural transformation using
improved innovations and technologies. It also provides a summary o#edsand usecentered
applications for innovative thinking and presents various examples of these approaches and the successe

of each.
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1. CHAPTER 1: REVIEW - RURAL INNOVATION & RAPID PROTOTYPING

1.1. Innovation Across Various Contexts

The definition of innovation is debated in many contexts, leading to diffpe¥spectives(Johnson,

2001). As the overall objective for thisesearch waso assess the feasibility of finding innovative
women smallholder farmers whoould co-develop labousaving technologiese. time taken and
energyused this introductory reviewchapter provides an overview for a clearer understanding
generainnovation principlesn technology developmenthe focus on the research was specifically on
women smallholder farmers as the aim was to research holes® the gender gap in agriculture. In
addition, as the research was focused on innovative technology design and application, it was pertinent
to carefully identify women farmers who were innovators within their rural agricufali@nt

communities.

The erm innovation haseveralconnotationsone of which ighat it simply refers to something new

and different that is brought into our socidby createimpact regardless of the field in which it is
createdPoirier et al., 201)7 Others(Johnson, 2001define innovation as any alteration in the way the
product or service is applied, developed or marketed. Joseph Schumpeter, an Austrian economist in
1934, provided a broad definition sayingiii nnovati on i s t he |l me@mmer c
combinations based on the application of nhew materials and components; the introduction of new
processes; the opening of new markets; and the introduction of new organizational {8weslje

and Broring, 2011Janszen, 20Q00thers definennovationasthe combinai on of t he @At e
busi nes gJanszer, 2000sapgerberg cites J. Schumpetdno claimed that when a change to
technology occurs, this is an invention while the same change in technology when combined with the
business world and madearketable, is now irovation Thisraised an important distinction between
invention and innovation, where it was stated that invention is the first occurrence of an idea for a new

product or proces®llowed by innovation.

Poirier and others have defined innovation as theodiction of something new and different to
society with an expected positive imp#Pbirier et al., 201), (Aas and Breunig, 201 Bontakki and
Subash, 2017 Innovation can be regarded as a successful practical application of something new and
useful(Neuvo and Ylonen, 20)0Innovation and technologies are not synonymaltisoughthese two
are interchanged to suit the conte®umberghighlighted the distinctiondetweeninnovation and
technologiesand citedNoiseet al,who describe technology as the production of gaodl services, as
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opposed to innovation that is described as the improvement of the products and geivogiest al.,
1993,(Sumberg, 2006 Sumbergclaims that the distinction made places greater importance on

i nnovation as it encompasses technol Maerecénu t i
literature supports the arguments made by economists since Schumpeter, suhatghe challenge

in defining innovation lies in the fact that it is difficult to quantify technological innovd@myan et

al., 2017. Theauthors aimed talesign a measure of technological innovation that can corrtbut
economic growth since innovators have diverse secanomic profile{Sontakki and Subash, 2017
Kogan et al., 2017

The definition of innovation can shift remarkably from developed countries to developingneées.
Someauthors have softened the definition of innovation to account for the activities farmers are doing
that may be described as innovative, or at the very leastomrentional(Aas and Breunig, 2017
Janszen, 2000 Researchers seem to concur that there is plenty of untapped knowledge among
resourcepoor smallholder farmers who are typically not involved in innovative design pesassend

users, given that they aséowly being recognized as a resource and not just a benefi@apja et al.,

2003. Thisrural, resourcdimited settingwould be the ideal tesig of frugal innovations in resource
limited environments where the knowledge is rich, but the economies nate well
structuredestablishedor do not exist for various reasonsFrugal innovation is defined as an
innovations design process that take® iobnsideration the needs of the target groups within a
resourcdimited context with the aim of developing appropriate, adaptable and accessible solutions to
address their needBasu et al., 2003t is an innovation process that finds smart innovative solutions
with limited availability of resources as is the case in thel gsgtings the research was set it. Frugal
innovation aims to discovernew innovative solutionsand design products to seremdusers who
experienceaffordability challenges and engage them to do so staable and sustainakég@proach.

This chapter isn introductory section to the overall PhD thesis that aimed to investigate the potential
of women farmers to bérugally innovative regardless of their resource limitationstheir rural

conditions.

While some may critique this definition saying notiatlovations have a positive impact, others agree,
including Sontakki and Subash who conducted a st8dytakki and Subash, 201and viewed farmer
innovations as the basis of adaptability to local problddsercenteredinnovation is essential for

agricultural and economic developmédBeellotti and Rochecouste, 201Agarwal and Shah, 2014
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especially in todayos 4playgcalchviponmed{Tambg iamd yvVingdhey,b a |
2017. For instanceBellotti and Rochecoustet udi ed f ar mer sé i nnovati ons
by conducting assessments odlividual farmer case studies to reveal the specific strengths of farmer
innovations and determine the conditions that are necessary to enable farmer innovations to flourish
(Bellotti and Rochecouste, 2014

This first chapter focuses on th@vestigation of usecenteredi nnovati on -a@tdo t h
innovators. There isvidencethat women smallholder farmers playrajor role in agriculture but are
prevented from optimizing their performance due to socio economic factors such as lack of access to
basic and productive resourcas well asclimate related shockamong other challengeas they

typically have less acss to land and otherssetscompared to mefOlusi, 1997, (Aly and Shields,

2010. In addition, women farmers tend to have less control of income in their households as seen
sevea | projects assessed through a gendefWEAENns (\
Other authors have documentidht women farmerslo not yet have access to similar wagasd are

not recognizedby their male counterparts @&qual contributor@iper, 2005

Theconventi onal mo d e | s -pawif farnfies hapinvaved thenugeoof traditisnalu r ¢ e
Transfer of Technology mode(Omobolanle, 2010 This ToT model regards the smallholder farmer

as a passive recipient of new technologies and assumesfénateris considered innovate if he/she

aacepts the technology that is passed oheidhim While this model has demonstratemmesuccesses

for resourceabundant farmers who can afford to take risks, there is little evidenadée waaks well in
resouce-poor contexts(Chambers, 2014 hambers and Ghildyal, 1986hambers and Jiggins, 1987

These authormsteada r gue t hat t he A f-cemtareddesighapproach shauld detHea st ¢
preferred model as it is more sociaihclusive and shows proof of higher adoption by farmers in
resourcepoor contexts(Murray, Gebremedhingt al., 201§ This farmerfirst and farmeifocused
approactrequiresendusersto show initiative creativityand takeownershipof the process, leavinthe

decision making in the handsandultimately leading to sustainable outcomes. It is gagticipatory

technologyapproach that wasvestigatedn this PhDresearch piloted in rural Malawi.

Research on farmer innovat®ilaimthat farmers have been innovating for as long as humans have
consumedplants and animal§Sontakkiand Subash, 20)7Macmillan and Benton claim that any
sustainable farming system must have farmers as the center of the innovative design process
(MacMillan and Benton, 2034 While this acceptanoaf farmerled research and innovation is slowly
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improving, there istill little done to measure exactly how much of fardeer innovation is taken into
account by fAexpertso in resear ch o (Becwdrddt al.i nnov
2007). This thesisaims to investigate the innovator potential among women smallholder faamers

how this can be applied in the lamcome contexts in rural, agricultureliant communities.

1.2. ClosedInnovation or Open Innovation?

Most conventional innovation proges assume closed principles where itireovation process is
targeted to the end user for final delivery but not duringesearch and developmaeaitthe innovation

itself. On the other hand, this research opted to explore the open innovation priotgiasracing all
capacitiefrom partners and incorporating any existing innovations that had the potential to be tailored
to the eneusers demands. By leveraging existing innovations and locally available resources, the
research investigadevhether the pposedapproactwas feasible. As Penin sugge@®enin, 201}, the

open innovation theory is likely more suited to the innovations in the pipeline, where the nmas goa

to integrate all ideas from all users rather than alienate any potential contribataesl is a summary

of the contradictory principles that define open and closed innovation approaches, adapf@th&om

New Imperative for Creating and Profitifgm Technolog @Chesbrough, 2003

Table 1-1: Contradictions of Open and Closed Innovation adapted from Chesbrough 2013.

Closed Innovation Principles Open Innovation Principles

1 The smart people in our field work for 1 Not all smart people work for us. We need to
our institution. work with smart people inside and outside
our institution

1 For effective aggultural R&D, we 1 Externally sourced R&D can create
must discoverthe innovation,develop significant value; internal R&D is needed to
it & disseminate it ourselves claim some portion of that value

1 The institution that gets an innovation | § Building a better business model is more
to market first will win importantthan getting to market first

1 If we create the most and the best ideas | § If we make the best use of internal and
in the sector, we will win external ideas, we will win

1 We should control our innovation 1 We should generate value from otlteunse
processs s 0 t hat compe of our innovations and leverage the
profit from our deas innovations of others whenever it advances

our business model
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1.3.ICT and Group Dynamics in Innovation

Information Communication and Technology (ICT) is quickly shifting baéance of power between
service providers and engsers of innovations. With the advent IGIT based innovation processes

social media.e. Instagram,Twitter, Facebook and others, inventors now have access to a wider client
baseand can refinéennovatins based on client experiencéhe service provider isndorsed by the

number of followers interested in the innovatidinis premise supportene of theresearch questions

that this thesisexploredi.e. is there an increased benefit in engaging potenteaddusers in the
innovation identification iran individual or group innovation procedsCT dr i ven fAdemocr
knowl edgeo has catal yzed -usdrsein therinnevationeproessasgsio r t o
evident that endisersbring addedvaluable inputs and can improve the innovation research process
significantly. Private sectactorsincorporating usecenterednitiatives include but are not limited to

Intel, Lego, Google and Microsoftho actively engage endisersas part of the R&Dprocess to test

andshare feedbadhat isthereforeincorporated talignthe innovationso client/enduserdemands.

1.4. User-Driven/User-Centered Innovation

Usercenteredinnovation is the process of harnessihg f i n a | puseds knowlédgeso co-
develop new/improved products, services and coscéptiserdriven innovation process is based on
an understanding of true uéesmeeds and a more systemaditd participatoryinvolvement of end
users. Usecentered innovation facilitates shift from supjpy-driven approach to a more demand
driven i b o t-u podpproach. This definitioman also be interchangeably referred to as Usedl or

Useroriented, Participatory desigmd more recently Participatory Technology Development (PTD).

Neuvo and Ybnenexpressed the importance of viewing innovation as a cultural process through which
new concepts and meanings can be crédd/o and Ylonen, 20)0According to Rosted,user
centeredinnovation aims toincrease the utility value of a given prodwehile athers define user
centerednnovationas a cooperation between service providers®t to cedesign,which has been
found to result in more innovative ideatiencompared to the conventional approdBosted, 200b
(Mitchell et al., 201% The most unsustainable innovation is viewed through the lens of the produce
where endusers are perceived to play a peripheral role irudeof sustainable products and services
devel oped (biglserieta. p2681)6Tiesze and otherslaim that gparation of ownershipan
control negative impactsn user innovabn capacitiegTietze et &, 2015. Lakhani and Panetta on the

other hand,argue that userenteredinnovation has been promoted through the evolution of
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Adi stributed innovation processeso where more |
linear nor hierarchidgLakhani and Panetta, 2007

While other researcktudies ainto determine how to facilitate innovation as policies change over time
some authors highlight how innovation capability is ambiguously treatdderature despite the
positive relationship that exists between the implementation of innovation and the future performance
of an organizatior{Rubach et al., 20}7(Aas and Breunig, 20)}/(Bogers et al., 2090 Through a
mutually benefcirceciaali omroo ceasns ,beficao successful str
user innovativeness driest their capacity to innovate while at the same time, users often can willingly
participate in the calesigning process to address their own needs, to influence the innovation process,
but also out of intrinsic motivations and expected rewacdsat ownership of the conceptualized

innovationg(Gustafsson et al., 2012

Regardless of the terminology used, it has become widely acceptabdetratuser must be actively
involved in the innovation process for products and services to be improved to meet the needs of the
aforementioneenduser. This was also investigated through this research to detemnatkerthese

target groups.e. endusers of gricultural technologiessould successfully be engaged asdesigners

of laboursaving technologies.

1.5. Defining Characteristics of Innovators Among EndUsers

While some research argues that one has to invent something new to be coisiead/e, othes

consider refinements to existing ideas equally innovative(Regan, 2016 (Poirier et al., 2017
Fagerberg, 2003 What is clear g that the definition is subjecsvto interpretationand therefore
researchers must be careful not to underemphasize the definition of innovation and what it means to be
an innovator Many of the characteristidhat determine innovators based on the eshtand research

dating back to 1958 have similar findingadvermaete, 1 March 2003Hildebrand and Partenheimer,

1958 Adesina and Zinnah, 199Boy Jr, 1969 Rogers, 1961Rogers, 195pP The typicalinnovatorhas
beendescribed as one having;

o] Higher levels of education,

Higher incomeearnings or potential

Larger land holding capacity,

More access to and participating more in extension services,
Direct access to scientists to get new inforoati

Greater exposure to learn new practices

O O O O O
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However, there is another school of thought that beli¢kesminds at the marginshould not be
considered to beecessarily the marginal ming&upta et al., 20Q3ritchley, 2000. The argument

made by these authors that illiterate, low income individuals from rural communities can be
successful innovators based on their indigenous expertise passed dowantestors The key

di fference is whether t he @i nnovimtwhichsghey coi@ r e ¢
innovate.Therole thatendusersplay in innovation developmei not well captured and has been in

the past unacknowledgeefffectively (Beckford et al., 2007 (Sontakki and Subash, 2017The
importance of recognizing farmers as innovators is critical and must begin with identifying and
fostering innovators. Several articles have presented diwatseof characteristics for identifying
innovators but on average, most suggest that farmer innovators are interested in trying out new ways of
doing things, have leadership qualitiaad voluntarily participate in extension services and NGO
projects(Rogers, 1961l agnevik, 2005Rogers, 195p

Understanthg of the diversity of smallholder farm households is critical for the success of
development interventiongMakate and Mango, 2017 There are some barriers that constrain

i nnovatorso ability to t r(Bellegrin@aneSavonay2)knhetherntt i nt
is mainly finance, as most of the literature would suggest, or whether it is mostly knowledge and
marketrelated aspects. For researchirsuccessfullyfacilitate the process of innovation, they first

need to take into consideration the context of theusm®at and their environmeliVettasinha et al.,
Undated. This researcfiocusedon dent i f-hehQg fAbhestvators among a ¢

anddescribes innovators in the agricultural context.

1.6. Participatory Research and Technology Developmer(PRTD)

While there are still many limiting factors to making research complesdrdriven/centered frugal
innovation may be possible in developing countvidgere resources are typically limitelacMillan

and Benton have also highlighted the benefits of sncpproacHor research and development in the
agricultural sectowhere smallholders have limited resources at their disgdéatMillan and Benton,

2014. In spite of this, there is still the perception that smallholder farmers are on the receiving end of
innovationsonce developed externalffambo, 2015)Several authorbave proposed that a farmer
engaged participatory approach is a basic facet to successful innovation in the agricultural sector
(Lehto, 2012 (Ashby and Sperling, 1995This enables fostering the innovations which are key to
enabing transition towardsnew business, technological and policy models that address different
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challengs in attainingsustainale results (Brunori et al., 201BFrugal innovation processes enables
the active engagement of resource limited smallholder farmers to be at the center of the technology
research and development process to ensure that their valuable irpui®llacaptured even in

resource limited conditions.

Other authors haveresearchedhe alternative to the farmer participatory research approach, the
technology transfer modéRusike et al., 2006 where smallholdefarmersrecigents of the outputs of

the innovation procesbut are not part ofand cite this approach a®ne of thecausesfor little
impacflow uptakeseen at the grassroots le¢€&lonsalves et al., 20D5While these authorstate that

this transfer of technology ndel has worked well to delivegricultural technologieghere islack of
concreteevidencethat sustainable impact achieved through this apprq@&duthwaite et al., 20Q2

Glover etal.,, 201§. Researcher&ar gue t hat this typical nfone si:
intricacies of different contexts amghccuratelyimplies that one solution can be applied to any setting
(Chang, 2009)Glover S. T., 2019)This study aimedo investigate this argument and tailor the
technology development process with the smallholders farmers as central experts to guide the R&D

process so as to customize the technologies to their cropping systems and community needs.

In most subSaharan counes the technologydriven productivity growthplans havdargely failed
(Hounkonnou et al., 20)2Participatory research hagenmore effective as described bjennings

who assessed it over contemporary extension prad¢tleesings, 2005 This researclas well asother

work done by Glover et ahighlight the alternativeto the transfer of technology process angua

that involving the farmerat theinceptionstage creates a better environment for the farmers to adopt
co-developed technologies and have ownership and accountability over them after the project has ended
(Glover et al., 2016 (GloverD, 2019) This approaclkdemonstrasa higher likelihood for sustainable
technology ptake and adoption comparedttansferring technologigg n d demonstr ates t
perception®f ownership and accountability are also as important as thdenstit analysisactorsof

the technologies themselves

Eiser et al. (2012) state thdiese factors and other intrinsic rewards are more determining factors of
technology adoptiomesides theostbenefitanalysis that is typically appliegnd these findings are
supported by many researchgiGlover S. &., 2016Andersson, 2014)Vhile theimportance of these

financial analysis cannot be understated, it is clear that decisaiimg regarding technology uptake
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and adoption is a more multifacetadd dynamicii d o uwebdl gee d s the teathrblogy paradigm
that has many dissemination pathwgy&n Hulst, 2016Glover D. &., Policy 82, 2019

1.7. Genderin Participatory Research and Innovation

Particular attention must be given to women smallholder farmershadeless access to resources as
compared to their malfarmergSaito et al., 194). As women farmers makggnificant contributions

in agriculture, their inputs as emdes must also be considerébdoss, 2001IFAD/FAO/FARMESA).

Whatis clear is that agricultural technology development benefits more alhtarmers are engaged
throughout the RTD process(Tambo and Winscher, 2015To boost productivityboth male and
femalesmallholder farmermust be better engaged as the-asds to identify their challenges and be

part of the problersolving process. As intermedies, researchers have the opportunity to engage
smallholder farmers in participatory technology developnteritighlight the challenges that require

i nnovative thinking and tr ansf o (Douthwvaiteet dl.,a2002e r s 0
Bao Huy, 2002 Doss emphasizes that although tbfioed act u
contribution is not known, what is known is that women farmers should be engaged as they are
significant contributors to agricultural productivity and therefore equipped to contribute their ideas and
suggest innovations for labsaving conceptéDoss, 201D

Saito et a[Saito et al., 199states that as women farmers do most of the work, they must be given the
oppotunity to make theirvaluaddi ng contri buti ons. Through t
farmers have the opportunity to contribute their ideas, conductfaim testing and provide
recommendations for refinemerbsat will consequently enable thi@nder knowledge to each othay

develop technologies that can boost thekfamm efficiency(Ashby and Sperling, 199%lover et al.,

2016. Based on the literatumeview conducted, th PhDresearch opted to test the hypegis that
usercenterednnovation process combined with rapid prototyping options, could be harnessed into the
development of labotsaving technologiewith women smallholder farmers that would be tailored to

their specific challenges in the agriculilsectorand farming systems

1.8. Women Smallholder Farmers in the Malawian Agricultural Context

According to Malawi Government (GoM), the agriculture sector producge®@entof net earnings

that in particular contributes 3#&rcent o t h e cossuDormesty BreducG(GDRAgri-Malawi

Magazine, 2020 Smallholder farmers in Malawi comprise of an estimated 2 million households who

cultivate about 4.5 million ha of land. P®&r centof smallholder farmers use less than 0.5 hectares and
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only 14 per @nt cultivate more than 2.0 hectaréSmallholder production in Malawi is generally
characterized by subsistence farming, low input and output levels, poor quality control, limited value
addition and weak market links, thus low commercialization of theyz®(World Bank Country

Profile, 2020) However, smallholders still produce about @€ cento f Mal awi 6s food.
agriculture is further marked by gender inequalities and is currently ranked 67th out of 144 countries in
the Global Hunger 2016 Indewith score of 0.{Welt Hunger Hilfe et al., 2026

Athough recent research has questi oned80pdieentmuc h
of the food, the same research agrees that female farmers make significant corgrioufmod
production and are more constrained by limited access toanbcof agricultural resources such as
improved tools, land, credit, extension services and access to m@kesis, 201D Without these
resources, women farmers cannot be expected to thmstabour productivity and will remain in the

poverty traps they currently are in.

As a result otthe Malawigovernment'GoM) policy priorities and limited fiscal space, support for
womenfarmers to access mechanized and improved agricultural tegmesias been stiflednaking

this a primary challenge for the overafriproductivity in the country In addition, unsuitable
agronomic practices, lack of quality tools and implements, pests and diseases, environmental
degradation and erosion, adverseather conditions and use pborquality seed/planting materials
altogether contribute to low agricultural productivity levels. Research and extension services in Malawi
are very Jlinear and nAsi | o ofurtbea exasderatmg éhalresmay dow wo r k
technology adoption rageprevious research and development projects supporting extension services to
smallholder farmers have noted the mainallenges for the extension advisory services and more

importantly for the smallholder farnger

Typically, women farmers in Malawi have fewer opportunities to get access to technical expertise on
the best agricultural productivity boosting techniques. Advisory services lack the necessary information
to customize the extension services to the needlseolvomen smallholder farmé@Bank, 2014. The
existing linear model of technology dissemination hated to generate the envisioned impacts, as
these services in Malawi are currently not sufficiently oriented towards the needs and requirements of a
moderrizing agricultural sector. The market for local manufacturing has been growing exponentially,
yet over the past 230 years very little improvement has been seen in terms of increase in technology
development. The most affected is the agriculture sector, which is widely seen as traditional by all
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existing farmers and even more so with youth entreprenand private sector players. Most
smallholder farmers only have access to the most basic tools such taditienal hoe and lack
customized tools for their various-é&wrm activities, most of which are quite labor intengi8ens and
Kienzle, 2006. This research aimed to assess any improvements in the local manufacturing ef labour

saving technologis.

There is a large gap in connecting smallholder farmers to the most effective and efficient resources to
boost their agricultural labor productivity. Women smallholder farmers especially face these challenges
as they are the major labour component fprcaltural householdéSaito et al., 1994 Forexample, in

Malawi, Niger, Uganda and Northern Nigeria, women farmers have access to lower levels of
agricultural inputs that meaho. This gender difference accounts for more tharp86 centof the gender

gap in productivity in MalawiWorld Bank, 2014. Although recent research suggests that women
small hol der farmers actwually fAmake wup fewer th
economical |l y ac(Dossy201liwhat imdears thattHere is gap i the data available

on thosaunseenwhoardeconomi cally active in agricultureo.

While some research proposes that new technologies increase labor b(delas,199% women

f a r movnessldip of technologies would increase thmrels of empowerment i.eontrol over assets
financesand access to credit as well as ovedaitisioamaking capabilities. Based on empowerment
models such as the Women's Empowerment in Agriculture {d¢ieRl) (Alkire et al., 2013, this
research would measutbe gairs of having improved technologiesnd assess them to see if the
process of being engaged in techgylaevelopment iEmpowering for the women farmers. Without
these labousaving technologies, women farmers will continue to rely on the existing labour intensive
farming systems and will likely remain in the cycle of perpetual poverty. These will comtirhare
lasting effects on the health and income levels on the household and community atkdhgemere,
women armers lacking improved agricultural technologies wihsequentlynave agrproductivity
enhancingconstraints that will impact the courr yedrsomic growthThis research aims to address
this key challenge in Malawi through the usentered technology edevelopment approadutlined

in the chapters to follow

The research investigated the potential of linking ee@teredinnovation conceptsfrom women

farmersto the design and development of laioavi ng t echnol ogi es suited

systems and identified requiremeritswvas therefore necessary to first understand the concept ef user
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centered innovation angotental categories of innovatorpefore selectingthem from the rural
communities of Malawi. Some research claimst a group oindividualscan becategorizedased on

how they react to innovation(Petrik et al. Moore, 1999 categorized them into those who are
technology enthusiastsjsionaries pragmatic conservatives and skeptics and noted the gaps (chasm)

that exst between the innovators andn-innovators

Only lead user
prototypes avaifable

y . Commercial versions of product avadable
e——» »

Number
of users
perceiving
need

v

Time

.
V5

Figure 1-1: Reactiorsto Innovation Petrik et al. )Reproduced from original source.

Figure 11 aboveexplains that a small portion of the population the technology enthusiasts and
visionaries get excited and foresee the importance of innovation than the majoritydphéation i.e.

the pragmatics, conservatives and skeptics. The subsequent chapters providepdh overview of

the activities condued to identify besbet innovatorswhich for the purpose of this research are
defined as the individuals within a certain area/group who demonstrate innovative characteristics and
have a higher chance of innovating as compared to their counterparts. arbdbe technology
enthusiasts and visionaries within the rural context of Malawi, with a focus on the rural woman
smallholder farmer. Figureblbelow provides a summary afl the research activitieonductedduring

this study to test the concept of usentered/usedriveninnovation and rapid prototyping to solve key

agricultural labour challengdsr women farmers and their househald$/alawi.
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Planning of Research Activities

l

Selection of Target Group Sites
Desian of Innovdor Assessment

|

Identification of Women Smallholder Farmers in Target Sites

|

Completion of Sensitization Meetings
in Identified Locations

b

Distribution of Innovator Assessment Questionnaire to
Interested Women Farmers

|

Data Analysis and Selection of BedBet Innovators
Based on InnovatorAssessment Questionnaire

Random Grouping -of

Beto I nnovators in
Completion of Focus Completion of Focus
Group Activities in Site ﬂ Group Activities in Site

-

9 Assessments of Existing Resources \
1 Implementation of Creative Co-Design Spaces

9 Field Testing Sessiongor Co-Designed Prototypes

1 Refinement and Finalization of Prototypes for Mass Production

9 Dissemination of Final tools to women famers innovator groups.

K 1 Assessment of Empowerment effectsonnnovat or womenods g rj

Figure 1b Summary of all PhD research activities conducted in Malawi
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2. CHAPTER 2: SELECTION OF "BEST-BETO R U RIANOVATORS

2.1. Research Objective

The research objective was to

1 identify and groupbestbet innovators amongst women smallholder farmers in Malawi who
demonstrated thehighest potential to conceptualizedesign and adopt labor-saving

technologies tailored to the demands of their cropping systems

This chapter describebe applied methodologyhat wasspecifically developedfor this researcho

i dent i-b ¢t Gi bierfrdanorural commuities

2.2. ResearchMethodology
2.2.1Study Location

The research was conducted in rural commundfddalawi due to the high percentage of women who
contribute to the agricultural labor force. The actigds were chosen based entry points identified

by existing partners as well &ssedon the high levels of poverty, heavy reliance on agriculture for
subsistence and income generatibhe PhD researcher was hosted by The International Center for
Tropical Agriculture (CIAT) in Malawi and piloted the 3D4AgDev research at the Chitedgearch
Station in Lilongwe, Malawi. The research sites where women farmers were identified from were in
Central and Northern Malawi in Kabudula, Lilongwe District, and in Nkhamenya, Kasungu District.
There are four sulbcations in Kabudula that at thiéme, were under the oversight of Concern
Worldwide and three sulocations in Nkhamenya that at the time, were under the oversight of the
Catholic Relief Services. The research partners with these institutions who assisted in identifying entry
points whee the innovator assessment was condu®adal innovatorsvere also identified fromareas

that hadthe least amount of exposure to mechanizasioge these communities have similar labour
access and energy shortage challenges, coupled with their fingesoarce limitationsThe table 2

below summarizes the locations where in Malawi the innovator screening exercise was conducted.
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Table 2-1:Locations Selected for Innovator Assessment3D4AgDev Screening Bes.

REGION SITE LOCATION ; GPS Coordmatgs GROUPS
Latitude Longitude
Chitukula 33.75000 -13.7830 C,D,E
Central Kabudul Kalumba/Msanama 33.53100 -13.7680 A
entra abuduia Lukira 33.53469 | -13.81364 B
Mkuta | & Il 33.58351 -13.7638 F,.G,H
Kavikula 33.42998 -12.5694 I, J, K
Northern | Nkhameiya Lodjwa 33.52500 -12.4110 , L
Kavidebwere 33.55326 -12.5267 N, O, P

+Wakawaka

Kasungu, Malawi
el Malawi

Li"2g15 Google
US/Dept of State Geographer
Image: bendsat

13713'28.09" S 34°09'54 81™E elev 2234t

Figure 2-1: Mapping of Research Sites as per tabld 2

Imagery Date: 4/10/2013

2.2.2Sampling Technique

Through the suppt of the key partnermentioned abovanterested women farmewgere invited to
sensitization meetings where the research team explained the nature of the project and the expectations
highlighting the participatory nature of the activitieheir interes was critical as they would be
involved on average -hour focus group discussions (FGDs) per week and should have a personal
interest that would result in active exchange during the FGbsre were 1607 women farmers who

took part in the sensitization mtngs, which estimates a minimal sampling of one farmer for every
hundred farmersThe study appliecpurposive sampling techniques as described(bylores and

Tongco, 2007) since the research objective was to select womaalllssider farmers only. This
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approach was fundamental to ensuring good quality of data gathered by ensuring reliability and
competence of the persons trained to gather the informatidolores and Tongco, 2007, Dooley,
2006) Participants in the innovator screening@vehosen from a list of female farmers that were also

working with international NotGGovernmental OrganizationsNGOs)in preformed groups such as:

Villages, Savings and Loans (VSLAS) Groups

Villages, Savings and Loans (VSLAs) Groups arade up ofl0-25 smallholder farmers and are
formed based on proximity of members. This informal saving groups enable them to have access to
credit facilities with very low interest rates and without collatékalrlan et al., 2017asVSLAs are

often the only financial option for loamcome households in St#aharan #ica (Hendricks and
Chidiac, 2011) The groups are sethanagedand have a structured reporting system with airgha
secretarytreasurerand membersThey formthe VSLAsbased orinformal group agreementand in

very few cases, have a constitution and a register of members.niéstyto make contributign

borrow funds ofor marketing/trading days

Consumer Prodwsr Groups(CPGSs)

These aregroups of25-45 smallholder farmersvho form sel-managed grouwpwith the aim of
collectively purchasing inputandimplements a well asselling bulk produce.CPGsgive farmersa
higher purchasing powes ghey are better posithed to negotiate better prices for their harvests. The
groups are run by members based on a voting syatenalschave a structured reporting system with a
chair, secretary, treasurer and members. They also form their groups entirely bagedral group
agreementand in fewer cases have a constitution and a register of membersmé&beyegularly to

make and record contributions, take out and record laadishare profits

2.2.3Innovator Criteria & Innovator Questionnaire Design

The innovation screeningriteria developed took into consideration several factors observed from the
literature review in chaptet and through the sensitization meetings and consultations with other
innovator assessment researchers. The survey was conducted with adherehdeltb rakearch,
integrity and country protocols and was impartial, transparent and reliable. The scoring criteria
developed was used to score each respondent in the same manner usougg@nesponses that were

used to clean and analyze the data ctdkban the innovator identification surveyhe innovator

32



screening forms were completed Wwpmenfarmersin Malawi with support from village community
agents and field officers who were trairmu how to complete the forms. Thereening resulted in the
selection of women smallholder farmers who scored above theoffuscore on the innovator

assessment scale.

The research liaised with a range of experts on grassroots inno{dtettasinha et al., Undated,
Douthwate et al., 2002, Gupta et al., 2003, Hossain, 2@6)ng the process of developing an
innovator screening tool to distinguish between high innovator scoring farmers and low innovator
scoring farmers.An innovator assessment questionnaire survey wasgrdssi consisting ofb5
guestions, out of which 39 questions were actually scored to assess for innovation potential. The survey
included questions capturing baseline data as well as questions that aimed to segment the audience by
assessing personal and ficéal profiles, early adoption of technology, entrepreneurship potential and
farming practicesvhich are some of theharacteristic®f innovatorsas described bgrevious authors

(Poirier et al., 2017, Swim, 201Wettasinha et al., Undated, Fursov et al., 20R8) Smith et al
explains, ,it would be beneficialto identify the besbet innovators from the group of the female
farmers in Malawi.e. generators of new practices and tools and experimenterpossesthe highest

potential to conceptualize labsaving technologies tailored to the demands of their cropping system
(Smith and Findeis, 2013Patterson and Zibarraslled themtrait-based measuseof creativity and
innovation potentialand their results suggesthat openness to experience pssitively related to
creativity and innovation and the same obsermatias supported byursov et al(Pattersonand
Zibarras, 2017§Fursov et al., 2017)

The research also considered tllaé innovative potential is an emergent property of processes and
groups, rather than an individual characterigtitd aimed to clearly identify innotas using a
customized sampling approach. Tihgial questionnaire comprised of six sections that were designed

to assess the respondent s per sonal potenti al
potential, and knowledge of other smallholdarmers who demonstrated innovative thinking and
pioneered activities accordingly. The questioni

data on assets, access to credit and financial services

2.2.4Engagement of Women Farmers Duringinovator Screening

With the initial draft of the innovatescreening questionnaire ready, the research was able-tespie

internally for credibility and reliability and aimed to roll out the survey using a purposive sampling
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technique using a snowball approdolreach as many women farmers who belonged to doseied

and sefmanaged groupCommunity agents and field officers were recruidésdenumeratorsom the

villages where the screening survey was administered. Each enumerator received training @n how t
collect the data required and distinguish between relevant and irrelevant data for each question asked
and special attention was given during the training sessions to ensure that the integrity of the data
collection was not comprised. The questionnaias pretested in all sites and corrections were made to

finalize the screening questionnaire and scoring database.

Each trained field officer and community agent collected data and completed one innovation screening
guestionnaire with each individual womamallholder farmer who was willing to participate in the
research activities. Each screening exercise took an average of 25 minutes per respondent. Each
screening sheet was completed in local dialect using the official language in Malawi (Chichewa) and
was then translated through manual data entry by site to record all farmer personal identification,
household data, farming details, source of income, early adopter indicators, access to assets and

financial services among other criteria.

The procedure foresl ect i ng webneetn iansnfariméaldits tbasi® for this reseh on
bottomup approache® agritechnology developmerand aimed to identify women farmers whio

spite of their low income and resource limited environment, have the innovagigeity to share their
contributions in an open and inclusive innovative creative space that was provided by the rékearch.
sampling method involved a combination of deductive and inductive elemédrgre the target
innovator was a female smallholderrfeerfirst and an innovative one who could be grouped with other
similar/likeminded, confident women. The research considered criteria that would remove any bias in
selection of the women farmers toibgolved in a participatory design/innovation procédse aim of

the study was to identify innovators among thergmalzedand excluledfipooren and disadvantaged
farmerswho are systematally left out of the innovation cycle in the technolo§iR4D process. The
research aspire® overcomethese systemichallenges and directly targetwomens mal | hol der

farmers from a low income, resource limited, unmechanized agricultural context.

2.2.5Parameters folUserCentered AgriTechnology Development

Once thegroups offi b ebsett 0 inmouatomwWereidentified and organizedthe followingparameters

were enforcedto ensure the active participation in the projant productive deliverables for each

group
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Timeloggedo Capture Partisipantsdéd Commit ment

The research was initiated in direct response tothecalfop | i cati ons to ACI ose
agricultural productivity through the development of labsaving technologies that are tailored to the
womans mal | hol der farmerés daily croppingbazsedd.
participaton approach, this research captutiee time and inputs of each woman innovatdth the
long-termobjective that each ohe womensmallholder farmers who participated in the design, testing

and refinement of labotgaving technologies would receiaesetof laboursaving tools asrain-kind
compensatiorfor their timeand contributions to the research activitesbe used over a year during

which an impact assessment would be conducted to measure long term effects efi¢kelmoed

technologies.

During eachdiscussion witlithe women smallholder farmers innovator groups, the research facilitator
logged the total time given by each woman innovathich enabled the research to capture the total
time given by each participant and as a group. This woulttuigal information needed to accurately

log the contributions for th&vomen innovator groupt® receive the final labowsaving technologies

that were developed.he researcmote taker recorded the level of participation for egiupand as
individuals. It was important to capture the most actively participating women farmers who shared their
ideas and made contributions towards the design and testing of new-émsiggred labousaving

tools. These women farmergere lateridentified as peemotivatas that would promote uptake of

technologies antbng-termadoption

Group Innovation Dynamics

Thereis significantresearch supporting the idea of working with groups as a way to generate more
creativity and from an economic perspective, working with gsoias been proven to be an effective

way to empower individuals to work together towardseaonomically beneficiadolution (Karlan et

al., 2017, Hendricks and Chidiac, 2011, Ngendello et al., 2000hs reseach proposed that
organizing women smallholder farmers into groups enabled the groups to share and contribute their
ideas in an enabling environment. Thigproach was takestrategically to enable access to a diverse
range of knowledge since according tom®e authors(Sontakki and Subash, 2017, Tambo and
Winscher, 2015, Reij and WatdBayer, 2001, innovators have diverse so@geonomic profileThe
appliedselection procedure arbde groupbased working methadbgy wascombined to maximizéhe

chancs of identifying womenfarmerswho were in abetterposition to engagevith the research to
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achievethe aims of the projecThe research considered whether to engage existing groups but after
careful consideration, r@ned the innovator assessment process as this component was a strong aspect
of the empowerment process thought the research. The women farmers who passed would be expected
to display higher levels of confidence and ssfurance postssessment if theyapsed.

There was significant interest from women farmers to be part detmmology developmenmgrocess

but due tobudgetlimitations, 187 women smallholder farmers were selected from a larger cohort of
1607 screened farmers. These farmers weganizel into smal focus groups of A2 women per

group. The PhD researcher was the lead facilitator whileebearchnterpretemotetakertook notes

from the discussions that were in local dialect. The facilitator took personal notes in English based on

thetranslations provided to be used to verify the notes from the interpreter.

The research employed participatory research methodolsegas asFGDs activity clock exercises,
seasonal calendar group sessions, resource mapping -de@tim paneldiscussionso break down
labour distribution in the household among othensiderations in the research. The findings are a
direct output of constant and inclusivgeractions with the women farmers, which is synonymous with
other research that supports partiagpgt methods when working with smallholder farmer groups
(Twomlow et al., 2002, Lilja et al., 2001, Jennings, 2005, Gonsalves et al., 2005)

Consent Forms

Once the screening was completed and thelimsinnovatorsvere identified, the researcher visited
and met with the selected women farmers, traditional authorities, chiefs and local community members
to brief the community on the project goals and expectations for the upcoming months. All the selected
i b ebsettvammen smallholder farmer innovators who were to participate informed explicitly that
they had successfully passed the screening process and this gave them the confidence to work within
the innovator groups they were placed in. All the women who peatedin the research activities
were asked for their verbal consent and also completed voluntary consent forms to confirm their
understanding of their roles. The consent forms clearly indicated that their participation was voluntary
and for the mutual efit of the smallholder farmeend their communities as well as for the research
to answer the research questiorihe local field officers and community agents assisted the
smallholder farmers who were unable to read or write to understand the contéetsonsent form. In
all interactions with the women smallholder farmers, the local language was used to ensure that there
was no miscommunication or misinterpretation of the research objectives and expectations.

36



2.2.6Data Analysis Methodology

Screening andgcoring of the innovator identification survey was done using excel spreadsheets and
analysis was done using SPSS in addition to MS Excel. Of the selected 192 screened innovators, 5
farmer questionnaires were actually disqualified as men completed thenre3earchers therefore
worked with a total of 187 women smallholder farmers divided into 16 randomly grouped sets of

women innovators. The details of this are described in the results section.

ArcMap 10.3.1
This software was used in the developmenthef maps of the project sités locate thel87 bestet

innovatorswho were identified through the innovator screening survey

SPSSnd MS Excel

From the responses of the women farmers using the innovator screening survey questions, the research

cleaned tb data and separated data sets for each innovation identification question. Based on a scoring
system, the women whose responses demonstrated innovation potential were selected abdhe best
innovators A crosstabulationexercise was done using SPSSsiar 22 to compare the frequencies of
women farmers with respect to their groupbdvescoreas Acceptedand belowscoreas Rejected.

Results were organized in excel where percentages of responses by category were calculated to
represent the data usingfograms that show the proportion of respondents with respect to their scores.
The analysis in SPSS also involved descriptive statistics, where frequencies for thesragablalso
completedMultiple response analysis was conducted to come up wiljudrecies of responsegxcel

was also used to summarize research outputs in tables and represent the data ianthestapare

findings.
2.3. Results

The questionnairbada scoring systerdesignedo calculatean overall innovator score for each survey
participant. Using this approach Ji&r cent(187 of 1607) of the surveyed populatimasselected as
the best betinnovatorgroup The average score for tabovescorecategory was 23 points out of.55
The researcimvestigated whether the sample size (n3187%epresentative of the surveyed population
(N=1607) assessedhe geographicaland demographic representativeness addition to their
similarities in household characteristiesy. similar land ownership characteristics, similar cropsl

planting magrials among other noted characteristitsavas observed that the sample representing the
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abovescore group were drawn from a population above@dbcent.e. 65% of the population in each
of the sites responded to the innovator screening suavel thé@ populations were normally
distributed

Table 2-2: Representationof Women Farmers Scoresby Sub-Location

Site Max Score
Lodjwa 24 (43%)
Kavikula 37 (67%)
Kavidebwere 36 (65%)
Lukira 12 22%)
Chitukula 31 (66%)
Mkuta 1 25 (45%)
Mkuta 2 12 (22%)
Kalumba 10 (18%)
Average 23 42%)
Total 187

2.3.1Analysis of Survey Responsé&s Innovation Capacity

Each of the screening questioist wereused to assess innovatiepresented in this section with

interpretation of thecollecteddata.

How many of your children go to full time schoolif@estion 1.®&f innovator survey

The figure below shows that more respondents from the admmre category i.e. those selected as
innovators, send their children apdrticularly, their gidchild to school,The results suggest that we

can expect morgirl-children from the innovator cohaattending school compared tiee below-score

cohort indicating an unconventional misdt for those who indicated that their gihild was in school

or in the case where there were no-ghildren, those who sent all their bokildren to school as
opposed to sendirthemto work on the farm or tend to cattle also showed innovation potestisthey
displayed a different mindsétom most farmers in the communityho would tend tokeep their
childrenat home tadhelp with household and farmiragtivitiesrather than giving them the education

that would expand their options in lif€his question enabled the research to captureesm@ondents

who demonstrated higher capacity to do things differently compared to other members of the

community.
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Responses from Above score and Below score group of Women Farmers For Innovation
Assessment
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Figure 2-2: Proportion of respondents with school going kids (N=1607 women farmers)

What materials were used to build your homéQuestion 2.1of innovator survey

The highest scorim the innovator survey for this questiamms given if theespondentised more than

2 newer materials in building their homes. From the results, it can be conchatethe innovator

group were scored higher p&r cent than thebelowscore cohor{l per cen)

Table2-3: Women Far mersoO0 Respons etcBuiRiélgeer di ng

Frequency& Percentage
Representation
Material Used Score Above-score Below-score
Traditional Materialor 0
Tools 152 (81%) 1291 (91%)
1 Or 2 Newer Materials 1 30 (16%) 115 (8%)
More Than 2 Newer 2
Materials 5 (3%) 14 (1%)
Total 187 1420 (100%)
Overall
Material Used Average Mean Above- Mean
Score score Below-score
traditional materialsools 21 27 15
1 or 2 newer materials 22 28 17
more than 2 newer 25
materials 31 18

This questionwasuseful forthe research to select the bbst innovators by identifying those who use
none-conventional home building materials. The analysis shows that more of thosealtlescore

category have been usimpneconventionalmaterials to build their homes and are therefore more

likely to try different ways othings as compared to thasethe below-scorecategory.
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Do vou have a mobile phonéQuestion 2.2n innovator survey

The highest score was given if thespondenhad amobile phone. From theesults in the tablbelow,
it can beseenthat most innovatorse. 76 per centof thos in the abovescorecategory havemobile
phones whileonly 17 per centof those who scored below the @ft mark indicated that they had
mobile phones We can therefore expezhigher percentage of the innovator growpo have access to

a mobile phonand can easily communic#&ecess informatioas compared to tHeelowscore cohort

Table2-4. Women Far mer s6 ResponsotasMolileRhene di ng Own

Score Frequency & Percentage
Response®n Ownershij Representation
of mobile phone Above- Belowsscore
score
No 0 44 (24%) 1181 (24%)
Yes 2 143 (76%) 239 (17%)
Total 187 (100%) 1420 (100%)

This question enabled the researckdtect respondentgho, given the rural context that they resiuh,
can be considered to be early adopters of technology and therefore more likely to possess innovation
potential. They are more likely to have more exposure to various technologies and are more likely to

easily communicate with others to exchange ideaspared to their peers

If yes, how did you acquire your phoné&Question 2.2of innovator survey

The highest score was given if thespondentgpurchasedthe phones using their owsource of
funds/own meangFrom the results presentbdlow, almostall of the respondentis the belowscore
category (92per cent did not purchase theown phones while a consideralsemberof innovators

(57 per cenf purchased thg@hone using their own meank.should be noted that all the farmers
assessed were mooe less within the same income levels and therefore this factor did not impact their
responses regarding s@lfirchase of mobile phonea/e can therefore expect a higher percentage of the
abovescorefi i n n o graup tosee added value andvest their nhcome inuseful technologies as

compared to thbelowscorecohort
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Table2-5: Women Far mer s Res p ohasviebsle PRamg ar di ng So

Frequency
Source of Phone Score Above-score Below-score
g'ft/ Given by 0 80 (43%) 1308 (92%)
omeone
SelfPurchase 2 107 (57%) 112 (8%)
Total 187 (100%) 1420 (100%)

If You Use A Phone, What Purpose Do You Use It{(Roigstion 2.3b)

Thehighest score was given depending on the response the sgyaweon whattheyhave been using

their mobile phoasfor. From the results presented, a large number of innoyalborgescoregroup
explained reasons that earned them higher scores during the screening of innovators as compared to the
responses from those in thelow-scorecategory that showe@3 per centwere unable t@explainthe

businespurpose of using their phones.

Table 2-6: Responses Regarding Purposaf Mobile Phone Usan Business

Frequency (%)
Reasm for Using Phone Score Above-score Below-score
If Not Explained 0 76 (41%) 1319 (93%)
If Explained 1 111 (59%) 101 (7%)
Total 187 (100%) 1420 (100%)

59 per centof the respondents in tlebovescoregroupi.e. those selected as innovatakgre able to
clearly explain the business purpdee which they use their mobile phoneBhese resultsndicate a
higher likelihoodforthes e | ect-bdt @ bie B h 0 Waave ideasgon bow e technology
for their businesgompared to those who scored belthe innovator cut off mark. The abesgeore
categoryis more likely to be exposed to improved inputs and farming pradiegsising hlese mobile
phones, theyan also getaccess to agricultural information provided throwgifortmessaggSMS)
based systemin Malawi.Considering all the above findings, thewuld be the group with the higher
likelihood ofhavinginnovativeideas.

Do vouhave a radioQuestion 2.4€f innovator survey

The highest score was given if thespondentiad a radio. Almost all abovescore respondenise.
those selected as innovatdB2 per cent have radios while only 3ger centof the group ofbelow
score respondentsave radios. It can therefore be expected that information through radios is more
likely to reach a significamumber of besbet innovators as compared to the respondents in the-below
score category. This questigentified respondents withccess to a radiwho aretherefore more
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likely to be exposed to information/ideas as compared to those in the-bab@mvcategory. This
therefore places them in a higher probability of havimgye exposure and therefore highkelihood

to be innovative as compared to those who do not get as exposed to information

Table 2-7: Women Farmers Responses Regarding Ownershgd a Radio

Frequency (%)
Score Above- Below-score
Ownership of Radio score
No 0 33 (18%) 941 (66%)
Yes 1 154 (82%) 479 (34%)
Total 187 (100%) 1420 (100%)

If, Yes, What Radio Station Do You Usually lhste?(Question 2.4kmf innovator survey

The highest score was given if the most listened radio station promoted fagithieg through market
promotion or promotion of new varieties, among other beneficial informafimm the results in the
table above41 per cenof therespondents who mentioned agricultoetated radio stations were in the
abovescore category while only 1fder centof the belowscore category indicated these same radio
stations.More of those selected in the abeseore category gicated that they choose to listen to
agriculturerelated radio stations to improve their-famm productivity and generate more income. The
high scorersare therefore more likely to baore entrepreneurial and are therefexposed tancome
generatingpther productiveideas as compared to those in the betoare category which would

translate to a higher chance of innovative thinking given the same enabling environment.

Table 2-8: Women Farmers Responses Rgrding Radio Stations Most Listened To.

Type of Radio Frequency (%)

Stations Listened to Score Above-score Below-score
If Not Explained 0 111 (59%) 1261 (89%)
If Explained 1 76 (41%) 159 (11%)
Total 187 (100%) 1420 (100%)

Do You Use lIrrigatiomMethodsin The Dry Season®uestion 3.&f innovator survey
The highest score was given if the household indicated that they practice irrigation during the dry

season. From the resulislow, it can be concluded that more innovatiogs above score cagery (67

per centpractice irrigation as compared those in the belovgcore cohort(42 per cent. We can

therefore expect a higher proportion of farmers from the group of innovators {stxrescategory)
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involved in crop production during the dry seasord therefore being innovative to find alternative

means to have yearound production rather than relying only on the unimodal rain patterns in Malawi.

Table 2-9: Women Farmers Responses Regarding Us¢ Ir rigation Practices.

Score Frequency
Use of Irrigation Practices Above- Below-
score score
No 0 62 (33%) 816 (58%)
Yes 2 125 (67%) 603 (42%)
Total 187 (100%) 1419(100)

This can befurther interpreted to mean that those in thleovescore category a& more open to
technologies that will boost their productivity and are willing to invest some of their income with the
aim of getting a higher return on their investment in irrigaieropposed to the belestore category

that relies only on the unimodalin season in Malawi.

Have You Evemadeor improved Your Tool$or Farming?(Question 3.®f innovator survey

The best score was given if the farmer indicated that they have either made or improved their own tools
for farming. 56per centof the responents in the abovecore category indicated that they have made

or repaired their tools in the past compared to onlpdiscentof the respondents in the bel@gore
category. We can therefore conclude that farm tools are more likely going to be doigestmalved

by the respondents in the abes@re category/innovators as compared to the-moravators.

Table 2-10: Frequencies & Percentagesf Scores Basean The Useof Phonein Business.

Tool Making/ Tool Frequency
Improvement Capability Score Above-score Below-score
No 0 82 (44%) 1209 (85%)
Yes 2 105 (56%) 211 (15%)
Total 187 (100%) 1420 (100%)

This question was validated for the innovation assessment as it enabled the research to identify the
respondents with a higher likelihood of conceptualizing and making new tools or repairing existing
tools. There were a higher number of respondents ialibeescorecategory that indicated that they

have experience with either making or improving to®lserefore they would also be the group with

better tools and therefore more rewarding and positive farming experience as compared to those in the

belowscorecategory who relied on others to make or repair their tools.

Do you have access to Draughtifmals?(Question 3.1®f innovator survey
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The best score was given if the farnmasaccess to draught animals. From the results, more of the
respondents in the abogeore category (4®er cen) indicated that they have access to draught
animals as compead to only 13per centof the respondents in the bel®gore category who indicated

the same.

Table2-11. Women Far mer s6 RespmobravglgAnRelg ar di ng A

Women Far mer s6 Res poAcsess DRuglg Animéls n g
Frequency (%)
Score Above-score Below-score
No 0 108 (58%) 1240 (87%)
Yes 2 79 (42%) 180 (13%)
Total 187 (100%) 1420 (100%)

These findings indicate that while the belswore category relies solely on human laboug th
respondents in the abogeore category scored higher points and are considered better innovators as
they have access to and use draught animals to reduce the burden and drudgery of labour intensive
work such as tilling the land using a traditional ho¢ransporting produce by hantishould be noted

that all the farmers selected do not own the draught animals but instead rent or do piece work in

exchange for usage of the draught animals.

What Kindof Machines Do You Use Your Farm?Question 3.1Df innovator survey

The highest score was given if trespondent indicated that thesed mechanized machines on their
farms. From the results, Ier centof the respondents in the abes@ore category indicated that they
use mechanized farm machinerycasnpared to fper centof the farmers in the beloacore category

who were categorized as nem@ovators.

Table 2-12: scores based on the type of machines used in their farms

Frequency
Type of Farm Machinery Used Saore Above-score iilg;’\é'
By Hand (No Machines) 0 154 (82%) 1348 (95%)
I\D/Ia_mual Machineor Animal 1 7 (4%) 5 (0%)
riven
Mechanized 2 26 (14%) 67 (5%)

This questiorwasvalidated for the innovation assessment as more of those attvescorecategory
reported that they have access to and use mechanized farm machinerythedcetyeemore likely to

have less intensive work and complete their farm operations in time as compared to thobelowthe
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scorecategory. These respondentstie abovescoregroup are also more likely to be more open to
testing new technologies and saving their time and energy for other tasks and therefore have higher

probabilities of innovative thinking as compared to those ibéh@nscorecategory of resptses.

How Do You Transpor& Market Your Farm Produceuestion 3.12f innovator survey

The besscore was given if the household reported that they use a personal car, minibus or motorcycle
to transport their farm produce to the market. From thdtsesi? per centof the innovators i.e. those

in the abovescore category indicated that they use their personal car, minibuses or motorcycle to

transport their farm produce to the market compared to opér 8entof the nonennovators i.e. those

in the belowscore category. Faster (modern) modes of transporting farm produce to the market are
therefore more likely to be used by respondents with innovative capacity as compared-to none

innovators. This ivecausdhose with faster transport options are enbkely to be more efficient in

their time management and are more organized. This may be interpreted further to indicate innovative
capacity as they would also be better placed to conceptualize dsdnng tools as compared to those

who are presentlysing traditional methods of transporting their produce.

Table 2-13: Scores Basean Types of Transport for Produceto Market

Score Frequency
How Farmers Transport Farm Produce Above-
Below-score

score
OnFoot 0 97 (52%) 1181 (2%)
Cartor Bicycle 1 68 (36%) 201 (14%)
Personal Car, Minibus, Motorcycle 2 22 (12%) 38 (3%)
Total 187 (100%)| 1420 (100%)

This question enabled the research to identify those respondents who usemardional methods to
transport their produce. Based on the responses and scoring, more of thosabiovedsEorecategory

have access to faster modes of transportédikerbikes, carts motorcycles or c4B6 per centand per
centand can easily and quickly transport theimigsroduce to the market as compared to those in the
belowscore category. Tis also indicates a higher likelihood for ttebovescore category to be
exposed to more technologies and can therefore participate actively in the identification and
development btailor-made technologies.

Where do vou sell the produce from your farfQuestion 3.13®f innovator survey
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The highestscore was given if the farmer sells their farm produce outside their location (village or
town). From the resultbelow, 38 per centof the abovecategory respondents i.e. the best rural
innovators sell their farm produce outside their immediate locatessompared to 3@er centof the
belowscore respondentagneinnovators.

Table2-14 Women Far mersd6 Responses Regarding Whe
Frequency

Mar kets for Fa Score Above-score | Below-score

Within Village 0 5 (3%) 72 (5%)

Admarc 1 111 (59%) 924 (65%)

Outside Village, Same Town 15 59 (32%) 366 (26%)

Outside Town 2 12 (6%) 58 (4%)

Total 187 (100%) | 1420 (100%)

Have you tried to sell your produce in a different waadd value? (question 3.14f innovator survey

The highest score was given if tihespondenindicated that they add value toeth products and
provided a descriptionf how value was added to their produ€ae results illustrate thatéd per cent

of the respondents in the abeseore category (those categorized as innovators), are involved in value
addition of their farm producbefore they sell them as compared to the respondents in thedoelmv

category i.e. those categorized as the finnevators (2Jper cent.

Table2-15. Women Far mersd Respons eosUnReedarkeingng Val
Frequency
Value Addition or Unique Marketing Score Above-
Below-score
score
No 0 71 (38%) 1099 (77%)
Yes,But Not Described 1 1 (1%) 18 (1%)
Yes,And Described 2 115 (61%) 303 (21%)
Total 187 (100%)| 1420 (100%)
This question wasy al i dat ed f or the assessment of respo

research was able to successfully identé&spondents who indicated that themgaged in value
addition or use uniqueelling techniqueslhose respondents doing value addio applying unique
sales techniques therefoseored higher on the innovator score as thegonstrated the innovative
capacityin adding value as this indicates that tls®¢ the added value in the form of added income
generation This kind of businesminded approachis a good indicator of innovator capacity in the

development of labotgaving technologies.
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Please DescribeElow YouAddedValueto Your Produce?PQuestion 3.14lmf innovator survey

The highesscore was given if theespondenindicated thathey previouslycarried outnew ways of
doing things and provided a description. The results indicate that a laugderof abovescore
respondents.e. innovatory73 per cen), described how they engage in value addition of their farm
produce in a noe-conventional wayompared tdhe belowscore category i.e. nonenovators(35 per

cen).
Table2-16 Women Far mer s6 REnmped/aleadlditioRegar di ng
Types of Value Addition Frequency

mentioned By Women famers | Score Above-score Below-score
No 0 51(27%) 904(64%)
Yes,But Not Described 1 0(0%) 15(1%)
Yes,And Described 2 136(73%) 501(35%)
Total 187(100%) 1420(100%)

This question enabled the research to accurately capture the differaneerbie bedbet innovators

and the nonénnovatorsregarding value additiorBased on these results, more of those in the above
score category described their value addition approaches and are hence more likely to bring new ideas
in technology developménas compared to those in the belsgore category. These diverse
approaches of doing things would potentially bring added value to the conceptualization and design of

laboursaving technologies.

Have you ever thought of new, different or better ways $bmething, for example, for harvesting,

weeding or processing your farm producé@uestion 3.1%f innovator survey

The besscore was given if the farmer described how and what that they have ever thought of doing in
a new, different or better to mareatheir farmrelated tasks. According to the results, a majority of the
abovescore respondents classifiediasovatorsi.e. 73 per centdescribed their ideas well and were

able to demonstrate what they thought of doing in a new, different or better way.

Table 2-17: Responses Regarding New Waysf Handling Farming Tasks.

. . Frequenc
New Waysof Handling Farming Tasks Score Abovescoreq B(;/Iovv-score
No 0 51 (27%) 904 (64%)
Yes,But Not Described 1 0 (0%) 15 (1%)
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Yes,And Described 2 136 (73%) 501 (35%)
Total 187 (100%) | 1420 (100%)

This question enabled the research to accurately capture the difference betweerbisieimesvators

and the nonénnovatorsregarding new idea generatidrherefore, basedn the scores, there is a higher
likelihood of acquiring inputs for technology designs from those in the atmre category as they

have thought of doing things differently and have higher changes of being able to express their ideas
clearly to demonsate the benefits of these innovative approachies.ability of users to describe their

needs and ideas is important for the conceptualization and design otsalvmg technologies that are

tailored to the endiser and tested by the enderas these ahusers would be able to communicate the
changes they require/prefer in the technologies under development rather than assuming the developer is
the expert and source of all knowledglose that did not describe any new ways of doing things would

not be &pected to share any new insights/inputs during a technology development process as they
typically would just continue doing fAbusiness a

tackling their day to day challenges.

Were You Abl¢o Carry OutYour New Idea to Manage your FarRelated TasksQuestion 3.1®f

innovator survey

The highest score was given if the farmer was able to carry out their neviradeajuestion 3.15
above From the resultdjighernumbers (2%er ceny of the innovators @ere able to carry out their new
ideas while the nonmnovators reported only3er cent

Table 2-18: Women Farmers Responses Regarding Testing Out New Ildeas.

Score Frequency
Responses Regarding Testing Out New Idea| Above-
Below-score
score
No 0 133 (1%) | 1377 (71%)
Yes 2 54 (29%) 43 (3%)
Total 187 (100%)| 1420 (100%)

This question enabled the research to identify and select the respondents who have tested out their ideas
as they demonstrated a highgrossibility for developing and testing useful ideas for their farming
operations This demonstrated higher riskking capacity for the respondents above the innovater cut

of f score who -wetr ei nrabwdtl ®rds ¢ baesdreadgopyar ed t o t h

If yes, what was the outcomé®@uestion 3.16kf innovator survey
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The highest score was given if the outcome of the innovati@nl5 abovavas positive. According to
results, it can be concluded that more positive results were observeth&@ovescore category i.e.
theinnovators(22 per cen}, as compared to onlyder centof the belowscore category referred to as

the nonennovators

Table2-19Scor es based on the oubscomes of Far
Frequency

Positive Outcomeof New Idea Testing Score Above-

Below-score
score

No 0 146 (78%) | 1401 (99%)

Yes 2 41 (22%) 19 (1%)
Total 187 (100%)| 1420 (100%)

Using thisquestionthe research was able to identify and select the respondentsaw@dried testing

out their ideasuccessfully The results indicate that more of those in dbevescorecategory had a

higher rate of positive outcomashentrying their new ideas indicating higher likelihood of coming up

with feasible ideas for labowaving technologies as compared to those imé#h@w-scorecategory. In

addition, their willingness ttake risks andest their ideas indicates a willingness to try something new

and unconventional, which is a good indicator of a -bestinnovator.The selection based on
successful outcomes was based on reasoning that those who did in fact have positive outcomes had
spent more time in conceptualizing their ideas to think of and address any potential bottlenecks that

would otherwise hamper the innovatidea from coming to fruition.

Do you have any other business other than farmif@2estion 4.2of innovator survey

The highestwas given if the household had another business apart from farming. From the results, a
majority of the innovators (7Ber cen) indicated that they had other businesses apart from farming as

compared to the other groopbelowscore respondents

Table 2-20: Women Farmers Engagemenin Other Businessesrom Farming

. . Frequenc
Other Businesgsfrom Farming Score ADOVE-SCOre g BZIow-score
No 0 42 (22%) 842 (59%)
Yes 1 145 (78%) 578 (41%)
Total 187 (100%) 1420 (100%)
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This question enabled the research to identify the respondertse abovescore category who
demonstrated aigjher capacity to diversify their income sources (businesses) tharinmaators.

The results demonstrated that more of those irbtevescorecategory have been involved in other
businesses apart from farming and are therefore more likely to divéngifly incomegenerating
activities from only farming tmther types obusinesses as compared to those in thelowscore
category. They are therefore more willing to take risks by investing in business outside of farming. This
willingness to take riskand invest their money indicates that they are more likely to innovate and try
out new innovations as compared to those irb#lewscorecategory.

If yes, what type of business do you r¢@festion 4.1b of innovator survey)

The bestscore wagyrantedif the farmer was running businesghat was not commduy practiced by
others in the same communifyrom the results, almost all farmers @& centnnovatorsand 95per
cent noneinnovators) in the study area run common businesses although a highemtggecof
respondents were in the bel®weore category. However, with respect toiheommon businessebe

abovescore/innovator group scored higher (&€& cen} than the belowscore/nonennovators (5per

cen).
Table 2-21: Scores Base@n Type of Business They Are Engaged In.
Score Frequency
Business They Are Engaged In Above-score Below-score
Common Business 0 149 (80%) 1346 (95%)
Uncommon Business 1 38 (20%) 74 (5%)
Total 187 (100%) 1420 (100%)

The higher scores were from those in élhevescorecategory who aréhereforemore likely to venture

into new uniquebusinesses as compared to those inbilewscorecategory.This question enabled

the research to identify the early adopters of nesiress ideas who by doing so demonstrate their
willingness to explore new ideas and take risks. These characteristics demonstrate persons with an
ability to innovate or conceptualize new ide8sme of these unique/uncommon businesses includes

ICT basedmvi e shops/ At heatreso, delivery of serv
service, buying and selling of produce in addition to farming where more income is generated, selling

in markets outside their immediate community, among others.

Who isusually first at trying out new initiativesin your community? (Question 6.3f innovator

SUI‘VGQ
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To determine whether a farmer within the innovator group (284§ alreadyocally recognizedby

other peeffarmers as an innovator, the survey responderdse vasked to identify who in their
community is usually first at trying out new initiatives (Q6.3). From the 1607 farmers, 45 provided a
name of an innovator where the same name was sometimes proposed by multiple resggihdents.
namesout of the 187 seleced farmers who were identified as innovators were agmgnizedas the

first people in their community who are early at trying out neivatives (i.e. early adopters)rhis
indicates that the innovator screening criteria was overall very successfdlecting the early
adopters/innovators.

Do other women ever come to you for advice or try to copy what you do, for example, in your farm or

other businessPQuestion 6.4€f innovator survey

The highesscore was given ttarmers if they said that othesriners come to seek advice from them.
From the results, a majority of abeseore category (innovators@spondent$86 per cent indicated
that they have been approached by other farmers for advice as compared to pafycdatof the
responses from theelowscore category (nonenovators). .

Table 2-22: Farmersd scores: Do people come to
Whether Others Come to Frequency
Them for Advice Score Above-score Below-score
No 0 26 (14%) 952 (67%)
Yes 1 161 (86%) 468 (33%)
Total 187 (100%) 1420 (100%)

This question enabled the research to accurately capture and select the respondents who have had othe
farmers approach them fadvice in the pastand who are considered reliable atrdstworthy
Compared to those in theelowscorecategory, almost twice the number of respondents imlbloge
scorecategory indicated that some farmers came to seek advice from them and are therefore more
likely to have better ideas. They woulderefae be the group with the higher likelihood of having

ideas forconceptualizindaboursaving tools that can reduce the drudgery for their own farm tesks

compared to the farmers who were not selected to participate

Please identify women in your commuwgiwho are best at busines&uestion 6.%f innovator survey

Of the 187 farmers who were selected as-bestinnovators based on the innovator survey scores, 34

(18.18 per cenx were identified adest business womdsy their peers. This question wdeetefore
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instrumental in identifying innovators as some of the identified respondents were also verified by their

peers.

Do vou know anyone who employs others in otheisiness excegarming? (Question 6.6f innovator

survey)

Among the group of thoseh® employ others in different businesses other than farming, 2 were from

theabovescordinnovatorgroup of the women farmers.

Who are the largest producerand what do they produce®Question 6.0f innovator survey

7 of the respondents in tfboveswre category of women farmers were identified to be among the

biggest producersf commodities in their communities.

2.3.2Distribution of Scoring for Innovator Screening

The research liaised with a range of experts on grassroots innovation (Gupta et albdX3@®,,

2016) (Wettasinha et al., Undated, Douthwaite et al., 2002) during the process of developing an
innovator screening tool to distinguish between high innovator scoring farmers and low innovator
scoring farmers. To identify women smallholder innovstin the targeted sites, an innovator
assessment questionnaire survey was designed consisting dfvéftguestions, out of which 39
guestions were actually scored to assess for innovation potential. The survey included questions
capturing baseline datas well as questions that aimed to segment the audience by assessing personal
and financial profiles, early adoption of technology, entrepreneurship potential and farming practices
(Appendix 2) which fall among characteristics of innovators as deschipedPoirier et al., 2017,

Swim, 2017). As (Smith and Findeis, 2013) explains about segmentation of the audience, it would in
this case help to identify the beseét innovators from the group of the female farmers in Malawi with
highest potential to conceyglize laborsaving technologies tailored to the demands of their cropping
systems as compared to their fellow smallholder farmers. (Patterson and Zibarras, 2017) called the
them traitbased measure of creativity and innovation potential. (Pattersonlaral Zir a s , 2017) 6
suggested that openness to experience is positively related to creativity and innovation and the same

observation was supported by (Fursov et al., 2017).

The initial questionnaire comprised of six sections that were designed ®sasset he r espon
personal potential for early adoption of technology, entrepreneurship potential, and knowledge of other

smallholder farmers who demonstrated innovative thinking and pioneered activities accordingly. The

52



guestionnaire also captured ttes pondent s6 household baseline da
financial servicesThe remaining 16 questiongere used to colletemographignformation andwvere
not relevant for capturing innovation potential but were useful background data thatsed in the

research. The criteria used to differentiate innovators from those with less innovative capabilities were:

Use of norconventional building materials,
Use of mobile phones to access agricultural information

Likelihood of educating the gidhild to level access to education

o o o

Use of norconventional planting methods.

The distribution of the innovator scores for the 1607 farmers relative to the innovator farmers that were
selected as the beseét innovators is provided in the table below. Ti&ribution of the innovation

scores was not skewed indicating a good resolving power of the innovation scoring system. Based on
an innovation score cutff, 187 farmers were identified where 65 people scored betweger3éent

and 39per cent116 peop scored between 4f&r centand 59%er centand 6 people scored between 60

per centand 65per cent while 1 person scored f&er cent The summary table below provides an

overview of the innovator screening criteria & scoring system for identificatibestbet innovators.

Table 2-23: Breakdown of Questionnaire Showing Distribution of Scores

. . . Number of Sco_ring Scoring
Questionnaire Sections Questions We_lght Weight (%)
(Points)

Household characteristics 1 2 4%
Early Adoption of Technology 8 10 18%
Farming Methods 6 8 15%
Access to Assets & Mechanization 6 12 22%
Value Addition 8 10 18%
Entrepreneurship Potential 6 7 13%
Savings Potential 2 3 5%
Community Involvement 2 3 5%
Mean (for the abovesoore) 27.03 49%
Mean (for the below-scorg 14.84 27%
Total 39 26128.50 100%

The sections that contributed highly in the scoring included the sections dealing with access to

mechanization (2per ceny}, followed by early adoption to technology and veahdelition (18per cenk
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Farming methods and entrepreneurship ability sections also contributed higiplgr (@&ntand 13per

cent respectively), but financial status and community, community involvement and the household
characteristics sections had l@entribution to the scoring and screening of the innovatorsalbbee
scoregroup scored highly as shown by their mean score and percentages (27.03pancte® but

the belowscoregroup scored low (14.82 and pér cenf. Innovators were thereforelseted from the

group of the highly scored female farmers. The study investigated areas that are already in practice by
the farmers so that its findings may be able to improve on the existing knowledge and skills hence

economic development as recommendgddaylor, 1999)

"Best Bet" Women Smallholder Innovator
Scoring Criteria and Weight of Scores

Community

invol\remem\ B Household data
Financial data 5% 4%
‘_‘_\—‘_‘1—_'_‘—‘—-—

5%

¥ Entrepreneurship
Potential
13%

Access to assets and
mechanization
22%

o

Figure 2-3: Distribution of InnovatorScores based on survey sectidis=1607).

2.4. Discussiors and Conclusions

2.4.1Evidence That Selected Women Farmers Are the Top Ranked Innovators

Thefindings presented above demonstrate thatekearch confirmethe possibilityto screen women
smallholder farmers and select those with the potential to innovate. The scoring methodology used
ensured that those selected were the top scorers who scorez tabogut off score (described in
section 2.3.3who have the best chances of innovating based on their responses to the innovator

survey Thesegroups of women smallholder farmensere classifiedas i B eBset t | nndheat or
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throughout the researds dacribed by(Tambo and Winscher, 2015, Chambers and Jiggins, 1987)
since here was no countdactual control group that we were comparing them to. Howeer
farmers demonstrated thaiven an enabling creative environment, the women innovator groups were
able to answer the screening questions and understood how they leetedsand why. They also took

the time to ask several questions to better understand their role in the resebecisured that they had

an accurate understanding of innovation and innovation assessment in their rural context

2.4.2Criteria for Innovator Identification in Rural Contexts

While a range of criteria were used to identify the {bestinnovator{Tambo and Winscher, 2015)

some ofthe questions were more instrumental in identifying the high scoring respondents as the
difference in the scores of the high scorers and low scorerstat#gicallysignificant. Generally, the
questionghatrelated to communication and access to infdrom were instrumental in assessing the
women farmers who had the capacity to easily communicate with others and access information
compared to the groupofnann novat ors. The respondentsdé will i
that improved their aess to communication and information demonstrated potential for innovation as
they can be considered early adopters of technology and risk takers. Respondents who demonstrated a
higher capacity for innovative thinking were also identified using questionwhat ICT tools were

used for with regards to their farming activities. These types of questions also @hahblesearclo

identify those who are more likely to be exposed to ideas and information as compared to those below
the innovator cut off sece (Baliwada et al., 2017, Fursov et al., 201W)e can therefore expect that a

higher percentage of the innovator group accesses more informaiog ICT to promote their

farming as business and would thiere demonstrate more capacity for innovation and doing things

differently.

Questions related to farmelated activities were also instrumental in identifying the innovators.
Farmerswho get their main income froronfarm activities can gain from impred agricultural
technologiescompared to théandless rural households who foaus theoff-farm activities (Dethier

and Effenberger, 2012)They tended to do things differently omdir farms and with their farm

produce i.e. their methods, modes of transport, market selection among others.

Responses from the innovat@isoindicated a higher likelihood for the innovator groups to indulge in

winter crop production as compared to itheoneinnovator counterparts. This further indicates a
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higher likelihood of these innovator groups being involved in income generating activities and having

access to the added exposure of their mobility to markets and other villages and towns.

When askd whether they have ever improved/fixed a farming tool, the highest score was given if the
farmer indicated that they have either made or improved their own tools for farming. From the results,
respondents from the group of innovators &6 cent showeda higher percentage of scores than the
norrinnovators below the cut off score (P®r cent. This question was very useful in assessing
innovation potential as we can therefore conclude that farm tools are more likely going to be improved
by the women faners in the innovator groups as compared to themaovators who scored below the

cut off. Please refer to the results section for details of each of the questions that were used to assess

the innovation potential of the 1607 farmer respondents.

2.4.3Effects o f Al nnovat orMind-&taadBehavibri cat i on on

The process of going through the innovation screening process was very engaging for the women
smallholder farmers who had previously not been involved in an innovation research and design
initiatives. According to the womenthisaoiwd dndgagemenewas vierg r me
empowering for them. Some participants indicated that they had never been to school but through this
project screening exercise, they were more confident as theysfelttahough t hey had i
This motivated them to contribute to the conceptualization and testing discussions rather than expecting
the researchers to pr odNukietak, @0d4)slttast eass fAtWhee t theex p
suggested farm machinery and riegltural practices are feasible for lotgrm agricultural
devel opment , t heir cont r tcdnfidencecand seHsteein is @ keg facdor n g

in womends empower ment and gender equalityo.

2.4.4Evidence that selected Innovators are the Bé3#t Innovators

To conclusively demonstrate that the 187 innovators identified are indeed tmbestovators from

the 1607 screenethe researctvould have required that we conducted a randomized control treatment
type design for the overall PhD stuavhere the 187 selected innovators would be compared to a
matched (similarly structured) sample of 187 farmers randomly sampled from the overall 1607 farmers
surveyed. In principle, such a design would have determined whether selecting innovators was more
likely to result in improved outcomes rather than just sampling 187 farmers randomly i.e. answering the

guestion as to whether innovators are any better than an average group. However, due to major funding
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inconsistencies and difficultiea multtannualRCT type design could not be conducted in this PhD
research and hence the question cannot be answered in this project as to whether the 187 innovators
identified are indeed the innovators from the 1607 screened. This is the rationale for the use of the
Afsebet 0 qualifier in the description of the inn

research

Overall, the research conducted in tB7§ thesischapter took the first crucial step in identifying the

i b ebsett 0 wo me ngroups o beveagagedhe agritools PRTD procesghe research was
cognizantof thedifficulties in identifying innovators in any setting, and especially in poor rural settings
where innovation amongst women farmers may not be expected or encouraged. The aeredrth
find t-het dibieshovators amand gl intetested womnemeiners ivere athe r s
exposed to the idea of innovation and the varioe$initions in agriculture to enhance their
understanding before the innovator screening was coediuidie women innovator groups responded
well to the fact that the researchers were investigating their ability to contributeadmlungy inputs to

the development adgritools and machines for their benefit. This encouraged the farmers who were
selectedas besbet innovators as from the feedback given to the research team, the process of being
involved in the innovator assessment gave the women smallholder farmpositingefeeling of being
selected because they were considered more creative anbllecagfainnovating or adapting

technologies to suit their own needs.

While the typical approach in Malawi does not usually involve women in the tool innovation and
design process, this research explored unique approaches to identibetogstovators irthe rural
settings of Malawi whee capacities to identify their labour constraints aodesign labour saving
technologieswould be assessed’he next chapter provides a summary of the research activities
conducted after the innovator screening exercige @onducte@ndfocuses on the wgountry setting

for development of laboesaving technologies in Malawi.

57



3. CHAPTER 3: LABOUR, TECHNOLOGY & RESOURCE CONSTRAINTS

3.1. ResearchObjectives

The objective for this topic was:to

1 mapthe keyconstraintsthat presenimajor challenges fowvomen smallholder farmers. Having
identified the fibestbe® innovators in Chapter 2 this chapter aimed to assesthe labor,
technology, and resouramnstraintsthat womenfarmersand their householdsavein Malawi.

The expectationvas that the lessons learned from this inten§ielel work would highlight the
benefits of working witivomensmallholder farmers to identify the best use of their resources to
design innovations that can enable them to be more productive, generate noonee iand
improve their livelihood¢SELCO, 201/Vereijken, 1999

1 The secondresearch objective assessed ttausalfactors leading tolow uptake ofimproved
agri-technologies and a lack of sustainable adoption of improved tools and mechanized

equipment.

As part of the initial review, there were indications that there were other smallholder-fargeging
technologies in the Malawian marketsat smallholder farmers had heard of but never seen. This in
itself presents a challenge to them as they have limited ttnowledge ofany new or improved
agriculturaltechnology that has been introduced into the market and whether that technologywtan be
benefit to them. The research results would enable the resedrelter equip the smallholder farmers
with the technical knowledge of new and improved technologies and how their efddmgption,use

andmaintenancean benefitarming householdeconomicallyand socially in a sustainable manner.
3.2. Research Methodolog

3.2.1ldentification of HouseholdLabour Distribution

To be able to understand and design the right labauing innovations, the women innovator groups
needed to be engaged throughaatipipatory approach where they can offer their inputs and value
adding contributions in aimclusivesetting(O'Neill, Chambers, 1994Cavestro, 2003 This would be

a comfortableenablingenvironment where they would be able to share as a group and individually, in

a well thought out and concise manne
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This chapter summarizes the research activitiesethgaged wmen smallholder farmers in Malawa
capture how thegurrently perceive theiworkloads and what the peak labour demand periods are that
are considered to be a burdebour intensive The research explored participatory rural appraisal
(PRA) toolsas applied by other research@@hambers, 1994Cavestro, 200B8to map out labour roles

in the householdsawell asthe breakdow of daily activities by peak and gfeak periods in the day

andmonths in thédarmingcycle

Activity Clocks:Theresearch usettis toolto identify the daily workloads and labour requirements for

women smallholder farmers and their households. Eacherin the 16 innovator groups provid&
detailed breakdown of the daily activities and preparedtao24 activity clock for themselves and their
spouses, if applicabl@he spousal component was completed by the women farmers with their spouses
in their homes, which allowed for the conversation of labour distribution to be initiated within the
household. This ensured the spouses opinions and contributions were also incorporated indirectly.

Key Questions Asked During Exerciddte facilitator used thdollowing guiding questions during the

activity clock focus group exercise:
I. For each person, how is his or her time divided?
ii.  Who has the heaviest workload and why? What task are they responsible for?
iii.  Who has time for rest and leisure?
iv. Where do women spentbst of their time?
v. Where do men spend most of their time?
vi. What is the difference between the women's and the men's clocks?

To ensure accuracy of data recorded during each focus group exercise, the facilitator and note taker
ensured the availability ofip charts, marker pens, tape, pencils, ruler, erasers, and pieces of paper.

Each Focus group was given the same instructions for the activity clock exercise:

. Participants were asked to draw a circle and
their daily activities.
ii.  The participants were then engaged to highlight how much time they spend on each of the
activities they indicated in # 1 above.
iii.  They were then asked to note the labour requirement for each activity mentioned above and

how labour demiading the task was.
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iv.  Participants were asked to draw clocks for the two farming seasons i.e. the cultivation and
postharvest season

v. When each participant had completed their activity clocks, the participants were asked to
verbally describe their daily ctks at which point the facilitator asked questions about any
unclear data collected.

vi.  Activities that are carried out at the same time (such as child care and cooking) were noted in

the same spaces/pies.

The participants in each innovator group drew theiivay clocks by season as well as those for their
spouses, which were done in a participatory manner with their spouses at home. This enabled the
research to have a gendeclusive approach even where resources did not permit as the women
participants ad their spouses worked together to draw their daily clocks at home. The research then
compared the clocks to analyze any discordance in the gender roles regarding household labour
distribution. Refer to the appendix sectionreview the template develapéo capturgéhe 24hr recall

of work done.

3.2.2ldentification of Peak Labour Tasksnd Associated ools

Once the typical tasks for the household and farming actiites the activity clock exercisesere

identified the researchcarried out various sess®msing PRA tools to identify the various farming

tasks highlighting those that women farmers classified as labour intensive. Seasonal calendar exercises
were conducted where tasks were divided by time of year, specifically the cultivation ahdpest

seasons. The associated labour requirenardgools used for each activityere also indicated in the

seasonal calendars.

Focus Group Discussions (FGDs) Regarding $®asonal CalendaiThistool was used to identify the

nature of the farming cycle,@ps grown, tools used, labour requirements, as well as food, income and
time availability among women smallholder farmers and their households. Each innovator group

discussed the farming activities completed and prepared their annual calendar.

Key Questios Asked During Exercis& he facilitator used the following guiding questions during the

seasonal calendaxercise:
I.  What is the farming cycle (highlightiral activities they are involved in)?
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ii.  What toolgmachines do women smallholder farmers use for eattified farming activity?
iii.  Whatisthe energy& labour requirements for tools and machines used throughout the year?
Iv.  What is the cropping calendar and what tasks are associated with each crop?
v. When are the optimum times in the year to engage in vaaiciugties?
vi.  When are the school days? When are children expected to work in the farms and household?
vii.  During which periods do farmers experience high and low food availability?

viii. ~ During which periods do farmers have more disposable income?

To ensure accuracyf data recorded during each focus group exercise, the facilitator and note taker

ensured the availability of flip charts, marker pens, tape, pencils, ruler, erasers, and pieces of paper.
Each Focus group was given the same instructions to completeaezendar tables below:

I.  Use scoring of up to 20 (the higher the score, the more value imthatt)
ii.  Participants were asked to indicate the farming cycle and tasks throughout the year
iii.  Women farmerthementionedhe tools used for each of tfeming cyle activitiesmentioned
iv.  Each group highlighted the months with the most rainfall and those with the least rainfall.
v. Each group indicated the months with the most income and those with the least income,
highlighting when they purchased tools and inpsmonths with disposable income.
vi. Each group indicated the months with the most food availability and those where they
experienced food shortages.
vi.  Women farmers alsnotedwhen their children were off from school and available to help as
well as when comnmity cultural days were observed.

The groups ranked the rainfall distribution in their regions from 0 to 20, indicated the tools used for
their farming tasks ancharked the months where the holidays, cultural and school days tool place.
They also identid the food availability distributions in the year and indicated during with months
they had any extra income than the typical montlisthe above data was captured to have a holistic
view of the women far mer 6s c o ionduning thetrédseatch psrod | d

Refer to the appendix section to review seasonal calendsemplate developed.

Smallholder farmer were also engaged to consider what they would do during any of the months
where they had any extra time andome and werencouraged to highlight incorgenerating ideas
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for boosting their offarm labour productivity. Refer to the appendix section to review the template

developed to capture data on-pak activities.

The groups also ideni#fd their cropping calendar (tgpof activities by type of cropag. Activities:
B=Burning (weeds, vegetation); LP+ Land preparation (hoeing, ploughing); P=planting; W= weeding;
H=harvesting; S= storage. Refer to the appendix section to review the template developed to capture

data onte cropping calendar.

Each of the innovator groups completed their seasonal calendars based on the inputs of their
participants. As the two sites have some variations in the rainfall patterns, type of crops grown and
tools used, it was important to recafie site-specific datato be able to identify any discordance
between the two sites. The research was then compiled to be present the results based on the two

surveyed regions of Malawi.

3.2.3Roles and Responsibilities in the Household
During theFGDs the resarchalso collecied data on how labour is distributed in the households that

were represented in thenovator groups Each womends i nnovator group
farm tasks are carried odtiring the farming cyclas well as livestock camnd general househohd

child careactivities. The participants were then asked to specify who in the household was responsible
for the tasks identified for their specific household and what the division of labour was i.e. who did most

of the work relag¢d to a particular item and who else assisted. The labour distribution was divided and a

table was prepared for each group to filtivasin b
on the basis of this data collected that the labour distribwtias measured for the members of the

household as is presented in the results section.

3.2.4Resource Mapping

Through the research activities, the facilitator aimed to engage the women smallholder innovator groups
to think about andnap out t hei r sicalosotialigconomigadd hunpah yesources. The
research outputs for this would produce a resource map assessment and risk assessment for the futur

potential local production of agricultural tools in Maladéscribed in later chapters

Resource Mappingfo identify the human, natural antherresources in the community, each innovator

group was engaged RGDsto map out, identify and estimate the value of resources available in the

community.
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Key Questions asked during the resource mapping exeidmgefacilitator used the following guiding

guestions during theesource mappingxercise:

I.  What resources and skills are available from members of the community? Examples of these are:
knowledge, labour and expertise (informal or formal) such as teachetenseon workers,
medical professionals, financial service providers and others.

ii.  What resources are found naturally occurring in the environment? These include vegetation,
water sources, land, animals, forests, etc. (Where do people collect water anddiP@wo

iii.  What do members of the community have access to in terms of infrastructure and services?
(Banks, schools, roads, irrigation schemes, transport systems, tool providers, and others.)

iv.  What resources are available from their social network? (Local culume traditions, village
leadership structure, influential leaders and resource people, family and friends and others.)

v. Does everyone (men and women) have equal access to land and amenities?

vi.  How is land acquisition determined? Who are the decision makeing icommunity?

vii.  What resources are abundant and what are scarce?

FGDs were instrumental in successfully exploring who all the players in the groundnut, bean, soya
bean, and maize supply chains are from the grassroots perspaefore conducting the magk

review. The research engaged the women smallholder farmers to identify their agricultural tool retailers
and producersand where they were located. They also mapped out where their extension service
planning areas were located, the kind and frequencgenfices they were offered and who their
extension service officers werg addition, they alsindicated whether they received any other kinds

of support from local or international organizatiomie data collected was useful for the research to
identify what human resources/advisory services the women had access to in order to better capture
their levels of exposure to information, particularly regarding agricultural technglogiesh was

instrumental in understanding their innovative potential.
Ead focus group was given the same instructions to complete resource mapping activity:

I.  Participants were asked to first identify their drawing space and identify an object to represent
their central landmark.
ii.  The facilitator then asked for a volunteer towdrthe boundaries of the villages.

iii.  Women farmers identified their villages, farms, irrigation plots and water collection points. Once
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these points were mapped out, they also drew the main roads and foot paths used to walk to their
farms, and water collectiopoints.

Iv.  Groups were also asked to map their markets and places of business and where their purchased
or sold their produce, if applicable.

v. Retailers of agricultural tools and machines as well as tool producers were algedap

vi. The women smallholder faers also mapped out the hospital, police, AEDOs and EPAs
locations and the chief and village head locations. In addition, organizations that supported
farmers were also identified and their locations mapped out.

vii.  The innovator groups were encouraged to dthe/resource maps on flip charts and indicate the
compass directions. The researchers were careful and observed without interrupting the

participants unless they stop drawing or got distracted.

The facilitator interacted with the innovator groups to mapavailable resources as well as locations
and availability of raw materials for agricultural tgmoductionin Malawi. In addition, locations of

local tool producers and bicycle repair people were also included in the mapping eXéressewould
potertially be the labour force and source of spare parts and would be responsible for regular
maintenance of the technologiesaesigned with the innovator groups.

The research indicated the key symbols to be used by each group during the resource mapjisieg exe

Major roads accessible by cars and oxcarts and indicate where they lead to
Foot paths accessible to pedestrians and bicycles

Buildings such religious institutions, police and schools, health posts,
Agricultural extension planning areas and leadépsimits

Farm areas and Irrigation plots

Residential areas and indication of number of households per village
Forested areas

Communally used areas

=4 =4 =4 -8_9_9_9_-°

3.2.5Assessment of Existing Tools Uséal Labour Intensive Tasks

The research investigated the existing toold arachines thaare available for women farmers and
their households. Each innovator groupsasked to bring the tools they currently use forldimur
intensivetasks they identified. Similar to other participatory research condgodtkill, Chambers,
1994 , Cavestro, 20083 the researchers employedstep by step approach to the development of

database of existing tools used. The women farmeasured specific dimensions for the tool handles
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and blades and used tlaisa starting point for the edesign process to test thpotentialto codesign
laboursavingtools. They alsoidentified purchase points for the tools and the locationfocél tool

producers.

3.2.6Data Analysis Approaches

Microsoft Excel Quantitative and qualitativedata wascollectedduring focus group discussions that

were conductedi local languagesThe note taker summarized all the discusstungng the exercises
described abovanafterwardsthe data was coded and entered into MS Excel for cleaamadysisand

presentation using tables and graphs

SPSSIn addition to MS Exde the research also incorporated the use of The Statistical Package for
Social Scientists (SPSS) Package to calculate the mean comparison which involved Analysis of Variance
(ANOVA) to comparedaily average time allocation for different activities donerbgle and female
farmers during dry and rainy seasons; mean scores for monthly income availability for farmers with
respect to their location; mean scores for monthly household expenditure for farmers with respect to
their location and mean scores for ntanthousehold food availability for farmers with respect to their
location. The data was analysed at@5s centlevel of significance and significant differences were
determined by &.valueof <0.05. Multiple response analysis involving crteisulationslead to the

descriptive analysis of the tasks based on who typically is responsible for household task/activity.

Figure 3.3.6 Focus group discussions in the study argploto taken by Zewdy Gebremedhin
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3.3. Results

3.3.1Distribution of ActivitiesAmong Men and WomenActivity Clock Outputs

Based on the&4-hour recollection of activities exerciseonducted for each group of innovatotise
average time taken for men to completefam tasks was less than the tasks and time taken for women.
Women had 11 tasks to complete compareeigbtfor men in the posharvest season. In comparison,
during the cultivation season, men hadventasks compared tonine for women. Women were

responsible for all household tasks.

The resultsn thefiguresbelow demonstrate that women in both rainy and dry seasons are involved in
almost all household activities except construction and irrigation and spend littlertisheep and rest

during most times of the day as compared to male farmers. During bo#mdinyet seasons, women
assessedpend more time doing farm work than men. Men spend more time in various income
generating activities than women. On average, men spend 12.5 hours resting while females spend only
eighthours and these findings are suppoftigdBlackden and Wodon, 2008/odon and Beegle, 20D6

who observed that there are marked differences in how much and on which tasks men and women spenc

their time.
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Figure 3-1: Average time spemin activities during the dry season. (n=187s).
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Figure 3-2: Average time spemin activities during the rainy season. (n=187).

67



More time is also spent bwyomen in preparingnealsandbath water Other activities such as cleaning
the house/clothes/children, fetching water, and firewood are only performed by the witine¢he

help of their daughters and in few cases, their sons, helped to fetch firewowmdtandsing bicycles.

3.3.2ldentification of Labour Intensive Tasks and Peak Labour Demand Periods
Women smallholder farmers indicdtthe most labour intensive tasks and in which months the seasonal

labour demands increase. Women farmers identified Decamib&bruary as the peak labour demand

period for the cultivation and May to July as the peak labor demand period fdrgpesst tasks.

Table3-1: Farm Operations and Associ alhmtorliGooopss us e

FARM OPERATION TOOLS AND IMPLEMENTS USED.

Crops Grown Maize, Tobacco, Soya Beans, Sweet Potatoes, Beans, Iris
Potatoes, Groundnuts

Land Clearing Axe, Panga, Hoes, Saw
Land Preparation Hoe, Panga, Hammers
Seeding By Hand, Small Hoe
Application of Fertilizer By Hand, Small Hoe, Sticks,
Pest/ Disease Control Buckets, Spray Cans, Knap Sacks Sprayers
Watering / Irrigation Buckets, Watering Cans, Motorized pumps( in groups)
Weeding Small Hoe
Harvesting By Hand, Hoes, Sickles, Axes, Rmas
PostHarvest Processes Mortar andPestles, Hand, Shellers And Grinders, Storage Sh
Marketing Ox CartsandBicyclesfor Transport,
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Table3-22 Women farmersé r espons e sesbopeaddGrops Groovm duringthelrany ¢¢asend, Act i vi
Tools Used in January Activities Done in January Crops Grown in January
Tools Use Location Activities Location Crops Location
Nkhamenya Kabudula Nkhamenya|Kabudula Nkhamenya Kabudula

Hands 10% 5% Banking 6% 30% [Beans 10% 13%
Hoes 26% 32% |Fertilizer 13% 9% |Cassava 3% 3%
Needles 5% Harvesting 2% 3% |Groundnuts 10% 13%
Ox-Carts 5% Making Ridges 7% 4% (Irish Potatoes 7% 8%
Pangas 9% Planting 24% 10% [Maize 10% 13%
Plates 6% 14% (Selling 5% 4% [Rice 2%
Sacks 5% |Weeding 35% 40% |Soya Beans 10% 13%
Spoons 16% 14% |Earthing (Uprooting) 1% Sunflower 10% 7%
Sticks 16% 14% |Applying Chemicals 3% Sweet Potatoes 9% 13%
Sprayers 13% Clearing Land 1% Tobacco 10% 13%
Bottle Tops 3% Digging Out 1% Bambara Nuts 2%
Bottles 3% De-Suckering 1% Tomatoes 4%
Legs 6% Millet 6%

Okra 1%

Onions 1%

Rape (Vegetables) 1%

Rice 1%

Sorghum 1%
Total 100% 100% 100% 100% 100% 100%

The table 3.3 abov&howsresponses on tools usaddactivitiesundertakenn the month of January of each year based on focus group discussions

(FGDs. Common activities of that month include banking, fertilizer application, planting aedimgecrops such as beans, ground nuts, maize, soya

beans, sunflower and tobacéanong all tools used during this month of the year, hoes are used the most, followed by plates, spoons and sticks.
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More details on the lists and proportions of responsesas tised in the fields, activities and crops that are done and available by month (in the

rainy season) are in the supplementary data.

Table 3-3: Responses on Tools Used, Activities Conducted and Crops Grownthe Dry Season.

Tools used in July Activities Done in July Crops Grown in July
Tools used Location Activities Location Crops Location
Nkhamenya | Kabudula Nkhamenya | Kabudula Nkhamenya | Kabudula
Hands 10% 6% Applyl_ng 3% 7% Bambara Nuts 3%
Chemicals

Hoes 7% 21% Baling 3% 4% Beans 14%
Needles 2% 3% Clearing Land 2% 11%  |[Groundnuts 14% 17%
Ox-Carts 5% 6% Digging Out 3% 2% Irish Potatoes 6%
Pangas 2% 3% Grading 8% 7% Maize 20% 22%
Sacks 15% 12% Harvesting 2% 2% Soya Beans 3% 14%
Sticks 7% Removng Stalks 8% 4% Sweet Potatoe 11% 6%
Wheel Barrow 2% 3% Selling 29% 36%  [Tobacco 20% 19%
\Winnower 7% Shelling 10% 9% Millet 11%

Bicycle 3%  [Slashing 0% 204 \Fj:g:tables 3%

Buckets 2% 3% Storage 0% 2% Sorghum 3%

Head 2% 0% Transport 13% 7% Sunflowver 9%

Jake 17% 21% Earthing 0% 7% Tomatoes 6%

Strings 7% 3% Drying 5%

Car 6% Nursery Prep 3%

Shovels 2% 3% Planting Nurserig 2%

Sprayers 3% Storage 5%

Trucks 3% Threshing 2%

Knives 7% Treating 2%
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\Watering 3% ‘ ‘ ‘
Nurseries

Peske/Mortar ‘ 2% ‘

Results summarized in thable aboveshows responses on tools udmded on responses received during F@D activities undertaken in the
month of Jly of each yearAmong all tools used during this month bktyear, jacks are used the most, followed by hoes, and sacks. Common
activities include, selling crops, clearing the land, shellgrgdingand transporting crops such as tobacco, maize, beans, ground nuts, soya beans,

and sweat potatoes. More detailstibaactivities conducted in the dry seasoepresentedn the supplementary data.
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3.3.3Cultural and Community Days Observed by Innovator Groups.

The innovator groupslso indicatal when the cultural days mostly occur in the yeéarbetter
understand when ¢y have more time in the yedrhese did not include public holidays as the research
aimed to collect site specific cultural and community relevant data. The groups indicated the months
between May and Septembses this iswvhen most activities have beemmaleted and not much labour
intensive work takes place. In additjathis is also the time when smallholder farmers have more

disposable income and can afford to purcheseee s s ent i al Al uxuryo i tems.

3.3.4High Income and Expenditure Periods of the Year

Groupswere asked to rank the incoraeailability from 1 to 10, with lower scores representing extreme
income shortages and high scores representing high income availabilgy.were also asked to rank
the expenditures for each month from 1 to 10, with loseeres representing low to no expenditure and
high scores representing high expenditure.

Descriptive statistics werealculatedto understand the main sources of income of the farmers after
focus group discussion3able 3.6 belowsummarizes the source$ iacome for the two sites. It is
therefore shown with respect to these results that farming is the main source of incomevionéme
farmersin both sites followed by small scale businesses, then professional jobs.

Table 3-4: Main Sources of Income for People in Nkhamenya and Kabudula

Income Sources Nkhamenya Kabudula
Artisans 1% 3%
Small Scale Businesses 22% 15%
Professional Jobs (Teacher, Policeman E 15% 11%
Bricklayer 2% 1%
Forest Guards 1% 1%
Farming Only 58% 68%
Total Households 100% 100%

Descriptive statistics werealculatedto understand the income ranges of the farrbased ordata
gathered. Thencome rangesndicate that majority of farmers fall in the income range of between

US$000 to US$363.50ndicating lowerincomes for most smallholder farmers in the study area.

Table 3-5: Income Ranges for The Farmers in Nkhamenya And Kabudula Areas.

Income Ranges Nkhamenya Kabudula
MK 0-199999 (USD 0.00 363.65) 73% 51%
MK 200000499999 (USD 363.65909.09) 19% 27%
MK 500000999999 (USD 909.091818.18) 6% 19%
Over MK 1000000 (USD 1818.18) 2% 4%
Totals 100% 100%
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3.3.5Least Labour Intensive Periods for Women Smallholder Farmers

The innové#or groups indicated thahey typically experience less labour intensive periods during the

postharvest season (May to September) compared to the cultivation season where they spend man

hours on ridging, planting and weeding their farffisey alsoindicated thaton their free timethey

typically:

= 8 -8 _a_-a_-9_9_-2

Have time to rest i.e. period of no physical activity

Visit family and friends (mostly on Sundays after church)

Start businesses such as retail stores or clothes shops.

Pursue further education to develop thehasse.g.farmer training, financial management

Repair baskets and other household items or ask their husband to repair the farm tools

Make small snacks for sale during market days

Plant vegetables where irrigation permits for sale during market days dose neighbors

Mend their childrends and husbandds cl othing
AWith laboursaving tools,| will have more time to carry out my daily activities without
exhausting myself. o

Woman Smallholder Farmer Nkhamenya innovator group

AWhen we use tirgaving toos, we will have the time twisit our friends and familyand

enjoy their companyo

Woman Smallholder Farmer Kabudula innovator group

3.3.6Cropping Calendar for Central and Northern Malawi

Each groupn each study area identified the most commonly grown aapshighlighted the yields per

acre.

Table 3-6: Breakdown of the croppingbasketand yields per crop and per site.

Crops Grown Yield Range Per Acre
Nkhamenya Kabudula

Maize 1350- 1500kg 1350- 1500kg
Tobacco 200- 500kg 200- 500kg
Groundnuts 800- 1250kg 800 -1250kg
Soya Beans 300- 500kg 300- 500kg
Sunflower 150-200kg 150-200kg
Beans 150-200kg 150- 200kg
Sweet Potatoes 50- 100 Bags 50- 100 Bags
Irish Potatoes 500- 700kg 500- 700kg
Cassava 50 Bag100 Bags
Millet 200kg350kg

There were very few differences noted between the two study areas regarding the type of crops the)

grow. However, assava and millet are typically grown in the Nkhamenya anoh iatbudula.
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3.3.7Existing Tools in Use dring the Seasonal Calendar

Eachgroup identified their farming activitiesand tools usedluring the cultivatiorseasoras well as
those carried out during the pdsirvest period of the farming cycl&€hey then reviewed the list of

activities and rankechem based on labour intensifyables 3.11 and 3.12 indicates tools currently used

for cultivation activities and postarvest activities respectively.

Table 3-7: Ranking of Tools by Labour Intensity during the Cultivation Season.

Clearing Making Banking Chemi_cal& . :
. . Fertilizer Weeding Planting
Land Ridges Ridges oo
Application
Most Onerous
Task by season 5 1 2 6 3 4
(1-5)
Tea spoons, Sticks(Poles
Hoe and plates, pop to dig
Tools Used Panga Hoe Hoe bottles & tops, Hoe stations),
buckets hoes, heels
Tool 5 2 2 5 4 4
effectiveness
traditional traditional traditional
Tools available size hoe, size hoe, traditional size hoe,
in Malawi traditional animal animal and micro size| traditional animal
markets size hoe powered powered sprayers size hoe powered
equipment equipment equipment

As indicated in the table aboveurthg tre cultivation period between October and Late March, the

most labofintensive task as per the women smallholder groups is ridgiitguass up a lot of energy

and B very time consuming when using theaditionalsize hoe The women smallholder farmers also

ranked

effectiveness ranging from 1 #®(the lower the score, the higher the effectiveness). The tool identified

t he i

dent i fi

ed

e X i

sting

cultivati

on

as most effective for its activity was theaditionalhoe when used for ridging. However, this same tool

is ranked as least effective for land clearing, planting and weedirty esste

need a large blade or heavy tool to efficiently complete the task.
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Figure 3-4: Existing tools in use in rural Malawi as described by women farmers

Postharvest seasornuns from April to September and is typically less latimensive. The tasks
i denti fied ng
maize and 4) shelling groundnut®uring this time the most labamntensive task as per the women

dur i t 1h shedling smaizes 2) thréshingasaya beans B)igenslinga r

smallholder groups is shelling as it is very time consuming by biaice farmers lackf machirery.

Table 3-8: Ranking of Tools by Labour Intensity during the PostHarvest Season.

DRY SEASON TASKS

Cutting/ Removing | Digging and . Threshing :
Stalking | Maize Cob Uprooting S,\r/}glilzlgg Soyaand P&lflrl}gmg/ Winnowing
Maize Covers & Groundnuts Groundnuts 9
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Decobbing

Most
Onerous
Task by 1 1 2 3 2 4 5
season (15)
Panoa Hands, Pestle & Winnower
Tools Used 9a, Hands Hands Hands | Sticks/Poles, Mortar, !
Hands ) old sacks.
Sacks, Mills
Tool 4 5 c c : . :
effectiveness
lsgilélme in Commercial | Commercial
Malawi Pangas N/A N/A N/A Mills with Mills with Winnower
threshers grinders
markets
The women smallholder farmers also ranked the existinglpest vest t ool s o

score for effectiveness rgimg from 1 to 5As there were notherexisting tools identified for three of

the five labor intensive taskether than handghe rankingas per the women farmerga s

il

e f f e cThd woraeah indicated that they would prefer to have a tool foe ttasks but make do with

their hands in the absence of such instrumehit® tools identified for cutting maize stalks and

threshing grains were also ranked as least effective as they mostly use themrtthtatally available

stickdpoles for these adiities.

Figure 3-5: Existing winnower for Maize and Groundnut winnowing.
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Figure 3-6: Existing tool used for pounding/grinding Maize and Groundnuts.

3.3.8AverageHousehold Labour Distribution.
Each groupf women innovatorendicatel the on-farm tasks carried out by the household members as

well as livestock care and general household activities. The women parti@Eogpecifed who in
the household was regmible for the tasks identifietb assesshe division of labour Multiple
comparisorand adescriptive analysis of the taskss also completed he tables below are a summary

of the activityspecific results based on the responses.

Results in table 3.1%elow indicate that women are involved in growing a large range of crops as

compared to men who focus more on tobacco. It can therefore be concluded that women therefore hav

more labour burdens for €arm activities.

Table 3-9: Division of Labour During Production of Crops.

Example on Growing Cash Crops Task Done By

Women Men
Bambara Nuts 8% 0%
Beans 41% 0%
Cassava 0% 8%
Tobacco 25% 33%
Groundnuts 33% 0%
Maize 0% 8%
Millet 8% 0%
Soya 16% 0%
Sunfower 41% 0%
Sweet Potatoes 8% 0%
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Results intable 36below indicate that women are also involved in selling a large range of crops as
compared to menwWhile women contribute a significant amount of their labour to the growing of
tobacco, they are not volved in the selling of tobacco and consequenthe decision making
regarding the income generated. This further exasperates the labour and income constraint challenge
for women smallholder farmers. Some may question why this is the case when perisessindicate

that they sell more crops. This is in fact deceiving since the crops that women farmers are able to grow
and sell on their own are usually food crops with very really little income generating capacity as
compared to tobacco. For this reasthrey are burdened more as a result of having many crops to grow,
manage, harvest and market while in the end, they are left with the low returns on the investment of

their money, time, energy and little available land.

Table 3-10: Division of Labour During Sale of Cash Crops.

Example of Cash Crops Sold Percentage of Respondents Involved
Women Men Girls Boys

Beans 23% 0% 4% 0%
Groundnuts 38% 9% 4% 4%
Maize 9% 14% 0% 4%
Soya 42% 0% 4% 0%
Sunflower 0% 4% 0% 4%
Tobacco 0% 42% 0% 4%
Vegetables 4% 0.00% 4% 0%

Results in table Bbelow also demonstrated a higher labour burden for women smallholder farmers

who indicated that they are involved in taking care of more animals as compared to men, boys and girls.
The responses indicated that women mainly lead in their labour contribution regarding taking care of
goats, chicken, and pigs while they only indicated that men mainly are responsible for cattle and to a

small extent, goats as well.

Table 3-11: Division of Labour During Care of Livestock

Examples of Livestock Percentage of Respondents Involved
Women Men Girls Boys
Cattle 3% 28% 3% 14%
Chicken 25% 0% 3% 3%
Goats 28% 3% 10% 0%
Pigeons 3% 0% 3% 0%
Pigs 21% 0% 10% 0%
Sheep 3% 0% 3% 0%

Results relating to selling livestock indicate that women are mostly involved in selling small animals as

compared to men. These are small animals that generate little income e.g. poultry, goats and pigs. Larg
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animals thagenerate higher sums of income such as sheep and cattle are sold by men who control an

income generated.

Table 3-12: Division of Labour During Sale of Livestock

Examples of Livestock Sold Task Done By
Women Men Girls Boys
Cattle 0% 23.81% 0% 0%
Chicken 61.90% 4.76% 4.76% 4.76%
Goats 19.05% 9.52% 0% 4.76%
Pigeons 4.76% 0% 0% 0%
Pigs 19.05% 9.52% 0% 0%
Sheep 0% 4.76% 0% 0%
Culturally speaking, buil di ng ho u detasled discussionsp i C

revealed that there are some tasks that require assistance from women and girls. For example, th
results showed a high involvement of women in assisting in building homes. It can therefore be
concluded that women play a significaisie in building homes and contribute significantly to the

labour force. This further highlights their labour constraints as they are not only responsible for their

if emal eo

household tasks

but

al

SO

S U gtrypctirest

Table 3-13: Labour Distribution When Building Houses, Sheds, Barns

Examples of Tasks When Building Task Done By

Houses Women Girls Boys
Cooking 7% 0% 0%
Draw Water 50% 43% 3%
Gather and Trap®rt Grass 3% 3% 0%
Heading Poles 3% 3% 0%
Mold Bricks 7% 7% 0%
Mortar 3% 0% 0%
Pass Mud 0% 0% 3%
Serve with Grass 3% 3% 3%
Serving Bricks 10% 3% 3%

Results regarding making or repairing of tools indicate that women farmers are mostednuol
sharpening of tools and purchasing them to a small extent but for the most part, it is men who replace
handles and repair tools. This research aimed to assess whether this is because the women are not giv
the opportunity or whether it was due to a lackabacity. This is reported in chapterffom pagedl)

of this thesis paper.

Table 3-14: Labour Distribution in Relation to Making/Repairing or Buying Tools
Examples in relationto Task done by
making/repairing or buying
tools

Hired
labor

Women Men Girls Boys
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buy hoes 4% 8% 0% 0% 0%
make tools 0% 4% 0% 0% 4%
repair tools 0% 4% 0% 0% 0%
replace handles 0% 19% 0% 0% 0%
sharpen hoes 42% 15% 8% 12% 0%
sharpening tools 0% 4% 0% 0% 0%

The results regarding pekarvestactivities continue indicate that women are involved in most of the
associated activities and therefore have the higher labour burden. Based on the responses given durir

the FGDs, women farmers are involved innpanore posharvest tasks as compared to men.

Table 3-15; Labour Distribution in PostHarvest Tasks

Examples Related to Post Harvest Task Done By

Tasks Women Men Girls Boys
Applying Chemicals 0% 5% 0% 0%
Bailing 5% 23% 0% 0%
Cutting 0% 5% 0% 0%
Grading Tobacco 5% 36% 0% 5%
Harvesting Maize 5% 0% 0% 0%
Harvesting Beans 5% 0% 0% 0%
Harvesting Groundnuts 9% 0% 0% 0%
Harvesting Soya 5% 0% 0% 0%
Packing 5% 0% 0% 0%
Pounding 5% 0% 0% 0%
Removing Cobs 5% 0% 0% 0%
Shelling Groundnuts 5% 0% 0% 0%
Shelling Maize 9% 0% 5% 5%
Stocking 0% 5% 0% 0%
Storage 9% 0% 0% 0%
Transport 0% 9% 0% 5%
Winnowing 27% 0% 5% 0%

In generalfindings indicate thatvomen are primarily responsible for household maintenandegood
preparation as well as caring for childrainboth sitesCollection of water is also a female role where
the girls also have a significant labour contribution. Boys will sometimes assist to collect water for
construction of houses, sheds and greas Men are on average responsible liegs than half of the
householdand onfarm tasks(38 per cen}, while women are primarily responsible falmost 55per

centand assist in almost all househalad orfarm tasks.

Purchase of tools is not done gils in any of the surveyed households. Livestock care is similarly
viewed and carried out by men with the assistance of their boys. Women and girls do not take part in

this activity for | arge ani mal s | irésponsibibtyt The e .
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women who took part in the focus groups indicated that these assets were usually owned by the mel
while women owned and cared for little animals like chicken and pigs. However, they would still need
to consult with their husbands regiagl the sale of smaller assets. More examples relating to the
mapping of labour distribution by task are detailed in the supplementary data and appendices document
Based on these findings, chapteoutlines the processes undertaken talesign labour @ving tools

with women farmers based on the labour constragestified including cultivation tasks such as

ridging and weeding as well as time consuming tasks such as maize and groundnut shelling
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3.3.9Mapping of Human, Natural andOther Resources in Malawi

Women innovator groups mapped out the available human, naturaittzerdesources in the community and indicated the challenges they face when

trying to access these resources.

Table 3-16. Mapping of Available Resources in the Study Area.

Site 1 Kabudula Site 2 Nkhamenya
Chitukula Hospitals, Schools, Boreholes, EPAs and Exten Lodjwa Schools, Hospitals, EPAs and Extension Worke
Workers, Markets, Police Stations, Post Office ADMARC, Markets, Boreholes, Agricultural
Wells, Roads, Bridges, Churches, Filling Statiol Organizations, Churches, Roads, Bridges, Toc
Mobile Network Tower, ADMARC, Tool Producers
Producers
Lukira Markets, Schools, EPAs and Extension Worke| Kavikula Tool Producers, Post Offices, Schools, Market
Post Offices, Police StationBpreholes, Wells, Churches, PSP, Hospitals, Boreholes, Wells, P
Hospitals, ADMARC, RoadandBridges, Tool Stations, EPAs and Extension Workers, ADMAR
Producers Roads, Bridges, Filling Statip Tool Producers
Mkuta Filling Station, Schools, Post Offices, Police Kavidebwere Hospitals, ADMARC, EPAs and Extension
Station, Churches, Hospitals, Agricultural Workers, Police Stations, Markets, Post Office
Organizations, Boreholes, Wells, Markets, EP/ Schools, Churches, Boreholes, Agricultural
and Extension Workers, ADMARC, Roads, Organization, Roads, Bridges, Filling Station, Tq
Bridges, Mobile Network Towers, Tool Produce Producers
Kalumba Schools, Police Stations, Post OfficE®As and

Extension WorkersFilling Stations, Churches,
Markets, ADMARC, Boreholes, Wells, Hospitals
RoadsandBridges, Tool Producers
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Table 3-17: Mapping of Naturally Occurring Resources in in the Study Area.

Site 1 Kabudula Site 2 Nkhamenya
Chitukula Land, Wetlands, River, Forests Lodjwa Hills/mountains, Land, Wetlands, Rivers, Fores
Lukira Land, Wetlands, Rivers Kavikula Wetlands, Land, Hills/mountains, Marsh, Gamg
reserve, Forests
Kalumba Land, Wetlands, River Kavidebwere Land, H|IIs/mounta|n;, Rivers, Wetlands, Mountg
anges
Mkuta Land, Wetlands, Rivers, Mini Forest

83



Table 3-18: Tool Mechanization Access

Energy Source

Uses of Energy Source

Tool Mechanization Access

Kabudula

Nkhamenya

Paraffin/Candles

For Lighting

Assorted Lamps (ntal,
glass)Available at
trading centers

Assorted Lamps (metal,
glass) Available at
trading centers

Cooking and Curing Tobacc

Hand Tools (Hoes,

Hand Tools (Hoes,

Firewood For Cooking Pangas, Ax|Pangas, Axe

Charcoal Cooking Few improved stoves | Few improved stoves Us
Useof 3-stone method | of 3-stone method

Animals Pull?ng Ploughs Animal Pglled Animal Pglled

Pulling CartsTransport Plough/Ridger Plough/Ridger

Electricity Milling, Charging Stations Millipg Sta}tior]s I_\/IiIIi.ng Stations available
available in villages in villages

Solar Panels Lighting, Charging, Radios | Around trading centers Around trading centers

On the other hand, in Nkhamenya, respondents iratictitat they had bettaccess to welders and

some of the surveyed smallholder farmers had access to advanceddminmakools. Similar to the

Kabudula focus group discussiongery few of the smallholder farmers indicated that they had

electricity in treir homes (<3er cent. However, in Nkhamenya, people reported to have easier and

more access to different modern power sougekstricity, solarthan in Kabudula.
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3.3.10 Assessment of Existing Agricultural Tools in Malawi

Following the completion of the resrce mapping exercise, the women smallholder groups were
further engaged to analyze the existing tools that are currently in use for the identified labour intensive
tasks. Each innovator group was asked to bring the tools they presently use for land, cieging,

planting, weeding and chemical application. Ea

1. Tool Weight,
2. Handle Length,
3. Blade Length, Widthnd Weight

Each tool was then labeled for further discussion with the women smaliHfalteers. Each focus
group was asked to comment on the existing toc
and suggest refinements to make the tool time and energy saving or make recommendations for nev
technologies. Thereforg¢he reseait assessethe existing tools used for the farridentified labour

intensive activities during the cultivation petio

For the posharvest season, women smallholder farmers indicated that they had no machines to
complete the processing activities for thbour intensive tasks they identified. Each innovator group
was asked to describe how thgyshell maize, 2) grind maize, 3) shell and winnow groundnuts, 4)
thresh soya beans and common bedie women smallholder farmers indicated that they use their
hands for shelling maize and ground nuts, winnowers for groundnut cleaning, pestle and mortar to grind
maize and sticks and poles to thresh soya beans and common beans. Table 3.28 shows the assessm
results for the existing tools used for the faridertified labour intensive activities during the post

harvest period.

Table 3-19: RecommendedT ool Handle Lengths Compared to Existing Tools

Current and Women Smal | holToaHandledengiiesr s (
Current Farmer-Recommended Dimensions (cms)
dimensions

Type of Tool Used (cms) Kabudula Nkhamenya Average
Clearing hoe 92.00 79.90 87.20 83.55
Ridging/Banking hoe 92.00 80.29 85.44 82.86
Weeding hoe 91.00 82.28 89.75 86.01
Sasakawa planting hoe 52.00 45.20 59.38 52.29

3.4. Discussion and Conclusions

There are very few discordances in the surveyed parts of Malawi indicating a similar household
structure in distribution of labour. In both study areas, the women are primarily responsible for

household raintenance and food preparation as well as caring for children. Collection of water is also a
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female role where the girls also have a significant labour contribution. Boys will sometimes assist to
collect water for construction of houses, sheds and gemasihich men are responsible for (15/186
households). Men are on average responsible for roughbeB8entof household and efarm tasks,

while women are primarily responsible for around@ cent As observed in this study, and many
developing contds, men are often responsible of producing cash crops and tending to large animals
(e.g. tobacco and cattle), while women are responsible for producing subsistence crops for home

consumption (e.g. goats, pigs, sheep and maize) (Doss, 2002, Starkeytagdhvia, 1992).

Purchase of tools is not done by girls in any of the surveyed households. This implies that this task is
still primarily viewed as a fAmaleodo role. Lives
the assistance of their boy&/omen and girls do not take part in this activity for large animals like
cattl e. The care and sale of cattle is the ma
groups indicated that these assets were usually owned by the men while womdrandmared for

little animals like chicken and pigs. However, they would still need to consult with their husbands
regarding the sale of smaller assets. This indicates a gender imbalance and disempowerment for th
women smallholder farmers who would litee contribute to the decision making regarding the sale of

large and small assets (Gawaya, 2008).

Women are involved in almost all household and farming activétnekspend little time to sleep and
rest during most times of the day as compared to mateefa(FAO, 20110). These finthgs were
supported by this research where results show tiratgiboth dry and wet seasons, women spend more
time doing farmawork than men. Men spend more time in varibigherincomegenerating activities
than womern(FAO, 2011aMathiassen et al., 20D7t was also observg®on Braun and Webb, 1989
thatactivitiesincorporatingthe use of technologgreusually done by mea.g. using a tractor, plough

or animal cart This study has found out that on average, men spend 12.5 hours resting while females
spend only 8 hours and these findings are supportédlagkden and Wodon, 20D@ho just as was
observed in this research, noted tttere are marked differences in how muiche is givenand on
which tasks men and women spend their toneand off the farmiThis research finding also noted that
more timeis spent by women inasks only they perform, sometimes with assistance from their
daughters. These inclugeeparingmeals and managing othactivities such as cleaning the heus

doing family laundry, caring fachildrenas well adetching water, anéirewood

3.4.1Peak Labour Demand Periodsnd Cost of Labour

This analysis was done to increase the understanding of the importance of labor and its availability for

production. According t¢Collier and Dercon2014), labor productivity is amongey factorshat have
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to be considered imleveloping contextsWomen farmes in this researchdentified December to
February as the peak labour demand period for the cultivatibfalawi and May to July as the peak

labor demand period forpestar vest tasks. This is in |ine wit
which eplains the peak in labour requirements as reportedUSAID, 2017. During this time,
smallholder farmers who can afford to will hire temporary labour to complet laborintensive
activities (ridging, banking and weedin@)SAID, 2017 Takane, 200Bduring the cultivation time and

the cutting of maizstalks and grinding of maizehe table belowprovides a summary of the seasonal
calendar as well as the common tools that are used as well as common crops during each month of th
year.Farmers in Malawi rely heavily on simple haheld tools such as haggsanga knives, sprayers,
watering cans and manual labour, mostly made up of the members of the household and hired labour
where affordable (IFAD/FAO/FARMESA). Based on the seasonal assessmer claltected by this

stage of the research, tlstudy also observed thathere was a higher labour demand during the

cultivation season as compared to the {@stest season.

3.4.2Cultural and Community Days Observed by Innovator Groups.

The women innovatorgrups 6 f eedback on when the cul tural
determine when marketing agricultural tools or other products was most feasible as well as to efficiently
plan the cedesign, prototyping and testing of the innovations fromrésgarch. The groups indicated

that community and cultural events typically take place between May and September, when most
activities have been completed and not much labour intensive work takes place. Even though the labou
peaks identified for the pobfarvest period were between May and July, the feedback from women
smallholder farmers was that these pumtvest tasks were typically completed by many family
members. In addition, as this is the pbatvest period, this is also the time when smallholdemers

have more disposable income and can afford to purcmase improved tools, if available in the

markets

3.4.3High Income and Expenditure Periods of the Year

According to(Chen et al., 2000 household composition and the gender mix of individuals in the
household may lead to variations in dgon making to use different tool$his research considered
these factors anttherefore recoreld theincome and expenditure peak periddfrave a better sense of

when to market tools to farmers in the surveyed regions of Malawi. In both regions, MagustA

were ranked as the months with the most income while November, January and February were ranket
as the months with the least available income. The peak expenditure periods indicated for both sites
were December to February and May to August, whethmovest income is generated and farmers

have more disposable income to purchase new farm inputs and implements as well as personal items.
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3.4.4Labour Intensive Periods for Women Smallholder Farmers

Women farmers indicated that they typically experience lissrintensive periods during the pest
harvest season compared to the cultivation season where they spend many hours on ridging, plantin
and weeding their farms. The respondents expressed concern at the lack of rest time as this is typicall
when they a& managing household chores such as washing dishes or taking a bathto Betéon

3.4.1 for more information on the activity clocks outputs.

3.4.5Existing Tools in Use during the Seasonal Calendar

The tasks identifietby women farmersis labour intensiveuring the cultivation season activities :are

1) ridging and banking, 2) weeding, 3) planting and 4) land clearfiigmost labofintensive taskvas

ridging as it uses up a lot of energy asdery timeconsuming. The tool identified as most effective

for its activity was thdraditional hoe. However, this same tool is ranked as least effective for land
clearing, planting and weeding as these acti v
efficiently complete the task. The resulting effecthat smallholder farmers exert unnecessarily high
levels of energy and commmtore timethat could otherwise be significantly reduced with the right kind

of equipment

The pstharvestperiod istypically less labointensiveand thetasks identifiedas labofintensive are:

1) shelling maize, 2) threshing soya beans 3) grinding maize and 4) shelling groumlninsg. this

time, the most labeintensive task is shelling as it is very tho@ensuming by hand due to a lack of
machines. As there were noigiing tools identified for three labantensive tasks, thmol ranking was

Al east effectived. The tools identified for cu
least effective as they mostly use their readd locally available stkshpoles for these respective

activities.

Based on the feedback from the women innovator groups and the results of the analysis above, fol
smallholder farmers to significantly boost their labour productivity, there was a clear need and strong
demand forthe design and development ohproved cultivation andoostharvest labousaving
technologies. Smallholder farmers expressed a strong need for these improved technologies that ca
enable them to increase their yielsd be more time efficiend save the time and energy for other
income generating activities that caontribute tamproving their livelihoods.

3.4.6Human, Natural andOther Resources in Malawi

Women smallholder farmer innovator groups mapped the locations of their villages, farms, irrigation

plots, as well as their firewood, vegetable and water collection points. They also identified and mapped
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out their available humaand othematural andotherresources in the community and indicated the
accesgyaps and challenges they face. This revetilatithe women smallholders had limited access to
money/income and land, and had little to no access to electricity, formal education, and sanitation and
farm power/energy sources in their villages. On average, a woman smallholder farmer would have to
walk up to 2 hours to the nearest trading center to access farming tools, inputs, and implements as wel
as health care, financial and agricultural support services.

There is very limited access to welders, and none of the surveyed smallholder farmers $sdoacce
advanced animalrawn tools. In addition, very few indicated that they had electricity in their homes
(<3 per cen). This highlighted the challenges and limited resources available in the surveyed region.
On the other hand, in the Northern regiorsp@ndents indicated that they had better access to welders
and some of the surveyed smallholder farmers had access to advanceddeamimatools. This
highlighted the challenges and limited resources available in this surveyed region too. However, in the
Northern region, people reported to have easier and more access to different modern power sources the
in the Central region (electricity, solar).

3.4.7Existing Agricultural Tools in Malawi

Resource mapping conducted with all the women smallholder innovatgrgrevealed a major lack of
access to most basic tools. For instance, the only available hoe in the market is produced in a
traditional size that the women smallholder farmers have to use for all farming actiitedevant
technologies and lack ofwmership of these technologies has led to-adoption of tools that have

been produced and introduced to the farmers from various previous re&arshand Bentley, 2002

Pham and Gault, 1998Malawian smallholder farmerassessedemain heavily reliant on the most
basictools and implements and are in great need of exposure, education and access to mechanized ar
improved laborsaving technologies and todisr both food security and economic developmast
reported by other researchditsoevinsohn et al., 2013 As studies have proven, mechanization of
agricultural tools and implements is crucial to increasing smallholder farmers agricultural productivity
(Loevinsohn et al., 2013\lene, 2010.

Farmers with small irregular farm sizes, low capital, who lack professional jobs and awareness and
skills are more likely to continue depending on hand held taoladdition to the rarely avable
animal powered implements and Amotorized agricultural machinefghrestha, 2092 Following the
completion of the existing tools assessment, the women smallholder groups gave their feedback on thei
use for the identified labour intensive tasks. Each innovator group indicated a high need for improved

and custmized toos because different activities had their unique tool specifications to make it a good
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qguality and efficient tool(Kienzle and Murray, 1998 observed concerns about the tools used by
female farmers and the work they do. It highlights the cultural, social and gender related constraints the
women raised mainly due to the unawvailitdy of better quality and more appropriate production tools.

For the posharvest season, women smallholder farmers indicated that they had no machines to
complete the processing activities for the tasks they iden@fnetldo most things by hanth eah

group consulted, the existing tools did not meet the labaving expectationsf the smallholder
farmers but a lack of resources limits their ability to purchase suitable mechanized equipment. In
addition, based on the results of the resource mapghiege are limited labotsaving innovations

available in Malawi which makes the limited ones even less accessible to smallholder farmers.

Particular attention must be paid to the gender differences in household-tardhawles considering

the cultural ad social context. The overall review of the labour intensive tasks and existing tools shows
that women smallholder farmers can be engaged and motivated to analyze their current environmen
and conditions and make vatadding contributions on how to impm®@ their farming tools and
methods sustainable to increase their labour productivity and overall household efficiency for on and
off farm activities. The results of this research also indicate a need for improved agricultural tools that
are tailored to the@eeds and resources available to smallholder farmers. The next chapter provides a
detailed overview of the investigatimonducted to assesBe potential for these women innovator
groups toco-developfeasible technology desigifar their laborintensiveagricultural activities.
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4. CHAPTER 4: CO-DESIGN AND PRODUCTION OF AGRI-TECHNOLOGIES

4.1. Background on Malawian Markets for Agricultural Tools and Technologies

The Hand tools are very important implements for smallholder farming throughow@aBatan Africa

but labor productivity of female smallholder farmers in particular in Malawi is constrained by lack of
access to labesavingtechnologiesand improvement of the most basic hand held farm {ddlsray et

al., 2019. They are used in most countries in this regioncfearing land, soil tilling, during planting,
weeding and as well as during harvesting of ci@msis and Kienzle, 2006 These very arduous task
which in rural areas of many developing countries is mainly done by wastiburner and Kienzle,
2013.

While there are many mechanized and fuel powered technologies for cultivation ahdrpest tasks,

the typical smallholder farmer cannot afford them and are left to rely on the toaditonal size hoe.

This ol is used for most farming activitigMurray et al., 2016Chirwa and Méta, 2013, where

hands and feet cannot be used. Other tools such as slashers, long knives and axes are also used but th
also require manual labour. Pd&irvest processing machines are available for shelling maize, grinding
maize, shelling groundnsitamong otherfAbass et al., 201Punmade, 2006 However, these are not
currently affordable or accessible and consequently, the smallholder farmers have to bsadisefor

these timeconsuming and labodntensive activities. Poles and sticks are also locally sourced for
threshing grain.

4.2. Research Objectives

1 To develop designs of new and improved lalgawing and productivity enhancing tool
designs for cultivabn and posharvesting, based on preferences of the women farmer
innovator groups.

i To investigate and select the most feasible and viable rapid prototyping technology from 3
options: 3D printed, arc welded and metal cast prototypes.

4.3. Research Methodolog

This chapter summarizeébe participatorydesign methodology that was utilized test the potential of
women farmer innovator groups to-design laboisaving tools that can be rapidly prototyped to their
preferences in an enabling environment. Specific#iiis paper outlines the mixed approaches used to
capture the technology design ideas and inputs of the women smallholder farmers in Lilongwe and

Kasungu districts across the Central region of Malawi.
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The fMHeeDt i nnovator g r o u plsoldemtamhers warepexpedted tov aativeln s 1
participate in the creative aesign sessions to develop improved tools that will reduce their household
labour intensive work during peak seasoitie aim of the calesign phases was to capture
insight/contributons fromdifferent participants including the womamovators who were at the center

of the creative calesign spacesthe technical backstopping from the research tetimm,locally
identified fabricatorsand agriengineering departments from the univigrand Government resrach
station. The study also aimed to incorporate iy knowledge and documentation relating to existing

tool designs that were yet to be prototyped by the stakeholder mentioned that had the potential to

infuencethe design process

In additont o testing the women ,theapotandial te Source ramd @pply tapid/ e
prototyping technology in a rural or semmban setting was also exploréedring this phase of the
researchwith the aim of creating an innovative uskiven culture geared towards sustainable
entrepreneurship development. The research tested three different rapid prototyping mesthmzd
welding using scrap materials, metal casting and industrial grade arc welding. The follow criteria was

applied when testing the rapid prototyping optipns

o User friendly capacity,
0 Costeffectiveness
o Feasibilityfor applicationin Malawi.

4.3.1Engagement with Innovator Groups

The focus of the research was to explore the potential for selected women smaliteldensvators

to design proposed improvements to the selected existing tools to be prototyped for fufdren on
assessment.he women's ideas and opinions were recorded, interpreted and then translatediahto
prototypedesigns through a rigourcs, frequent and interactive process of discussion, reflection and
brainstorming. Each week, the research team visited the innovator groups on rotation to capture theit
ideas, and document their inputs overa 2our session including drafting off2 skettes on paper to
further express their thoughts and get their messages across to the faciliator. The note taker translate
every contibution from the women in each innovator group and these were further reviewed and
developed to complete the design prodesseach tool produced through this-design process. The
chapter below will outline each of these design processes in more @ibtalleseach team worked to
engage the innovator groups in a standardized way and developed appropriate tools to cajdtae the
from the women farmers. Through tleigbstantial process of communicatibat made all participants

equals and with the reseracher in ttrecial intermediary rolethe discussions were focused and
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allowed the groups to reflect on their experienaésshare their ideas on how to-a@esign improved

tools that will enable them to save their energy and time.

4.3.2Samping Frame

This study applied a purposive sampling method following a specific design that was relevant to the
research (Bryman, 2012, Etikat al., 2016). The innovation screening criteria was thus designed for
this study to identify innovator women smallholder farmers (chaptepage 30). The choice of
techniques used in this study depended on the type anc rdtthis research that focussed only on
innovators (female farmers). Details of this innovator assessment are provided in chapter 2 of this

research thesis paper.

4 .3.3Materials

For each session, each group was given note books, pens, flip charts, pdaciispratractors and
erasers to use for drawing theidinensional designs. In some cases, the participants preferred to draw

on the ground using sticks and later sketched them in their notebooks.

4.3.4Data Collection Techniques

Each agrtool codesign seson involved 1012 women from 1 innovator group. To ensure that each
group member had adequate exposure and agoodl er st andi ngs avi nwhaoa tt efid han
were, the innovator groups were introduced to various types of hand angdoWwueled tod and
technologies that were available in Malawi and other countries in the world i.e. Kenya, South Africa,
Ethiopia, Zambia, Burkina Faso, Senegal, as well as countries in Europe and America. This was crucial
to enable the farmers to critically think ohat they were exposed to and to challenge them to come up

with a tailored way of designing the tools or to recommend changes to the tools to serve their needs.

The user participation and engagement was very important as every bit of knowledge thaethe tar
groups acquired regarding how the tools operate was key in enhancing their understanding of the
mechanicals of the tools. As the final emsers who will be working with the equipment, this exposure

and added technical capacity simplified the adoptibtiools and their general mindsgingh and
Agarwal, 2009.

The facilitator encouraged each group and asked them to provide their inputs on whether their existing
(cultivation and pstharvest) tools worked well enough for their (cultivation and-pastest) tasks. In
addition, they were asked to give their vahdeing contributions on how to improve the existing tools

to make them less time and energy consuming. Focus group siswisvere held regularly with

women smallholder farmer innovator groups to generate data relating to tools used during high peak
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seasons, perceptions regarding how to improve existing tools adésmmn sessions to develop tool
prototypes of the labesaving tools their wanted.

During the focus group discussions, the researcher facilitated each session andtdieenoteorded

the discussions of each group. Sestnuctured questionnaires and checklists with egresed questions

were administered by éhhelp of the research facilitator who guided the discussions for each session.
The note taker/translator asked the translated versions of the questions in the most common loca
language (Chichewa) and took detailed notes of the entire sessions. The emethled! collection of

both qualitative and quantitative data that was used during statistical analyses. The focus group
sessions were also used to gather data for existing tool assessment, refinement suggestions for existir

tools and cedesign of labousaving tools.

The research was designed to allow open and enabling creatiasigm spaces, borrowing elements

of the IDEO Human Centers design proc@é&EO.org, 201%, where the women farmer innovator
groups focused on what they considered to be labour intensive. Each women smallholder farmer
innovator group identified their top 5 labour intensive activities for both the cultivatiopaattarvest

periods and ranked them in order of intensity. In addition, they identified the existing tools that are
currently in use and ranked them for effectiveness in completing the required task. This data was very
crucial as this research componalso involved a review of existing tool portfolio for each of the high
labour tasks that could be available in or outside of Malawi.

To develop the designs in a participatory manner, each group was asked to give their preferred
dimensions, to draw up alé¢ ideas for new tool concepts to compare them to their existing tools used.
Selected group participants physically demonstrated their activities through aupatkhow they

carried out the tasks. They also provided justifications for their proposesl addarefinements where
applicable to ensure that they understood the aim of the research which was to develegalabgur

tools.

For each design, the participants were asked t
length, width and agling for all the parts of the tools. Farmers were also asked to choose 3 angle
preferences for required handle to blade connections. The group was then asked to either support c
reject the contributions based on constructive feedback. For each ideatiiedy, the women
smallholder farmers discussed the innovations and gave constructive feedback on the advantages ar
disadvantages of each proposed invention. Other alternatives were requested when smallholder farmel
rejected the contribution made toseire that none of the participants felt left out or unappreciated and

to ensure that the overall objective of coming
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among themselves to decide whether as a group they agreed on the proposed ddweceggsarchers
then reviewed the new design concepts and features with each innovator group to come to an agreeme

on the draft concepts.

Through these diverse, consistent and multiple focus group interactions, each group identified and
designed Zimensional concepts for the desired tools for cultivation and-ipastest activities. Below
iIs a summary of the seasepecific 2D outputs for cultivation and pdsirvest labousaving

prototypes.

Table 4-1: Tool Innovations/Improvements Suggested by Women Farmer Innovator Groups

High Labour Tasks Identifie¢ Concepts for Cultivation Season LabowSaving Prototype

in the Cultivation Season Proposed by Women smallholder farmer Innovator Groups

Fertilizer Application Ergonomic hand protection gear

Agrochemical Application Ergonomic hand protection gear

Clearing Land Customized land clearing hoe

Making Ridges & Banking Customized Ridging and banking hoes, Haogvered Banker

Planting Customized planting hoeSasakawa (seed) and 2/3 seed plantirn
Customized planter for Sasakawa planting

Weeding Customized weeding hoes and weeders

P L L,
Figure 4-1: Smallholder Farmers Particigain Tool CoDesign sessions.
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Table 4-2: Tool innovations/improvements suggested by Women Farmer Innovator Groups
High Labour  Tasks | Concepts for PostHarvest Labour-Saving Prototypes Proposed
Identified in the Post | by Women snallholder farmer Innovator Groups
Harvest Season

Cutting & Stalking Ergonomic Hand Gear, Improved Handles for Existing Tools

Pounding HandPowered Pounder to Replace the Traditional Pestle and M

Removing covers & cobs HandHeld Maize Stripper to Remove CovensdaErgonomic Ha
Protective Gear for Removing Cobs

Shelling Maize, Groundnut, Soya Shellers (Hand Held and Hamdere
Portable)

Threshing Groundnut, Bean and Soya Threshers

Winnowing Winnowing and Blower Machines to Replace the Winnower

Each concepwas designed in detail describing the dimensions and rationale for selecting the
specifications. The designs for new tools were then compared for each group and similar ones were
grouped together for further refinemetitsoughfocus group discussionsliAhe tool designs that have

been cedeveloped by the women farmer innovator groups are fully traceable/attributable to the women

farmer innovator group as each design concept was recorded by group.

4.3.5Consultations with Local Engineers at Academic Resealoktitutions

Key informant interviews were conducted with experts from academic and research institutions. The
facilitator engaged the expertise of the Department of Agricultural Research Services (DARS) and the
support of the agricultural engineering dgment at the Lilongwe University of Agriculture and
Natural Resources at Bunda College (LUANAR). This allowed the research to review the existing
technologies being tested at tmestitution and during the calesign process, each design from the
innovata groups was also further reviewed. The engineers offered their local expertise and support to
review the ideas for feasibility of local prototyping and testing which enabled the research to determine
which prototypes to focus on. The lead investigatouests that the feedback from the local experts
was shared with the farmer innovator groups to further improve the concepts that were designed anc

reviewed.

4 .3.6Consultations with Local Tool Producers

It was initially anticipated that the women would make tltssigns using local materials with the
assumption that these could easily be sourced in Malawi. However, the results of the resource mapping
sessions revealed a lack of betiergysources and quality local materials in the villages. Hence, it was
important to link up with local tool producers in the capital city and larger towns who had regular
access to tool producing machinery and had the ability to source materials from within the catchment

areas that the research could use to produceetiestive waking prototypes for ofiarm testing. Key
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informant interviews were conducted with local producers who indicated that they had an affordable
and reliable source of raw materials to produce the designed tools and it was ensured that the feedbac
from the lacal experts was shared with the innovator groups to further improve the concepts that were

designed and reviewed.

4.3.7Prototyping Phase of Gesigned Innovations

Beforethe actual prototyping work, each design was captureddim2nsional formats and recocde
for each group that camg with innovations. Repeated designs were also recorded accordingly: The 2

dimensional drawings were then used to attempt two rapid prototyping methods:

3D Printing

The twodimension (2D) sketches froine women innovators gups were converted into three
dimensional (3D) computer aided design (CAD) files using free online software (123 Design). This
generated positive interest and support from 3D printing companies who prowviied rontributions

including:

1 MakerBot Indusies: they donated two desktop 3D printers to the research and were
instrumental in the testing of 3D printing capabilities for application in developing countries
like Malawi

91 Dreambox Emergence: they supported the research through the donafiod ofl 1 ldsvm CAD
software This was very beneficial to the research asdde itpossible to test other drawing

capabilities that were not available on the free online platforms.

The researclnad initially considered theause of a 3D scanner to convert the exgtand new tool
designs to 3D CAD files. However, due to the limited number of existing tooltaekaf affordable
robust 3D scanners, the research opted for a moreeffestive and practical approach of converting

designs from 2D drawings to 3D desigrsing the CAD software mentioned above.

The first step for the 3D work was the production of biodegradable plastic prototypes of tool
components using thdonated3D printer in Malawi. The research applied mixedprototyping
approach involving local pducers and local materials combined with 3D printingool parts. This
made the process more participatory amtbvativeas well as fasteiThis approaclalsoallowed the

research to integrate cesffective 3D printingtechniqueswhich is a nascent ancpidly changing
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technology into the usalriven design process. This significantly reduced the manufacturing process
and allowed the research to achieve its objectives withipldmnedresearch period.

Cultivation Tools: The completed 2D designs foretltultivation tools were converted into 3D CAD
files. Each design was transferred to the desktop 3D replicator to produce micro prototypes according tc
the CAD fileslinkedto the 3D printer.

Postharvest Tools: As the posharvest cedesigned innovationsere large in size compared to the 3D
printing platform on the MakerBot replicator, the 3D CAD files were produced in smaller components
and sent to the 3D printer for replication. The printed parts were later assembled and permanently

attached as micro ptotypes.

Local Welding

The research identified local welders who had regular access to resources to produce the testing
prototypes in the most cesffective manner. The designed 3D files were printed on the MakerBot
donated 3D printers and used asaai® for communicating designs to the locally identified tool welders
who were engaged for production of prototypes to be used as testing tools. Frerhomggal was that

the tools that passed the initial testing phase would then be metal cast bytisaakaso that metal

prototype tools designed by the women smallholder farmers can be produced.

Each of the 3D printed tools was replicated using arc welding and was produced to scale using locally
available resources. The tool blades were produced ssrag metal and flat sheets and were then cut

to shape based on the 3D printed visual representations. The handles were made from locally availabl
timber and were connected to the blades using screws or bolts and nuts where available. The handle t
blade connectors were welded together. The materials used and prototyping methods chosen were

selected with long term considerations for tool maintenandeavailability of local spare parts

p a\ EN
Y )

to produce prototypes for efarm testing.

~

Figure 7b: A local artisan welds pieces s€rap meta
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Metal Casting

The 39 rapid prototyping approach was metal casting of the prototypes to test whether those produced
using metal casting were stronger and more durable as compared to those produckitalsang
welding. The prototypes were produced with more durable quality metal (hardened steel) and with
refined dimensions (height, weight, thickness of blades, and location of connector) that were
determined after additional consultations with the women innovator geouponfarm trials on time

taken per activity

The producers used the 3D printed miprototypes to metal cast th@olsto scale using the provided
dimensions. The specifications of each prototype were conceptualized and tailored to the preferences o
the women smallholder farmeis further test the metal cast toolBhe tool prototypes were produced

in South Africa as there were no metal casting congsan Malawi with the capacity to produce the
required tools at the time this research was conduétdotal of 7 prototypes were produced and each
prototype was produced in triplicafer field testingto account for 3 handle preferences based on

previousfarmer/usefeedback
4.4, Results

4.4.1Current Tool Designers

The research mapped and engaged 31 lochlpiducers identified by women farmers from within
their communities. Most of them séthditional handhoes and other hartteld tools such as slashers
and knives. These tools are not customized and are not produced with the goal of reducing time anc
energy constraints for the entser. In addition, the engser is not engaged during the tool
development process and cannot gdeas on the desighey needMost respondents indicated that the

tools sold are those that local artisans can afford to peofiu sale.

4.4.2Proposeddesigns for cultivatiortools

Women farmersndicated that alhgriculturaltools should be customized to each laimensive task.

For all existing tools, there were no handle to blade connectors as the existing blade is typically
attached to a piece of wood cut from a tree with no consideration to ergonomic or safety méhsures.
hoe is assembled byaking a hole through the bottom thicker end of a tree branch and sticking the pin
end of the hoe blade iMany womenfarmers raise their safety concerns as the blade ofteh g
detached during farming activities. As most women carry their children on their backs whieottkey

the handle to blade connector innovation was rated as necessary to ensure the safety of trenéarmers
children in their careln addition, respondents commented tif&t current structure of the hoe requires
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a heavier handle to manage thd a d e 6 s Thexennegtbrtwould ensure that lighter handles are
used which would be more ergonomically suited to wofaemers.

Although the researchers engaged local tool makers and engineers at the research institutions to asse
theviability of the proposedool designdrom an engineering perspectitke womennnovator groups

were central to the toalevelopmenprocessBelow are the findings for each stage of thedesign and
prototyping process completed.

Land Clearing 2D-Designs

Suggestions from women farmers included the neddhfpwove the ergonomics, make it lighter and
enable them to complete the tasktéa. For most of the innovator groups, the main suggestions were to
make the blade and handle longer and to shorten and stabilize the handles. The groups opted for tw
different blade designs that were tested for further refinement and prototypingestits in the tables

below shows; 1) the sHgpecific preferred average dimensions of improved land clearing tools and 2)
the average dimensions used to produce the prototypes for field testing. The final specifications were

then translated 2D designs.

Table 4-3: Average SiteSpecific Dimensions Preferred in The Improved Land Clearing Hoe

Land_ _ CI_earing Hoe Location Mean Dimensions Total Averag P.value
Specifications (in CM) from Groups (0.05)
Handle Length Kabudul
AT e Nih:mueiya 67323(1)3 82.107 1934
Handle Di K |
R S S e [T
Handle Weight Eiﬁ:?nuéiya 3;;28 673 1.451
Blade Length K I
adeLend! NiE:(rjnueiya l9?.’:982597 11.893 Lol
Blade Width K I
L IR
Blade Pin height Kabudula
’ Nkhamenya 13288 16.868 1936
Blade Weight Eiﬁ;i}“e'iya g:g;g 725 1.365
Blade-Handle Angl Kabudul
ade-Handle Angle Nih:mueiya Z;gg 75 091 1.252

100



Table 4.7.3.23: Final Land Clearing Tool Design Specifications

Tool Specifications Curved Blade Grated Blade
Length of Blade 18cm 25cm (including spacing)
Width of Blade 14.5cm 13cm (including spacing)
Spaces Between Windows (Length N/A 6cm
Spaces BetweeWindows (Width) N/A 5cm
Blade to Handle Connector Angle 75 degrees 85 degrees
Handle Connector Length 8cm 8cm
Handle Connector Diameter 4cm 4cm

Figure 4-2: Land clearing 2Ddesign

Ridging 2D-Designs Poposed by Women Farmers

Key refinementghat were suggested by the women smallholder farmers to the existing ridging and
banking hoe includedl) use of stronger metal for durability, 2) a stabilized handle to btas@ection

and 3) longer/shorter handleepending on the research sitéhe results in the tables below shive
site-specific preferred average dimensions of improved ridging and banking todthearmimensions

used to produce the prototypes for field testing. The final specifications waeretrtreslated 2D

designs.
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Table 4-4: Average Dimensions Preferred in Improved Ridging and Banking Hoe

Ridging Hoe Specifications Mean Dimensiony Total

(in CM) Location from Groups | Averagg P.value

Handle Length Kabudula 78.500
Nkhamenya 88.143 84123 1007
Handle Diameter Kabudula 3.540 3496 1172

Nkhamenya 3.338 ' '

Weight Kabudula .82929
Nkhamenya 1.00500 L7 1.006

Blade Length Kabudula 22.490
Nkhamenya 22.192 22322 1662

Blade Width Kabudula 18.010
Nkhamenya 18.192 18.113 1423

Pin Height Kabudula 14.875
Nkhamenya 17.000 15938 1616

Weight Kabudula .99857
Nkhamenya 1.12214 1.060 1.185

Blade-Handle Angle Kabudula 69.444
Nkhamenya 79.400 74.684  1.202

Nkhamenya 1.000

Table 4-5: Final Banking and Ridging Tool Design Specifications

Tool Specifications Ridging Hoe
Length of Blade 17.5cm
Width of Blade 25cm

Blade to Handle Connector Angle 65 degrees
Handle Connector Leitigy 8cm

Handle Connector Diameter 4cm

Planting 2D-Designs Proposed by Women Farmers

For the planting activity, farmers indicated that hands, old small blades, legs, hoe handles and sticks
were the commonly used tools. The tab&ow liss the tools andplanting methods that are common

with respect to the number of respondents using them at the time of the research. The results show; 1
the list of planting tools to be improved, 2) the two tool designs proposed by the innovator, 3) the site

specific preérred average dimensions of the improveble®ie planter and th8asakawdoe designs

and 4) the dimensions used to produce the prototypes for final field testing.
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Table 4-6: Suggested tool refinements to-Blade Planter Design

Refinements Proposed tostDesign
(3-blade Planter) Number of Respondent
None 33 (52%)
Somebody should be putting the seed 20 (31%)
Can only be used on wet ridges 4 (6%)
Make it lighter 2 (3%)
Use stronger etal for blade 2 (3%)
Increase the blade length 1(1%)
Reduce blade diameter 1 (1%)
Total 63
Table 4-7: Average Dimensions Preferred in Improved Planting Hoe
Planting Hoe characteristic Location Mean Total Averag Sig.
Handle Length Kabudula 61.000
Nkhamenya 61.000 61.000 2.000
Handle Diameter Kabudula 2.953 2 969 1877
Nkhamenya 2.986 ' '
Handle Weight Kabudula 41357
Nkhamenya .59900 491 1.301
Blade Length Kabudula 13.833
Nkhamenya 9.420 11.627 1.002
Blade Width Kabudula 9.767 11523 1034
Nkhamenya 13.280 ' '
Blade Pin Height Kabudula 10.880
Nkhamenya 15.250 12519 1.236
Blade Weight Kabudula .30643
Nkhamenya .48000 379 1.150
BladeHandle Angle Kabudula 85.357
Nkhamenya 77.500 82.083 1.585
Nkhamenya 4.167

Table 4-8: Final Planting Tool Designs and Specifications

Tool Specifications 3-Blade Planter 1-Seed Sasakawa Plante

Length of Whole Blade 72cm (including blades 9cm

Width of Whole Blade 14cm (including handle 7.5cm

Length of individual blades 5cm N/A

Width of individual blades 6cm N/A

Blade to Handle Connector Angle 85 degrees 75 degrees
Handle Connector Length 7cm 7cm

Handle Connector Diameter 4cm 4cm

Spaer blade 3cm N/A
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Figure 4-3: Planting 2D-Designs: 3Blade Planter and Sasakawaekd Hoe
Women farmersdProposed Weeding 2BEDesigns

The most commonly used tool for weeding veagaditionalhoe withrougHy 3-5 years of wear and
tear (as per the women farmersyhe ideason how to improve the hoe for weeding led to the

development of customized weeding hoesthe Straight Edge Blade and the Grated/Flat Blade

Table 4-9: Suggested Refinements for the Weeding Hoes

Refinements Frequency Percent
None 27 31%
Sharpen (applies to both designs) 7 17%
Make it flat (applies to both designs) 3 7%
Add some weight (applies to both designs) 2 5%
Bring the grates olser (applies to grated design) 2 5%
Has to be round, remove grates 2 5%
Make it more stable (applies to grated design) 2 5%
Reduce the angling (applies to grated design) 2 5%
Use a stronger metal (applies to both designs) 2 5%
Increase the anglingyplies to straight edge design) 1 2%
Make it wider, heavier (applies to straight edge des 1 2%
Make the blade longer (applies to straight edge deg 2 5%
Make handle shorter (applies to straight edge desig 1 2%
Tighten bot and nut (applies both designs) 1 2%
Widen the blade (applies to straight edge design) 1 2%
Total 42 100%
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Table 4-10: Average Dimensions Preferred for the Improved Weeding Hoe

Weeding Hoe characteristic Location Mean Total Average Sig.

Handle Length (cm) Kabudula 79.208

Nkhamenya 92.154 85.940 1.094
Handle Diameter (cm) Kabudula 3.058

Nkhamenya 3.100 3.080 1.789
Handle Weight Kabudula .69571

Nkhamenya .78500 733 1.489
Blade Length Kabudula 13.625

Nkhamenya 13.115 13.360 1.663
Blade Width Kabudula 17.833

Nkhamenya 17.423 17.620 1721
Blade Pin height Kabudula 17.438

Nkhamenya 18.720 17.931 1.751
Blade Weight Kabudula .61214

Nkhamenya .69300 646 1.580
Blade-Handle Angle Kabudula 75.091

Nkhamenya 72.778 74.050 1.719

Nkhamenya 3.000

Table 4-11: Final Weeding Tool Designs and Specifications

Tool Specifications

Straight Edge Blade

Grated/Flat Blade

Length of Blade

15cm

25cm (includingspacing)

Width of Blade

16cm (including spacing

13cm (including spacing

Spaces Between Windows (Leng N/A 6cm
Spaces Between Windows (Width N/A 5cm
Blade to Handle Connector Angle 75 degrees 85 degrees
Handle Connector Length 8cm 8cm
Handle Conactor Diameter 4cm 4cm

Figure 4-4: Weeding 2BDesigns
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4.4.3Women farmers Design Concepts for Pdsarvest Season Tools

The womennnovator groupsliscussed several options for technology designsoduce tod for the
identified laborintensivepostharvest taskshe smallholder farmers indicated that they did not own or
rent any posharvest machines and as a result, they typically use their hands or sticks for most post
harvestactivities This confirmed pevious researcliPingali, 2007 that observed low adoption of
mechanized technolags in subSaharan African countries including Malaiv Postharvest activities

that were identified agborintensivewere also rated as extremely tho@nsuming while existing post
harvest management methods were rated as least effective. The innovator groupsceitprdaghest

need for improved technologies for pbstrvest task& save significantime and energy. These groups
also identified the incomgenerating opportunity these machines would bring them as the gtabpd

that theycould use these pebktaest technologies to generate income from nearby communities by

running a payper use service.

During the design phase, the innovator groups wkogvnexisting postharvest technologies that are in

use inrural and semurban centers in Malawi and aroumeighboring countries. These included
various types of maize grinders, winnowers, threshers, amongs.oilibere the physical tools were
unavailable, the research provided pictures to the innovator groups that served as a starting point for th
design sesions.Based on these exposure sessions, the innovator groups conceptualized their preferrec
designs for improved machines trat affordabléaccessibldo the farmersOnce the initial designs

were made, different refinement suggestions were also madiéhebywomen farmers to further
customize them for improved performance. The tables below list a numiedinementsuggested by
thewomen innovator group® be made to the existing pdsrvest methods .

Table 4-12: Existing Tools for PostHarvest Operations

Tool Preferences Responses
Hands 43%
Mortar & pestle 29%
Winnower 16%
Maize grinder 5%
Maize Sheller 1%
Groundnut Sheller 3%
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Table 4-13: Suggestd Improvements to Postharvest Designs Initial Prototype

Refinements Use Mortar  |Single Maize Maize |Groundnut Sheller
Hands |& Pestle |Winnower |Grinder |Sheller |& Winnower

Adjust the Blades X X

Cover the Flywhee X X

Fix the Handle X

Make ItSofter X X X X X

None X X X X X X

Interchangeable X

Sieve

Reduce the Size X X

Stabilize It X X X

More Upright X X X

Change Sieve X X X

After getting the ideas from the smallholder women farmers, the ideas from the innovater \gesap

compiled andnterpretednto conceptual tool designs. 2D sketches were made (see pictures above) and

sizes for the parts of the toat®nceived The sketches were taken to the welder to verify the on the

ability of the concepts to be worked on tee welding route. The final designs and dimensions agreed

did not alter the original concepts suggested by the women farmers. The designs and concepts were the

3D modelled in a CAD Software (123Design by Autodesk). The 3D models were printed to have a

physical presentation of the tool designs. However, because the tools were too big to be printed in 1 gc

on the 3D printer, they were printed in parts which represented the complete design of the tools.
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Figure 4-5: Maize Sheller 2D Design
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Figure 4-6: Maize Grinder 2D Design
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Figure 4-7: 2in1 Groundnut Sheller and Winnower Design

The 3d printed jeces were also taken to the welder to be used as samples during welding and assembly
The first tool prototypes were tested at the workshop with maize and groundnut grains to assess thei
performance. From the assessment after testing the tools, adeeés made to take them for further
testing in a farm setting with the farmers. The tools were assessed by the farmers in terms of
ergonomics (height, length, handliegc), performance against using hands, quality of the produced
seed from the machinen@ the time savings. The farmers made recommendations on which
modifications they needed and the tools were then returned to the welder for further adjustments.
Further recommendation could be made by the farmers for further adjustments until the tasls get

close to perfection as possible.
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Figure 4-8: Soya Threshing and Winnower Design

As there werevery little resources available, the test for the soya threshing and winnowing prototype
was only conduetd in one site, with 3 women innovator groupiis involved testing of the soya bean
thresher (farmer designed prototype) in comparison to existiyg bearthreshing methods (using

poles to hit the sacks of harvested soya bean pods).

4.4.4Prototype Developnre for Cultivation and PostHarvest Tools

The development afewtools relied heavily on the visual aids of the tools that were used to simply the
prototyping processo save manufacturingme and resources. This was made possible by rapidly
prototyping he designs ideas using 3 options. The tools were first represented by 3D micro prototypes
which were then used for reference purposes for the follosiage of rapid prototypinthat was
completed to scale for eaglabledesiq.

3D Printing Micro -Prototyping of Labour Saving Tool Designs

3D printing refers to @rocesswhere 3-dimensional(3D) physical objects are created from computer
models made in Computer Aided Desgpitware (CAD (Ishengoma and Mtaho, 2014rhis method
providesthe power to convert Z2dimensionabigital design int8D objects. Tie3D printingtechnique
has beerappliedin a wide range of fields suas medicine, agriculture and othé¥ang et al., 2015
Ishengoma and Mtaho, 20114

For this researcl8D micro-prototypes werereatedusing the MakerBot industries desktop printer that
was donated tadhe 3D4Agdev researchThe 3D printing processvas completeddespte many
electricity supply disruptionsa challenge thahas been previously reported by other researchers
regarding similar investigations on technolodi€aulo et al., 2016 Printed 3D micreprototypes were

then presented to local artisanwbo producel welded prototypes usinigcally availablescrap metal
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The use of this rapid prototyping techniqugngicantly shortened the manufacturing processe
valuabler esources werend6t wasted producing sampl es
manufacturing process does not waste raw matenasuises the exact amount of biodegradable plasti

to produce the 3D objects.

Figure 4-9: A computer connected to a 3D priri€hitedze Research Station.

Figure 4-10: 3-Blade Plantei& 1-Seed Sasakawa 3®rinted Micro Prototypes.
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Figure4-11: Land Clearing3D Printed Micro Prototypes.

Figure 4-12: Ridging Hoe with Blade Connectd3D Render of Designelrototype.
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Figure 4-14: 3D Render of Designelllaize Sheller Blad& Hand-Held Maize Sheller
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Figure 4-15: Maize Shelleand Maize GrindeBD PrintedFrames

Local Arc Welding production of prototype labour-saving Cultivation Tools

The research engaged local welding expertise and idengfiesanswho producel the weded
prototypesto be testedby the women innovator groups. The below prototypes were prodocsazhle
using the 3D printeddamples The tools were produced using locally available scrap metal and flat
sheetghatthe research sourddrom scrap metal vedors and welders around the industrial aréas
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the research was resowidmited, other materials e.g. flatsheetgere procured at the cheapest pice

availableto produce the toolwith thelowest unit price possible.

Figure 4-17: Sasakawa 4Seed Planting Ho& Land Clearing CurvedBlade Hoe

Figure 4-18: ThreeBlade Planterand Two-Blade Planter
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Local Arc Welding for Post-Harvest Tools to be Prototyped

The women farmersd innovator groups were engag
group discussions. Each of tirnovator groups conceptualized innovations for the labour intensive
tasks they highlighted in chaptey 3.age68 and chapter 4, pad¥. There were 5 new prototypes-co
designed with women smalllddr farmer innovator groups that were customized to address the
identified labour intensive tasks:

a) Groundnut sheller and winnower (2 in 1),
b) Maize Sheller,

c) Maize Grinder,

d) Soya and Bean Thresher and

e) Soya and Bean Winnower.

Figure Xa: Prototypeqscrap metglt 1) Maize Shelle 2) Groundut Sheller& Winnower 3) Maize Grinder
Metal Casting Prototyping of Labour-Saving Cultivation Tools

Once the welded prototypes were produced for testing and findimaysnk it was determined feasible

to compare these findings with those of tools produced with the 2rd prototyping-pptahcasting.

Based on the same results on the 2D tool design prototifpeg" rapid prototyping phase was
completed through metahsting The metal cast prototypes were produced with more durable quality
metal (hardened steel) and with refined dimensions (height, weight, thickness of blades, and location of
connector among others), which were basadesults from the % on-farm tesing conducted using
welded prototypegscrap metal)
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Figure 4-19% Blade Planter Mould and Sample of Metal Cast Prototypes

Figure 4-21: Sasakawa‘PIanting Hoe Mould and Metal Cast Prototypes

Metal Cast Prototyping of PostHarvest Labour-Saving Tools

The results from the phase 1-famm testingdemonstrategignificanttime saving for the postharvest
innovations cedesigned by women innovator groupdetal casting was nahereforeexplored for

these tools as the welding option was more-effetctive and the quality was reliable.
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4. 5. Discussionand Conclusions

Throughout all the co-designprocesses, the innovative thinking capacity of the female farmers was
testedand provenTo ensure that innovator groups were happy with their designs and aldoctiat
artisans had a visuatpresentation ohe tools as expressed the endusers(Gupta et al., 1997 the

first process in the development of the tools was to develop 3D micro prototypes. Local artisans were
engaged wheaurcedlocally availablescrap metald developthe prototypesTo further compare the
durability and weight of théools the study decided to improve the tools further by developing metal
cast tools This idea was supported by findings @¢€1 ob | ar e) twho aréported s@perior7
resistance in metal cast teahan welded toolsThe research investigated the hypothesis and the
findings aredetailed inchapter 5(page 124) of this thesis Based on the results of theo-design
processit can be concluded that the selected female smallholder farmers were successfully tested to be
i nnovative as-btehi 9 ngiroorapg oa{fdesijnetndstioraieisldbafihténgive ¢ o
agricultural tasksaand were key players in the final production of the new and improved ftalsis

stage of the researclt was noted that through participatory approach and given the existence of
enabling creative spacesglected cohorts offomen smallholder farmgrwith innovative capabilities
canand should be engageddoccessfullysteer the process tievelop tool innovations that are useful

in addressing the labour constraints of tifi@mingactivities.

The findings enabled the research to makeatgument hat f or technol ogi es t
needs/demandgiomensmallholder farmers need to be included and that their ideas must be taken into
consideration during the research and development processadbragricultural technology to be
introduced into their markets. Women smallholders laxdl tool producersmustbe better equipped

with knowledge and skills on how to improve their agols and implements to incorporate time and
labour saving strategg The next chapteprovides details ofhe onfarm time differentialtrials that

were conducted to compare the prototypes produced in this chagter existing tools found in the

researched areas of rural Malawi
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5. CHAPTER 5: PARTICIPATORY ON -FARM PROTOTYPE ASSESSMENT

As outlined in chapter 4, women smallholder farmers have demonstrated their capacity toyidentif
innovative ideas for tools tailored taborintensive activities duringheir farming cycle Using the
toolsco-designed and now prototyghethe next step was to conduct-éarm trials of existinghandheld
agricultural tools and the newly produced prototyfmesompare the time taken to complete the tasks.
This chapter provides a detailed review of the approach taken during-taeotrids of tools with the

selected women innovator groups in Malawi.
5.1. Research Objectives

1 To investigate whethethe coedesigned innovative technologies prototyped udowal arc
welding demonstrated any time sadmgth respect to existing technologies dgritne orfarm
cultivation trials.

1 To assesswvhether theco-designed innovative technologies prototyped using metal casting
demonstrated any time savinggth respect to existing technologies during thefamm
cultivation trials.

1 To assess user preferendes the tools tested during the participatory-tarm trials with
women smallholder farmers who are members of the 3D4AgDev innovator gieaggedn
earlier chapters of this #sis.

5.2. Research Methodology

As detailed in chaptet, the research showedidence that women smallholder farmers can be engaged
in the participatoryprocess taco-design of labour saving agricultural tools. This chapter outlines the
protocol, rationale, methodology and results of gaeticipatory technology evaluations thatree
carried out using field teste identify the most timeaving toolslt compares the results of the-tarm

trials to compare existing tools to new prototypes produced using welding and metal casting.

It alsohighlights the role that women smallholdarmers played in the efarm testing of the new €o
designed prototypes and existing todkey informant interviews collected data from the women

farmers on their tool preferences that were analyzed and presented in the results sections.

5.2.1Testing Protools

A robust set of protocols was develogedthe field testingo ensure thateliabledata was generated to
developanevidencebase for each tool. Thmarticipatory technology evaluatiomsere organized based

on the season during which the toougal. The innovator groups were engaged to identify appropriate

119



farm land andtest the existing tools and new prototypes. The results of the participatéaynorield

trials and feedback from the women farmers would enatreparisondo be made between theo

sets of tools t@elect the bestme savingtools. The research was designed to allow open and enabling
creative field testing spaces, borrowing elements of the IDEO Human Centers design process as
described byIDEO.org, 201%, where the women farmer groups focused on what they considered to be
labour intensive and tested the tools tloeir specific tasks. Each innovator group papiated in the
field-testing exercises for both the cultivation and pbatvest periods and ranked thaols for

effectivenesandtime savings.

The testingsessionsvere conducted at central meeting locatiengh the women farmer innovator

groupsthat wee equally representetd enhance integroup learning.

5.2.2Testing Parameters
Cultivation Tools Versus Existing Traditional Tools

Each tool was assessed based osetharameterand the results for all the tested tools were then

compared for each groupdsimilarities were grouped together tmmsensubuilding:

- Time taken per tool
- Choice of preferred Handles

The cultivation tools testing sessions were conducted for the identifieditdbosive tasks i.e. land
clearing, ridging, planting and weed trials. The land identified was demarcated into individual
activity trial plots where eachiserwas allocated 3 ridges/furrows to test the new tools on and this was
repeated with the existing tools. Each ridge was measured at 20 meters long arddheosp one

ridge to the next was measured at 0.75 meters wide. For each trial conducted, the farmers were selecte
randomly from the various women innovator groups. Participants were required to perform 4 trials:
clear a portion of land and collect théearings, make ridges, plant seeds and weed the pB&th

testing participant would conduct the same trial with the existing tools or using the existing method and
would repeat the task using the new prototypes assigned for the test. The time taeah fimst was

then recorded and analyzed.

Constant Factors During Trials

i. Land used:All tool trials were conducted under the salaed conditions.

ii. End-users: For each trial, there were 6 women farmers testing the tools i.e. 3 users testing the

existingtools and 3 users testing the newdasigned prototypes. The researchers then switched the
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tools to ensure that the same women would conduct the tests again i.e. the same user testing :
existing tool and a new tool. For each tool prototype, the toolwnaiced in triples as the research

was also testing the user preferences for tool handles considering the cultural preferences of the

sites. The tool handl es were producednetarsgn t h

Amedi umo (Hismetreé¢nw) (&nd meters). Therefore, e

co-designed prototypes two times each

iii. Farmers Diet: Beforeconducting the trials, data on th
captured. As most farmers typically did nothéve e akf ast, data on the pr

also captured to haestimate lteir energy levelbeforethe tests.

iv. Inputs for On-Farm Trials: All tools were labelled during the testing sessiand the endisers
were allowed time to familiarize theselves with the new tool$he seeds required for planting and

grain required for théesting of the existing toolsereavailableto testthe new prototypes

PostHarvest Prototypes Versus Existing Methods

Each prototype wasested in comparison to thexisting tools and methods the women farmers
presently use. Theesults for all the tested tools were then compared for each group and similarities
were grouped together faonsensusbuilding the time taken per tdato complete thdaborintensive
activity.

Maize Shelling

The smallholder women farmer innovators that were engaged in the tool testing sessions to define the
methods they typically use to shell their maize. Most respondents stated that they shell by hand or by
rubbing the full maize cob againsh empty cob. The women were asked to shell maize from 1kg of
maize cobs which is approximately7@naize cobs per trial. The timer was set to capture the time taken

to shell the maize from 1kg of maize cobs by hand or usiregrgaty cob The times recort were then
compared to the time taken to shell the same quantity of maize using the new women farmer co
designed maize sheller. The smallholder women farmer innovators that were engaged in the tool testing
sessions typically have farming plot sizes & th 2 hectares (ha.) producing yields of approximately

67 bags of maize cobs per hectare. One bag typically weighs 50kgs. One kg represents approximately ¢

7 maize cobs.

Maize Grinding
The smallholder women farmer innovators also highlighted the existgthods they typically use to

grind their maize. The respondents indicated that most of them use the pestle and mortar to grind maize
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The women testers were asked to grind maize from 1kg of maize cobs which is approxinvately 6
maize cobs per trial. Thiemer was set to capture the time taken to shell the maize from 1kg of maize
cobs using the pestle and mortars which the smallholder women farmers providsetinbs taken
were then compared to the time taken to shell the same quantity of maizehesimgnen farmer co

designed maize sheller provided by the research.

Groundnut Shelling and Winnowing

Women smallholder farmer innovators indicated that they typically use their hands to shell groundnuts.
The innovator group participants were engageddbthe existing method against the newdesigned
prototypes. They were asked to shell 1kg of groundnuts and the timer was set to capture the time take
to complete this task by hand. The times taken were then compared to the time taken to shell the sam

guantity of maize using the women farmerdmsigned groundnut sheller provided by the research.

The women smallholder farmers were also asked to identify what they use to winnow and clean the
shelled groundnuts. The women answered that they typicallg usenower made from local bamboo

or other soft malleable materials. The group of women who volunteered for the groundnut shelling
testing session were then asked to winnow the groundnuts they shelled by hand. This time was added t
the time taken to shHethe groundnuts by hand. This total time was then compared to the time taken to
shell and winnow the same quantity of groundnuts using the 2in1 groundnut sheller and winrower co
designed prototype. The smallholder women farmer innovators that testaduhdrgut tools typically

have plot with yields of 580 bags of unshelled groundnuts per hectare. Each of these bags typically
weighs 50kg.

Soya Threshingand Winnowing

The women farmers who participated in the tool testing sessions indicated that tbalytytace the
harvested soya pods on sacks and cover them. They then source poles which they use to hit the sacks
break open the soya bean pods and release the grain. Due to resource limitations;ftreserials

were not conducted with all theomen smallholder innovator groups thatdasigned the prototype.
However, on a onday prototype showcasing field day, the prototype was tested with three groups in
one of the research sites. The women farmers were asked to test the soya thresherarat wéimg

one kg of unthreshed soya bean pods. The time taken was compared to the existing method alread

identified by the women smallholder farmers.
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5.3. Data Collection Techniques and Methodology

A mixed methods approach wappliedto capture both quaditive and quantitative data during field
tool trials. The tooltrials data was collected through recordinggiofe taken when usingxisting and
new prototyped toal Field observations of womesmallholdersduring thet o ottias £nabled the

observatio of the participants in their natural environment.

5.3.1Key Informant Interviews (KIk)

Klls were conducted at the beginning and end of eachtisldto collect feedback to lecorporated
with the time differentiatesults For each trial session, eacker completed a questionnaire to provide
feedback on their perception of the tdmforetesting it as well as after completing the tool trial
Participants were asked to provitleeir preferredtool dimensions including handle length and weight,
blade legth, width and weight as well as the handle to blade angles. Faatseranked the tested
tools for ease of use, time takemd overall ergonomic suitability of the tool. In addition, they were
asked taoshare their ideasow to improve theestedtool to ensure that all proposed refinements were
incorporated in the tookfinementprocess. Respondents aladicatedtheir willingness to pay for the

tested toolshould they prove to be labesaving

Table 5-1: Agricultural Tools Selected for Onfarm Trials

Cultivation Tasks To be Tested| Existing Tools to Tested New CoDesigned Prototypes
Land Clearing Existing traditional Hoe CurvedBlade Hoe
(with 35 years wear and | Grated Blade Hoe
tear)
Ridging Existing traditional size Hoe| Ridging Hoe with Handle to
(new) Blade Connector
Planting Small hoes and use of Sasakawa Hoe
hands/feet ThreeBlade Planter
Weeding Existing traditional Hoe (% | Flat Edge Hoe
years wear and tear) Wide Blade Hoe

5.3.2Field testingSessions for Welded PoBlarvest Season Agricultural Tools

The following tools were selected for testing and comparison with the existing tools for the below listed

laborintensive tasks.To ensure that each group member had adequate exposure and a good

under st andi ng -od v icrapdwasfbéing lassassed during the field testing, they were

trained on the testing protocols and the steps for each test to be taken. For each session, each group w

asked to test the pebarvest activity using thexisting methods used and compare them with the time
given to complete the same task using rieg/ prototype. 5 prototypewere testedand the research
encouraged eaalserto providecontributions on howo improvet h e fumctiohabtyd
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Table 5-2: Tools for On-Farm Time Differential Trials for Post -Harvest Activities

PostHarvest Tasks Existing Tool to Tested New CoDesigned Prototype
To be Tested

Pounding Traditional pestle and mortat Maize Grinder

Maize Shelling By hand or using maize coby Maize ShellerGroundnut Sheller

Groundnut Shelling

Threshing Threshed Using Polé&s sticks Soya and Bean Thresher

Winnowing Traditional winnower tray | Groundnut, Soy& Bean Winnower
5.4. Results

5.4.1Time differential outputs from new and existing tools

Clearing Time Differential Trials:
Women farmers successfully tested the existing clearing tools and the nreesigoed clearing
prototypeproduced through local weldingThe time taken for each tool was recorded bgl thandle
(long, medium and shortYhe curved anavide/grated blade h@awere tested comparatively with the
traditionalhoe that is currently used. Table 6.2.2.1 below indicates the time differential results for the

land clearing tool trials.

Table 5-3: Land Clearing-Curved Blade and Existing Tools Time Differentials

Average Time Average Time Average Time
Differencein Min Differencein Hrs. Per | Differencein Hrs. Per
Per 22.5 MP Acre (4046.86 M) Hectare (10000 MP)
New Long 4,77 14.30 35.34
Existing Long 4.62 13.84 34.19
Time Difference -0.16 -0.47 -1.15
New Medium 4.53 13.57 33.54
Existing Medium 4.99 14.95 36.94
Time Difference 0.46 1.37 3.40
New Short 4.79 14.37 35.59
Existing Short 4.70 14.08 34.79
Time Difference -0.10 -0.29 -0.80
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Land Clearing-Curved Blade and Existing Tools Time Differentials
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Different Handle Sizes for Proposed Land Clearing Curved Tool

m Average Time Difference In Min Per22.5 M2
Average Time Difference In Hrs. Per Acre (4046.86 M2)

Average Time Difference In Hrs. Per Hectare (10000 M2)

The above results show that the new curved blaggpbdormed best when produced with a medium
size handle as compared to the existing traditional Roeboth the long and short handle tests, the
exiding hoe demonstrated less time taken per task.

Table 5-4: Land Clearing-Grated Blade and Existing Tools Time Differentials

Average Time Average Time Average Time
Differencein Min | Differencein Hrs. Per | Differencein Hrs. Per
Per 22.5 M Acre (4046.86 M) Hectare (10000 M)
New Long 2.99 8.96 22.13
Existing Long 3.21 9.62 23.77
Time Difference 0.22 0.66 1.64
New Medium 3.06 9.18 22.69
Existing Medium 3.29 9.87 24.39
Time Difference 0.23 0.69 1.70
New Short 3.13 9.39 23.20
Existing Short 3.23 9.68 23.92
Time Difference 0.10 0.29 0.72
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Land Clearing-Grated Blade and Existing Tools Time Differentials
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Different Handle Sizes for Proposed Land Clearing Grated Tool

m Average Time Difference In Min Per22.5 M2
Average Time Difference In Hrs. Per Acre (4046.86 M2)

Average Time Difference In Hrs. Per Hectare (10000 M2)

The above results show that the new grated blade hoe performed best for land clearing when produce
with any of the handle sizes as compared to xgirg traditional hoeThe farmers liked this tool as it

was wider than the existing tool and covered more ground between the ridges that typically need
frequent weeding. This tool completed the task faster and the land cleared was neater thandhe cleare

using the existing traditional tools.
Ridging Time Differential Trials:

Table 5-5: Time differential analysis for the New and Old hoes that were used for ridging

Ridging Blade OnFarm Tool Time Differential s.
Type of Tool Average Timg _ Averag.e Time . Averag_e Time
Handle Differencein Min | Differencein Hrs. Per | Differencein Hrs. Per
Per 22.5 MP Acre (4046.86 M) Hectare (10000 M)

New Long 4.47 13.40 33.10
Existing Long 4.64 13.91 34.38
Time Difference 0.17 0.52 1.28

New Medium 4.45 13.33 32.95
Existing

Medium 4.72 14.14 34.95
Time Difference 0.27 0.81 2.00

New Short 4.70 14.09 34.83
Existing Short 4.48 13.43 33.19
Time Difference -0.22 -0.66 -1.64
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Ridging Blade On-Farm Tool Time Differentials.

Different Handle Sizes for Proposed Ridging Tool

m Average Time Difference In Min Per 22.5 M2
Average Time Difference In Hrs. Per Acre (4046.86 M2)

Average Time Difference In Hrs. Per Hectare {10000 M2)

The results of the ridgingials indicate thathe existing hoe is faster at the ridging activity as compared
to the new toolvhen produced with a short handle sirdy. This may be because the farmers are more
familiar with the existing tools as compared to the new tools or caidly be a better tool on time
savings.However, the farmers preferred the new protasypecause of theandblade connectoand

the lightness of the toethen compared to the existing standard size traditional hoe found in Malawi.
Planting Time Differential Trials:

Table 5-6: Time differential analysis for the New and existing planting tools and methods

3-Blade Planter On-Farm Tool Time Differentials.
Average Time AverageTime Average Time
Differencein Min Per | Differencein Hrs. Per Differencein Hrs. Per

22.5 WP Acre - 4046.86 M Acre 10000 M
New Long 3.40 10.19 25.17
Existing Long 3.25 9.73 24.05
Time Difference -0.151 -0.454 -1.120
New Medium 3.41 10.21 25.24
Existing Medium 3.20 9.59 23.69
Time Difference -0.209 -0.626 -1.550
New Short 3.22 9.65 23.85
Existing Short 3.03 9.07 22.42
Time Difference -0.194 -0.580 -1.430
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3-Blade Planter On-Farm Tool Time Differentials.
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Different Handle Sizes for Proposed Planter Tool

W Average Time Difference In Min Per22.5 M2
Average Time Difference In Hrs. Per Acre - 4046.86 M2

Average Time Difference In Hrs. Per Acre 10000 M2

The threeblade planter did not demonstrate any time savings during planting as compared to the
existing mehods and tools useHlowever, the farmers liked that it made 3 planting stations at the same
time. However, to s& more time than the existing tool, the farmer would need a partner to follow
behind dropping the seed and covering the planting stationgcallyp this is what is done with the
farmer households and therefore the farmers preference wasthee3planter when compared to the

other tools tested.

Table 5-7: Time differential analysis for the New and existing planting tools and methods

Sasakawa 1Seed Planter OnFarm Tool Time Differentials.
Average Time Average Time Average Time
Differencein Min Differencein Hrs. Per | Differencein Hrs. Per

Per 22.5 M.Sq Acre (4046.86 M.Sq) | Hectare (10,000m.8§)
New Long 3.31 9.92 24.50
Existing Long 3.37 10.11 24.99
Time Difference 0.066 0.198 0.490
New Medium 3.01 9.01 22.27
Existing Medium 3.34 10.01 24.73
Time Difference 0.332 0.994 2.460
New Short 3.34 10.02 24.76
Existing Short 3.38 10.12 25.00
Time Difference 0.032 0.096 0.240
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Sasakawa 1-Seed Planter On-Farm Tool Time Differentials.
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Different Handle Sizes for Proposed Sasakawa Tool

m Average Time Difference In Min Per 22.5 M.Sq

Average Time Difference In Hrs. Per Acre (4046.86 M.Sq)

Average Time Difference In Hrs. Per Hectare (10,000m.Sq)

The results of theasakawglanting trials indicat¢hatall the newly producegrototypesdemonstrated

more time savings compared to the existing tools and methbes produced with any of the haad

sizes In addition to the quantitative analysis presented above, the research analyzed the feedback fron

the women innovators after testing the toolsoBeis the summary of the qualitative feedback from the

Klls.
Table 5-8: Summary of Qualitative User Feedback from women smallholder farmers.
Type of Name of Existing Tools Kll User (Tester) Feedback
Test Prototypes
Land Curved traditional hoe (35 | Innovator groups indicated thidiis newtool is
Clearing Edge yrs. old) fine as is and word very well when sharpene(
Grated traditional hoe (35 |Farmers asked for the grates to be removed a
yrs. old) replaced with a wide flat blade. It was also
renamed. Farmers preferred the wide flat blad
as it didcleared land extremely and was more
durable.
Ridging Ridging Best 43 Hoe The improvedhoe is perfect and ready for the
Hoe marketas it has the handle-blade connector
that makes the new tool lighter than the existir
traditional hoe. It is more ergomically
preferred even though the time savings were |
demonstrated.
Planting | Sasakawa| Small axe or hoe |The farmers would like theasakawdlade to be
(17 seed) slightly longer and narrower to make deeper
planting stationslt would also allow theool to
be more durablelhey otherwise likd the new
tool.
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3-Blade
Planter

traditional hoe (35
yrs. old)

It is a preferred improved tool as it makes 3
planting stations at once and this saves time f
the farmerdor this station making activity an
does not require them to bend as much as wh
they use the existing tools/methotawever,
this tools only works well when &%person
follows behind to drop the seed and close the
planting stations. Farmers indicated that they
typically do not plantndividually on their farms
and could envision themselves using this tool
save time for the whole family therefore
reducing their combined labour burdens durin
the rainy season.

Weeding

Straight
Edge

traditional hoe
(new 1yr old)

This new straighédge tool workdwell
compared to the existing tool and farmers like
how light the tool was.

Flat blade

traditional hoe
(newi 1yr old)

Remove the grates with flat blade to clear lanc
better, increase the
tool more durald.

Figure 5-1: Welded cultivation prototypes etesigned with women farmers.
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Figure 5-2: Women farmers testjﬂad clearingtools to compare time taken.

5.4.2Metal Cast Prototypes for Phase Il Gsarm Testing

The analysis of the seven welded prototype tools indicated that the newhdidngelded calesigned

prototypes demonstrated time savings capabil#égesompared to the existing taoksowever, the data
generated in earlier stages of field testing with welded versions of the tools was not statistically
conclusive regardingnd required further field testing with more durable metal cast prototypes to
generate more conclusive data to identify which prototygmaonstrate the most significant labour
savings. In addition, qualitative feedback from the women farmers from the earlier field testing
suggested that the tools may have improved ergonomic attributes and may also be less energ
demanding.However, such galitative feedback required further investigation to determine whether

there was any evidence to support such claims. For the metal cagrdmiyping phase of the

research, the seven prototypes offthadheldtools were produced from hardened staetal casts.

Table 5-9: Metal Cast Prototypes Tested by Women Smallholder Farmers in Malawi

Cultivation Metal Cast Tool Existing Tools Used by No of metal casted
Task Prototypes Women Farmers prototypes made

Land Clearing |1) Curved Edge traditional hoe (35 yrs. old) 3
2) Grated traditional hoe (35 yrs. old) 3

Ridging 1) Ridging Hoe Best 43 Hoé traditional hoe 3
Planting 1) Sasakawa Hoe Sticks/Hands/Legs, Small Axg 3
2) 3Blade Planter tradiional hoe (3-5 yrs. old) 3

Weeding 1) Straight Edge traditional hoe (New 1yr old) 3
3

2) Flat blade

traditional hoe (New 1yr old)
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Figure 5-3: 3 Blade Planter Mould and Metal Cast Prototypes

Figure 31 Sasakawa Iatine Mould and Metal Cast Prototypes
The onfarm trials for the metal cast were conducted using dngestesting protocols that were used to

test the welded prototypes in phase |. Based on the results of {flaenoesting using metal cast
prototypes, the research was able to compile time differential analysis and key user feedback from
women smallholdef ar mer s regarding the toolsd weight,
addition, farmers wheestedt he t ool s were asked to provide f
work done, time taken, energy used, refinements to be made and overallnoeeférbe women

farmersdé ergonomic preferences for the tool s t
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pay for the new prototypes and related prices they would be willing toTp@yonfarm trials of the
metalcast prototype tools were sessfully conducted with the support of the participating women

farmers groups and LUANAR Agitngineering department.

Hoe Type Clearing -

Curved Clearing i 3-Blade

(time Wide/Grated Ridging Sasakawa | Planter (time

hours) (time hours) | (time hours) | (time hours) hours)
New - Long 0:04:48.43 0:02:59.30 0:04:28.07 | 0:03:18.47 0:03:23.79
Old - Long 0:04:36.89 0:03:12.43 0:04:38.50 | 0:03:26.47 0:03:14.86
New - Medium | 0:04:36.28 0:03:03.80 0:04:26.86 | 0:03:00.46 0:03:24.47
Old - Medium | 0:05:19.00| 0:03:17.50 0:04:43.00 0:03:24.85 0:03:12.00
New - Short 0:04:47.54 0:03:07.97 0:04:41.78 | 0:03:20.57 0:03:13.21
Old - Short 0:04:41.82 0:03:13.67 0:04:28.78 | 0:03:22.50 0:03:01.57
P.value 0.951 0.966 0.919 0.903 0.75

Table 5-10: Time Differential & User Feedback on Existing & CoDesigned Metal Cast Tools

Type of New Existing Time Differential User (Tester) Feedback
Trials Prototypes Tools Analysis
Land Stdsize | Theclear i ng c¢ utr Women farmers asked to hay
Clearing hoe (3-5 | time use was betterthan| thegr at es and f
Curved yrs. old) | the existing tool when removed from the blade to
Edge, using the medium handle| have a flat blade and full blad
2 only. to increase t
The clearing wide blade ianoclidburabllltyand clear the
Wide Blade (former |y gy ‘andbeter
time user was better than
the existing hoe for all the
tested tool handles.
Ridging Ridging Best 43| The cedesigned ridging Women farmers indicated the
Hoe Hoe (std| hoe took less time to ridg| this prototype is markeeady
size hoe)| the same piece of land th| and should be disseminated |
the existing tool when others
using when using the lon(
and medium handles.
3-blade 3-blade Planting | As noted during the Farmers indicated that they
planter planter with welding tests, the metal typically do not plant
hands cast prototype also individually on their farms
and feet| performed welbnly on and could envision themselvg
saving time to make using this tool to save time fg
& planting stations. It can the whole family therefore
make3 planting stations § reducing their combined
Planting| once compared to the labour burdens during the
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using existing hoe. However, rainy seasonrlhey preferred
sticks this tools only works wll this tool to the existing tool
when a 2nd person also because it does not
follows behind to drop the require them to bend as muc
seed and close the as when they use the existing
planting stations. tools/methods.
1-seed Sasakawa Small The new cedesigned The farmers want the blade t|
Planting Hoe, axe or Sasakawa hoe performeq be slightly longer and
small better on time taken per | narrower to make deeper
hoe activity as compared to planting stations. Téntool is

existing tools when using
any of the handle lengths

marketready.

5.4.3PostHarvest Season Prototypes Tested

Maize Shelling Prototype Compared to Maize Shellingpy Hand

Women farmers compared times taken to shell 1kg of maize by hand to the time taken to shell the

maize using the women farmer-desigied maize sheller that is hapdwered. The results of the

maize shelling trials conducted with women farmers are presented in the table below.

Table 5-11: Time taken while using existing and new technology ishelling maize

Type of Maize Sheller Average Time (hh:mm:ss.ss) Taken to shellkg of maize
Existing shelling technique 0:03:40.63
New (innovation) 0:01:29.47
Overall mean 0:02:35.05
Sig. <0.001

Figure 5-4: Hand-shelling maize versus the women farmeresigned maize sheller

Based on the table above, the results show HeatMomen farmer edesigned hangowered maize

sheller generatetime savings for women smallholder farmers of 18 hourstperof maize (n = 37

independent tests), compared to the women smallholders existing maize shelling technique (mainly
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using empty maize cobs as scrapmerfand$. The results presented above st&tisticallysignificant

as evidenced by tHe.value<0.001.
Maize Grinder Prototype Compared to Maize Grinding Using a Pestle and Mortar

The research recorded the time taken for wofaemersto grind 1kg of maize using a traditional pestle
and mortar and compared it to the time taken to shell the maize using thenviemmmer cedesigned
maize grinder that is harmbwered. The results of the maize grinding trials conducted with women

farmers are presented in the table below

Table 5-12: Time taken while using existing anchew technology in grinding maize

Type of technology Average Time for a Grinder (hh:mm:ss.ss)

Old 0:05:59.39
New (innovation) 0:02:37.81
Overall mean 0:04:18.60
Sig. <0.001

Figure 5-5: Maize grinding traditional methodsrersus new prototype.

Based on the maize grinding trials conducted by this rese&elwomen farmers caesigned maize
grinder generated labour savings for women smallholder farmers of 58 hotos pémaize (n = 35
independent &s), compared to the women smallholders existiagze shelling technique of using the
traditional mortar and pestl@he results presented above atatisticallysignificant as evidenced by
theP.value<0.001.

Groundnut Sheller and Winnower Prototype Canpared to Using Hands

The research recorded the time taken for women farmers to shell 1kg of groundnuts by hand and

compared it to the time taken to shell the maize usingnéve co-designed groundnut sheller and
winnower that is hangowered. In additionthe time taken to winnow the shelled groundnuts by hand

or using the prototype was also recorded and added to the time taken to shell the groundnuts.
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Table 5-13: Time taken to shel and winnow Groundnuts

Type of technology | Groundnut Sheller & Winnower (new) Average Time (hh:mm:ss.ss
Old 0:35:59.89
New (innovation) 0:02:16.51
Overall mean 0:19:08.20
Sig. (0.05) <0.001

Figure 5-6: Shelling groundnuts vsus new prototype.

The results (n = 27 independent tests) indicate that use of the wordesigoned groundnut sheller and
winnower can generate labour savings for women smallholder farm&vd dfours perton (1000 kg)

of groundnuts, compared to the wemsmallholders existing groundnut shelling technique which is by
hand.The results presented above siaisticallysignificant as evidenced by tRevalue<0.001.

Soya Thresher Prototype Compared to Using Sticks and Poles
The results of the-tlay tool esting sessions with smallholder farmers were inconcluSiverefore,
further tests were required. However, due to resource limitations, this was not possible during this

research.

Figure 5-7: Soya thresar and Winnower C®esigned Prototype
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Prototypes (metal cast) for Phase 2 Testing of Peblarvest Technologies

The results from the phase 1-famm testing demonstrated higime-saving capabilities for the pest
harvest innovations field testing by womemaovator groups. The welding option was considered
reliable and is more cosffective than metal casting. Therefore, metal casting was not explored for the

postharvest agrprocessing technologies
5.5. Discussions and Conclusions

Based on the results presemtfor thewelded and metal cast haheld cultivation tools the newly
produced improved tools demonstrated on average less time taken per activity. However, as presentec
these results were mostly not statistically significant. The metal cast protakypesistrated slightly

higher time savings that the prototype tools. This could be as a result of the different materials used to
produce the prototypes.In addition, women smallholder farmer innovator groups provided their
feedback on their preferencés the tools testeavhich indicatesa preferencefor the coedesigned
cultivation season prototypes they claimed that the new prototypes saved them noticeable time and
because the tools were lighter and more durably made

With the old hoe handles, a sgacnatural shape of a tree branch is required to use for the handle of
the hoes. The proces$looking for such a branch can be exhausting, and a lot of work is later needed
to work on the tree to make it a hoe handle. All that requires specific @dls lot of time which is

not the case with the new hoe handles deg\{rihe new cedesigned prototypes havandleto-blade
connectorsand are in line with the preferences of the users. Local timber vendors were identified and
engaged for the produoti of tool handles in Lilongwe, Malawin the Nkhamenya region, the longer
handles were preferred while in the Central region closer to Lilongwe, longer haneladturally

viewed as thelazy toob  atmerkfore,most of the women preferred the shortandles.Farmers

tested all tool handles and based on the outcomes of the tool trials for both welded and metal cast tools
made their observations that were used to make the final decisions on the tools that demonstrated th

highest time savings and thesociated handles they used.

While the results othe cultivation tools resultdo not seem very significanihe reactions from the
women farmers throughout the testing processa® very positive with regards to the tool trials and

the new prototypesThe smallholder farmers fully participated in the testing sessions, followed all
protocols and provided concise and clear feedback that was instrumental for this research. The farmer
stated that the process of designing the tools and testing wiitbnthe existing tools and methods
transformed them intoreative thinkersThe full details of the empowerment and other effects of this

research on the women farmers and their househgiesented in the last chapter.
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As demonstrated by the outcomes of plagticipatory tool trials.abust results were generated for the
postharvest tools, which indicate that these prototypes are now readydss production and
dissemination to similar target groupfhe overall time savings demonstrated by all the newly
produced posharvest prototypes were very significant and demonstrated the abilityoofen

smallholder farmers too-design labour saving toollat are customized to their cropping systems.

The results also show that these tools can be produced frigiapprticipatory orfarm testingwith

mi ni mal costs and how | ocal prototyping can be
dondét need to take years for R&D as Thereforepitask a
pettinent fortool producerdo consult with and incorporate the inputs of women smallholder farmers
when producing agricultural tools and other produlttss also crucial to assess the available local
resourcesand use them efficiently to minimize produeticosts and set affordable prices for labour

saving tools that are in high demand by smallhdldenersin rural Malawi.

Furthermore, this research demonstrated the need for ridldstestingprotocols and data collection
methodsto develop an evideecbase of the tested innovations. The results also further support that
through 3D printing, welding and metal casting rapid prototyping options, local producers have the
potential and can produce agricultural tools that are-taflered to be returned twomen smallholder

farmers for testing and refinement.

The overall findings prove that women smallholder farmers need to be included in the tool testing and
refinement processes to ensure that their needs and contributions are taken into considemation in
participatory technology development process for each tool that is introduced into their local markets.
Improved agrtools and implementsave demonstrated the potentiabiecrease labour intensive work
andcanhave major impactsn the target group3he following chapte6 highlights the approach taken

to conducknergy exertion ofiarm field trialsto further build the evidence baselaborsavingtools.
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6. CHAPTER 6: APPLICATION OF WEARABLE KINEMATIC SENSORS

Most of the labour force in thiglalawianagriculture sector are smallholder farmers who mostly farm

for subsistence purposes and lack access to any technology. As a result, their tools are basic in natut
andas a resulta lot of time and energy is spent completing their required tasks. The@wgentf the

overall research captured in this section aimed to incorporate innovative methods to test the energy
exertion levelsof smallholder farmers when using their existing tools as compared to improved
customized tools that are tailored to eachapural activity. To encouragannovation the research

opted toexplorethe use of kinematic sensors to capture data from tHiarontrials that would be used

to measure the farmersodo energy exertion when wu
6.1. Analysis of Energy Exertion Assessment Technologies

Labour saving technologies aim to reduce time and energy. The measurement of time and energy usag
associated can be challenging, particularly for measurement of energy use. In addition, ergonomics cal
also have a bearing on ugeeferences for different tools and technologies. While surveys of users can
elicit valuable data regarding their perceptions of time, ergonomic and energy gains arising from use of
any new technology and tool, supkrceptioAbasedsurveys can be subjetd bias and inaccuracies,
andtypically do not measure time, energy or ergonomics dire¢tlys research aimed to incorporate

quantitative assessment methods as well to reduce the inaccuracies of qualitative research.

Technical feasibility assessmentsvéebeen conducted thahalyzerequirements and applicability of
wearable sensors to human energy expenditure, @.qvesigate how sensors can be used in
monitoring of gain and fall in older peop//ang et al., 2006-ukatsu and Nanseki, 2000v et k o v i |
al., 2013 Rucco et al., 201850dfrey, 201Y. For instancesome authorBavecompared and evaluated

three different sensor configuration sets:aipeart rate monitor and two inertial semsaattached to

the users thigh and che@flukhopadhyay, 201,9-iorini et al., 2018 (ii) a heart rate monitor with an
embedded inertial sensor and a smart phone carried in the packetet kovi | et a
Mukhopadhyay, 2015iorini et al., 2018 and {ii) only a smart phone cared in the pockefSaidan

and AlDossarj Pei et al., 2013Cv et k ov i | ). @He aadracy, of tBeOnio@els was validated
against indirect calorimetry using the Cosmed system and compared to a commercial device for energ)
expenditure Sense Wear armband. The resudisatedthat models trained using relevdaatures can
perform comparable or even better than available commercial d€/icee t k ovi | ,Leutgket| . |
al., 2013 (Cvetkovicl/ Bogzi dara et al, Towards Human Ene

Phone Inertial Sensors).
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There are several methods to estimate the human energy expenditure. Direct calorimetry measures tr
heat output of a persdriibi et al., 2013 i.e. the heat produced by human body while exercising. This

is the most accurate method, but it can be used only in a controlled environment (e.g. laboratory)
(Levine, 2007. It measures the energy expenditure over medium periods of time (hours). Indirect

calorimetry measures the amount of inhaled and exhaled oxygen gndufi@g res and steadgtate

exercise, which is linked to the expended energy. It is fairly reliable and can be used in field conditions,
even over short periods of time (minutes). However, it cannot be used in everyday life, since it requires
a breathing masi.evine, 2007.

Measuring physical activity using doubly labeled water (i.e. water labeled with deuterium and-oxygen
18), provides a goldtandardwhere it is possibléo measure the amount of exhaled carbon dioxide by
tracking its amount in water. This method can be used in everyday life, but it measures the energy
expended over longer periods of time and is expensive. It is also fairly reliable and can in principle be

used in everyday life, but only over long periods of time (days or weeks).

As the above options were not feasible for this reselimdted research, theamost affordable
approachesvere determined to beommercial wearable sensoesnbedded in armbands awther
devices, which are moderately accurate and reliable. These can be used in everyday life over shor
periods of time and given the increasing ubiquity of such sensors, they seem to be the most promising
tool for energy expenditure estimatibnu gt r e k  evitja et &l). A Fitb &nd gkintemperature

sensor were also considered, but preliminary assessments showed no benefit compared to the cos
foreseen. In this paper, a method for activégognition and energy expenditure estimation using a

wearable sensor is explored.

Inertial sensors as motion sensors are already very popular in different domains such as gaming
industry, healthcare and medicine and secyfity et k o v i | , Feotini e &l., 2018/QiebtioR

Their accessibility, ease of use, and ustlerdable concept of accelerometry help broadening its
applicability domains on a daily basis. For instance, even running shoes can contain an accelerometel
while an average smart phone contains a wide range of sensors, including an acceléfometér k o v i |
etal.,2013Lugtrek )t al ., 2012

Most methods for energy expenditure estimation using wearable sensors seek linear or nonlinear

relations between the energy expenditure and the accelerometer outputs. The most basic methods u:

one accelerometer and one linear regression nm{Quelter et al., 200)2 The estimation accuracy can

be improved by multiple regressianodels and complex attributes. The regression meth¢Groyter

et al., 2012is currently among the most accurate. It uses one accelerometer attached to the hip. In the
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first step it cl assi f i arbulatry actvitysop lifieétyde actity. invthet y
second stept uses a linear regression model for the ambulatory activity and an exponential regression
model for the lifestyle activity. The weakness of this method is the exclusion of some actighiesssu
cycling, and a larger error for the upper body due to the sensor plac&oem@.methods use a human
kinematic model, from which the kinetic energy required for the movement can be computed. The
movement is estimated using accelerometers attachetthetobody. However, this requires the
integration of acceleration data, which can amplify sensing errors and the use of many accelerometer:
(Lugtrek )t al ., 2012

The research investigated various options for energy analysis and opted for the Shimmer Kinematic
Sensor Equipment that is currently being applied to measure acceleration and other performance factor
in athletes in Ireland and other countries across Eu¢bpese and Orlowski, 2013rorres, 2013

These arewvearable wireless sensowith anintegrated motion processaccel@éometer, gyroscope,
magnetometer, and altimeted] which simultaneously record requirddta.This chapter providesma
overview of the approach used testand applythe Shimmer testing kitsto conduct offarm
acceleration and angular velocity tedtsing field trials of the newly designed cultivation tools and
existing cultivation tools used by the women farmers in Malawiformula for the calculation of
approximate energy exerted when using agricultural toalsrised and applietb analyze the rexded

data The Shimmer inematic sensorare originallydeveloped for sports and fitness applicatians

for this research, were used esperimendl instruments duringfor on farm trialsand applied to
determinghe energyexertionfor each of then-farm tool trials of existing tools compared to the newly

produced tools that wers-designed with the women smallholder farmers.
6.2. Research Objectives
The research goébr this chaptewas

i to investigate the energy consumption of the existing tools iaviflah comparison to th@ew
women farmer calesigned prototypes that wardroducedin chapter 4of this thesis

1 To test kinematic sensors for on farm tool trials and recommend adaptations for these sensors to be
more suited to agricultural settings.

6.3. Research Methodology and Equipment

The research collected data on existing agricultural tools including mass and height as well as usel
profiles, to be incorporated intthe energy exertioanalysis Before conducting field trials, prérials
were made tdest the bestlata collection intervalto calibrate theshimmersensors. The shorter the

data capture intervals, the more dataghienmersensors captur@hereforethe research teaset the
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sensors to the shortest time intervals to increase the acafrtey data points that would be tallied to
achieve the total energy consumed in Joules (J). The researcher engagjechthersupportteamto
ensure the equipment wasrking well and couldneasure the acceleration and angular velocity for

each ftrial.

6.3.1ShimmerData Management

Shimmeris an Irish company that develops and sells a wearable sensor platform and equipment that
allows for simple and effective biophysical and kinematic data capture #imeafor a wide range of

application areagvww.shimmersensing.comThe initial approach adopted in the development of the

shimmerwireless sensor platform was to increase the application of sensor technology in healthcare by
focusing on commercially viable feaes valuable to both systems engineering researchers, biomedical
researchers, and cliniciaflsoose and Orlowski, 201®'Donovan et al., 2009Theshimmerwireless

sensor platform has users in over 30 countries , including leading universities and cogsaateh

and development organizations. It forms a key component of the BioMOBIUS research platform, which
represents a collection of tightly integrated hardware, and software components enabling rapid
prototyping of biomedical research applicatigisigler et al., 2012Burnset al., 2010h In this study
theshimmerwireless sensor platform was usecépture raw data that was analyzed@asure energy
exertion associated with the use of different farm@designed tools relative to existing toolkhe
ShimmeB Sensor Uit is a small devicehousing multiple sensotthat are docked iits station The

device is activated either upon removal from the base station or by pressing the orange button on the
front of the unit, depending on settings available while connectdtietdase station and PC via
Consensys. Once the unit records data values, the data can then be downloaded to a PC for investigatic

via connection to the base station and Consensys or via Bluetooth.

Table 6-1: Specifications for the Shimmer sensors

SHIMMER SENSOR SPECIFICATIONS
Calibrated _
SensorFeatures = Units Description
Timestamp Milliseconds Time of data point
Qcc\:{el;raﬂon Vide Range (WR) Meters/secondsZ Handles large fluctuations
Qcc\:{el;raﬂonLow Noise (LN Meters/secondsZ Handles smaller precision values
Gyrometer: X, Y, Z Degrees/second| Returns angular velocity values
Magnetometer: X, Y, Z Local flux Returns_ stl_rength and direction of local
magnetic field
Pressure Kilopascals Scahr ambient atmospheric pressure
Temperature Degrees Celsius| Scalar ambient temperature
Battery Life Millivolts Scalar battery voltage
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Data collected via th&himmerBase Statiorwas initially downloaded as a .csv (Comma Separated
Values) file fromthe ®nsors after each trialThe Accelerometer WR, Accelerometer LN, and
Magnetometer sensors provided the highest accuracy for classifieatiohserved by other research
(Blank et al., 2016 As theshimmertechnology isexperimental in the agricultural research aré¢nere

IS no existing methodology on how tpmy this technology to accurately measure energy exertion
levels for onfarm tool trials. The shimmes were calibrated to collect data on the X, Y andx’
acceleration points based on capture intervals set at 51.2Hz. i.e. to 51.2 cycles per seeond. Dat

captured for each usdrat tested the existing and new tools included

1. Tool Acceleratonwh en user i s at-deSignedrtdols vensus theexistinggdools. ¢ o
2. Tool Angular Velocity. Captured indegrelse cond when user i s at HAwor
3. Number of Turns: Each user completed 20 turns using each tool tested (new and existing tools usir

long, medium and short handles).

6.3.2 Testing Protocols

The research aimed to have robust user data as this will be used for the energy exertion analysis whet
user weigh is crucial. The weight of tools was also necessary to get existing tools that were in
comparison by weight and height for accurate time comparison by activity and user. Each user testec
the new farmedesigned prototypes twice and the existing onesetwith alternatinghandleshatwere
ranked as ALongo, AMedi umo and i S h othig mesearciA s [
determined through focus group discussions that smallhdédarers in the Central region prefer
shorter handles while thosetime Northern part of Malawi prefer longer handles. The data collected in
the initial phaseas captured in chapter @h handle preferences was used to determine the average

l ength for the @Al ong, i me di u moandcduseatd fothesohfarmtoa@ h a n
trials todeterminghe most suitable handle length for the -e13dr Each user therefore tested 2 heights

for the new tools and 2 heights for the existing tools during each trial run. Each tool was tested was
tested by an average n=4&s

To accurately capture trghimmerdata, the researabservedelowadditionalprotocols:

Land size The number of turns for each selectesgr was counted when the testempleted 30 meters
of trial plots. This was completed for each farmer teskioth the existing tools and new farmer co
designed tools.

On station Calibration testsThe shimmertrials for the new and existinggricultural toolswere

conducted nearby the CIAT office at the Chitedze Research svtatiere the research was hosted. A
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there were power outletsthis enabledhe use of thesensordockng unit. Shimmersensors were
charged and placed on the existing tools and new farr@esigned prototypes by activitgsted. Each
of the tests were conducted in order of activitiesrieal out in the farming seasoh2 women were
selected to test each tool and the field observers codfie¢drns for each tool tested. Data was
captured on thehimmersensors for each tool thetas laterused to calculate the energy exerted by

each usefor the same number of turns.

Once all farmers completed the trials, theser profiles and data from the sensors were used to produce
energy output date determine the average energy exertion for a typical woman smallholder farmer
each tool testk These resultsvere compiled together with the time differential results from chapter 5
to create the evidence base of the tools that demonstrated the most time and energy savings.

6.3.3 Formulas and Calculations

The research was supported by, Mr. Ashenafikliaran EthiopianCanadian volunteer engineering
consultant who developed all the formula describetbw that wagequired to make the energy use
calculations for all tested prototypes basedhendata from thehimmer sensor3.he datasets captured
using the shimmer sensors during thefarm trialswere then usetly the PhD researchéw perform
calculations in excel using the derived formula and the restittse derived energy exertion estimates
are presented below. More details on the formula dewveént are available as supplementary data.

The aim of using thehimmersensors was to determine the energy spent as the woman smallholder
farmer moved thdool from the highest point of the turn to the ground and back up to the highest
(starting) pointAs it may be difficult to accurately calculate the air friction, and as the effect of the air
friction was approximately the same during the trials of the existing and the nelesigmed
prototypesthe researcssumedhat the energy spent in movingethoe through the turn will be equal

to the work done therefore:

Formula 1: Energy spent = Work done,

Where;

- Wis the work in Joules (J or Kgm2/s2)
- Fis the force applied to the tool in Newtons (N or Kgm/s2)
- D s the distance that the tool moveghe direction of the force imetergm)

For the field trials, the raw data from the shimmer kinematic sensayedagstantaneous acceleration
rates inthe X, Y and Z axis at the sampling rate of 51.2 cycles per second. From this data, the research

calcdated the total acceleration instantaneous using the formula given in the Shimmer manual i.e. the
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total acceleratiorfior each users the square root of the square of &tlimensionalacceleration data
setscaptured as belaw
Formula 2: |A total|=Sq. Rootof (Ax2+ Ay2+Az2)

From this instantaneous acceleration, the instantaneous force being applied to the tool is calculatec
using the formula:

Formula 3: Force = Mass of the tool xA total|

Using the mas of the tool, the research cotieén figure out the instantaneous force being applied on
the tool at that particular moment in timsing the formula:

Formula 4: Work(l) (T1 - T2)= Force Total (I) x D1 = Mass of the tool x |A total(l)| x D1

Where;

Work() is the work done for 1 interval of data collected from the shimmer Sensor

Force Total (1) is the instantaneous force calculated for 1 interval of data collected from the sensor
|A total(l)| is the instantaneous acceleration calculated from theafdyZ shimmer data collected

D1 is the distance (angular) travelled by the tool for 1 interval of data collected from the shimme
sensors.

Figure6-1: Tool Movement Radi us:fthdbtader 6s pi vot poi nt

The only unknown entity in the formula above is D1, which in turn is calculated using the formula:

Formula5:D1= U x r
Where;
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- D1 is the distance (angular) travelled by the tool for 1 interval of data collected from the shimme
Sensors.

-U is the radian displacement between Time 1 a

- ris the total combined length of the tool handle and the lengtlartm of the farmer.

To find U, use the angular displacement for mul
Formula 6: U = wt

Where;

-U, is the angular displacement in radians

- w is the angular velocity in radians per second
- tis the time taken for one interval of data collected fronsthemmer sensors, (1/51.2) seconds.

As the angular velocity is captured the sensors in degrees per secdhdconversion ratesed is

1 degree/second = 0.017453293 rad/sec
or
1 rad/second = 57.29578 degrees/second

As gravitational considerations havet yet been accounted for, the effects need to be taken into
consideration when deriving the formula. When the user operates a tool, the downward force is a
positive as less energy is used. However, the upward force of lifting the tool back up to thg start
point is a negative one as more effort will be required to lift the tool. Hence, the positive and negative
forces cancel each other out and will therefore have no effect on the overall exertion levels of the user

6.3.4 Tools Selected for Offiarm Energy Exetion trials

The rainy season (hand held agricultural tool prototypes) tool testing consisted of land clearing, ridging
and planting trials conducted with the women smallholder farmers wheneithiger of turnsaken per
tool (existing versus new farmeesigned) was recorded for the same agricultural task (e.g. ridging or

clearing a defined plot size of (30m x 0.75m). The tools tested were:

Table 6-2: Tools selected for oAfarm energy exertion trials.

Type of Test Number of Prototypes Existing Tools

Land Clearing 1- Curved Edge, traditionalhoe (3-5 yrs. old)
2- Grated

Ridging 1- Ridging Hoe Best 43 Hoe

Sasakawa (&eed) Planting 1- Sasakawa Hoe, Sticks/Hands/legsmall axe

31 Seed Planting 2 - 3-Blade Planter traditionalhoe (3-5 yrs. old)

Weeding 1 - Straight Edge, traditionalhoe (new 1yr old)
2 - Flat blade
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6.3.5 Assumptions made

1 Calculationsweremace as if the persowasstanding in one position as was done during calibration

use which reduceseélprecision since in reality, the farmers move from end of farm to the other.

1 Although there is a slight movement matiggre is an assumption thidte hand at the end of the

handle isastationary axis of rotation.

1 Theresearchook the average of theiiial and final acceleration and angular velocity of each interval
(the time between 2 lines in the spreadsheet) and assumed that to be constant for the interva

throughout all data capture intervals.

6.3.6 Key Informant Interviewswith Each Tool Tester

This wasconducted at the end of each test to collect qualitative and quantitative feedback on each tool
trial to be incorporated for further review and comparison with thedifferentialand energy analysis.

Klls were conducted at the beginning and end of dadthi-test to collect feedback to ecorporated

with the energy exertiomesults.For each trial session, each user completed a questionnaire to provide
feedback on their perception of the tdmdforetesting it as well as after completing the toolltria
Participants were asked to provide thaieferredtool dimensions including handle length and weight,
blade length, width and weight as well as the handle to blade angles. Farmers also ranked the teste
tools for ease of usenergy exerteénd overallergonomic suitability of the tool. In addition, they

were asked to share their ideas how to improve the tested tool to ensure that all proposed refinement
were incorporated in the tool refinement process. Respondents also indicated their willingregss to

for the tested tools should they prove to be latsawving.

6.3.7 Data Analysis

The data from thehimmersensors was imported and analyzed using MS Excel. Each user had four sets
of data.Data collected after ener@ssessmeritials were subjected to meacomparisons in SPSS, to
establish if there were statistical differences in energy use besxégingand new tools of different
handle lengths (short, medium and long) through analysis of variance. Results were summarized tc

tables with the aid dflicrosoftexceland are presented below.
6.4. Results

6.4.1 Energy Exertion Analysis of Land Clearindools

The women smallholder farmers completed field calibration tests for the nevdgsggned curved
blade prototype and the existing tagpically used which is #raditional hoe with roughly-5 years of
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wear and tear as per the innovator groups gadydhroughout the researchhe average results of

energy exertion per tool are presented in ta@blbelow.

Table 6-3:. Energy Exertion Comparison- Curved Blade Clearing Hoe and Existing Hoe

Average energy(MJ)
Curved blade land clearing hoeversus traditional hoe 20 turns for each tool testec
New Long- LN 4758856.25
Existing Long- LN 3534167.88
New Long- WR 458206106
ExistingLong- WR 3103629.59
New Mediumi LN 3980370.09
ExistingMedium- LN 5850648.90
New Medium- WR 3805640.20
Existing Medium- WR 5956925.61
New Short- LN 7511217.83
Existing Short LN 4152009.35
New Short- WR 7176786.66
ExistingShat - WR 3686110.14
Sig. 0.56

The table aboveshows the mean comparison of energy that was used when using existing tools
compared to the new atesigned curved blade clearing tools with differeahdle lengths (short,
medium and long)The results indiate that there are no significant differences in energy used in all the
hoes as shown by tHevalue0.05 (0.56) However, the new tool demonsted some energy savings
when assembled with the medium length hoe thah@&meter long.Considering the chaihges noted

below during the trials, it is possible that with these factors kept constant, the new tools may have
demonstrated even higher energy savifigpss finding alsodemonstrates that based on the assembly of
the too| and ergonomic suitability, the s er 6 s ener gy exertion | evels

seen during the trialsith the handle preferences

This curved lancclearing tool has a smaller blade and is in general a much lighter tool than the existing
hoe sold in Malawi. The result$ the energy assessment indicate that this new tool showed less energy
exertion during the trials than the existing tools for the long and short handles and a minimal but still

positive energy exertion difference for the medium handle new tool compatetdristing tool.

Wide Blade Hoe Compared to existingraditional hoe

For the second land clearing trials, the women farmers tested the seedesigreed prototype against
the existing two tahreeyearold traditional hoe available in Malawi. Farmerseve asked the test both
tools and make twenty turns for each tool they tested. Tfbelow presents the energy use analysis

results.
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Table 6-4: Energy Exertion Wide Blade Clearing Hoe and Existing Hoe

Average energy (KJ)

Handlesfor Wide Bladeland clearing Tested 20 turns for each tool tested
New Long- LN 2255186.62
Existing Long- LN 4032732.10
New Long- WR 2094440.92
Existing Long- WR 3545672.31
New Medium- LN 3463090.96
Existing Medium- LN 313450.84
New Medium- WR 3181749.17
Existing Medium- WR 2873921.78
New Short LN 2382554.14
Existing Short LN 2248469.49
New Short WR 2205312.08
ExistingShort- WR 2001516.89
Sig. 0.67

Results summarized ihe table abovehows mean comparan of energy that was used when using old

and new grated land clearing hoes, which had different handle lengths (short, medium and long) anc
types (LN and WR). The results showed that there were no significant differences in energy used in all
the hoes asdicated by theP.value0.05 (0.67).However, the new tool demonstrated some energy
savings when assembled with the long length hoe that is 1.5starigr Considering the challenges

noted below during the trials, it is possible that with these faceptdonstant, the new tools may have
demonstrated even higher energy saviitps alsodemonstrates that based on the assembly of the tool
and ergonomic suitability, the userds energy e

the trials.

The new prototypehas a shorter and wider blade than the exidtiaditional size hoe as the women
smallholder farmers wanted this tool to cover all the spaces between the ridges when they clear the
land. The clearing wide blade (formerly grated) hbewged much less energy exertion during trials
than the existing tool for the long handle, medium handle and short handles tools. User feedback aftel
the tool trials shows that women farmers woul c

thebla@d t o have a fl at and full bl ade to increase

6.4.2 Energy Exertion Analysis of RidgindPrototype

The women smallholder farmers who took part in shenmers ensor s 6 cal i brati o
ridging tool tests and make twgrturns with each tested tool. The sensors captured data for each of
women which was used along with user prafded other data to determine the energy exerted for each

tool testedEnergy differentials are presented in table 5.2 below:
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Table 6-5: : Energy Exertion Co-Designed Ridging Hoe and Existing traditional Size Hoe

Average Energy (KJ)

Handles for Ridging hoeTool Trials 20 turns for each tool tested
New Long- LN 9283380.05
ExistingLong- LN 685322.22
New Long- WR 8835919.55
ExistingLong- WR 6195448.45
New Medium- LN 8310835.69
Existing Medium- LN 9941493.94
New Medium- WR 7717372.34
Existing Medium- WR 9183961.86
New Short LN 7036139.51
Existing Short- LN 5749759.77
New Short WR 6612565.61
ExistingShort- WR 5205011.79
Sig. 0.63

The table abovehow the mean comparison of energy that is used when using old and new hoes with
different handle lengths (short, medium and loag)well as wide range (WR) and low noise (LN)
condtions. The results indicate that there are no significant differences in energy used irrigi)itng

hoes as shown by tHevalue>0.06 (0.63). This indicates that there wersignificant differences in
energy input when using the improved and old tadedifferent handle length sizes and typwwever,

there were some energy savings demonstrated for the new prototype when usmeglitahandles

that were one meter lon@onsidering the challenges noted below during the trials, it is possible that

with these factors kept constant, the new tools may have demonstrated even higher energy savings.

The tool has the same shape and size as the existditjonal size hoe. Howevethis tool is different

from the existing hoe sold in Malawi because it laaxed handle to blade connector. The new
prototype is slightly lighter than the existing hoe as the women indicated that the existing one is a little
too heavy for them when ridging. The activity requires them to carry soil using the hoe, making it
heaver than it already iQualitativefeedback from the women smallholder farmers was that this tool is
an improvement to a tool that worked well enough for ridging but was a little heavier and not safe to
use. According to the women smallholder innovatorugsy with the new improvements, this tool is

market ready and would do extremely well.

6.4.3 Energy Exertion Analysis of Plantingrototypes
SasakawaPrototype

For the planting trials, the women farmers tested the Sasakawasigmed prototype against the

existing two tothreeyearold traditional hoe available in Malawi. Farmers were asked the test both
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tools and make twenty turns for each tool they tested. Table 5.3.1 below presented the energy ust

analysis results.

Table 6-6: Energy Exertion Comparison CoDesigned Sasakawa Hoe and Existing Hoe

Average Energy (KJ)

SasakawaHoe Handle Sizes 20 turns for each tool tested
New Long- LN 1280727.90
Existing Long- LN 1502165.68
New Long- WR 1200631.62
ExistingLong- WR 1316710.37
New Medium- LN 1402526.49
Existing Medium- LN 1758581.88
New Medium- WR 1312593.42
Existing Medium- WR 1549595.37
New Short- LN 1080249.62
Existing Short LN 1183457.62
New Short- WR 1019323.87
Existing Short- WR 105637.14

Sig. 0.70

Resultsaboveshow mean comparison of energy that was used when using old and new Sasakawa hoes
which had different handle lengths (short, medium and long) and types (LN and WR). The results
showed that there were no significant diffexes in energy used in all the hoes as indicated by the
P.valuer0.05 (0.70) However, the new tools demonstrated some energy savings when assembled with
the any of the handle sizéSonsidering the challenges noted below during the trials, it is possitle th
with these factors kept constant, the new tools may have demonstrated even higher energy B&vings. T
finding alsod e monstrate that based on the assembly o
energy exertion levels may increase or decreagse/as seen during the trialthe new cedesigned

Sasakawa hoe showed less energy exertion during trials than the existing th@sdsted handles

The qualitative feedback collected from the women smallholder farmers was that this tool can be
refined slightly to make the blade longer and narrower in order make deeper plant stations. The tool is
otherwise marketeady. This planting prototype is the smallest of the all the toolslesigned and
produced for cultivation tool trials. The tool has aywemall blade and handle that makes the tool
extremely light and easy to carry using one hand. According to smallholder farmers who participated in
the design sessions, this small tool is suited to the planting stations needed and frees up one hand 1

carty the seed to be plantdtwas therefore the most preferred tool of all the tools tested.
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Energy Exertion Analysis of ThreeBlade Plante Prototype

The women smallholder farmers who took part inghenmers e ns or s6 cal i brati on
corduct planting activities and make twenty turns with each tested tool. The attached sensors capturec
the data for each of tested women which was used along with user profile and other data to determing
the energy exerted for each tool tested. The enerdgretitials for the LN and WR ranges are

presented in table 5.3.2 below:

Table 6-7: Energy Exertion Comparison- Three-Blade Planter and Existing Tool

Average Energy (KJ)
3-Blade Planter Handle Options 20 tumns for each tool tested
New Long- LN 3353235.65
Existing Long- LN 3894826.55
New Long- WR 3139848.66
Existing Long- WR 3578042.51
New Medium- LN 1085353.87
Existing Medium- LN 3398989.99
New Medium- WR 9904004.76
Existing Medium- WR 287905850
New Short LN 1469931.05
Existing Short LN 6307561.73
New Short WR 1455286.48
Existing Short WR 6077755.60
Sig. 0.07

Results aboveshow the mean comparison of energy that is used when using old an8g Blade
Planterswith different hand? lengths (short, medium and long) and types (LN and WR). The results
indicate that therevere no significant differencesin energy used in all the hoes as shown by the
P.value >0.05 (007). However, the new tools demonstrated some energy savings wieembéess with

thelong and short handles

Considering the challenges noted during the trials, it is possible that with these factors kept constant, the
new tools may have demonstrated even higher energy savimgginding alsodemonstratethatwith
addtional refinements, the new tool may demonstrate higher energy savihigsplanting prototype is

a combination of three blades and wasdesigned with the intention of making more than one planting
station at a time. It has three small blades attathed a si ngl e handl e as wel
blade to indicate where the next planting station should be placed. Jdesigmed dlade planter
showed much less energy exertion during trials than the existingatodtecorded the least amount of

turns per tool to make planting stations.
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Type of Number Existing Energy Analysis User (Tester) Feedback
Test of Tools
Prototypes
Land Curved Traditional| The curved hagand Remove the grates and
Clearing Edge, hoe (3-5 wide blade hoes have a flat blade to clea
yrs. old) performed better than better. Remoe the
& the existing hogon Awi ndows an
energy exertion to som¢ full blade like the
Grated extent The clearing weeding tool to increasg
grated hoe performed the tool 0s
the bestor the long durability.
handle option. The
clearing curved hoe
performed well when
using the medium
handle.
Ridging Ridging Best 43 New tool takes, on The hoe is perfect and
Hoe Hoe average, lessnergy ready for the market
than Best 43 Hoe, wher, Farmers preferred it to
using themedium the existing hoe as it ha
handles. the handleblade fitted
connector.
1-seed Sasakawa| Small axe| The new small hoe The farmers would like
Planting Hoe, or hae perfamed better as the bladeto be slightly
compared to the-Blade | longer and narrower, to
planter and existing make deeper planting
tools (for all handle stations. They otherwise
and & & preferences). like the toos.
31 Seed 3-Blade - The 3blade planter
Planting Planter Traditional| perfornedwell
hoe (3-5 | compared to the existin
yrs. old) | tools when assembled
with the long and short
handle sizes.
Weeding Straight Traditional| Unfortunately, due to The farmers suggested
Edge, hoe (35yr | the delays in getting to alter the design of the
old) resources and the tools| clearing grated blade to
& produced, there were n{ match tle weeding flat
available weeding plots| blade hoe as this would
Flat blade

to test the prototypes
against the existing
tools. However, as this
tool is similar to the
clearing tools, the
energy exertion outputs
may be similar.

enable the tool to clear
farm more efficiently
and effectively (time anc
energy use is expected
to be significantly
reduced).
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The qualitative feedback collected from the women smallholder farmers was that ths rieoket

ready as they liked the ability to make planting stations much faster than all the tools tested. They askec
to remove the fAimarkero blade to make the tool
typically plant with other familynembers and can quickly complete this task with one member making
multiple planting stations at a time and another dropping the seed and covering the planting station.
Below table summarizes the energy exertion analysis results by activity and incleddseadatback

captured after each tool trial was completed using Kills.

6.4.4 Final Prototypes Selected for Dissemination to Farmer Groups

Based on the findings of chapteraBd 6 on time differentials and energy exertion levels combined
with key enduser feedbdqG the research selected the tools that demonsteaigdime or energy
savings that werspecifically selected angreferred by the women farmebsised on the qualitative
feedback received omrgonomic suitability and other parameters explained in the hoddlogy

sections.

The research objective at this point was to delivery these sets of improved doekch woman
innovator tobefurthertestedover the next farming season. The objective was to cotalugterm on

farm trialson t he wo mesodes a penod obrie gearnThe full overview of this process is
captured in chaptegight The women smallholder farmers were engaged at every stage of the labour
saving participatory technology development process twerfouryear research periodrhe time

inputs of the women farmers have been meticulously documentkthe women innovatsrreceivel

these toolkits as a payment in kifat the opportunity cost of the labour and time that eatlthem
contributedduring theirparticipation in the desigrtesting, refinement anfinal productionof these

tools.

x> ‘ =
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Figure 6-2: ass Produced Tools fdurther testing byNVomen Farmers
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6.5. Discussions and Conclusions

The key informan interviews provided valuable insight regarding thepi ni ons of t he
innovator groups during the energy exertion trials. They prefered the newly designed tools as they were
lighter, had the handlelade connector that made the tools safer and in general, more ergonomically
suitable for the users. Thesers noted that they made fewer numbers of turns on average for the new
tools as compared to the existing todlsiring the trials, ltis researctdemonstrated that earable
kinematic sensoreshen utilized accurately, cgmrovide opportunities fondiredly measuring energy
exertion for different humamovemementsincluding agricultural task®lthough the energy savings
demonstrated were not statistically significacdnsidering that these were experimental tests using
kinematic sensors tailored to tleports sector and not the agricultural todtse improved tools
demonstratedomepotential to savéime andenergy for the endser which ultinately is the desire of

the smallholder farmers.

It should be noted thahere were several challenges durihg trials that may have compromised the
outcomes of the energy exertion tests and this must be taken into consideration when reviewing the

results presented above. These included:

Shimmer Settings: a key challenge was that it was not possible to charedata capture intervals to
increase the accuracy of the energy use approximationsfAih@mersupport team were not able to
assist and indicated that the softwaray have had some limitatiors may have been faultyt was

not possible to procure additial ones due to resource limitations.

Data Upload requirements to work in the field: Testing of the shimmer kits revealed a key challenge

for developing countries such as Malawi. The assumption was that with fully charged shimmer sensors,
data collectionin remote field locations would be possible with the expectation that the captured
shimmer data could be transferred to research laptops at the end of efacm dool trial day.
However, the shimmer sensors were not programmed to collect data congnuithslut regular
upload. The shimmer procedures required that the sensors get docked after every test, and the da
recovered in between every test.

Low battery life: The tool trials typically took a full datp be completedA key challenge was the low
battery life that the sensorsdyavhich forced the trials tbe terminategorematurely. As a result, the
tests took slightly longer to complete. The research ensured dhiwgeensorson a daily basis to
reducethesebottlenecks during the eflarm triak of the new prototypes and existing todteally for

future research, it would be advisable to have back up battery packs where possible.
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Flashing lightson sensorsThe sensors6 | ights were difficuldt
was hot bight day. This caused some errors and repetition of tests to avoid compromising the data
accuracy. A recommendatiovas made to tailor the design of the sensors to be better suitedaoron

trials.

Sensor safety:During the preesting trials, the shimer sensors frequently got dislodged from the
tools every five meters on average. This Wasause¢he attachment belts that were on the sensors were
not designed to withstand the rigorous movements that are associated with manual farming in a farm
with lots of leftover stubs from the previous farming cycle, grass, and hardened soil. Various methods
of reinforcing the attachments wezgplored and as a contingenecyeasurethe reseatcsupported the
sensors bands with elastic rubber bands with the expectdiat these would withstand the tool to
ground impactThe sensors and accessories could potentially be refined and customized to werk in on

farm applications as well as for other outdoor testing requirements.

Consideringthe challengesioted above the time and energy savingspturedmay potentially have
been muchmore significant if theechnical issuewere absentA key lesson learned using the Shimmer
sensors is that the instruments applied must be adapted for on farm testing considering tigeshalle
noted aboveA follow-on research on this would add value to this discussion in the fiiuaddition,

as indicated abovell thew 0 me mrigator groups highly expressed their prefersoethe newer
tools asthey were lighter, more contempoyaand customized and in generalere saferand better
tools to useThe regarch envisioned that based on feedback from the women innovator groups and
their use of the disseminated tods be explained in chapter the demand for improved agriculilir
tools may increasdt wasthereforeimportant to assess the current markets for handheld agricultural
tools in the research ar eas dan dnprevedildboisavingtootso n s u
To collect insights from market actorsn in-depth market assessment was conducted to better
understand the consumer preferences for the improved @ldpter 7 provides an-depthsummary

of the market assessment condudtedhe produced hanrldeld agricultural labesaving tools
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7. CHAPTER 7: MARKET REVIEW OF HAND -HELD AGRI -TOOLS IN MALAWI
7.1 Background

As detailed in earlier chapterthis PhD researclwas able to successfullgst the hypothesis that
women farmers have the capacity todevelop andest the prototypes for the cultivation apdst
harvest seass With this evidencdaseof laboursaving tools the research embarked irdaonarket
scopingstudy to assess the viability and existence of mafkethenewly producedvomen farmer co
designed hantield agricultural toolsThis stuly would form the basis for any institution interested in

taking up the distribution and promotion of lab@aving tools in Malawi or other similar settings.
7.2. Researchgoal and objectives

The specific research objectives of the market researchtovetentify the current marketpportunities
and challenges for scalingp production and dissemination of the hdmedd and posharvest labour

saving tools. The market study aimeddentify:

1 The value chain actors for haseeld agricultural tools in Malawi
1 Available markets for the improved hahdld agricultural tools

1 Critical pricing, productand placement/customer purchase points

7.3. Research Methodology

The researchwas conducted with rural communities in Lilong®eéstrict- Kabudula and in Kasungu
District- Nkhamenyawhere the innovator groups are locatdthe market assessment focused on
marketssurrounding the sampldarmers and aimed to reach at least 5 different districts that surround

the core research bases.

7.3.1 Sampling Frame and Survey Design

This surveyconsideredhe supply component i.e. the actors involved in the supply and dissemination of
handheld agriculturatoolsas well aghe demand component ithe number of farm households who

are willing to purchaséaboursaving agricultural toolsbat a was col |l ected fro
play a crucial role in the improvement of access to and adoption of quality and-$alvong haneheld

agricultural tools
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The following groups were included in thearket assessment exercise

Smallholder farmers: Male and femaléarmerswere interviewedisinga structuredquestionnairehat
was translated into Chichewa, the local languag#here necessary, content was translated into

Tumbuka, a language more frequently used in the Northern region of Malawi.

Government Extension Workers: The research collected data from government agricultural extension

workers based in various extension planrareas(EPAS).

Retailers and Local Tool Producers:As thesetargetgroups either directly produce the hameld
agricdtural tools or purchase tools for resale, tr@pmionswere crucialandwere included during the
survey. All interviews were conductedth individual openrair market vendors, hardware shops and

retailers of handheld agricultural tools.

Non-Governmental Organizations: FGDs were used to captutiee views of organizations that are
either directly implementing labowaving initiatives or those who provide accésslaboursaving

initiatives

Carpenters and Vendors of Timber:Key Informant interviews weralso conducted with these groups
to capture and compare production rates for tool handles as well as productiomaradéeld

agriculturaltools in Malawi and other countries.

7.3.2 Gender Division of Target Groups.

Disaggregated gender analysis was conduttieensure that the data collection was completed using an
inclusive approachfrom which an equitable distribution of responses among women and men could be
achievedwhere possible. The gender differences of AEDOs who waterviewedduring the study

were 48.90per centmales and 51.1Qer centfemales. Fifty one percent of the smallholder farmers
were male while 49 were females. The retailers were dominated by males8d ckhy than females
(18.90per cen)t. Lastly respondents from NGOs and FOssistied of 76.7@er centmales and 23.30

per cenfemales.

Table 7-1: : Summary of Gender Distribution the Target Groups

Smallholder Retailers and Tool
AEDO farmers Producers NGOs
Gender
Differences Frequency of Responses%
Male 46 (29%) 52 (51%) 77 (81%) 23 (77%)
Female 48 (51%) 50 (49%) 18 (19) 8 (23%)
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7.3.3 Survey Design

A structured questionnaire was designed to collect data from each target group described above. T
guestionnairesvere designed to be detred in person and in local dialect to the smallholder farmers
and some of the retailers. The Government/Extension Workers and NGOs staff completed the survey i
English in person or via email. Telephone conversations were applied where emailmarenn
interviews were not possible. Please refer to the appendix section for the 4 designed questionnaires at

guiding questions for the focus group discussions.

7.3.4 Pre-Testing of Research Materials

The surveys were pretested by the research tedm local farners and retailers at the Chitedze
Research Station arsdloundLilongwe city. Further preéesting was conducted in the field. Based on the
pre-tests, revisions were made to each of the four survey questionbeioesdispatching the research

team.
7.4. Resuls

7.4.1 PredominantTool Usedby Smallholder Farmersn Malawi

A diverse group of respondenigere successfully intervieweshd were asked to identify the existing
tools that areavailable for cultivation season activities in Mala®espondents included: shialder
farmers (n=102)etailers (h=95)AEDOs (n=94) and NGOs (n = B1

Table 7-2: Existing Agricultural Tools Identified as Most Commonly Used Tools

Type of Land clearing Ridging Planting Weeding
Tools Frequency (%)
Hoes 101 (99%) 101 (99%) 56 (54%) 102 (100%)
Slashers 1 (1%)
Ridger 1 (1%)
Hands 17 (16%)
Small hoes 26 (25%)
Sticks 3 (2%)
102 (100%) | 102 (100%) 102 (100%) 102 (100%)

Results fromall respondentsdicated that the most commonly used tool for all farming activities is the
hoe. f®aditohaloh hoes are the only tool availabl e i1
Afone tool fits allo. Di scussi o0nhese woldahe the bnespthato w r
they have access to for sale and farmers purchase what they find rather than what they actually need f
the specific tasks in the farm.
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7.4.2 TheNeedfor Improved HandHeld Toolsin Malawi.

To assess the level of need for imprdVvendheld agricultural tools for smallholder farmers in Malawi,

a question in each survey instrument (questionnaire and checklist) asked respondents to assess the le
of need for improved hanrldeld agricultural tools for smallholder farmers. Resultsnfithe different
groups of respondents indicate that the majority of respondents consider smallholder farmers in Malaw
to have ahigh need for improved handheld agricultural tools for their farming activities; land

clearing, planting and weeding; whicteaconsidered to be labour intensive.
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Figure 7-1: Ranking of improved tools needed for Planting.

During planting, the highly needed tools inclddbee improvedhoe (60per cen}, the advanced planter
(20 per ceny and the jab plantef20 per cent. The small hoe was also mentionedaasoderately
needed tool (5per cen) followed by thetraditional hoe (45per cenk
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Figure 7-2: Ranking of tools neededrfweeding
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The highly needed tool during the weeding period wasntipeovedhoe (60per cen}, followed by the
plough (20per cen} and theveederg20 per cenk.

7.4.3 Common Consumersf Hand-Held Agricultural Tools.

Most of the retailers and local producerso were interviewed indicated that male and female farmers
were the most frequent buyers of their hdwedd agricultural tools for all farming activities in the
cultivation season(95 per cent. There were over 7/percento f r es pons e s ocnosdeeod fao
the Aoccasional o0, Airareo and ANevero response
planting and weeding. This could be a result
customer information management whiis reflected in their inability to distinguish between various
classifications of customers as they typically do not record or collect any information other than their
contact details. Of those who did respond, female farmers and construction compgieiésted as the
occasional buyers of the hoe for land clearing in the surveyed parts of Malayi.noted than in the

last two years, there have been increasingly more women purchasing tools than men. This indicates th.
there could be possible reasavisy more women are participating in the acquisition of farming tools for

their households, such as:

1 Increase in fematenly headed households (due to deaths or ¥eaded migration of males)

T I'ncrease in womends particigiassetson i n deci si
T I'ncrease of womends role in production of c
T Increase in womends disposabl e income.

7.4.4 Household Labor Divisionin Purchase of Farming Tools

Smallholder farmers were asked to indicate who in the houselptdity purchased agricultural tools.
Based on the respondents, males are the household heads and do most of the tool pur&tages (52
centbased on activity the tool will be used for). While there were a significant number of cases where
both partnergpurchased the tools (32er cen}, few respondents indicated that it was the wife who
purchased the tools (Ifer cent. While there were some respondentspgr cent who indicated that

they sometimes sent their sons go to purchase farming tools, mmdesps indicated that their female
children purchase farming tools on behalf of the household. This indicates that purchase of farming tool

is still widely viewed as mainly a male role in the household.
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Figure 7-3: Household labour division on purchase of agricultural tools.

7.4.5 Most Common Purchase Points for Farming Tools in Malawi
Thefigure below indicates the most common purchase points for the land clearing and ridging tools as

identified bysmallholderf ar mer s in 5 districts of Mal awi . I

identified as the most commaool purchase points.
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In addiion, 102 surveyed farmers indicated that the only hoe sold at most vendors is the traditional size
hoe, whichthroughthis research has been identified as the most suitable hoe for ridging but not for the
other labofintensive tasks (refer to chaptep8ge,85). Respondents indicated that the ridging hoe is
larger/heavier than the tools preferred by women smallholder farmers.
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7.4.6 Analysis of Pricef Hand-Held Farming Tools in Malawi

Comparisons of existing and new improved sopielded slight differences in prices for all tools and
results of discussions with farmers indicate a willingness to pay higher prices for better quality tools.
Thefigure belowshowsthe average price differences in local currency, Malawian kwacha (MK).
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Figure 7-5: Prices of new and existing farming tools.

7.4.7 Pricing Fluctuations of Hand-Held Toolsby Season

The figure belowshowsthe breakdown of prices of haield tools with respect to the month. Based
the results, August, September and October were the peak periods for selling farming tools.
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Figure 7-6: Seasonal Prices of Harideld Farming Tools as per Retailers and Tool
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A key finding is also thathe current price of the hoe is still very similar compared to when the initial
resource and market mapping was done in 2014. Thakhisughthe local currency hadroppedfrom
MK420.00 to US$1.00 to around MK745.00 to US$1n@0v. While the foreign eshange continues to
weaken, the income levels of the smallholder farmer has remained the same. As prices of items hav
increased to account for inflation and changes in producer prices, the cost of living is now much highet

while the disposable income isw much less.

748 Smal | hol d ewilinghasstmBay s 0

Smallholder farmers specified what improved tool they preferred to have for each farming activity and
indicated the price they were willing to pay for eaglable 6.9.1 below shows specific prices that

smallholder farmers are willing to pay for improved farming tools for the cultivation activities.
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Figure 7-7: Pricing Smallholder Farmers are willing to Pay for Improved Tools

Market assessment conducteihvsmallholder farmers in various parts of Central and Northern Malawi
reveal a range of prices that farmers are willing to pay for improvednaddgricultural tools for their
farming needs. Most of the farmers did not respond to questions reldyget tof tools needed for land
clearing. However, out of the respondents who did indicate tools they need and how much they were
willing to pay, majority indicated that they would be willing to pay between 800MWK and 5000MWK

for an improved clearing tool.his is equivalent to a price range of US$1.08 and US$6.80.

A range of prices were indicated by eathallholderfarmer and croseeferenced with the kind of tool
they indicated they needed for the ridging activity. From the table beloper@@ntof the farmers who
indicated awillingnessto pay for tools were willing to pay betwedfiWK500.00andMWK10,000.00

11 https://www.rbm.mw/Statistics/MajorRates
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with 68 per centwilling to pay from MWK500.00 tdMWK?5,000.00.This is equivalent to an estimated
price range of US$0.67 to US$13.42 on the higimer and US$0.67 to US$6.71 for the lower érfds
is within the range of current new and used prices for tools as identified by smallholder farmers and

retailers.

Price ranges for planting hoes were much lower as these are typically smaller anctigregen more
importantly for price considerations, are made by local tool produces who use cheap scrap. Based o
feedback provided, an estimated per centindicated willingness to pay prices ranging from
MWK250.00 to MWK 2,000.00 for improved plantingés. This is equivalent to US$0.34 to US$2.68.
This is within therangeof current new and used prices for tools as identified by smallholder farmers and

retailers in the above sections.

Similar to the planting tools, the traditional size was identifies$tnfrequently as the type of tool used
for weeding. Farmersdé willingness to pay pric:
ridging analysis above. Based on feedback provided, an estimajse §8ntindicated willingness to

pay prices ranigg from MWK 200.00 to MWK 5,000.00. This is equivalent to a US price range of
US$0.27 to US$6.71This is within the range of current new and used prices for tools as identified by

smallholder farmers and retailers in the above sections where pricegsilis have been displayed.

7.4.9 Market Pricesof Hand-Held Farming Tools

Retailers and tool producers were asked to indicate their sales ehélanagricultural tools by farming
activity during the cultivation season. Tahlgl.8 belowshows the prices dbols by farming activity.
Overall, retailers stated that prices for tools are at an average price of 1758.61, and with respect to toc

type based on task, the prices were not significantly different as indicated by a P.value 0.92.
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Figure 7-8: Retailer Prices of Tools by Farming Activity and Season

This is equivalent to US$2.50 in the peak season and US$2.00 in{meakfteason. This is within the
price range identified by smallholder farmers as weldgscultural extension development officers in

earlier sectionsof this research working report.

7.4.10 Changes inthe Producer Base of Agricultural Tools

Retailers were asked to reflect on the past five years and identify any changes in the types of producel
or manufacturer®f handheld agricultural tools in Malawi. This information is crucial in the market
assessment as it also highlights the reasons for the changes in the producers of thésé hand
agricultural tools, what these changes were and therrdasthe change. Retailers gave their feedback

on changes in the producers of the kheltl hoe, as this the most common tool used by smallholder
farmers and the most popular tool (based on retailer responses) as indicated in results above as we

Table7.2 below shows the breakdown of retailer responses.

Table 7-3: Changes in Producers for Handheld Agricultural Tools

Changes noted Frequency (%)

double 8 (9%)
about half 17 (18%)
seldom change 10 (11%)
no change 59 (63%)

An estimated 8per centof the retailers felt that the kind of producers for the Hagld hoe has
completely changed in the last five (5) years,p&r centobserved about half of the producer base is

new while 59er cenbf responderstindicated that there has been no change in the producer base.
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7.4.11 Monthly Summaryof Salesof Agricultural Tools.

To investigate theslowestand busiest times for selling hahdld agricultural tool among retailers in
Malawi, two questions were asked topesdents to 1) indicate their busiest months for the sale of hand
held agricultural tools and 2) indicate the most popular tool among smallholder farmers based on whick
tool was sold the most. Respondents were retailers and tool producers (AE®5jgue below
indicates that Januarlfebruaryand March are thkigh business times, April May June and July are the
moderate business times and lastly August, September, October, November and December are the Ic

business times of the year.
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Figure 7-9: Ranking of Busy Months for sales of Agricultural Tools

7.4.12 Comparison of Changes in Agricultural Tools

Interviews that involved retailers and tool producers veeraluctedo compare the type of changes in
tool design and qualityrespondents noticed oved the past five yeRetailers and Tool Producers
responses highlighted the changes in tool design, what these changes wererawd @& results
show that very few of the respondents observed complete chanpes designg8.51per cenfand the
majority (62.77per cen} stated thatherewere no design changes in tools. small proportion ¢ the
respondents stated that yhabserved changes in tool quality (11p&r centwith a majority (56.3%er

cen) of the respondents having observed no changes
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Figure 7-10: Changes in the design of hantleld agricultural tools in the last 5 years.
Types of Changes in the Design of HanHeld Tools

Very few of the regondents gave specific details on the changes in the design ehélanhtbols over

the past 5 years. Those who did respond indicated that:

1 The tool handle has been changed from wood to metal,
1 The handle has become heavier

1 The design of the hoe has becamare curvedow.
Reasons for Changes in the Design of the Hdealdl Hoesncluded:

To improve handling ability as some handles broke due to the heavydaadecting pin.
Customer preferences change over the years
To improve durability of tools as lodgland poorly made tools are available at lower prices

Previous designs were harder to produce

= = -4 4 -

Exposure to designs from other countries like Mozambique

Comparison of Changes in the Quality of HaneHeld Agricultural Tools

Retailers and tool producers weagked to indicate whether there have been any changes in the quality
of tools over the past 5 years and if applicable, what those changefvére.93 respondents, p@r
centfelt that there are been no change in the quality of the hoe as an agidolblirHowever, 32er
centindicated that although it was seldom, there have been some changes in the quality of the hoe
There were no respondents indicating complete changes in the quality of todimditienal hoe).

About 12per centof the retders who responded to the survey questionnaire indicated that the quality

has improved by about half.
168



Changes in the Quality of HandHeld Agricultural Tools in the Last 5 Years

Tools are not as durable as tools produced in previous years.

There are morthan one type and quality of hoe due to many producers entering the market.
Reasons for Changes in the Quality of HandHeld Hoes

Low quality tools are produced as it is based on whatever material is available.
Replicas of bettequality tools are importednd sold at much cheaper rates.

Lack of quality assurance during production leadingwe-quality toolsin the market

= =4 A -

Increase in demand for tools causing producers to focus on quantity & not quality.

7.4.13 Changes in Sales of Agricultural Tools

Respondents dicated their responses to questions regarding any changes in the amount of sales o
handheld agricultural tools in Malawi over the past 5 years. Retailers gave their feedback on changes ir
the sales amounts of the hameld hoe, as this the most commonltused by smallholder farmers and

the most popular tool (based on retailer responses) as indicated in results above as well. Reasons f

Changes in the Sales of HaH@ld Hoesnclude:

Retailers face economic problems causing them to supply less dod/gesales.
Those who indicated an increase in sales stated that the reason for this was their good prices.

Decrease in the demand for hameld agri tools has led to a decrease in sales.

= =4 4 -

Some of the respondents who noted an increase in their salesaddit this was a result of their

selling in bulkto offer lower prices (economies of scale).

7.4.14 Changes in Demand of Agricultural Tools

Some respondents indicated that the demand for-helddhoes has increased (@€ centdoubled, 17

per centabout hdi, 9 per centseldom change) over the last 5 years. Roughlge&7centindicated that

the demand has actually did not change over the past 5 years. Further research on the quantitati
changes through a review of financial statements, would add valte toarket assessment in follow

up research activities.

Table 7-4:Type of Changes in the Demand for HaneHeld Tools

Type of Changes Responses
double 30 (32%)
about half 17 (18%)
seldom change 9 (10%)
no change 37 40%)
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Reasons for Changes in the Demand of Hardeld Hoes

Increase in the supply of quality hoes and higher demand from commercial farmers

Changes in the customer base directly affects demand for tools.

Economic problems forcing retailers to ckeobetween supplying good quality tools in fewer
guantities and get lower sales or supplying lower quality tools and make profit margin.

Loss of customers who choose other retailers with better supply channels of good quality tools.
Cust omer s Owlguge bas inadased resulting in higher demand for better quality tools.

Closure of some retail outlets resulting in more demand for tools at fewer outlets.

= =4 A -

Increased urban migration reducing number of people farming as employment/business.

Retailers inttated that they would be interested in marketing new tools that addressed the above
demand concerns among retailers and users of tools in Mdlaese considerations on how to boost
the demand for hanldeld tools and on the other hand, how to stratetiedusiness to avoid decreases
in demand, are crucial for any retailers and local producers or marketers of improvetdeliand

agricultural tools.

Retailers were asked to specify exactly what type of changes they saw in the customers-fi@ichand
agricdtural tools in Malawi in the past five years. Table 7.3.1 below shows responses from 95 retailers
in surveyed parts of MalawhAbout 76per cenbf the respondents stateditlthere are new customers in

the market as compared to 5 years ago. More spatyfiat per centrespondents indicated that this
change in customers is as a result of the increase in number of women farmers now as compared to fiy
years ago. Other respondents indicated that NGOs are now purchasidAgelthadricultural tools for

their beneficiaries while about @er centnoted that the change in customers was a direct result of some
farmers shifting their focus to the construction industry for faster income generation. Further research or

these changes would add value to the marlsetsasnent in follow up research activities.

7.4.15 Obstacles t@®btaining ImprovedAgricultural Tools

For any marketing strategy, a key component is the promotion of the product in a creative way that
addresses the needs of the consumereffectively promote famerdesigned hantield agricultural
tools for the NUI Galway 3D4AgDev research, there must be a solid understanding of the smallholder
farmers in Malawi and what challenges or opportunities the market presents. Smafifuwotees who
participated in thenarket assessment exercise were asked to rank their biggest obstacles when trying tc

obtain improved hanteld agricultural tools in Malawi.
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Table 7-5:Farmers Biggest Obstacles to Obtain Improved Agriculturd Tools

Obstacles to Obtaining Improved Agricultural Tools Frequency (%)

Price 104 (&%)
Knowledge of Tool 47 (28%)
Quality 16 (10%)
Reliable Brand Name 1 (1%)

Farmers indicated that they face significant obstacles when trying to acquire or gantagogsoved

or new technologies and tools. According to the data collected, the price of the tool was the bigges
obstacle to obtaining new haheld agricultural tools among smallholder farmers. Farmers also
indicated that a lack of knowledge of thegpof tools they should invest in also contributed to the lack

of uptake of these improved toolé small group of farmersanked the lack of reliable brand names as

a bigger obstacle than the availability of the tools themselves. Retailers of thedselthadricultural

tools need to be able to remove these obstacles to acquiring the ideal tools that farmers need.

For NGOs,farmerorganizations, retailers and tool producers to support smallholder farmers to remove
the key obstacles they face in accasd adoption of an improved tool, several factors will need to be
put in consideration. Price, knowledge, quality, brand name and availability of these new or improved
tools are importanto increase the likelihood of smallholder farmers to take up thesdarening tools

and technologies and adopt them in a sustainable and impactful way.

Factors That Hinder Smallholder Farmers Obtaining Hand-Held Tools @s perAEDOS)

AEDOs were asked to indicate and rank the top factors that hinder smallholder farmeobtiormg

improved haneheldagricultural tools. Responses were in order of most hindering factor.
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Figure 7-11: Factors Hindering Smallholder Farmers from Obtaining Ha#edld Tools
171



Responses from data calted indicates that accordingA&EDOsin Malawi, the biggest obstacles that
farmers face when trying to obtain new and improved Haeid tools for their farming needs was lack
of money followed by high prices and scarcity of to@&tools. Factors ramd as 2¢ most hindering

were lack of exposure and lack of training

7.4.16 Criteria for Successful Adoptiomf Agricultural Tools

Smallholder farmers were asked to rank the criteria they consider most important for successful
adoption of new agricultural technglg'tools. Responses were in order of importar&eallholder
farmer responses indicate the most important criteria for successfully adopting new technologies ol
toolsarel) Addr es s e s?2)fsaendiyeavadable 3 Rragluted by experts/engineesind

transferred to farmers, 4) Produced through a farmer participatory process and 5) Lahang.

AEDOs ranked the criterion they consider most important for successful smallholder farmer adoption

of new agricultural technology/tools. Responses we@der of importance.
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Figure 7-12: Factors for Farmers' Adoption of Improved Agricultural Tools

The highest factor that would support farmer adoption accordingBEDOs is whether the tool
addresses theerds of the farmdR1.7 per cent andshould be reaty available(2193 per cen. It is
interesting to note, based on the market assessment responses, that while the agricultural extensi
services agents may think technology transfer is the seconéshifgittor that can support smallholder
farmer adoption, despite several efforts and initiatives in Malawi, there is no visible or sustainable
uptake of any technologies by smallholder fameosv because otechnology transfer initiatives.
Organizations spporting smallholder farmei@soindicatal the most important factors tmnsiderfor
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smallholderfarmersto successfully adopt new improved hdreld agricultural tools. Table 7.6.3

shows the breakdown of responses from 31 NGOs and FOs.
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Figure 7-13: factors needed tsuccessfully adopimprovedtools

* ETT (Expert produces tool and Transfers Technology)
* FPP (Farmer engaged in Participatory tool design Process)

Factors that are important when idéntg handheld agricultural tools that can be successfully
adopted by smallholder farmers were identified in order of importance from 1 to 5. Thadidradri

tool adoption factor with thé | o vaeesge a n k scorgice. out of 5, is the adoptiorctar ranked

as the most important one for NGOs, farmer organizations, retailers and tool producers to conside
when designing, producing, selling or promoting these tools to smallholder farmers. As farmers rely on
NGOs, farmer organizations, retailers atwbl producers to get access to information, tools and
technologies, it is important to understand what the smallholder farmer considers importantandhem
what influences farmers to adopt technologiescording to NGOs and farmer organizations, thesimo
important factor when adopting a new and improved Heeld tool/technology is whether the tool or

technology adequately addresses the needs of the smallholder farmer.

Farmers typically rely on the expertise of the NGOs to guide them in selectingthéchnologies

and think of the NGOs as experidis can perhaps explain why certain tools are more accessible than
others and why farmers are adopting specific tools as they may be influenced by the NGOs whc
support them. This finding is confirmed btherauthors(Glover D. S., 2016) (Andersson, 20140
suggest t hat farmersé choi cete adope may rbel significantyg r i
influenced by existing support from NGOs and Government projects
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7.4.17 Criteria to SourceProviders of Impoved Agricultural Tools

Smallholder farmers involved in the survey radkhecriterionthey consider when selecting haneld
farming tools for theiractivities. The lowestscore representshe criteria listed as of highest
importanceRankingscoded ad = high importance to 5= lowest importance.

Table 7-6:Criteria that Smallholder Farmers' Consider when Selecting HandHeld Farming Tools

Criteria that Smallholder Farmers' Consider when Selecting HandHeld Farming Tools
, Service
Adoption | ¢ dability | Quality | ZAPOUr | Product | ability | follow |  Brand
Factors -saving | Knowledge up Name
Average 1.53 172 | 232 4.00 3.17 3.20 3.67
Ranking

Although customers trust known brand names, of more significance accddiregailers when
considering which service provider to select as the constant supplier ehélantbols as they affect
the profit margins, supply and resale value in addition to customer loyalty as they will search for more

reliable purchase points thave good quality, well priced and welésigned tools.

7.4.18 Gender Considerations in Design & Production of Tools

All respondents assessed during the market survey (smallholder farmers, retailers, tool producers
NGOs, extension workers) were asked whethere should be any genegrecific considerations

when designing agricultural tools and technologies. A majority of the respondents [é4.88n}

i ndicated that the tools should be smaller an
From the results of this study, it is shown that the weight, size and length of the handles of the are

among the specifications that require consideration in designing tools.

50.00
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needed for bigger than bigger than lighter than men's should be lighter
women. women women's tools. than men's.

Figure 7-14: Gender Consideratiagin Production ofHand-Held Agri Tools
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7.4.19 KeyInformant Interviewswith Carpentersand Vendorsof Timber

Discussions with carpenters and timer vendessllted in the identification of the right type of timber
suitable for hoe handles. The most suitafgetof wood based on resource mapping and interview
data analysis, is the Blue Gum tree as this is readily available at both sites regardless of the recorde
differences in access to natural resources in Central and Northern Malawi. The table belaghtkighli
the comparison of production rates for tool handles as well as production rates for metal cast tools the
were compared.

Table 7-7:Average Tool Handles Production Estimates

Item Cost/Unit Quantity Total Cost
Blue gum tree poles a 700 U
Plaining and Smoothing of handles u 1400 «
HandleBlade assemblylabour 0 1400 U
HandleBlade assemblynuts & bolts 0 8 1400| U
Total a  1554.77
Country Production Cost Comparisonsfor Cultivation Tools
Tool Prototypes Unit Cost Unit Co§t Unit Co_st South
Ireland Malawi Africa
Planting Hoe Sasakawa 9. 0( 6. 31 3. 5]
Ridging Hoe 9. 0 12. 6 8. 3!
Weeding Hoe Flat blade 9. 0 13.9 5. 4]
Land Clearing Hoe Curved blade 9. 0 8. 8¢ 5. 5
Average Costof Each Tool 9. 10.5 5. 71
e o oo " .00 4.0 ‘0
Cost of Setof Tools/Participant 36.0 42.0 22.8
Q;/Ienz?)?svce:gs_lttgolrsroduce N =200 Set 7 200 8. 412 4,578

7.5. Discussions and Conclusions

Malawi is not atypical with regards to the type of technologies that smallholder famers have access to
However, unlike most devgbed countries where agriculture is now heavily mechanized at a low cost,
most farming in Malawi and developing countries relies on human power and specifically women, who
are a major contributor of labour in agricultural and household tasks. There iwvemisdittle
mechanization available, based on responses from the target groups, and the what is available is n
accessible by smallholder farmers who typically rely on manual forms of labour. EBh&ame
mechanized equipment available to estate owaedsthose with large farmland as they can afford the

initial capital costs to acquire and maintain such equipment.
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Based on research conducted and corresponding literature review completed, it is therefore paramou
to further explore anarketbasedfarmercenteredand engaged approach where the farmers actively
make contributions towards the design, testing and use of the new and improved technologies and tool
As the NUI Galway 3D4AgDev research is based on a-lesemnovation approach, the market
assessment conducted was able to capture the differences in the approaches used to establish b
practices for ensuring sustainable uptake and adoption of labour and energy saving technologie

emerging from a farmded process.

Based on the findings abeythere is clearly a market gap in Malawi that can be tapped into to better
serve smallholder farmers and other involved in agriculture to transform how these labour intensive
activities are carried out. Retailers and tool producers need to have bettéedge of their changing
supply and demand sources to strengthen the markets for agricultural tools. NGOs and FOs are als
lacking concrete data on the needs of their beneficiaries that results in services and products bein
handed out to farmers with rjostification based on completed market research. This market report
also highlights the gaps in the extension services that are entrusted to be well connected and aware
the market gaps smallholder farmers currently face in Malawi. It creates an oycidu all value

chain actors to try and focus on the needs of the customers and improve access for improved labou

saving tools for farmers.

Based on findings above, the researchers see the potential for a social enterprise that engages worr
farmers ad their communities in the research and development of improvedhietthcgricultural

tools. Through the social enterprise approach, the farmers who are part of the process of developin
tools are expected to have ownership and interested in marketiner faedesigned innovations that

other farmers can relate to. From the market survey carried out, the value chain supply actors hav
expressed interest in working with these social enterprise models to enhance the marketsHeldhand

agricultural toolswith the intention of further expanding to mechanized options.

The market study also highlights the lack of local manufacturing facilities, which is a result of lack of
financial and human resources, both from the public and private sectors. Valueacioamin the
market for quality and labotgavings tools experience several challenges when attempting to source
tools locally due to a lack of resources to establish sustainable manufacturing facilities that can promot
local production and use. The rkat assessment reflects the need to identify efficient and cost
effective ways to establish a local manufacturing facility that promotes the feethemd user
supported production of improved agricultural tools that will benefit Malawian smallholdezrfaeand

strengthen the currently deficient market for these amezgded tools.
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While there is strong evidence to support the efforts to migrate smallholder farmers to working with
improved technologies that are preferably mechaniBad Huy, 2002Doss, 19992001 Olmstead &
Rhode, 2014Quisumbing & Pandolfelli, 20Q9Vatson, 2008 the reality among the 102 smallholder
farmers interviews igicates a major disconnect between the financial capacity of smallholder farmers
and their actual need for improved tools to boost their productivity as not¢Buibgerson et al.,
2009h Sims & Kienzle, 201). Many of the farmers interviewed still felt that the hoe was the ideal tool
for farming in Mal awi as it I s wi (Gibande, Baileys & Ma
Davidova, 201} In addition, the farmers highlighted that theehs the most used hand held farming
tools (Kienzle & Murray, 1998 and they indicated the need to impeothe hoe and referred to the

various customi zed hoes as i ad(Siagh& Agdraval, 2300 A1 my

The busiest months for sales as indicated by retaifersetween October and December when
smallholder farmers prepare their land and get ready for planting in late November and early Decembe
(C.Rhoades, 1995), depending on when the rains begin this was also observed by (Wodon & Beegle
2006). The highestates month was indicated as October when land clearing and in some parts of
Malawi, ridging activities take place. The highest tool indicated for these activities were the advanced
hoe and improved ridging tools (Ashburner & Kienzle, 2013; IFAD/FAO/FARMES8&nzle &
Murray, 1998; Snapp, Rohrbach, Simtowe, & Freeman, 2002).

As highlighted in earlier results section, the price of the hoe as of March 2016 was approximately the
same price as it was when the initial markets and resource mapping activitieomgteted. This is
despite the fact the local currency has dropped in its dlne World Bank, 2016and other retail
market prices have increased accordingly. Such increase lead to low agriculture productivity as
reported by(Fuglie, 2008. Farming inputs have not had such a drastic increase in prices and has
remained comparatively similar to what the prieaese back in phase | period of the research, and this

is in contradiction with whaiSchiesari & Mockshell, 20)#eported.

To be able to successfully and sustainably disseminate these wamerdesigned tools and agri
processing technologethe pricing of the tools will initially have to be on the lower end to increase
the purchase probability once farmers are sensitized on the benefits of the tools as they will be
promoted as labour/energy and time saving tools that are customizedviteactind tailored to
increase productivity and efficiency of work As a result, considerations on how to strategically
disseminate these farmer-designed hantield agri tools in an affordable and accessible way for
smallholder farmers must be madence women are regarded to have low access to resources

(SigwanaNdulo, 2007. This must be accomplished in costeffective way to break even on
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production costs or have a little surpliis. attract users and suppliers of hareld agri tools, products

will be marketed at low price for a préefined period of time.

The results of the market assessment indicate that there is no shortage in the number and types
sellers of handheld agricltural tools for smallholder farmers in Malawi. After careful observation of
the physical locations of the retailers and local producers as well as through informal discussions witf
the retailers, the main obstacles to being able to provide quality fovdaddie labowsaving tools is

the lack of funds and awareng&iqwanaNdulo, 2007 of improved labowsaving farming tools as

most of the respondents are from low income households naustly uneducated and illiterate
(Ferreira, 2018 The best distribution channels will needtowe t hi n c¢cl ose pr oxi mi
households. Farmers usually have to walk many hours to get taléstinations. By concentrating on
locations thatfarmerscan easily access, dissemination strategies can be put in place for sustainable
distribution of these tools. This is of course with the understanding that mutual collaborative
agreements can be madéh the EPAs, NGOs and FOs to partner in the dissemination and training of

new and improved farmatesigned agricultural tools for farming activities in Malawi.

Given the adequate amount of financial resources and technical support, distributioneandf sal
improved hanéheld farming tools can be made more accessible by youth entrepreneurs interested in
venturing into fimore | ucrative aspectso of ag
tools. In addition, for women smallholder farmersongxpressed a strong desire to start a business with
the time saved from using labesaving tools and technologieNyl Galway 3D4AgDev nnov at or
feedback), engagement in the design and uptake of tools and training on use of these tools woul
generateriterest from these groups who want to start income generation activities to supplement their
farming income and give them some extra financial secufisy.previously mentioned, this PhD
research also aimed to also assess the effects of the researclwomtreinnovator groups and their
households. Specifically, the following chapter covers effects of participating in the research project,
effects of being labelled an innovator, effects of participating in group design work and finally, effects
of the tods on their incomes and overall productivity. The final chapter of this research presents the
evidence from the baseline and endline survey as well as the impact assessments conducted to ass
changes in the levels of empowerment and attitudes amongamerwinnovator groups and their

communities.
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8. CHAPTER 8: MEASURING EFFECTS OF RESEARCH ON WOMEN FARMERS

8.1 ResearchRationale

The overall thesis summarizes the detailextearchactivities conducted tdarnessesiserdriven
innovationwith 16 women smallholdr innovator groupsn Malawi to co-design,prototypeand test
laboursaving agrtoolstailored to women farmers and their farming systerhss chapter summarizes

the research activities conducted to:

1 capture baseline data on the target groups at thenmegg of the research,

1 measure any differences in baseline and endline data on the target groups at the end of the toc
design, production and testing stages,

1 investigate the benefits and challenges observed by the women farmers during the use of th
diseminated laboisaving tools (2012019 farming season).

8.1.1 Strategy for Empowering Women Smallholders

The research programds e mp o wdarnaeparticipatotryrteghinadogy d
development userdriven innovationand social enterpriseedelopment so that women innovator
groups were enabled to design, develop, deploy and benefit from {sdnang tools tailored to their
prioritized laboursaving needsThe programme useal surveybased index designed to measure the
empowerment, agencyna inclusion of women in the agricultural sector, in a participatory manner
(Alkire et al., 2013 Conroy and Stierland, 2004Biggs and Smith, 1998Viatsaert et al., 1997
Murray, 2015 Sraboni et al., 2024 This research had an explicit focus on identification and fostering
of rural women innovators, where the women innovators are both partners and beneficismipsove

the innovation development hes technology development as promoted(Aglekunle et al., 2012
Bellotti and Rochecouste, 20114

8.1.2 Target Goup Background Regarding Current Research

The primary target group are women smallholder farmers from Lilongwe and Kasungu districts in
Central Malawi, specifically IBwomen smallholder innovator groups that research worked with from
2013 to date. Throudga questionnaire survey conducted during an innovator screening exercise, 186
women smallholder farmers were selectedfial ebset tindovators with the highest potential of
conceptualizing agri innovations for labesaving technologies. It was expectdttas the women
smallholder farmers are engaged through the problem identification ph&we co-designing these

concepts, the edeveloped innovations would be tailored to their cropping systems.
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8.2 Research Obijectives
This chaptesummarizes two maiobjectives;

1 To summarize the observed effects(@f being selected aan innovator, (b)participating in
group cedesign process and testiagd €) using the laboursaving tools The researchad a
gender lens anditilized the projecb as ed Wo me n @ent inEAgpcalwre dindex
(WEAI) (Alkire et al., 2013) to capture baseline and endline datacthatd be compared to
assess changed in levels of empowerment among the innovator graipg from different

components othis research work with women inwator groups.

1 To conduct an impact assessment 1 year after women innoraatoadditional research
guestionscovered inthis chapterincluded whether there were impacts on incomes, labour
distribution and social lives of the innovator groups as a rektdiceiving the customized tcol
kits that were distributed to them after mass production in OctobergiBefly mentioned in
chapter 6 This chapterincludes a detailed review of the impact evaluation conducted in
September 2019 to measure #ifectsof the tools on the lives of the women innovator groups

who cadesigned and tested the produced prototypes against existing tools and methods

8.3.1 Selectionasanlinnovatoh | nnovator Ef fect 0O

The researcimypothesis washat through the selection of womearfers as innovators, the levels of
empowerment for those selected to participate as women farmer innovators would iragease
compared to those who were not selec#&dcording to(Diederen et al., 2003eres et al., 20)0
innovatorsare the first farmers in their market to use a certain innovafibrs was one of the
characteristicshtat were used in the scoring criteria. Another aspect is the onéMtbhaty, 2015
recognized the ability of the farmers to serve in a community as role models, with the aptitude to
deliver results and build trust. Innovative farmers influence other farmers through workiagyeo s
local problemsn such a way that they may adopt a research concept, test and refine it in the field to
find in-situ solutions that are passed orothers farmers so that they may do likewise, which in turn
may influence other actors to extend the prod@&sslotti and Rochecouste, 201Baliwada et al.,

2017, Subrahmanya2010. In this study, innovators were chosen based oriterionwith respect to a

set of characteristics which they possess tha
by other researchers (refer to chafepage32). This research aimed to assess the effects of being
selected as a best bet innovatbhe research also aimed to investigate the changes in levels of

empowerment as a result of actually participating in thdeign of labour saving agricural tools.
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This study aimed to assess the benefits of this participation on their mindsets and way of life after the

research was completed

8.3.2Group Effect

Research has shown evidence of working in gr
Individual versus group work indicates higher benefits when working with a d&wgrahmanya,

201Q Loevinsdn et al., 1992Loevinsohn et al., 1994r'his chapter summarizes the discussions with
the target groups to investigate the effectaneblving womenfarmer groupsin the participatory
research andnnovation development with the hope that the technology development may lead to
women empowermetfflkire et al., 2013Gebremedhin et al., 2015

8.3.3Experimenter Effect

To test out the effects of ParticippgoTechnology Development (PTD), the research engaged the
farmers in a participatory uséd design and delopmentprocess to conceptualize labeaving
ideas for agri toolsThis is a cliendriven process that requires decentralized technology deweltp
devolves to farmers the major responsibility for adaptive testing, and requires institatidns
individuals to become accountable for the relevance and quality of technology oiAstiery and
Sperling, 1995Bao Huy, 2002Conroy and Sutherland, 2002outhwaite et al., 20Q2Vatsaert et al.,
1997. Userled and usecenteredinnovation tool design sessions were conducted with women
smallholder innovator groups to develop labeaving and productity-enhancing tool designs
(Humphreys et al., 200®rnetzeder and Rohracher, 2D06

During each participatory discussion session, the women smallholder farmers brought the existing tool:
they currently usednd took measurements of tool dimensions for existing tools used for identified
laborintensivecultivation and posharvest tasksEach innovator group was then engaged to analyze
the measured tool and rate it for effectiveness. Those tools that were ranked as ineffective were place
at the center of each focus group discussion where the womemmskexd to recommend various ways

of i mprovements or refinements to t he t ool
conceptualized 2 to 4 designs per group for the prioritized cultivation anthgrestst tasks. These-co

designs were uniquely codeddaare fully traceable to the women farntersi nnovat or gr ou

8.3.4Tools Effect

Overall, after the research proved that women are capable of innovating and can desidturagri
tools that are labowsaving and tailored to their cropping needs. The abififamners to come up with

innovations has been studied by several researchers su@ghaasand Breunig, 201 Holmén et al.,
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2007, Roling et al., 2004Subrahmanya, 2010on et al., 201}, and has been demorsttd in this
research as summarized in chapters 4 to 6. Howewerassessment of theffects of this tool
development and testing process thewo medh 6 ot ent i alconduetedd The ceseardhe e n
meticul ously recorded t heseawb eativitiéssthrotgh rfoeus group e n
discussiong FGDs), field tests, feedback sessions, provision of farms for testing, and provision of
existing tools for testingOnce the research was completed, each of the 187béeshnovators
receivedthe laboursaving set of tools that they -cesignedand successfully testedhe research

aimed to alsanvestigate the overall benefit of the tools for the women farmers and their households.
8.3  Research Methodology
The research applied two methodologies that atedetailed in this chapter:

T Measur ement of changes i n usngrhe WEAI toblete e | o]
compare baseline and endline results collected from the women innovators and a control

group, based on the above parameters.

1 Anindependentmpactevaluation conducted in September 2®19GIZ Malawito assess
the impacts of the improved haheld tools distributed to the innovator groups in October
2018. The funder contracted an independent consultant, whth support from the
3d4agdev PhD reseamh developed the survey tools, recruited enumeratorsa@ralicted
the impact esluation. The contribution of the PhD researcher was to assist in identifying
the sites to be assessed and introductions to the innovator grbigstudy was carried out
1 year after the improved sets ofoolkits were distributed to the women innovators as a
compensation for time given to the research for the do@esign andgroductionprocess.
The studyaimed to capture any significant changes in the lives of the wonmavator
groups as a result of participating in the research and using the improved handheld tools in
the 20182019 planting seasoithis study focused oquantitative andjuantitative aspects
to assess the most significant change observed in the wormee fars 6 | i vely si nc
were selected as innovators, 2) took part in the-tmetlesign session8) took part in the

tool testing sessiorend4)used the tools over the last planting season

8.3.1Measuring EmpowermentVo men 6 s Empower menéx i n Agri c

The index was developed by IFPRhd was used talentify relevant empowerment indicators that
would bemeasured in this studyrhe index intends to measure several factors that are tailored to the

woman farmer and empowerment domains relevant to tmeewdarmer(Alkire et al., 2013 Sraboni
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et al., 2013 Thewomen innovator groups compldtbaseline and endline questionnaieesl ranked

their input in decision makingegardingthe following

a) General lmuseholddecisions regarding income and expenditure

b) Agricultural productioni.e. crops to grow andbls and inputs to buy,
c) When to take or who should take crops to market

d) Purchase, sale, or transfer of land and assets

The research paidpecial attention to asssslevels of empowerment of the women smallholder
innovators, by monitoring and measuring how the women themselves gain greater control over theit
livelihoods. For example/WEAI indicators were applied to measusmbietherwomenwhen engaged
indicate that the toolseeduce their workloachnd can express how they have now ubedtimesaved

from use of themewhandheld agritools andf as a result, these womeerceive that they have greater
control in decision makg around their manual wolAlkire et al., 2013Barrett and Browne, 199de

Brauw et al., 2008 Respondents alsimdicatad their leadership roles in civic, social or community
groups and their level of comfort withublic speaking. This enaldethe assessment tfie woman
farmer 6s | e ad e the basepne o endimerperiedd asséss whether the changes were

as a result of participating in this research, all other factors considered.

The research borrowed elements from phgjectbasedmodules andtonducted @aseline @study of
womeninnovatas engagedn the researchThe research had aimed to have a laggjady using the
empowerment index but due tesource limitationsthis precludeda largescale application of the
WEAI in Phase land as a result, the research opted for a schdech vesion of the WEAI modules
and developed 14 projebased questionthat wereused agart of a baseline study of 173 women

innovators. Refer to the appendix sectiondeample of the questionnaire used.

Follow on Refresher Training on WEAI for project eggch team

Ther esearch team consulted with | FPRI WE Avho t r a
provided additional expertise and understanding to the researcher conducting the study of
empowerment effects.Once the research activities had been detad, thesame questia were
appliedto gain a measure of any empowerment of the women innovator gtieatpsould be traced

back to this research

8.3.2GIZ-Funded Independentmpact Assessment Study

The second methodology applied to assess the impa¢ke aoksearch on the women innovator groups
was an impact evaluation study that was independently carried out in Septembbéy 20&8nsultant

contracted by the Malawi Green Innovations for Agriculture Sector (GIAE) programme who funded the
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field-testing,production and dissemination of improved handheld tools to women innovator groups that
was completed by October 2QIBheaim of this study was to assess the impattthe disseminated

laboursaving tools as observed by the women farmers innovator gndupseceived the tools.

The women f ar merbsete liencntoevda t s s baebedigrpod agricultaral p a t
tools received the tool sets made up of 6 customized-halddlabousrsaving agrtools that were
distributed by the researchggram on 12nd Oct 2018 to each of 187 smallholder women farmer
innovators (i.e. 1122 tools). Thesearchwishedto determine whether the expected labour savings
were observed by the women farmers in #4.82019 planting season and in ti#919 irrigation
seasonApril to September)GIAE recruited 10 enumerators, who under the supervision o&the
consultante val uat ed the i mpacts of the tools on th
ability to pay for tools), livelihoods, health, empowermemi adoption of labousaving and climate

smart agriculture (CSA) practices.

The impact assessment targeted the 187 women smallholder farmers who received the tool sets
labour saving hantleld agricultural tools in Kabudula and Nkhamenya areas of lwengnd
Kasungu North Districts respectiveljue to thestrict timelineand funding availabléor the study, 121
farmers who received the tools last year were interviewed for the.shudgddition, evaluation
comparison was conducted with a control cotairivomen smallholders lacking access to labour
saving tools. This control group of women farmers are those who never participated in the 3D4AgDev
userled innovation research work but who reside in the same areas as the women innovator groups ths
3D4AgDer worked with. For the control cohort, 161 women smallholder farmers were interviewed for
the study. In addition, 12 Focus Group Discussions (FDG) were conducted with the spouses of the
womeninnovatorsandcontrol cohort women farmers. Extension staff wiawe supported the women
farmers over the past planting season were also interviewed to get their feedback on the tools and tt

wholeresearchapproach

8.3.3Data Collection Technique

To capture data on actual benefits and challenges observed by the ukerslisfributed GIZ GIAE
funded labowssaving agricultural tools and the control cohort of women, the research applied a mixed

qualitative and quantitative approach using the following tools:

1 In-depth key informant interviews and BQ@uides for collectingjualitative data

1 Structuedquestionnaires for collecting quantitative data
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1 Focus group discussions with spouses of women smallholder farmers, randomly
sampled from both research sites to capture their experience and perceptions regarding
the tools digtibuted to their households through their wives.

1 Key informant interviews with extension workers and NGOs supporting the innovator

groups in the past year who witnessed the innovator groups using the disseminated tools

Table 8-1: SampleSizesummary table

Women Smallholder Farmers Innovators 121

ControlCohort 161

NGOs And Government Extension Staff 12

Husbands/Partners/Spouses (FGDs) 12 (Avg.10 Participants)
Total 299

Enumerators were trained on datalection toolsanda pretesting exercise was conducted for a day
before the actual field worto ensurethat thesurveytools are easily understood by all enumerators.
After addressing corrections and suggestions from the pretesting, the tools andatedaployed for

data collection for 8 dayis September 2019.

For both methodologiesComputer Aided Personal Interview (CAPI) open source platform; Kobo
Toolbox2 was used, as such, no data entry was required. The recorded KIlI was transcribed anc
analyzel in NVIVO software. The data collected was traralyzedusing Statistical Package for Social
Scientist (SPSS) and Microsoft Excel where applicable to develop descriptive statlstiacsutcomes

of the studesare presented in the results section.
8.4 Results

8.4.1WEAI Comparison of Baseline and Endline Data Analysis

Baseline and endline data that was obtained from interviews that were done with the aid of a
guestionnaire were analyzed in SPSS where cross tabulations assisted in comparing data from the tv
regading decision making in a number of activities. The results were summarized in form of figures

(graphs) and tables with the aid of Microsoft excel package.

Decisions Making: Agricultural Production

Women smallholder farmers were individually asked totvexdéent they feel that they can make their
own personal decisions regarding agricultural production if they wanted to. Respondents were asked t
indicate their responses ranking them from lowest to highBst Response options werk: None, 2

Some, Both Partners decide -Most, SAIl.

2 Kobo toolbox is a free/open source tool forbite data collection. It allows field data collection using
mobile devices
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Figure 8-1: Extent of Decision Making Regarding Agricultural Production

Resultsfrom the baseline hows t hat a | arge percentageletof t|
make decisions regarding agriculture production on their own. This is so as indicated by a large
percentage of those who said they required lspibuseq25.69 per cent to make such decisions.
During the endline assessmeatlarge percentage (23.88r cen} of them responded that they could

be in a position to make almost all decisions regarding agriculture production.

Decision Making: Purchase Tools and Inputs

Women smallholder farmers were also asked to what extent they feel that they catheirake/n
personal decisions regarding the purchase of tools and inputs if they wanted to. Respondents wer
asked to indicate their responses ranking them from lowest to highgsRe&sponse options werke:

None, 2 Some, Both Partners decide -Kost 5-All.
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Figure 8-2: Extent of Decision Making Regarditige Purchase of Tools & Inputs
With respect to the results showntire figures abovea | ar ge percentage of t
feeltheycabt make deci sions regarding tool purchas

186



percentage of those who said they required both parents (2&.&®nt baseline results) to make such
decisionsbut it was later observed that a large percent28e86 per cent endline results) of them

responded that they could be in a position to make almost all decisions regarding the same.

At the start of the researchp@r centof surveyed women farmers indicated that they felt they only had
decision makin@ b i | i tsioersef fife dacisiams made regarding the purchase of tools and inputs.
The endline survey results collected and analyzed at the end of the research indicate that only a
estimated 1per centof the total respondents now fall in this catggoklthough 1per centof the
responses from the baseline survey indicated that they felt they haécmponmaking abilities
regarding the purchase of tools and inputs, no one in the endline survey indicated the same. Based ¢
the baseline data analysesults, only 1$er centof the women smallholder farmers had indicated that
they felt they had decision making inputs in all discussions regarding the purchase of tools and inputs
However, endline results indicate that almost half of the of womenwtdel now feel that they can

make all the decisions regarding the purchase of tools and inputs (estimptyccéa).

Decision Making: What Crops to Grow

Womensmallholder farmers were individually asked to what extent they feel that they can make the
own personal decisions regarding what crops to grow if they wanted to. Respondents were asked t
indicate their responses ranking them from lowest to highBst Response options werk: None, 2

Some, Both Partners decide -Most, SAll.

30.00%

24.77% 25.69%
25.00%

X 2000%
n 16.06%
u% 9.17%
3 1000% 7.80% :

5.00% 2.29%

0.46%
0.00% 1
Some Both Partners Most All

M Baseline Endline

Figure 8-3: Extent of Decision Making Regarding What Crops to Grow

Regarding decision making in the types of crops to be grown, refalit®indicated a large percentage
of the women who acanfditr sma kdei ddnedcti sfieoenls tohne yt h e
crops they can grow. This is so as indicated by a large perceotagspondents who said they

required both parents (24.pér cent baseline results) to make such decisidingas later noted tha
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large percentage (25.Gfr cent endline results) of the respondents responded that they could be in a

position to make almost all decisions by themselves regarding the type of crops they should grow.

Baseline survey conductdaefore the start of thdaboursaving technology development research
indicated that 5@er centof the respondents decided on what crops to grow with their partner/spouse.
This figure significantly dropped to liger centbased on the endline survey results. The number of
respoments who indicated that they feel they can now nadlkéecisions regarding what crops to grow
increased significantly. There was a sharp increase froped@&ntbeforethe research to Sier cent

at the end of the research. Although minimal, the nuraberspondents who felt they could only make

someof the decisions also dropped fronpé&rcentto 1 per cenin the endline survey.

Decision Making: When and Who to Market Farm Produce

The women farmers gave their responses regarding the extent totidyclelt they could make their

own personal decisions regarding when to take or who should take crops to market if they wanted to
Respondents were asked to respond to questionnaire surveys and give their responses based on a s
ranked from lowest toighest: 1 - None, 2 Some, Both Partners decide,-Most, 5AIl. The figure

below indicates the comparison between the results of the baseline and endline surveys.

30.00% 27.52%
25.00% 22.94%
X 2000%
ot 15.14%
v
g 1500% 12.39%
o 10.55%
L] o,
= 1000% 6.88%
5.00% 3.67%
0.46%0.00% . 0.46%
0.00%
None Some Both Partners Most All

m Baseline Endline

Figure 8-4: Extent of Decision Makinglaking Crops to the Market.

It was observed in this study that a large percentage of the farmers could not make decisions regardir
who to take crops to the market as indicated in the resloitge The results show a large percentage of

the women who atifr st di dndot f eel they can make deci si
for sale as indicated by a large percentage of respondents who said they required both Barents (2
cent baseline results) to make such decisions. But it was later tieted large percentage8(per

cent endline results) of the respondents responded that they could be in a position to make almost a

decisions by themselves.
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Beforethe start of the research, approximatelyger centof the surveyed women smallholdarmers

i ndicated that they felt t h e ys oonreidlye décsions aglec i s
regarding the when and who to market crops. The endline survey results collected and analyzed at tt
end of the research indicate that only an es@ohdtper centof the total respondents now fall in this
category. There was also a decrease in the representation of respondents who felt they needed to cons
their spouses before a decision was jointly made. The baseline results showed eihtof the
respondents decided jointly with their spouses compared to ongrldentfrom the endline survey.

There was a slight increase in those who felt they could make most of the decisions. From the baselin
survey, 25der cenffelt they were in this categgpicompared to a higher estimated & centfrom the

endline survey. Based on the baseline data analysis results, only an estimzgedettiof the women
farmers had indicated that they felt they had decision making abilities in all discussionsgegdnein

and who to market crops. On the contrary, the number of respondents increaspdrtoéfibased on

the research endline results.

General Decision Making in the Household

The baseline and endline surveys captured responses from women farmetmgetyee extent to
which they felt they could participate in general decigimaking in their household. Respondents
indicated their answer based on a ranked scale from lowest to higkesbt at all, 2 = small extent,

3 = medium extent, 4 =to agh extent.

35.00%
30.73%

30.00% 27.52%
. 25.00%
X
o 20.00%
c 15.14% 15.14%
S 15.00%
v
©
10.00% 6.88%
5 00% 4.13%
- 0.46% 0.00%
0.00%
small extent medium extent to a high extent very high

M Baseline Endline
Figure8-5:Women Smal | hol der Farmers6 General House
This study indicated that at firsh large percentage of the female farmers could not make decisions
regarding when an@ho to take crops to the market as shown in the residisever, after the endline

survey, darge percentage {percent of the women who at first di
on their own regarding when and who to take crops foraa@enow ale ta It was latemoted that a
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large percentage §2per cent endline results) of the respondents responded that they could be in a

position to make almost all such decisions by themselves.

Baseline results indicated that pér centof the respondeatfelt they could only participate in general
household decision making taiame d i u m @histiseasharp contrast to the endline results show
only 34 per centwho responded the same. The respondents from the baseline survey indicated that 3(
percenwer e of the opinion that they could hgharti
extend . The results of the endline survey indic:

same response has doubled. There are nqre68enbf therespondents the same way.

Women Small hol der Far mersodé Level of Comfort Wi

The women farmers were also asked to rate their level of comfort regarding speaking in public abou
issues in their community. They were asked to select one oétpenses from the scale beldws not
at all comfortable, 2 = with a little difficulty, 3= fairly comfortable, 4 =very comfortable, 99= DNR

45.00%

40.00% 38.25%
 3500% 30.41%
X 3000%
¢ 2500%
S 2000%
&:3 15.00% 13.36%
10.00% 6.45%
’ 4.61% 4.15%
5.00% 1.38% 1.38% -
0.00% —
not at all comfortable witha little difficulty fairly comfortable very comfortable

W Baseline Endline

Figure 8-6: Level of Comfortvith Public Speaking About Commutynissues

There was an increase in the percentage of respondents with comfortability in speaking publicly abou
community issues after than before the baseline study. This was observed from increase in the

respondents (3Ber cento 39per cent who showd high comfortability in doing so.

Baseline results indicated that &r centof the women farmers felt very comfortable with public
speaking while the endline results showp& centwho indicated the same. Interestingly, the same
number of respondenisn di cated that they were MfAnot at al
survey. There was a slight improvement among the respondents who indicated that they can spec
publicly Awith a |ittle diffi culpdr enifrom theebaselinanb e r

survey to 8per centfrom the endline survey. This may be as a result of more women feeling
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comfortable with public speaking as a result of them practicing during the research focus group

discussions.

Decision Making: Land & Assets

Women farmers were asked to rate the extent to which they can you make decisions regarding th
purchase, sale, or transfer of land and assets? Responses were radkechasat all, 2 = small

extent, 3 = medium extent, 4 =to a high extent.

35.00% 32.72%
30.00%
25.35%
_2500% 23.96%
:e_,s_
£ 20.00%
v
5
15.00%
z; 11.98%
“ 1000%
5.07%
5.00%
- 0.92%
0.00%
small extent medium extent to a high extent

M Baseline ® Endline

Figure 8-7: DecisionMaking Regarding Purchase, Sale, Or Trangfetandand Assets

These results indicate that the extent to which women farmers could be involved in decision making
regarding purchase or sabf land was higher at the endline stage of the study as at the baseline. There
was a very low percentage of farmers who responded to have high extent to in making such decisions i
the endline (2per cen) than the baseline stagE(per cen}.

Accordingto the results presented for the baseline and endline survey, the number of respondents wh
indicated that their extent aflecisionmakingr egar di ng | and and asset:
approximately 24per centfrom the baseline period to about pér cat based on the endline results.
While an estimated 1fier centof the respondents indicated that they only make decisions to a small
extent, the endline results show onlype@r centwho feel the same. There was also a decrease in the
number of respondenteh o i ndi cated that they only nmallte de

altered from65 per centatbaseline to 4®er centat the endline.

Decision Making: Use of Household Income

The surveyed women innovator groups were also asked to indimtkevel of input they had in

decisions made about the use of income generated from farming and other income generating activitie:
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Answers were ranked as=ho input, 2 = input into very few, 3 = input into some, 4= input into all,

99=did not respond

40.00% 36.87%
35.00% 33.18%
30.00%
Q\S 25.00%
v
&
g 2000% 16.13%
2 1500%
2z 10.60%
10.00%
0,
5.00% 2.30% 0.92% .
0.00% ]
input into very few input into some input into all

M Baseline M Endline

Figure 8-8: Level of Input in Decisions Regarding Use of Generated Household Income

The above resultsndicate that the extent to which women farmers could be involved in decision
making regarding the use# household income was higher at the endline stage of the study as compared
to the baseline. There was a high percentage of farmers who responded to have high level input i
making such decisions in the endline (83 cen) than the baseline stagel(per cen}. An estimated

66 per cenof the respondents from the endline indicated that they now have input into all the decisions
made regarding ugeusehold income generated from farming and other activities. This is a significant
increase from the resalof the baseline where only pér centof the respondents indicated the same
response. Although minimal, the respondents who indicated that they had input into very few of these

decisions decreased fronpbr cenbased on baseline results tp& cenbased on endline results.

Decision Making Regarding Use of Personal Wages or Salary

Women smallholder farmers indicated thesponsesegarding to what extent they felt they could
make their own personal decisions regarding their wages or salary emeployResponses were

indicated asi - None, 2 Some, Both Partners decide -Most, 5All, 99=did not respond.
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Figure 8-9: Decision Making Regarding Their Personal Wages or Salary Employment

Resultsindicate that the extent to which women farmers could be involved in decision making
regarding the use of household income was higher at the endline stage of the study as compared to t
baseline. There was a high perage of farmers who responded to have Heyel input in making

such decisions in the endlines(@er cenf than the baseline stage2(der cent.

Baseline results indicated 2&r centof the respondents felt they can make all the decisions regarding
the use of their personal wages or salaryleyment were in this category compared top#8 centof

the women farmer respondents who indicated that same in the endline survey. While the baselin
results also showed thatp@r cenof the women farmers felt they had no input into the decisions made
about their own personal wages or salaries, the endline results did not indicate this for any of the
respondents. The respondents who indicated that they felt they could only make some of the decision

decreased from per cento 1per cenin the endlingesults.

Decision Making: Household Expenditures

The research wanted to investigate to what extent women farmers felt they could make their owr
personal decisions regarding major and minor household expenditures. Respondents were asked
choose from a range of responsgs:None, 2 Some, Both Partners decide,-Most, 5All, 99=did

not respond.
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Figure 8-10: Decision Making Regarding MajandMinor Household Expenditures

Results of ths analysis indicated that women were highly involved in contributing to the decisions
regarding major and minor household expenditure after the endline of the study tHaesdlire
period. Only 11per centof the respondents in the baseline were pagtaig in decidingalmostall
issues regarding major household expenditure but the propoporcén) increased to about 3%er

centatthe endline stage of the project.

the baseline resuliadicatedthat 1per centof the women farmers did not haveyanput in decisions

made regarding major and minor household expenditures. The results from the follow up endline
survey indicate that no farmers indicated this response. In additigrera@ntof the women farmers
indicated that at the time of the saw they had all thelecisionmaking abilities regarding these
household expenses. This is a great improvement from the baseline period where et \c@2tof

the women responded the same.

Decision Making: Access to Credit

The research al so ai med t o -cdegsionmakingabilityyregarding n g e
access to credit. They were asked to indicate how much input they felt they have on decisions regardin
access ta@redit. Responses were ranked s no input, 2 = input into very few, 3 = input into some,

= input into all, 99=did not respond.
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Figure 8-11: Decisions Regarding Access to Credit

Results on decision® access credit has shown to be dowt the endline of the project than the
baseline.A significant (&5 per cen)t proportion of respondents in thendline period of the study

responded not to be involveddecisiongegarding accessing loans as compandtie baseline results.

While 68 per centof the respondents in the baseline period indicated that they have input into some of
the decisions made regarding access to credit, the endline period indicates a sharp decrgase to 43
cent Baselineresultsindicated that 26er centof respondents felt they have input into all decisions
regarding access to credit. However, endline results indicate that not a single woman farmer has inpt
into these kinds of decisiom®w. In addition, while baseline resultglicate that only per centhad no

input in decision making on credit access, endline results indicate tpat 48niof them now indicate

no input into decision making on access to credit.
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8.4.2Findings from GIZ Impact Assessment Study on 3D4AGDev Women

This section presents the demographic information on the survey participants who were interviewed. As
mentioned in the methodology section of this rep8rB.2 the sampled farmers were based on

participation in the programnd those that have heard and reside in the same area as the beneficiary

farmers.

Table 8-2 :Farmers' survey: general characteristics of the population

Beneficiary women farmer

Control Cohort women farmer

households households
Characteristic Respondents Percent Number of Percent
respondents
Sex
Female 121 100% 161 100%
Marital status
Married 106 87.6% 130 81%
Single 2 1% 2 1%
Divorced 6 5% 13 8%
Widow 7 6% 16 10%
Site
Kabudula 57 47% 75 47%
Nkhamenya 64 53% 86 53%
Innovation adoption assets
Ownership of Phone
Yes 79 65% 61 38%
No 65 35% 100 62%
Radio
Yes 49 40% 38 24%
No 72 60% 123 76%
House wall material and roofing material
Burnt bricks and Iron sheets 57 47% 33 20%
Burnt brick and grass thatched 29 24% 60 37%
Mud and iron sheets 1 <1% 0 0
Mud & Grass thatched 5 4% 12 7%
Unburnt bricks and Iron sheets 3 2% 2 1%
Unburnt bricks and Grass thatched 26 21% 52 32%
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Main Livelihood Sources

The mainlivelihood source in he 2 sites is farming aB%er centand 82per centfor beneficiary and

control cohort households respectively followed by small businesses and piece works for both groups.

Sources of Transport

The main mode of transport is @woot for the control groupg60 per cent and bicycle for the

beneficiary group (5per cenk.

Access to land and productivity Estimates

The land holding size is 3.43 acres for the beneficiary farmers and 2.37 for the control group farmers

Below is the land holdings distributiortwveen the groups.

Land Holdership Characteristics

90%
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50%
40%
30%
20%
10%
0%

beneficiary n=121
control cohort n=161

Own Rented in and Rented-In Borrowed Other
Own

m Beneficiary m Control cohort

Figure 8-12: Land holdings characteristics of the 2 sampled groups

For most of the farmers, the yield has been decreasing in the past 3 years by bet@epprildent
(beneficiaries 5 per centand control group 7@er cent however, 20per centof the beneficiaries
against 7er centof the control group indicated that their yield has been increasing in the past 3 years.
Though the increase in yield might be due to other factors tobgetieficiary women farmers indicated

that having saved some time off their fields allowed thedotmany other things. They mentioned that
they couldapply manure, cultivate larger pieces of land, find other sources of income to boost their
agricultureasall these have direct positive impact on increasing their farm yields. More farmers tend to
use both manure aridrtilizer (50 per centbeneficiaries and 3f@er centcontrol group) Fertilizer only

for 34 per centof both groups, Manure only (48er centbeneficiaries and 1ger centof the control
group. Other farmers also did not apply anything to their sqé(4enbf the beneficiaries and Ider

centof the control group).

197



Beneficiary User Farming Experience

Beneficiary women farmers were askedekplain their experience using the customized tools over the
previous cropping season and in their current irrigation plots farriing.tools changed the farmers
experience completely in the previous season. The farmers appreciate the set of nevetotdstigem

as they had enough tools for different agricultural tasks in the houséftwdg indicated that they
looked forward to farming and the tools brought excitement and they felt empowered to have co
designed them. They managed to farm larger aapdshe tools improved the distribution of labour in

the family as improved access to tools meant more family members joined the labour force and reduce
workload because the tools were new and exciting toansemore family members were looking

forwardto trying them.

The customized handles meant that the tools were well adapted to their needs, the handle height w:
perfect and did not need too much bendingesehergonomic improvemerntsproved their health and
well-being as the farmers experiencetldibr no backaches the past season which has not been the case

using theirexisting tools

AThe | ast season | was healthy and energetic

case with the previous yearsodo
AnonymousVoman Smallholder Farmegeptember 2019
AWe are having more yields, without ba
Anonymous Woman Smallholder Farmer, September 2019

Quotes from Women Farmer Innovators During Impact Evaluation Interviews

The control cohort had also borrowed and used the todlsheir feedback was not different from the
beneficiarybés experience with the tool s. The

sharper and made them save time and energy in the field.
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Figure 8-13: Grace Chipeta and her husbamith toolsassessed during impact survey

Time& EnergySavings and Household Labour Distribution

Time and energysavings on different agricultural tasksing the improved tools enabled the women
farmers an oppdtunity to find time to rest whiclthey were constantliacking It also created more
enough time to take care of their families and time to do other income generating activities such as
smallscale businesses and irrigation farmifge improved tools endéd them tathem improvetheir
householdabour divisionfor onfarm and other tasksnitially the expectation would be that the new
tools would reduce labour (in terms on the number of people working in the figld)ever, a large
percentage @per cem) of the farmers reported an increased number of people working in thddeld

to improved access toustomizedagricultural tools which was lacking before. Such improved tool
access enabled the household to acaesssharghe labour that was idle b@k. This increased the
number of people working in the field within the household and significantly reduced workload and
time spent in the fieldor the women farmers which in turn gave themen farmers more leisure time

and more time to rest and takeeaf their families. The women indicated that they use the free time
saved from the use of the new tools to do business, take care of their families and to rest. They wome
did not initially have time to rest with their days as after farm work, they hatdod household chores

to do which left them no time to rest.

Quality of Work & Ergonomic Advantagas The New Improved Tools

The farmers indicated that the tools helped to improve their quality of work (@4.8en} reported
improved plant spacing ¢auracy and plant population), improved ridge sizes and effective tillage and
detailed weeding. The tools also helped them adopt new/better agricultural practices such as improve

plant spacing and plant population management practices such as 1 serd (dasakawa) in maize,
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Diversification of crops such as adoption of legumes, sweet potatoes and irrigated vegetables a

reported by 8®er centand 17per cenbf the respondents respectively.

The hoes are light and less tiring, sharp and precise heprevied their quality of work in the field

and made work easier and faster resulting in timely completion of agricultural tasks and timely planting
with the first rains. This also gave them some time to rest and do other income generation activities
Somehave adopted new crops such as Soy beans wlt
crop sold by women farmers) and has improved the amount of income controlled by the women in their
families. Sharp and Light tools reduced the energy requirementioifag different agricultural tasks,
reduced exhaustion and improved ergonomics which reduced back pains and muscle torn during fielt
work. This improved the womenbés well being and

used the tools.

The famers covered larger pieces of land per day than before and could finish land preparation tasks o
time which enabled them catch up with the onset of rains (early and timely planting). Field operations
were completedeffectively and efficiently because theols were very light, sharp and reliable.

Farmers indicated thalhéy managed to finish their agricultural tasks much earlier than the last season

using the existing tools.

As the agricultural extension officers recommend sasakawa planting, the fawoétsadopt such
practices as sasakawa planting (accurate spacing and 1 seed per station planting) with the help of the
sasakawa customized tools blade sasakawa and the 3 blade sasakawa planting hoe which has
customized precise plant spacing alreaglyletween the bladeEhe new plantingtools enabled them

to adopt sasakawa planting in maize production and legumes which increased their yields in the pa:
seasonOther climate smart agricultural practices adopted inclugéty improved seed, drougahd
disease resistaiseed box ridging to conserve soil and watevinter croppingand irrigation plots to

mention a few.

When the women farmers were further asked what they used the time savings for; they indicated the
they could have some days off thedd to rest as they finished the agricultural tasks earlier in readiness
for the onset of rains. They also had enough time to do small businesses and could start backyar
gardens for vegetables. The women farmers had enough time to take care oftrtiies &nd spent

more time with their children.

The feedback from women farmers was that the rniewls weremore durable compared to their

existingtools and werenorereliable since the blades did not bend during farm opetatoaddition,
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the handlesvere always tightly fitted to the blades unlike thexistingtools as at timeghe blades
come off the handles which also slows down wankd is a safety hazard to the farmeFhe new
customized tools were also very sharp and did not need sharpedingpairs as thexistingtools
Having thesdools speed up their work as apart from slicing through the solil efficiently, soil did not
stick to the bladeas much as they did with existing toelhich could make them heavier and waste
time cleaning the lades. The new tools needed no repsinge they received themhich saved the

farmers time and money.

Gender and Women Empowerment

The i mpact of the tools on gender and womenos
main domains of women emperment: Group membehip, leadership positions and public speaking
Based on the findingshé beneficiary women farmers havd@0 per centgroup membership as they
were all sampled fromillage savings groupand consumer producer grougascribed in chpter 2
page3l. The leadership empowerment domain was measured by comparing the level of comfort in
public speaking between the beneficiary women farmers and the control cohort of women farmers. Fol
the beneficiary group, 63ercenindi cat ed t hat they were fAvery col
issues affecting their communities againsp46 centfor the control cohort demonstrating that in terms

of leadership, the beneficiary women farmers are highly empoweredcarhise linked to their level of
involvement in the project which increased their levels of confidence during {ties@n and testing
stages of research which led to higher levels of empowerment as compared to those who were not pe

of the cadesign andesting process.

Public Speaking Leadership positions
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Figure 8-14 : Assumption of leadership positions and comfortability in public speaking

65percentofthe beneficiary women far mer s i ndakiogirt e d
public on issues affecting their communitasnpared tel5 per cenffor the control cohort group. They
were allequallyd f ai r | yo ¢ omf or t a bperecensbptenar&women frormthe pamttol i ¢
group (12 per cent reporedthattheywer e fAnot a tospadkihg inpubliméomparedctd | e
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only2percentof the beneficiary farmers who indicate
speaking in public

Leadership position distribution
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Figure 8-15: The commno leadership positions assumed by the two sampled groups

There were differences in the type of leadership positions assumed by the beneficiary and the contrc
groups interviewedAs displayed in the figure abovehet beneficiary farmers tend to assume more
influential leadership positions such as Chairlady, Secretary and Treasuwpposed to the positions
assumed by the control groups who are mostly members.

Decision Making Dumg Production: Autonomy/input in decision making

Participation in decisiomaking in agricultural production for the beneficiary women farmers indicated
a higher level of empowerment through their involvement in the project. Most of the beneficiary
women farmers indicated that they discuss with their spouses and contributagtoea extent on

decisions regarding agricultural production and crops/animals to grow.
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Decision making
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Figure 8-16: Participation in decision making regarding agricultural production

Decision Making
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Figure 8-17: Participation in decision making regarding crops/animals to grow

Resources: Ownership of assamsl Access to I€dit

The results of the assessment indicate that the beneficiary women farmers are more empowered to ha
sole owneship of these tools as their resources and assets. The household ownership of assets is al
better for the beneficiary households than the control group households. This can be attributed to highe
innovativeness of the beneficiary women farmer housshimidexample, trying new things including

businesses, better agricultural practices and other income generating activities. The level of
innovativeness was high for the beneficiary farmers based on the assessment done at the beginning
the project butit was clear to see that they have improved tremendously over the years of their

involvement in the project against their own baseline.
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Figure 8-18: Sole ownership of assatemparisons

highest owned solassets for the beneficiary farmers are small livestock such as chickens followed by
large livestock such as goats, pigs and cattle indicating a higher economic status. The livestock hav
also provided a stronger resilience to shocks. On the other harmigliest solely owned assets for the

control cohort is fAOthero which was mostly sp:¢

control group also indicated that they did not have sole ownership to any assets.

Figure 8-19: Joint ownership of asset®mparisons

The highest jointly owned assets for the two groups was houses, land and livestock (both large an
small livestock). These were all higher for the beneficiary households compared to thk grouoips.
This indicates a better economic status and a higher economic empowerment through access |

resources for the beneficiary group than the control cohort of households.
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