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ABSTRACT

Leslie Lynn Dodson
(Ph.D., Technology, Media, and Society; ATLAS Instute)

A Foggy Desert: Equitable Information Flow for a Faggwater System in Southwest
Morocco

Directed by Professor John K. Bennett and Sarah ReGterling

This dissertation describes the design, implentiemand evaluation of a gender-
inclusive information system linking rural women Agni Hiya, Morocco and water
project managers from the Association Dar Si-HnTdds research was motivated by an
interest in exploring the linkages between infoioratand communication technologies
(ICT), climate change, natural resource managenagwt women’s participation in
community development in the drought-ridden Ait Baane region of southwest
Morocco. The research investigates the potentialnfiobile phones to help address
communication constraints that rural Berber wonaef including culture, religion, and
lack of digital literacy. These issues are relevanthe study and design of a gender-
inclusive information system (the “Fog Phone”) mded to help manage a fogwater
distribution system that will deliver water fromethAnti-Atlas Mountains to Berber
villages.

The research investigates two similar groups oi-licerate, marginalized rural
Berber women from the same geographic community vaee mobile phones.
Technology-focused ethnographic research methods wsed to first investigate the
social, cultural and technical factors involvedniobile phone use by women employed
in an Argan oil Cooperative. Findings from the Amgail Cooperative study were then

applied and expanded in a study of Berber womewlwed in the operation of the
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fogwater system. By virtue of their responsibibti@s principal water gatherers and water
users in the community, Berber women are key stakehs in the fogwater system.
Their continued involvement in water management exiended to the participatory
design and development of the prototype Fog Phone.

Cultural conditions restricting communication beem unrelated men and women
led to an information system design that supportatiural, social, economic and
technical constraints. The Fog Phone enabled wdmesport on the water system using
a series of symbols that communicate water syst@tuss without violating cultural
norms. In addition to an exploration of the relaship between gender and technology,
this research explores related themes of climagéagd and environmental vulnerability
as they pertain to women'’s lives and livelihoodswaell as the ability of rural Berber
women to manage the environmental assets on whéhlivelihoods depend.

The contributions of this research include a pygte information system for the
fogwater project; a better understanding of the ileqihone utility gap and its impact on
the use of ICT by marginalized women in polyglotdaaral-language dependent
communities; and advances in the emerging praaifcéCTs, Climate Change and
Development (ICCD) by providing a case study of lihkages between mobile phones,
water resources that are affected by climate chamgewomen in rural communities
involved in an environmentally sustainable develeptrproject in the Middle East and
North Africa — a region that is largely missing frolCCD and overall ICT for

Development research.
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CHAPTER 1
INTRODUCTION
“I'm illiterate. How could | text?”

Issues of natural resource management, climate gehagender and rural
livelihoods intersect in this research, illustrgtithe inherent complexity of sustainable
development projects. Scarcity is a constant thevhether in reference to scarce natural
resources, inadequate education, financial pow@rigsufficient technical and functional
literacy. These issues are magnified for rural Benwvomen and are compounded by
vulnerability to a changing climate. These issuesadso relevant to the study and design
of a gender-inclusive information system (IS) tdphmanage a fogwater distribution
system.

In rural southwest Morocco, Berber women and gidend up to four hours per
day hauling water from wells that are increasingdynpromised in terms of quantity and
guality. Water volume in this pre-Sahara Desertezoh the Anti-Atlas Mountains is
decreasing due to climate change-induced droubhtsare expected to worsen (Brown,
2009). Presently, only six to eleven inches (egis)aof rain falls per year (Berkat &
Tazi, 2004). Many wells are contaminated due tor gamitation and exposure to animal
waste. These compound conditions create chronierwstiortages for area residents.
However, due to geography-induced meteorologicalnditmns, nearby Mt.
Boutmezguida is enshrouded in fog for nearly sixnthe per year (Marzol & Sanchez
Megia, 2011).

Fog has been identified as an important sourceatér in desert environments
such as Ait Baamrane, the location of this rese@\feliruska, 2012). The geography and

topography of southwest Morocco are conducive édftihmation of dense fog, leading to



the conclusion that there is “no doubt that in deaeeas where rain is absent during
many months or perhaps several years, fog muset@usly considered as a source of
water” (Eugster, 2008, p. 5). In the largest prof its kind in North Africa (Bargach,
2011), fog is being harvested from the Anti-Atla®uvitains to provide supplemental
drinking water to hundreds of downslope Berberdesis who are struggling with
drought and depleted water resources.

This research explores questions related to theopppte and useful role of
information and communication technologies, or IG,exploratory research at an
Argan oil Cooperative and in primary research ia fogwater delivery system where
Berber women, traditionally responsible for wateHlection, have been assigned water
stewardship and management responsibilities by NMwoccan non-governmental
organization responsible for developing the fogexatystem, Association Dar Si-Hmad.
Women in the participating communities have lowrhbicy levels, but often have mobile
phones. Thus, the focus of this research involkesuse of ICT to help address some of
the traditional constraints placed on these womgncliture, conservative religious
interpretations and lack of digital literacy. Inghesearch, ICT refer to mobile phones
such as basic feature phones in use by low-litddateer women, more advanced mobile
devices such as smartphones as well as hardwah,défices, software and the mobile
network.

This research also addresses what Watson et(dl0YZharacterize as the need
for researchers “to show leadership in applyingttaasformative power of IS to create
an environmentally sustainable society” (Watsonyddeau, & Chen, 2010, p.23)he

emerging practice of ICTs, Climate Change and Dmyekent (ICCD) provides a top-



level framework that can be used to study and gkrelopment initiatives that involve
the three linked domains of technology, climatenggand development (Ospina &
Heeks, 2010a). In the ICCD model, information aathmunication technologies include
hardware, software and services such as telecenteobile phones, computers,
monitoring equipment, broadband and smartphoness fidsearch applies the ICCD
model to explore, in this case, the linkages betwaebile phones (the ICT tool), water
resources (that are affected by climate changeanden in rural Berber communities
(the focus of an environmentally sustainable dgualent project).

The socio-cultural complexities explored in thesearch revolve around gender
issues embedded in the conservative, rural BerhestiM communities where the
fogwater project is located-ogwater project managers from Dar Si-Hmad (DSH)
envisioned a community-based structure to managevtter system in a way that offers
opportunities to women and which has the potentalshift water beneficiaries’
relationship with the environment from a labor-lthselationship to one that entails
communicationBy virtue of their responsibilities as principal t@agatherers and water
users in the community, women are key stakeholaershe fogwater system. In
collaboration with DSH, we determined that womeodsitinued involvement in water
delivery and water use needed to also be exterml#tketinformation system, which was
developed using participatory design techniques.

As Donner (2008) notes, there is a need among I€dMvlars to “disaggregate”
the mobile phone artifact in order to “yield a ketunderstanding of the mobile as a
complex technology” (p. 25). | disaggregated thebieo phone in various ways

throughout this research into the social, cultaradl technical barriers to mobile phone



use by rural Berber women. During my investigataithe technological barriers to
mobile phone use, | focused on the technical featand services available on a mobile
such as menus and SMS services, including issua®deto the physical form of the
device (the handset) and user interfaces that stggpor constrained access to services
by low-literate women. In the technology inventorgliscuss the mobile phone in terms
of device and network availability. “Technologynst just a handset,” though, so along
with an analysis of technical and physical featuoésmobiles, | also investigated
behaviors and cultural norms related to use of degice, such as constraints on
communication between unrelated women and men (Eon2008, p. 25). When
discussing communication patterns, the mobile plrepeesents both a set of behaviors
and a tool that rural Berber women use to commutmieath family members. Mobile
phone affordances, behaviors, interfaces and teshreatures are pertinent to an
investigation of the social, cultural and technibalriers to ICT use that rural Berber
women face, barriers | identify asility gaps(discussed in detail in Chapter 10).
1.1 Research Progression

As is often the case with field-based action resedTacchi, Slater & Hearn,
2003), this research followed an unpredicted pathtead unplanned outcomes for initial
field visits although the research design solidifieith the identification of the need for
an information system that would support womenisgon the DSH water project. The
research process was dynamic and evolved over ¢hese of a year-and-a-half,
progressing from immersive ethnographic fieldwond an-the-ground ICT training in
exploratory field visits with Berber women at angan oil Cooperative (the Coop) to my

primary research on the ICT tools and processeshiad in the development of a



prototype water IS, called the “Fog Phone,” to hefpmen manage their responsibilities
around the fogwater harvesting system.

The Coop and the fogwater project share a numbermmon and unifying
features. The Coop and the fogwater project aratéacin the same rural canton in the
Ait Baamrane region of southwest Morocco, involve same population of low-literate
Berber women, and are both based on valuable hats@urces (Argan trees and water).
Further, in southwest Morocco, Argan oil and watex both largely managed by rural
Berber women, and in Ait Baamrane, the local ArgarCooperative and the fogwater
harvesting project are both part of DHS’s portfalibdevelopment projects. Thus, the
relationship | had with DSH at the beginning of greject carried through and continues,
creating continuity and rapport. DSH leaders anshé&red an understanding of the
importance of pursuing a community-centric appro#tmtoughout the research in the
Coop and in communities involved in the water proj@odson, Sterling, & Bennett,
2012). The progression of this research from ow#&ber is detailed in Chapter 2.

1.2 Research Questions

The goal of this research was to generate newuaetul knowledge about the
ICT tools and research processes involved in deugdoa culturally appropriate and
gender-aware information system for natural resmur@anagement in rural, gender-
segregated communities in Morocco. This action,cbange-focused, research was
guided by research questions that provided a matintlerstand complexities related to
ICT use, information needs related to the watejegtaand factors relevant to women'’s
participation in management of the environmentaljgmt. The three primary research

guestions are:



1. What information and communication requirements arécal to the major
stakeholders in the fogwater project?

2. What features are required to create a socially @anthrally appropriate ICT
system that allows unrelated women and men to camuate about the fogwater
system?

3. How do ICT facilitate women’s involvement in ovdraystem management and
communication of meaningful technical informatiorgarding the fogwater
system?

While a working, successful information system wkesrly a desirable outcome,
that objective was not a required outcome of tiseaiech reported in this dissertation.
1.3 Contributions
Contribution 1: A Prototype Water Information Systéor the Fog Project

This research contributes to the sustainabilitiheffogwater system by providing
the Dar Si-Hmad organization and water users witmational prototype Fog Phone that
can help the organization achieve its mission tivelepotable water to rural households
in an operationally sustainable way.

Contribution 2. Widening the Definition of the Uty Gap

This research contributes to practitioners’ un@deding of the mobile utility gap

and its impact on the use of ICT by marginalizednga in polyglot and oral-language

dependent communities.



Contribution 3. An ICCD Case Study Focusing on Claxp/ulnerabilities

This research advances the ICCD model by contngua case study portraying
the linkages between ICT, climate change and dpwsdmt in a project to deliver
fogwater to rural Berber communities that are vidbée to climate change.
Contribution 4. Research In A Geo-Strategicallptriant Region

This research contributes to an understanding rof uader-resourced and
marginalized population in the Middle East and Ndkfrica, an understudied, politically
important and environmentally fragile region of therld.
1.4 Chapter Overview
Chapter 1: Introduction

Chapter 1 has been an introduction to the studwrmofinformation system to
support the fogwater system in rural Morocco. Ceafitincludes the research questions
and provides an outline of the thesis.
Chapter 2: Culture, Community, Language and SitecBen

Chapter 2 provides cultural and socioeconomic exdnton the Berber
communities involved in the Argan oil Cooperativedathe water project, including
relevant development indicators and top-level olme@ns from extensive field
experience within these communities. This chapsy ancludes an explanation of how
the two research sites (the Argan oil Cooperatiakthe water project) were chosen, and
it explains the progression of the research froenGbop to the water project.
Chapter 3: Related Work

Several academic fields inform the research questiand research design.

Chapter 3 summarizes related work in Informatiod @ommunication Technology for



Development (ICTD), gender and sustainable devedmpriiterature. ICTD refers to the
practice of incorporating information and commutima technologies into development
programs and initiatives, and it encompasses taysif the intersection of information
and communication technologies in the context derimational development and
developing communities. In the ICTD literature ewj attention is paid to studies from
Human-Computer Interaction for Development (HCIR),subset of the ICTD field.
Relevant HCID studies pertain to agriculture andurad resources in developing
communities as well as Mobiles for Development (Mdiderature that focuses on
technology use by low-literate populations in depalg communities. The Related
Work section on gender and ICTD considers barrterdCT access that women in
developing communities often face. It also diseasthe benefits that women derive
from ICT. Relevant literature on natural resourt@nvardship, desertification and water
resource management in the Middle East and NortltaA{MENA) is discussed in the
sustainable development section of this chapter.
Chapter 4: Theories and Models

Chapter 4 explores theories and conceptual frame@vtinking sustainable
development, gender and technology that have helfgede the research questions.
These theories and frameworks converge in the IClisjate Change and Development
(ICCD) model (Heeks and Ospina, 2012). The thewaktsections on gender and
development focus on the intersections of gended poverty and gender and
environment. Gender and Development (GAD) theoogvidies a lens through which to
study men’'s and women’s roles and responsibilifiesthe context of developing

communities. Gender, Environment and DevelopmenEDG frameworks highlight



women’s and men’s differing roles and responsibsitin managing natural resources.
These are important issues in this research on wane water stewardship in Morocco.
Chapter 5: Methods

Chapter 5 contains a description of how three odgth- Ethnographic Action
Research (EAR), the Sustainable Livelihoods Framkew(SLF) and Stakeholder
Analysis (SA) — were used to frame, collect andya®aresearch data. EAR provides a
mechanism to understand how Berber women use ith@nile phones in personal and
instrumental contexts. The SLF approach integratdture, gender, geography and
climate vulnerabilities to create a baseline pdrtoa the communities involved in the
fogwater project. Stakeholder Analysis (SA) offarsmechanism to analyze stakeholders
in the water IS (female and male community membies,water manager, the project
manager, the telecommunication authority and nétwwoviders) and the degree to
which they influence the water IS and the beneiitd risks they may experience.
Chapter 6: Exploratory Research

| conducted four months of Ethnographic Action &esh (EAR) and ICT
training sessions at the Tafyoucht women’s ArgdnCaioperative in Mesti, Morocco.
Data from this fieldwork illustrate the complex nilebutility gaps that rural Berber
women face. This exploratory research at the Cadperled to the formation of the
research questions related to the investigatiotheftools and processes involved in
developing a culturally appropriate and gender-awl&. Exploratory research set the
foundation for the design of the primary reseamtu§ing on the prototype water IS for

the fogwater project.



Chapter 7: Community Analysis

While | discuss methods in Chapter 5, this chagéenonstrates how | utilized the
Sustainable Livelihoods Framework (SLF) to captaeseline top-level and community-
level processes that affect the fogwater projedtv@aomen’s participation in the water IS.
This chapter also details the results of the Stalkleln Analysis on six relevant
stakeholders involved in the water IS. Chaptersp @ontains a Gender Analysis in
which | used the “8 Tools of GAD” to analyze mergmd women’s roles and
responsibilities in communities involved in the Weger project. Additionally, |
completed a Gender, Environment and Developmenty&isathat helped me identify
women’s and men’s water-related roles and respuitigi.
Chapter 8: System Design

This chapter contains details of how | planne@xamine the factors required to
develop the prototype water IS as well as the desfgthe IS connecting female water
users and project managers. | provide detailfiertvio interview instruments that | used
in nearly eight months of fieldwork. These are @& interview to establish ICT use and
a water-related interview to determine informati@eds related to the new water system.
Chapter 8 contains a description of data collectpnocedures and system design
requirements. It also identifies data sampling esatuitment procedures as well as an
explanation of how data is managed and checkeadmuracy and adequacy.
Chapter 9: Technical Details

Technical details for the water information systara included in Chapter 9. The
system incorporates a laptop computer, mobile phane an SMS aggregation platform

that was designed as part of a lab course. Thetyp# water 1S, which | dubbed the

10



“Fog Phone,” was deployed and tested in Januarg 20th project managers and female
water users when the new water system was launch#te rural community of Agni
Hiya.
Chapter 10: Findings

Qualitative research and quantitative findingsrfrboth exploratory research at
the Argan oil Cooperative and primary researchamiunities involved in the fogwater
project are presented in Chapter 10. Findings fioenCoop focus on the mobile utility
gap and the technical, social and cultural barriersnobile phone use by low-literate
rural Berber women. Findings from the alpha ané bests of the water IS show that an
information system that used simple, uniform coct®dd enable the project manager and
water users to communicate about issues pertaiaitige new water system. This chapter
presents data on the amount and types of SMS nesssagt during the alpha and beta
tests of the water IS.
Chapter 11: Implications

Chapter 11 presents additional analysis to supgpatinvestigation of the tools
and research processes involved in developing &lo@nd culturally appropriate
prototype water IS that can help enable rural Bewamemen manage a new water project.
This section synthesizes and interprets the firglingm the study with respect to the
three research questions and puts the findings witler context. Each of the three
research questions is discussed and linked to thémeeatified in the related work. This
chapter addresses both the benefits and limitabébhSCD, GAD, GED frameworks and
HCID practices.Chapter 11 also contains an assessment of methadisp@rsonal

reflections on the research process.
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Chapter 12: Contributions and Conclusion

This chapter summarizes the contributions thigaesh makes to the fields of
sustainable development, ICCD, gender and ICTDphda 2 also contains a discussion
of the broad theoretical and practical consequentdse research and suggests ways to
apply the research to practice and policy. Addaibn this chapter provides an outline

for further research on an expanded IS for the &agnproject.
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CHAPTER 2

CULTURE, COMMUNITY, LANGUAGE AND SITE SELECTION

The Argan oil Cooperative (the Coop) and the neéowater project are located
in rural Berber communities in the Ait Baamraneigegof southwest Morocco (Figure
1). This chapter examines state and local cultara socioeconomic contexts that are
relevant to both the exploratory research at thep@mtive and the primary research
related to the fogwater project. This chapter atBscusses the myriad language
constraints that factor into the use of ICT in @j@ct of this nature.
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Figure 1: Map of Morocco indicating region where research site is located
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2.1 Development Indices

Unemployment, inequality and poverty in the Kingdoof Morocco (the
Kingdom) place it in the bottom third of human deypsnent and gender rankings.
Morocco ranks 13D out of 187 counties in the UN Human Developmerdekis
composite score of health, education and incomiwbeegional and global averages
(UNDP, 2013b). While Morocco’s 2011 Gross Natiotratome of $2,970 per capita
(World Bank, 2013) places the country in the lowerddle range of developing
countries, almost half of Morocco’s population eéctnomically vulnerable” and living at
or below the poverty line (World Bank, 2001, 201fh).Morocco, poverty is largely a
rural phenomenon: the World Bank estimates that @%dorocco’s poor live in rural
areas (World Bank, 2001).
2.2 Berbers in Southwest Morocco

The status of Berbers in Morocco “is highly compl¢Richards & Waterbury,
2008, p. 337). Berbers, or Amazigh (singular), lighen (plural), are considered a
minority population in the Kingdom of Morocco. Hove, they are a sizeable minority.
An estimated 40-60% of Morocco’s population of 3Rlion is ethnically Berber. This
indigenous ethnic group is linguistically and cudilly distinct from Arabs, but centuries
of Arab rule and pressure to assimilate have hefirtmark. The majority of Berbers are
now practicing Muslims although they retain maraditional tribal cultural and religious
customs. Scholars note, though, that Berber intergs Morocco are not entirely
homogeneous. Some Berbers have joined the ranksegpolitical and business elite,
others have left the country for education or jobhjle others remain in Morocco in

traditional rural settings such as the communitieswhich this research is based
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(Richards and Waterbury, 2008)The majority of the rural population in Morocco is
Berber, as are most of the poor (IFAD, 2010; UNHE®&)0). These facts are true for the
community members involved in both the Coop and fingwater project. The Ait
Baamrane tribal region of southwest Morocco islfiBarber and underdeveloped.

The Moroccan government has an uneasy relationsgkiipthe Berber population,
subjecting them to decades of state-sanctioned |, legaltural and political
marginalization (BBC World Service, 2001). RuralrBer communities, such as those in
Ait Baamrane, suffer from a lack of basic publicvgges such as running water, a lack of
school facilities, a ban on the teaching of Bediatects (only recently lifted) and a lack
of jobs. A chronic lack of financial and educatibopportunities, combined with social
and political disenfranchisement, contributes te tharginalization of the rural Berber
population, particularly women.

2.3 Marginalization of Rural Berber Women

For Moroccan women, inequities persist across thectsum of health,
education, welfare and income. These conditions ex@&cerbated for rural Berber
women. The Kingdom is one of the least gender-ajlét countries in the world,
ranking low in global gender development indicat¢f$U, 2011; Kingdom of
Morocco, 2008; UNDP, 2003; World Bank StatisticEhe 2012 Gender Inequality
Index, which measures inequalities across acceseepoductive health services,
empowerment and economic activity, classifies Moco84" out of 148 countries, far
below neighboring Tunisia and Libya {2@&nd 36", respectively) (UNDP, 2013a). The
World Economic Forum’s (2013) Global Gender Gap dte@013 ranks Morocco as

one of the least equal countries in the world. Momis ranked 129 out of 136
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countries with respect to gender gap. Morocco weseia similar low ranking in
economic participation for women, ranking f1dut of 136 countries. These data
reflect the low levels of female political empowemb in Morocco, further highlighted
by a 108" place ranking in equal educational attainmentiiates and females (WEF,
2013). Furthermore, the ratio of male-to-femaleostienroliment in Morocco is one of
the lowest in the world (NationMaster.com). Loweés/of women in the labor force are
a further manifestation of the lack of gender etyat Morocco (UNDP, 2013b; World
Bank). The UN Human Development Index for Moroceparts that the female labor
force participation rate in Morocco is 26.1%, comgohto 80.1% for men (UNDP,
2013b).

The literacy rate for rural women in Morocco isfithe national average, and in
some rural areas, women'’s illiteracy rates arei@ls &s 89.5% (U.S. State Department,
2012; UNDP, 2013b). llliteracy is not just a prabléor adult women. Fewer than 15%
of rural girls are enrolled in secondary schoold &% of Moroccan girls aged 15-24
are illiterate (Potter, 2011). Some females havebeen able to participate in formal
education due to the lack of public schools in Irar@as. Madrasas (Islamic religious
schools) are often the only schools available malrareas, but they sometimes exclude
girls’ attendance. Additionally, cultural norms ynareclude girls from traveling long
distances for school. The lack of education for warand girls has led to a more than
20-point literacy gap between men and women in looqUNESCO, 2012). The lack

of literacy is often coupled with lack of numergbpth of which affect the use of ICT).
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2.4 Migration out of Berber Villages

Jobs for women and men in rural southwest Mor@esean short supply. The lack
of jobs combined with increasingly degraded, lowlging land, climate-induced
desertification and water stress propel primaribfeebodied Berber men to leave in
search of opportunities, either local or abroadb-r#ated emigration from rural villages
IS now a common phenomenon among Berbers from &dnBane, and many families in
the region where this research was conducted melfamily remittances to make ends
meet. Morocco is, in fact, the world’s fourth lasgeecipient of labor remittances, valued
at more than $3 billion in 2001 although the recglitbal slowdown has caused a
substantial remittance squeeze, directly affectamgilies in rural Ait Baamrane (de
Haas, 2006, p. 565). De Haas (2009) notes thadlditian to being a tool for economic
development, the Moroccan state has consideredratioly to be a “safety valve to
prevent political tensions in Berber areas” (p. Gurrently, more than three million
Moroccan nationals live outside of Morocco. Morearth90% of them migrate to
European countries (primarily France) as documeraied un-documented workers.
Moroccans are the second-largest group of non-Etdigrants in the European Union
after Turkish immigrants (Bilgili & Weyel, 2009).

As Momsen (2004) notes, men’s migration pattemand out of rural villages
can be “repeat, circular or return” (p. 42). Redesd of the pattern, the impact of male
out-migration has cultural, financial, communal gretsonal implications. It should be
noted that women also leave rural communities fites or other villages, but the

departures occur in lower numbers and are drivengsily by marriage.
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The temporary and long-term departure of men fronal communities in Ait
Baamrane creates a culture of female-headed hoddsehé/hen married men with
families leave in search of work, women in the agks effectively become single
mothers, and the absence of male family membersases the work burden on women
who remain. The female population in rural villagesAit Baamrane is also boosted by
the presence of young unmarried women who are o#eroved from the educational
system after primary school.

Women who remain in villages fulfill traditionadles such as raising children and
performing domestic tasks. They also have intaegilslore abstract roles as preservers
of Berber tradition and culture. These roles caweha stabilizing effect across
generations and can raise a woman'’s status. Caglyetsaditional and domestic roles
can also serve as additional burdens on womenegsaite imbued with norms that can
suppress a woman’s mobility out of the village dail choices and agency within the
community.

Despite their absence, male family members ofegaim an influential role in
rural Berber community and family life by exertingntrol over household finances and
decision-making (Momsen, 2004). Decisions are comoated over ICT either directly
or through family members, as well as from intetemt visits that men make to their
homes in the countryside. Additionally, their absemran delay development projects.
“Migrant husbands’ decision-making authority initheousehold or native village leads
to delays in the implementation of community prggg¢éMomsen, p. 41).

Village life also exerts an influence on men wlawvdr moved away. As Momsen

(2004) notes, men stay attached to their natagallfor retirement and as a place where
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women and extended family members raise childrérterviews with both male and
female community residents in Agni Hiya confirmdidstallegiance to home villages in
Ait Baamrane. Interviews also confirmed that mobit®ne devices, which the majority
of adults in the communities possess, make freqoemtact possible between migrants
and family members in their natal home.

Female-headed households in the Coop and in cortigsunnvolved in the
fogwater project were the result of circumstanaegshsas widowhood, out-migration by
men, the departure of the husband due to marisaodil or a man’s desire to pursue a
lifestyle outside of the village. Consistent withoMsen’s (2004) observations, female-
headed households have both positive and negdtectson women at the research site.
One detrimental effect is that female-headed haaldshn rural Ait Baamrane are often
among the poorest. Female-led households have feaing adults. Women typically
earn less than men, and poverty perpetuates dtheetmability to pay school fees for
children or the need to remove children from scliogderform chores.

In communities participating in the new water syst and among women
working at the Coop, women are oftemporarysingle mothers or female-heads of
households during the week, over the course of mtimar intermittently throughout the
year. Their autonomy and power shifts dependinghenfamily structure: women often
lose power when their husbands or sons return. Tilmgal’ zone between dependence
and independence from male authority complicatesnerds participation in water
management because they may make different desigtben male family members are

present, or they may change their decisions whanare present.
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2.5 Language Complexities

There is no formal agreement on the precise nunobespoken and written
languages in active use around the world, but scha@stimate that there are currently as
many as 7,000 different spoken languages, twoghafdwhich do not have a written
form (BBC, 2013; NationMaster.com; O'Neil, 2011; BSICO, 2006; University of
Pennsylvania). Such is the case with Moroccan ArgBiarija) and Berber dialects.
Furthermore, spoken Darija and Berber dialectsnafiifer markedly from the country’s
two official languages, Modern Standard Arabic &neinch. The multiple languages and
language varieties in polyglot Morocco result iniliflgualism, multilingualism,
pidginization, interference, diglossia, borrowingnd code-switching” that create
substantial complexities that shape how resideiisecAit Baamrane region engage with
their mobile phone devices and the features andcgsrprovided by phones and, hence,
with any potential water IS (Weinreich, 1979).

Wagner (1993), Hoffman (2008), Hoffman and Mil{@010), Goodman (2005),
llahiane (2006) and Sadiqi (2003) write cogently @ ways in which women’s
communication is framed by Arab culture, Berbeditrans, Muslim edicts and political
authority. Sadiqi (2003) remarks “language anddgennteraction in Morocco is also
closely related to the social status of women, ratieir geographical origin (urban vs.
rural), their class (rich vs. poor), their age, dhdir level of education” (p. 3). Sadiqi
links gender, dialect and illiteracy, noting thag¢rBer is spoken by more women than
men, and women “are the ones who have perpetuagedriguage.and women are also
the ones who have suffered more from illiteracy”’@p Hoffman (2006) also remarks on

the connection between gender and dialect in Marodthile Berber women “have been
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the linchpins of language maintenance in Moroc@”1(46) and they play an important
role in perpetuating an oral heritage in Moroccerli®r women’s mono-lingualism can
also limit their access to resources and livelilo@ehd contribute to their on-going
marginalization. In Hoffman’s (2008) study of moimglual and unschooled Ashelhi

Berber in southwest Morocco, she investigated hbe idea of Berber homeland

manifests in language, gender roles and the rekttip to land (Hoffman, 2008).

Monolingual Berber-speaking women there personifg tthe rugged homeland and
embody the native language” (p. 151). That mongdalism assures “that wives will

remain in their husbands’ homelands, tend land, @ederve the husband’s patrimony
and reputation” (p. 150). The Berber dialect, Hafmwrites, “indexes rurality, which in

turn indexes female gender” (p. 151).

My research explored theomplex gender, culture, linguistic and socioecoicom
contexts that contribute to lack of equality andklaf literacy among rural Berber
women in Ait Baamrane. In Chapter 10, | discuss houltiple spoken and written
languages complicate the use of ICT for rural Berkemen, particularly when devices
do not reflect common languages that a mobile sises, hears or speaks. These language
complexities contribute to the formation of the nelutility gap where low-literate and
illiterate women have mobiles but are unable toeascmany of the features on their
phones due to complex social, cultural and techifacaors.

| adopted and expanded the term “utility gap” froesearch on SMS use by
women in developing countries conducted by the GSNt# global mobile phone
industry association representing mobile operatovddwide (GSMA 2012b). Neither

the GSMA nor | employ the term to indicate a bineoydition indicating the presence or
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absence of ICT devices or the attainment or lack sét of absolute skills that enables
device owners to use their mobiles effectively.tdasl, the mobile utility gap, as |
employ it, is informed by an understanding that neohse is a complex phenomenon
involving technical, social and cultural factorshel GSMA definition of utility gap
served as a foundation for an investigation in® rtyriad social, technical and cultural
factors that affect use of many mobile featuressardices.

| incorporated GSMA'’s terminology into my reseafghicause the organization
explicitly studies mobile use by low-literate aresource-poor women in (among other
places) the Middle East and North Africa, thus jplong me with data and insights that
were directly applicable to the population | staldid found that the utility gap
terminology concisely framed top-level issues eflato women’s access to mobile
phones and women’s use of basic services. Furthrerntite GSMA provides data and
resources that specifically identify gender issuekted to mobile phone use in
developing communities, which make findings ananiablogy from the industry group
pertinent to my research. For example, the associatmWomen initiative develops
programs to serve resource-poor women in the dpwejoworld by increasing the
availability of “life-enhancing value-added” mobifghone services and by addressing
barriers to mobile use among women who have limaedess to education or who
experience social isolation due to limited mobibtyremote locations (GSMA mWomen,
2014). These goals are consistent with the chaggeda embedded in my Ethnographic
Action Research. Additionally, GSMA’s mWomen progiand research acknowledge
that women in the Middle East and North Africa aigtally experience more significant

gaps in access to and use of mobile phones. Tlamiaggion’s research (along with other
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industry research such as Intel's “Women on the Weport (Intel, 2012) helps
illuminate issues related to women’s mobile phose in a region of the world that has
been largely ignored by ICTD scholars (Dodson et28l12; Gomez et al., 2012).

Below, | discuss the numerous spoken and writemguages in use in my
research sites.

2.5.1 Spoken Dialects

Darija, or Colloguial Moroccan Arabic, is the commvernacular spoken in both
rural and urban Morocco. Darija is an amalgamatibrArabic, French and Spanish
words and syntax that has no standardized writtem.f When written in SMS texts or
social media, for example, Darija borrows eithex Arabic or Latin alphabet, and users
spell words phonetically.

Additionally, Berber dialects are widely spokenrural areas. Approximately
30% of the Moroccan citizenry speak one of thedahmain Berber dialects in use in
Morocco (Tamazight, Tarifit and TachelHit)Tachelhit is the dialect of the Anti-Atlas
mountain region of southern Morocco. Tachelhit idely spoken in both research sites
but does not have a commonly used written forme fMiajority of rural Berber women in
the Coop and villages involved in the fogwater gcbjrely on oral communication in
Tachelhit, which can negatively affect their useedt-based mobile interfaces.

2.5.2 Official Lanquages

Distinct from the commonly spoken vernaculars dfrli2r and Darija, the
Kingdom has two official written and spoken langesgModern Standard Arabic (MSA)

and French are used in official documents, speectesgspapers, journals, education and

! Tamazight is spoken in the Central to Mid-Atlasioeg Tarifit, or the Riffian dialect, is spokentime northern
provinces (Hoffman, 2008; IRCAM). Saharouis andedepopulations in the Moroccan Sahara speak Hyssa
which is unrelated to the Berber dialect (llahia2@06).
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international commerce. Radio and television newsadicasts are also delivered
primarily in MSA or French.

Arabic is a ‘diglossic’ language in which “two onore varieties of the same
language are used by people in one speech comrh(iagrguson, 1959; Salia, 2011). In
Morocco, religious life is often conducted in Fuh@armal, classical Arabic), the
language of the Quran, which differs slightly fromodern Standard Arabic and
sometimes markedly from vernacular Moroccan spdkaiic (Darija).

As the second official language of Morocco beh#@bic, French retains an
important role in commercial and social life. Feknis a legacy of the colonial
occupation of Morocco (1912-1956) and continuebdads used in official proceedings.
The language is introduced in primary school andigely spoken and understood by
elites and Moroccans educated beyond primary schadicularly in the North.

Although no longer considered an official langua@panish is a remnant
language in southwestern Morocco, and it remaingse in and around Sidi Ifni where
the fogwater project and DSH are based. Sidi Ifaswhe provincial capitol of the
regional Spanish protectorate from 1912 until Moestindependence in 1956 although
Spain retained administrative control of Sidi Imd parts of the south for more than a
decade after independence (until 1969). During tihee, Sidi Ifni was the capitol of the
Spanish presence, and Spanish was the officialtsge of commerce and government.
Traces of the language persist as older residdn®do Ifni often speak or understand
Spanish, some words have found their way into Bafguch assimana/semana
cuzina/cocina and blassa/plaza and some Spanish-language street signs remain.

Additionally, many residents of the Ait Baamranéocate to Spain as emigrants or
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seasonal workers where they acquire some faailithe Spanish language.

2.5.3 Alphabets

The profusion of spoken languages in Morocco moampanied by an array of
alphabets. There are currently three written seriptuse in Morocco. Arabic is a 28-
letter cursive script written and read right-totletetters in the Arabic alphabet have no
distinct upper or lower case letter-forms, butdeghape changes (often dramatically)
depending on the position within the word. MostaBic letters have an initial, medial,
terminal and isolated form, and ligatures (letteombinations) and diacritics
(distinguishing marks that function as phoneticdgs) are important elements of Arabic
script. Most low-end and older mobile handsets dd support Arabic script, but
language preferences on many newer and more scphest mobile devices and
smartphones can be set to support Arabic scripidiSg SMS messages from an Arabic-
language mobile to a phone that does not suppertlahguage results in a garbled
message of punctuation marks or an empty text rgedszd on the receiving phone.

French, and the other Romance languages, areemvréhd read left-to-right.
Roman letters have upper and lower-case formspthet than that distinction, letters do
not change shape within the word. Simple featurenph and smartphones support
Roman letters.

The Berber alphabet, Tifinagh, is a glyph-baseding system that is written
from left to right. It is not yet widely used in Iplications or taught in schools although in
both public and private spaces in southern Moromee can see Berber symbols and
writing. Tifinagh has recently gained additionallipcal and educational currency as a

result of the Arab Spring unrest. In 2011, the Moen monarchy instituted changes to
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the constitution recognizing the important roletthanazigh (Berber) culture plays in
Morocco’s patrimony. Those constitutional reformandate that Tifinagh be taught in

Moroccan schools although, as of 2014, a Berbaiotlum had yet to be implemented

and few Berbers are familiar with the Tifinagh ptiiFigure 2).

e X XANE3KXRK

OAAXEZTIHWLEL

Figure 2. Example of the Tifinagh Alphabet (Ircam).

2.5.4 Numbering Systems

Numbers present an additional challenge to mqiilene use among low-literate
users. In addition to using the ten Western nurmaefd) 2, 3...which are historically
referred to as Arabic numbers), Moroccans alsothiseéArabic-Indic numbering system.
Arabic-Indic numerals are not available on mobilegh the exception of sophisticated
smart phones.

2.5.5 Code-switching

The complex language environment has direct impbas for low-literate, often
monolingual, Berber women’s use of information acmmmunication technologies
because those ICT require ‘foreign’ language skilslack of these skills is another
factor contributing to the mobile utility gap amomgmen. There are, though, many
creative and elegant solutions to communicatingsscdiverse languages. The multiple
oral and written languages in use in Morocco leadnuch code-switching and code-

weaving in everyday speech as well as in technetoggliated exchanges (Salia, 2011).
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While linguists have no universally agreed-uponrdgdn of the term ‘code-switching,’
it generally refers to a person’s ability to choas®aong languages within a single
conversation or utterance depending on the topsetimg (Salia, 2011, citing Bentahila
and Davies). Other terms, such as code-borrowiode-enixing and code-weaving refer
to the use of hybrid languages and words in inféspaech and casual communication,
be it face-to-face or digital communication (Sagal1).

In the communities involved in the water projectde-switching and code-
borrowing are more common among men and young wdineheir teens or 20s). Itis
less pervasive among older women.

2.6 ICT Use in North Africa and Rural Berber Communities

As is the case in many developing countries, tieera@despread mobile access in
Morocco, but substantial pockets of the populatsutch as women in rural areas, do not
benefit from the full range of benefits that ICT ncgrovide. The International
Telecommunication Union (ITU), the UN agency fofoirmation and communication
technology, reported approximately 35 million melphone subscriptions in Morocco in
2012, which exceeded the population (ITU, 2012)cdkding to the GSMA industry
group, women in developing countries trail men iabite ownership (GSMA, 2012a).
Three hundred million fewer women than men in lavd aniddle-income countries (of
which Morocco is one) own a mobile phone (GSMA, 26)1 The mobile ownership
gender gap is also wider in the Middle East thaothrer parts of the developing world.
The Arab Human Development Report highlights thdtiple restrictions on ICT access
in the Middle East and North Africa based on “gan@eonomic capability, geographic

location or social conditions” (ITU, 2012a, p. 1@l of which influence the use of ICT
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and mobiles by rural Berber women in Ait Baamrarteen® this research is situated
(UNDP, 2003). My research corroborates the exigteot this mobile gap in rural
villages where women have less access than méeitoown operational mobile phone.

Women in developing countries also trail men i tise of SMS (GSMA, 2012c¢).
My exploratory research revealed that the majaftyhe adult female population in the
Coop and in villages participating in the new waggstem did not actively use SMS or
other text-based functions on their phones. Fase¢hwomen, their inability to read, write
or recognize numbers limited their use of mobileésprily to phone calls. In general,
only younger women in their teens or early 20sia¢id the texting features on their
phones.

Berber women, who bear the brunt of poverty ardnaost disadvantaged by lack
of education and opportunity, also face genderifipeaurdles such as limitations on
their physical range of movement and constrainte@nmunicating with men who are
not family members. In rural Ait Baamrane, mohike is culturally conditioned, and
access and use has a strong gender componentngtande, cultural norms prevent
unrelated women and men from engaging in privatesersations in person. For some,
this prohibition extends across technologies tdushe restrictions on text-to-text and
phone-to-phone contact. As discussed in Chaptiredyrototype design of a socially and
culturally appropriate water IS (the Fog Phonepaanmodated these social norms.

Despite the multiplicity of spoken and written s of language, low literacy
levels and gender-based barriers, rural Berber woane active users of mobile phones.
In order to understand this phenomenon and itsnpateimpact on the design and

implementation of the Fog Phone, | studied how Iberate Berber women, who
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function in a largely oral-language society, usartimobiles. These issues are described
in detail in Chapter 11.

Below, | discuss how the Coop and the villageoived in the fogwater project
were selected as research sites.

2.7 Site Selection #1: Exploratory Research On Mola Use At The Coop

The Tafyoucht Argan oil Cooperative (the Cooplosated in Mesti, Morocco, a
regional market town of approximately 3500 residantsouthwest Morocco. Similar to
other artisanal Argan oil cooperatives in Moroctafyoucht was set up to provide a
reliable source of income for rural Berber womenowlave few means by which to
support themselves (Kaboli & Liu, 2012). Currentlyere are an estimated 120 women'’s
Argan oil cooperatives supporting approximately B58embers. Most of Morocco’s
Argan oil cooperatives are situated in the SoussddlaDraa region of southwest
Morocco (ODCO, 2007).

The majority of the Coop members originate fronerpoural communities in Ait
Baamrane. Producing Argan oil is their primary lieod, for which they earn
approximately $60/month. During this research,rapinately 30 members regularly
worked at the Coop, participating in all phasestt@ Argan oil production process

(Figure 3).
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Figure 3: A Berber woman holds Argan r_1|uts prior tocracking them to make Argan
oil.

Argan oil production is still primarily a manuptocess. Each member of the
Coop is responsible for manually sorting, crackisifting and filtering her Argan nuts
and kernels. Cracking Argan nuts is a tedious m®cdhat involves using a rock
(measuring approximately three inches-by-two inghesrack open a nut to release two
small almond slivers. Those slivers are collected, an the case of the Coop, are
machine pressed to extract the oil. Home produseixs) as women in villages related to
the fogwater project, stone press the kernelsadyme Argan oil to sell locally.

2.7.1 Association Dar Si-Hmad

DSH has an ongoing relationship with the Coop aednmunities in Ait
Baamrane. The president of DSH was instrument#hencreation of the Coop in 1997,

and the facility continues to receive occasionaficial support from DSH. DSH is both
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the project instigator and project manager of twwater system. The initial phase of the
fog harvesting project began in 2005, when metegiocdl researchers became involved.

DSH was an important research partner and colldborThey provided access to
the Coop and communities involved in the watergunbpas well as valuable direction on
what they perceived to be important informationdserelated to the water project. DSH
and its funders mandated women’s participation he hew water system at the
community and household level. They supported e of ICT to accomplish water-
monitoring tasks and to link water users, the D3bjget managers and the local water
manager. In early conversations, we discussed ditiaos end-to-end reporting system
incorporating an online platform that links the eér primarily stakeholders. The
installation of an extensive information system Wwagond the scope of this research, but
these discussions did provide me with the impetugesign, implement and evaluate the
Fog Phone.
2.8 Research Progression

At the Coop, | was able to conduct immersive I@€$earch with a core group of
Berber women who regularly gathered in a singlegl#&lt would not have been possible
to regularly gather together women from communitie®lved in the fogwater project to
study their mobile use due to their travel restits and domestic duties.) While working
with women at the Coop, | developed a deep undetstg of the mobile utility gap and
the social, cultural and technical factors thaeefflow-literate Berber women’s use of
mobiles. Additionally, | recognized the crucial fdience between personal and

instrumental communication, which became importamcepts in this research.
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| originally surmised, though, that there was r& Ibetween ICT, rural Berber
women and Argan oil resource management, but antkeei field, | found that this was
not the case. It became clear that Coop members natr directly engaged with the
external market for Argan oil through wholesalersdoect or online marketing to the
national or international market, which might hawevided an opportunity to conduct
research that had an ICT component. Furthermbewomen at the Coop were not
involved in the physical management of the nearbyaA forests through harvesting or
other activities where there might be an opporutot develop ICT resources for and
with the women. After approximately four months abservations and interviews, |
discovered that there was no vocational use of le®ltihat linked Coop members back to
Argan forest management or out to the global valain which would allow me to
develop research encompassing my interests in alatesources, women and ICT. |
therefore determined that in that Coop at that tihege was no opportunity to conduct
research involving women, ICT and natural resomemagement. The fogwater project,
in contrast, provided an opportunity to conduceegsh on the communication needs and
the potential role of ICT in service of an envireamally sustainable development
project. Conducting research related to the fogwpatteject allowed me to work with a
similar population of Berber women in a projecttthbso addressed my interests in ICT
and natural resource use and climate change.

When | changed research sites, | also changedradsperspective. Exploratory
research at the Coop was largely driven by andorespe to the needs of Coop members.

Research on the development of the Fog Phone wasnarily researcher and DSH-
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driven process. The research timeline (Table 1pritess dates, locations and research

activities from July 2012 until February 2014.

Date Location Research Activities
July 2012 | Mesti, Morocco-| e Initial observations and preliminary interviews |at
The Coop the Coop.
?Eeﬁigvmv;?gf " | e Initial sit_e.vis_it to fogwater harvesting projeatch
project communities in ruralit Baamrane.
November | Mesti, Morocco-| e Exploratory Research at the Coop.
2012- The Coop e Intensive investigation of mobile phone use |by
February Coop members.
2013 . .
e Conduct ICT interviews.
e Develop and implement mobile phone-based
literacy workshops with Coop women.
May-July | Ait Baamrane- |e Conduct ICT and water interviews with water
2013 The fogwater project stakeholders.
el e Piped water delivery begins to Agni Hiya.
e Rapid participatory design of an alpha version of
the Fog Phone.
e Deploy alpha version of the Fog Phone.
e Test alpha version of Fog Phone.
e Collect data.
September-| University of e Develop beta version of the Fog Phone.
December | Colorado
2013
December | Ait Baamrane- | e Deploy beta version of the Fog Phone.
2013- The fogwater | 4 Test beta version of Fog Phone.
%grizary project e Collect data.

Table 1: The Research Timeline
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2.9 Site Selection #2: Primary Research On Prototgplnformation System For The
Fogwater Project
Communities participating in the fogwater project geographically dispersed,

insular, rural settlements in the foothills of #eti-Atlas Mountains. In the initial phase,
the new water system is expected to deliver watepproximately 400 residents in five
villages (Agni Hiya, Agni Zkri, Tamarrout, Id Sowss and Id Aachour), three rural
schools and one Madrasa (Islamic religious schawhe of which had running water.

All of the these locations are in the rural digtof Tnine Amellou, Caidat Mesti in the

Province of Sidi Ifni in the Ait Baamrane regiondiie 4).

Figure 4: The arid landscape near Mt. Boutmezguidan the Ait Baamrane region of
Morocco. Two villages connected to the fogwater sigsn are shown.

The communities are located approximately 10 kdters down a gravel road
between the two small commercial towns of Mesti &welmim, which are 20-30

kilometers away. Villages consist of clusters of single-story mudl adobe-walled
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family compounds with interior spaces that inclid¢h living areas and animal shelters.

Large extended families often live in shared conmatsuor in adjacent structures. Thick

walls keep interiors cool, sheltering residentsririhe oppressive summer heat. There is
no running water or central heat although homee tederctricity, and satellite dishes and

televisions are ubiquitous.

Women in the communities involved in the fogwaeoject share similar
characteristics with members of the Coop. In maases, Coop members originate from
these or nearby villages and still have family memslthere. Both groups of women are
ethnically Berber, educationally disadvantaged aoconomically marginalized. At both
sites, Argan oil production is one of the main imesproducing opportunities for
women. For rural women who work at home, collectirgan nuts and producing oil are
effective income-generating and savings mechanasrtie fruit can either be stored and
saved to produce oil on an as-needed basis, anibe sold when women need to raise
cash, thus helping the family cope with financihbsks or events such as family or
medical emergencies. Similar to women in the Coepmen in the communities
involved in the fogwater project had a limited raraf often low-quality simple feature
phones.

2.9.1 The Foqg Harvesting System

The regional topography, wind and weather pattamaesind Mt. Boutmezguida
create the ideal conditions to generate heavy $agkadvective fog that is some of the
thickest fog in the world (Marzol & Sanchez Meg?®08; Marzol, Sdnchez Megia, &
Yanes, 2011). Advective fog, one of seven type$ogf occurs in southwest Morocco

when moist air flows inland off the Atlantic Oceahere it travels upslope to the peak of

35



Mt. Boutmezguida. There the wet winds meet warmfraim the Sahara to envelop the
peak in fog for up to six months of the year. Theld/from fogwater harvested at Mt.
Boutmezguida is highest between December-Juneringpeff to non-existent in the

summer (Marzol & Sanchez Megia, 2008) (Figure 5).

Figure 5: Water-saturated fog clouds and the fogwatr harvesting system at the
peak of Mt. Boutmezguida.

Meteorological data from the peak of Mt. Boutmeadgushowed the second best
fogwater production potential in the world (Mar#lSanchez Megia, 2008). The fog-
harvesting system is expected to capture enougéarwaisupply 10-15/liters/day/person,
which is enough to bring residents out of a stdtelwonic water anxiety and water
stress. Project leaders estimate the new wategmylsas the capacity to provide water to
400 area residents (Vavruska, 2012).

The fog season generally occurs between Decenuiper-Jut fog does not
necessarily, nor exclusively occur during those th®nThis can introduce a high level of

unpredictability into the water distribution systeso when the system does not produce
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sufficient water from fog, DSH will augment the @ with water from a new protected
well owned by DSH. If necessary, DSH will augmem tvater system with purchased

water so as not to deprive residents of potablemvat
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CHAPTER 3

RELATED WORK

This chapter summarizes the most relevant priorkwalated to poverty,
sustainable development, climate change, gendertecithology, ICTD and human-
computer interaction. These themes illustrate thraptexity of sustainable development
projects and intersect in this research in thegiesf a prototype gender-inclusive Fog
Phone to help manage the novel fogwater harveptioigct.

3.1 Relevant Perspectives on the Environment and Relopment

3.1.1 Poverty and the Environment

The two-way relationship between poverty and emritental degradation has
been widely studied (L. Brown, 2009; De Souza, Mflls, & Meyerson, 2003;
Duraiappah, 1996; Mwakalobo & Shively, 2002; Unitédtions; United Nations MDG).
Poverty can promote environmental degradation,raral poor families such as those in
the Ait Baamrane region often live in ecologicdliggile zones where water is scarce,
topsoil is eroded, and where drought is on the asgong other environmental problems
(De Souza et al., 2003). De Souza et al. (2003)tpmut that fragile populations and
fragile zones often overlap, producing added bwsden “ethnic minorities, rural
residents, and women [who] are much more likelynth@eir counterparts to be poor.
These same groups often are disproportionatelgteffeby environmental degradation”
(p. 17).

Many scholars point out the important links betwgersonal and community

wellbeing and the environment (Adams, 2001; L. Bmpw009; Falkenmark, 1989;
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Lovejoy & Hannah, 2005; Tekken & Kropp, 2012). Deu3a et al. (2003) remark that
“earth’s natural resources and its human populai@ninherently connected” (p. 4). De
Souza et al. (2003) and Sass (2001) summarizedbatine impact that water scarcity
due to climate change, drought or overuse has amumities. They note that lack of
water contributes to the depopulation of rural ararimarily by working age men),

which has a deleterious effect on community stbiéind increases the burden on
women.

3.1.2 Sustainable Development

Sustainable development prioritizes the dual gadisatisfying basic human
needs and safeguarding environmental resources@systems, and it integrates human
development and environmental issues within sogalitical and ecological contexts
(Global Water Partnership, 2010a; IUCN, 1991; Slegtp2010; UN CSD; WCED,
1987). The widely agreed upon definition of susible development stems from the
World Commission on Environment and Developmentisst&inable Development
Declaration which states “sustainable developmemteivelopment that meets the needs
of the present without compromising the abilityfofure generations to meet their own
needs” (WCED, 1987). In this research related ® fttgwater-harvesting project, the
water supply involves climatological, ecologicatchnological, economic and social
processes. Furthermore, the fogwater project tHai s sponsoring falls within the
rubric of sustainable development by trying togtthe basic human need for water by
supplying potable water to communities in rural Bdamrane in a way that does not
damage the environment or unnecessarily depletételimnatural resources. The

Sustainable Development Declaration also links tlo@cepts of social equity and
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environmental protection in an effort to improveality of life. Again, the DSH project
aims to relieve rural Berber women of the time kdobr burden of fetching water.

Development scholars have devised tenets to gsidtainable development
practice. These tenets reflect the occasionaldasghat arise in the simultaneous pursuit
of two goals, those of safeguarding the environmehile advancing a development
agenda (Adams, 2001; Barbier & Markandya, 1990k&gr 2004; L. Brown, 2009;
Chambers, 1988; Daly, 1989; Daly & Cobb, 1989; mMappah, 1996; Gladwin,
Kennelly, & Krause, 1995; IUCN, 1980; IUCN 1991;nB@s, 2009; Leach, 1991,
Pearce, Barbier, & Markandya, 1990).

For instance, Barbier and Markandya (1990) giverjy to environmental issues.
In “The Conditions for Achieving Environmentally §ainable Development,” the
authors argue that maintaining ecosystem servicdglee quality of the stock of natural
resources “is an essential criterion for sustamalelvelopment” (p. 660). That concern is
reflected in the fogwater project that directly egktes the decline in the stock of clean
water in rural Berber villages. The associated Pbgne addresses maintenance, service
and quality issues related to the water project.

In contrast, other scholars highlight the impottrof social sustainability.
Redclift (1987) remarks on the necessity to integsmcial and ecological sustainability
in development initiatives. The author defingscial sustainability as the social
conditions and structures that are necessary t@\aclenvironmental sustainability, an
idea that resonates in this research through ttiesion of women in the management of
the supplemental water system (Redclift). Gladwirale (1995) also focus on human

aspects of sustainable development, surmisingstiistainable development is a process
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of achieving human development by widening or agifay the range of people's choices
in an “inclusive, connected, equitable, prudent aacure manner” (p. 878). Chambers
(1988) also elevates social concerns by suggestiaigthe main criteria for decision-

making are the immediate and low-risk satisfactodnbasic needs and security. The
fogwater project meets basic water needs whilerdhee of the IS tools are to lower the

risk of service interruptions, and hence, help emgiue provision of water. Adams (1990)
argues for the need to place environmental issusnva social and political context as

well as an economic one.

Daly (2011) argues in favor of ‘quality’ developmte Daly, who developed
sustainable development policy guidelines for therM/Bank, suggests that sustainable
development must focus on containing ecosystems$ #na “finite and already
overstressed” such as water resources in drouglsbbthwest Morocco, by shifting the
path of progress from “quantitative growth to qtslve development, from bigger to
better” (para. 1)This is an especially important tenet of the cometi fogwater and
information system. DSH’s mission aligns along piphes of environment, equity,
education and economy that alone or in combinafiopvide qualitatively improved
conditions for residents in rural Ait Baamrane. Tiogwater infrastructure and the
research on the tools and processes involved iiogethe Fog Phone are consistent
with principles of qualitative development as idied by Daly.

Sharpley’s (2010) summary of sustainable developras “development that is
fair and equitable and which provides opportunitegsaccess to and use of resources for
all members” (p. 10) builds on the themes espouse®SH. Sharpley notes that the

definition of sustainability contains the key coptef needs, particularly the essential
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needs of the world's poor, “to which overridinggpity should be given” (p. 10). That
concept is central to the provision of supplememtater in Berber villages near Mt.
Boutmezguida. The principle of equitable opportyng particularly significant in this
research that intentionally involves women. Soaglity is addressed by relieving
women in rural Berber communities of the time aadobk burden of fetching water from
compromised and depleted sources. It is also aslelldsy involving women in the design
and implementation of the Fog Phone to assistewatdship of the water project.

Consistent with another core principle of susthl@adevelopment, both this
fogwater project and the information system areurkHfocused. The Fog Phone is
designed to contribute to current and future fuomtig of the water system.

3.1.3 Critigues of Sustainable Development

Sustainable development is an emerging set otipescand perspectives that link
human activities with the natural world. Like maimyer-disciplinary fields including
ICTD, critiques of sustainable development centeurd the lack of definitional clarity.
Mitlin (1992) suggests that the sustainable develem field is weakened by a lack of
common agreement on fundamental concepts (Mitl@82). Gladwin et al. (Gladwin,
Kennelly, & Krause, 1995) on the other hand, renthek “definitional diversity is to be
expected during the emergent phase of any pothniig idea of general usefulness” (p.
876). They recommend that practitioners and polayens “embrace the unfolding
process” (Gladwin et al.). Adams (1990), thouglguas that sustainable development is
an ‘“intensely synthetic” development paradigm witb coherent theoretical core
(Adams, 1990 as cited in Mitlin, 1992, p. 113). Bleggests instead that sustainable

development “is not about the way the environmenianaged but about who has the

42



power to decide how it is managed” (Adams, 2001tliMi1992). Issues of power and

community capacity are addressed by gender andagement specialists in the spheres
of Gender and Development (GAD) and Gender, Enwr@mt and Development (GED),

which | discuss in Chapters 4 and 7.

3.1.4 Water Scarcity in MENA

Lester Brown, considered one of the fathers ofasinigble development, looks at
three main environmental threats: the shortageredhivater, rising temperatures and
other effects of climate change, and loss of tdp&own finds “the spread of water
shortages poses the most immediate threat” (Br@909). Approximatelyne-third of
the world’s population lives in countries sufferifgm moderate to high water stress
(defined as consumption that exceeds 10% of renewedshwater resources). By 2030,
approximately half of the world’s population is @ated to live in water-stressed areas
(De Souza et al., 2003; Leahy, 2007) .

The Middle East and North Africa (MENA) “is the stowater-scarce region of
the world” (Sass, 2001, p. 1). MENA contains mdrant 6% of the world’s population
but less than 2% of the world’s renewable freshewgass, 2001). Water and population
trends are moving in opposite directions. For eXaimpvelve of the world’s 15 water-
scarce countries are in MENA, where, between 19XIt2 populations more than
doubled, reducing by half the amount of fresh waisilable per capita (De Souza et al.
2003)? In Morocco, per capita annual renewable fresh wst@ply dropped by nearly
50% (47.6%) between 1970-2001 and is estimateddp dnother 30% by 2025 to 741

m2/per person/per year (Roudi et al., 2002). Soeghwloroccois characterized by a

2 A country is considered “water stressed” whentitsl renewable freshwater resources lie betwe8001cubic
meters and 1,700 cubic meters per person per YEAO({UNICEF). “Water-scarce” countries have an ageraf less
than 1,000 cubic meters of renewable fresh watepgeeson per year” (Roudi et al., 2002).
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long dry season, a short growing season and low iednsistent rainfall of
approximately 170 to 285 mm (6 to 11 inches) pary®erkat & Tazi, 2004)As of
2012, water resources in Morocco are near whatthieed Nations Food and Agriculture
Organization (FAO) considers to be thetical supply threshold of 1,000 cubic meters
per person per year (m3/per capita/per year), aarwresources may reaabsolute
shortage levels by 2020 (Bargach, 2011).

3.1.5 Desertification in Morocco

Desert encroachment is a critical problem in Moooc&ccording to the FAO,
78% of the land area in Morocco is already defiasd desert or dry zone with average
annual precipitation of less than 250 mm/year (Ehas/year) (Berkat & Tazi, 2004).
With at least one-third of Morocco's population edity dependent on agricultural
production, the more frequent and long-lasting qesiof abnormally low rainfall are
having an adverse effect to the economy (Africandd@pment Bank, 2006; FAO, 1992;
Gommes, El Hairech, Rosillon, Balaghi, & Kanama2009). The Arab Development
Report links droughts with “major negative impacf@JNDP, 2003, p. 11) on the
strategic agricultural sector and consequently @nddco’s economic growth rate trends,
warning that droughts are exacerbating an alredasturbing” situation of rural poverty
and social disparity in Morocco. Additionally, tleefagile ecosystems suffer from soil
loss due to wind and water erosion and loss offsdility (Berkat & Tazi, 2004).

Desertification has intensified in Morocco due toiacrease in the occurrence
and severity of droughts. According to the FA®the periods from 1979-1984 and again
through most of the 1990’s, Morocco suffered thegkst drought episodes in recent

history(Berkat & Tazi, 2004). As the desert spreads, mages agriculturally productive
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land and shrinks the habitat for the Argan treeattng a double threat to rural farmers
and Argan oil producers in the region where thgeagch is being conducted.

The field of human ecology assesses the complexemions and interactions
between humans and the natural world (Barrows, 1B@Bolz, Eicher, Evers, & Sontag,
1980). The Argan tree is emblematic of the humanseainteractions on which the
principles of human ecology are built and demomestrdocally. Despite its shrinking
range,Argania spinosacontinues to play an essential ecological funciiorareas of
southwest Morocco (Charrouf & Guillaume, 2009; itate, 1999; Luth, 2004, Lybbert et
al., 2002; Lybbert, Barrett, & Narjisse, 2003; Melb, 1989; Stussi et al., 2006). The
Argan tree provides an important source of incomreHBerber women, and the wider
community benefits from vital ecological servicesm the Argan forest such as shade
and soil stabilization. The tree’s deep root systeips hold soil in place, which is
crucial to preventing erosion. Reduced erosionstalilized soil serve as a shield against
desertification. Furthermore, traditional life iaral Berber communities in southwestern
Morocco revolves around the Argan forest. Lybbesle(2003) estimate that 90% of the
rural economy in the Argan zone depends, in one @ragnother, on the Argan tree.
Harvesting of Argan nuts and production of Argahpoovides livelihoods opportunities
for Berber women; fruit from Argan wood providesokog fuel and Argan leaves
provide forage for goats and sheep.

3.1.6 Integrated Water Resource Management (IWRM)

This research required an understanding of hydroéb and climate principles, as
these influence the availability and quality of eratesources on which the Fog Phone is

based. To understand these themes, | consultetymcuments and research on natural

45



resource management and on integrated water reson@aoagement (IWRM). IWRM
specifically promotes water resource managementseraes social and economic goals
alongside of ecosystem and environmental sustdityalfGlobal Water Partnership,
2010b, UNICEF, 2012). IWRM is an approach to thenaggement of water resources
“based on the understanding that water resourcesaarintegral component of the
ecosystem, a natural resource, and a social andoeto good” (Global Water
Partnership, 2012). It reflects the interconnectatlire of hydrological resources and the
many uses of water for agriculture, healthy ecasyst human consumption and
livelihoods. Ideal IWRM projects include participag planning and management of
water resources in a way that balances social andoenic needs while ensuring the
protection of ecosystems for the future (Global 8v&artnership, 2010b).

Water resource management techniques are groundée knowledge that the
natural resources may be exhaustible (or finiteyesrewable, both of which require
prudent use and optimal efficiency (Barbier & Marélga, 1990). Depending on the scale
being considered, water may be either finite oreveable. On a global scale, water is
considered a renewable resource. However, on & éochregional level, fresh water is
considered to be a finite resource (Global Watetreeship, 2010a)The supplemental
fogwater system considers both scales: well watarfinite resource while fogwater is a
renewable resource. In Ait Baamrane, water extmacfrom wells often exceeds
regeneration rates, particularly in the dry seasamthermore, wells are polluted with
fecal matter from untreated human and animal wa&sie.to its compromised quality and

guantity, well water in villages involved in DSHfegwater project is a finite resource.

3 Potable water sources include underground aquifecsindwater, surface water (lakes, streams, oyeaaswater in
the form of ice, fog, rain and snow. On a globalsystem scale, water is considered to be a renewabburce that is
transported, purified and distributed through thidrblogical cycle (Global Water Partnership, 2012).
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The fogwater harvesting project is designed to Eupent that finite water resource with
a renewable water source from fog. The exchangerehewable water source for a finite
one, and the responsible use of new, protected diosed) wells meets sustainability
objectives of minimal depletion of non-renewablaavaesources and sustainable use of
renewable fogwater resources. Barbier and Markar(ti980) note that failure to obey
the constraints of prudent use and optimal effcyeriwill lead to a process of
environmental degradation as the resource baseeptetdd, wastes accumulate and
natural ecological processes are impaired” (p. 66Bpse are precisely the conditions in
villages targeted to receive water from the fogwateject.

Environmental concerns are not the only factosustainable development. It is
also vitally important to understand the role ofrfains in the ecosystem. In the semi-arid
pre-Saharan region of Ait Baamrane, water quahty guantity cannot be separated from
issues related to human use and resource managebhenEog Phone was designed to
integrate many of the IWRM principles by involvimgter users to efficiently, equitably
and sustainably manage this new water service FblgePhone for water users is a rapid,
simple alert and reporting system using at-handhrnelogies. It is designed to be
efficient. It promotes equity by involving women service reporting, and it is designed
to promote the ongoing maintenance of the fogwalstribution system, i.e. the
sustainability of the water system.

3.2 Information and Communication Technology for evelopment (ICTD)

Information and communication technologies (ICTclude hardware and

software that facilitate access to communicatiod erfiormation. ICT include artifacts

such as computers, mobile phones, mobile devites,rternet, storage and memory
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devices, CDs, DVDs, photography, audio and videcconding equipment,
telecommunication infrastructure as well as theabeirs and norms that surround the
use of ICT. Information and Communication Technglégy Development (ICTD) refers
to the practice of integrating ICT in internatiomi@velopment initiatives and to the study
of the impact of ICT in developing communities.

ICT are being rapidly integrated into poverty alétion and social development
programs across the developing world in the coetinbhope that computer literacy,
internet access and mobile phone usage will tramstbe lives and livelihoods of the
world’s poor. As Heeks and Molla (2009) have obedrevery year NGOs, along with
the public and private sectors, invest billionsdollars in ICTD projects such as tele-
centers, mobile-health and e-education projectsllebng this substantial investment of
money and interest in ICTD is a corresponding iaseein expectations of development
“achievement” through both planned ICT intervensiaand organic ICT adoption. The
World Bank (World Bank IEG, 2011; World Bank, 2018)on record in support of the
transformative potential of information and comnuation technologies: “ICT promotes
innovation and can trigger fundamental economiasf@mation. Individuals...are
unleashing the potential of their human capital arehtivity” (World Bank IEG, p.4).
The World Bank has backed its optimism that ICT ¢etp reduce poverty, boost
economic growth and spur accountability with bitkoof dollars worth of investment in
large-scale projects such as the build-out of natidoroadband networks and other
backbone infrastructure initiatives. High expectas are not limited to the World Bank
and sector-level investments. Bhavnani et al. (26@®ak to the explosive growth in

mobile phone ownership and coverage, and the saethleconomic benefits that mobile
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telephony can provide to the rural poor. The GSMdssgtion (GSMA, 2008) highlights
studies demonstrating how mobile phones drive ¢hieny from “improvements in social
links, the creation of social capital, improved k&rinformation flows and productivity,
as well as increases in GDP and Foreign Directdtment.”

The World Bank, the United Nations Development Paagme (UNDP) and other
development agencies have identified ICT as pdatilyu beneficial tools in rural
development projects that seek to stabilize comtiasyi expand women’s roles, and
mitigate social and environmental inequities (GSMA08; Hamel, 2010; ITU, 2005;
UNCTAD, 2010, 2011; Zhen-Wei Qiang, Clarke, & Hatewd, 2006). The United
Nations Millennium Development Goal MDG 8 (sub-aldiF) calls for the public and
private sector to cooperate to leverage the benefitiICT in developing countries.
Information and communication technologies haveobee mainstream components of
development efforts across all sectors, as disdussthe many articles that tout ICTD as
a strategy for achieving the UN Millennium Develogmh Goals (infoDev, 2013; ITU,
2005; Kaur & Tao, 2013; Siriginidi, 2009; United tdans MDG; Zambrano, 2013).

3.2.1 ICTD and Water

The authors of “Global Information Society Watc@1R: Focus on ICT and
Environmental Sustainability” (APC & HIVOS, 2010)tage that environmental
challenges “provide an opportunity to place sustale development at the core of our
thinking and practice” (p. 7). They corroborate @np made by Ospina and Heeks
(2010a) that ICT are among “the most importantddor addressing climate change”
(APC & HIVOS, 2010, p. 7). Some authors observeugh, that the IS academic

community, which includes ICTD scholars, has bedéswsin acknowledging the
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challenge of environmentally sustainable develognfératson et al., 2010). Watson et
al. (2010) comment that information system (IS)eeeshers and educators have been
reluctant to recognize environmental sustainabdgyan urgent problem and have been
hesitant to take action, preferring instead to fianfacused on theory-building. They
encourage IS researchers to leverage “the tranafowen power of 1S’ to create an
ecologically sustainable societWhile their research focus is on establishing a new
subfield of energy informatics that applies IS Iskib increasing energy efficiency, their
broader challenge to incorporate information systemto environmental sustainability
initiatives and research is relevant to this fogawd8s. Duncombe (2006) also confirms
that information systems play an increasingly int@atr role in monitoring natural assets
and that a range of information is required to sssenvironmental impact and
sustainability.

ICT also play an increasingly important role invieonmental monitoring and in
providing relevant information related to waterpught and desertification (ITU, 2012c;
ITU, 2014). ICT are increasingly being employed itoprove meteorological data
collection and disaster prediction and early wagniior example. Much of the research
linking people, ICT and natural resources are agjitice decision-support projects, such
as Panchard et al.’s (2007) study of the COMMONE&eNst wireless network in a
drought-hit cluster of villages in Southern Karrk@#Panchard, Rao, Prabhakar, Hubaux,
& Jamadagni, 2007). This report highlights the po& for ICT to help village residents
manage crop-risk by efficient use of water and pgmstvention, and it stresses the
importance of allowing farmers to “connect to ardl @n the constraints of their own

environment” (p. 54). Knoche, Rao and Huang's (30dfport on a wireless sensor
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network for rural resource-poor Indian farmers wWiaal uncertain water supplies had a
less satisfactory outcome, initially. The researstieund “insufficient user participation,
lack of attention to user needs and a primary farusechnology in the design process
led to unconvinced target users who were not istecein adopting the new technology”
(p. 1). They ultimately adopted a participatory amhtextualized design approach that
supported low-literacy levels, resulting in a mebghone application to manage bore
wells.

A number of studies discuss women’'s water colbectiln “Sensors and
Smartphones: Tracking Water Collection in Ruraliggtia,” the authors mounted low-
power tracking devices on water containers to traolv much time rural Ethiopian
women spend traveling to gather water (Chaudhal.et2012). Crow, et al. (2013) also
studied the time it takes to collect water. Iniitihesearch, they compare results from two
data collection methods — GPS and recall — in Kersjams. The researchers developed
deeper insights by using mixed-methods research db@abined ICT and interviews.
They note “the use of GPS tracking provides a baitalerstanding of time spent
collecting water compared to interview data, but ttvo methods combined provide
insights that neither could have suggested alorbw, Davies, Paterson, & Miles,
2013, p. 1).

Brown, Marsden and Rivett's (201JATER Alert'research builds on “the small
body of knowledge in the area of water quality ngment and citizen involvement
through ICTs” (p. 9). They devised a system thasusiobile phones to address “the
challenge of reporting complex and critical wateiakity information in a way that is

accessible,” similar to the goals of this reseafpll). They developed a prototype

51



symbol-based mobile phone application to increaseen involvement in reporting
water quality information (Brown, Marsden, & RivetR012). This type of risk
communication tool is applicable to the managenoénhis fogwater system because it
focuses on sharing information among stakeholdg&irsilar to my project, this system
was designed to accommodate low-literate usersrastiple (non-English) languages.

The United States Agency for International Devaiept's (USAID) interests in
Morocco extend to ICT projects in semi-arid regiarigere the agency supports an SMS-
based service designed to send individually tadareigation advice to farmers’ cell
phones (Watson, 2012). The ICTD intervention hélfwsoccan farmers conserve water
resources by calibrating their drip irrigation sgbkes with local weather information.
Ultimately, the system is expected to have sufficieomputational capacity to compute
water requirements for individual crops and all@shnicians to remotely access weather
data via the mobile netwarlSimilar to my fogwater IS research, USAID’s irrigpat
texting service integrates ICT, SMS messaging sesviand, importantly, face-to-face
assistance frorfield agents.

Loudon et al. (2009) also highlight the importante that humans play in
environmental monitoring information systenmie ‘Human-in-the-Loop’ water-testing
prototype addresses many of the same challengds thig fogwater IS research
addresses: those of hardware, software and ‘humariwén both projects, the
information system requires human effort in dathection and information processing.
Their mobile-based reporting system, called the aAest, enables low-resource, low-
literate users in South Africa to conduct rapid evaquality tests using the phone as a

water test reader and image-processing devicephbee is also used to send water test
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results back to a central monitoring database.|8irto the water IS in Ait Baamrane, the
Aquatest system is designed to be used in low-lecitions at waterpoints and water
sources. As the authors state, “providing approgriaformation at a local level can
empower small communities by improving their ailib manage their water resources
in a sustainable, decentralised way” (p. 48). Tlaewsensor system incorporates low-
end mobiles, a communications network and a “humehe-loop” to react to water
guality readings. The design of the Aquatest motgkder was informed by Marsden's
(2008) “pragmatic design” approach in which he adtes for designers and
practitioners to adopt a pragmatic approach togiésgy ICT solutions based on the use
of widely available, pre-existing technologies amdunderstanding of the existing digital
ecology such as inadequate resources and chalengivironments. This design
approach shifts the design focus away from skiititions to view the user as a
designer/co-designer of solutions. My research iorddco with community members
involved in the fogwater project attempted to alpbhold a pragmatic, collaborative and
responsive approach to local conditions.

3.2.2 Improving Information Flow

A number of ICTD research studies focus on th&unsental benefits of ICT to
improve information flow in under-resourced, lovietiacy environments in developing
countries. Development projects face the barridrat tany enterprise is likely to
encounter, including bureaucracy, corruption, aredfectual or inefficient regulation. In
addition, information flow is hindered by poor iastructure. In their report on “The Role
of Mobile Phones in Sustainable Rural Poverty Redo¢ Bhavnani et al. (2008) offer

an in-depth analysis of the impact of ICTD on rucalmmunities. They state “both
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poverty and lack of information are common bed nead. Thus, the dissemination of
information together with serving rural areas halsdouble anti-poverty imperative” (p.
20). They argue that the benefits of mobile phareises are often higher in rural areas
because information needs are greater, and thefiiseat information are often more
pronounced.

Cecchini and Scott’s (2003) study of ICTD in ruhatlia also contributes to an
understanding of information flow in rural areasun®narizing the challenges, the
authors state “small farmers and artisans livingural areas typically lack access to
information about prices, data on crops, weatheditimns, credit facilities, and market
opportunities. ICTD can remedy such information nasetries” (citing World Bank
Development Report 1998/99). The authors highligite importance of partnerships
between grassroots intermediaries (local NGOs,ab@ritrepreneurs and cooperatives)
and community members that foster useful contedtsanvices that respond to the needs
of the poor (Cecchini & Scott). These intermedsrae crucial partners that link ICT
with the poor by mitigating the negative effectsmwerful obstacles’ such as illiteracy
and low educational levels that stand in the walCdt use (Cecchini & Scott). Javid and
Parikh (2006) also explore information inefficieegiin rural India, identifying three
factors that inhibit the integration of informatiéechnology solutions in a rural context
(Javid & Parikh, 2006). These include low IT liteyaof stakeholders, the complexity of
supporting a system at geographically dispersedatimts and the reliability of
telecommunications in rural areas. Javid and Paaiijue that a useful rural IT system

has to overcome all three of these barriers.
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In addition to balancing information asymmetry aeducing ambiguity, ICTD
literature often discusses issues of trust in iglato technology-mediated business or
instrumental relations (Donner, 2009; Molony, 2006yvera, 2006; Zainudeen,
Samarajiva, & Sivapragasam, 2011). Trust relatigpsshre often originally established
via face-to-face communication. Once trust is digadd, ICT services such as SMS
(short message service) texts and email can shrengtelationships with existing
partners or customers. In Overa’s (2006) studyCdr use by informal traders in Ghana,
the author examines how mobiles can be instrumentabuilding two-way trust
relationships between customers and employeesn§ridat the mobile phone “enhances
trust building” (p. 1301).

3.2.3 Ambiquity and Failure in ICTD

A growing body of ICTD research discusses the aounig role that ICT play in
the lives of users in developing countries eithee tb flawed technology or to flawed
ICTD practices. Optimistic assessments of ICTDiatikes need to be balanced with an
understanding that ICT are not unambiguously effedn improving the lives of people
in developing communities (Best, 2010; Burrell &yama, 2009; Heeks, 2002; Heeks &
Molla, 2009; Hosman, 2010; World Bank IEG, 2011gsRBarch has found that many, if
not most, ICTD interventions suffer some elementfadiure. Heeks (2002) estimates
information systems in developing countries mayehavailure rate near 80%, reflecting
the stubborn challenges that can impede successplementation of ICTD projects
such as insufficient infrastructure, outdated akien equipment, lack of training, lack of
political support, sabotage or ICT-triggered cudtuoffense (Dodson, Sterling, &

Bennett, 2012). In addition, even ICTD initiativést are considered ‘successful’ often
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fail to achieve scale outside of the test commutkity example, an ICTD project may be
designed to address a specific community-based aaddthe ICT solution does not
easily transfer and apply in other contexts (Dod$&tearling, & Bennett, 2012).

Chew et al. (2010) suggest that practitioners @holars temper their enthusiasm
for ICT as “gamechangers” for women in the deveigpworld (Chew, llavarasan, &
Levy, 2010, p. 13). For example, KIT and Oxfam @0@esearchers found that even
when female entrepreneurs received training in $&ills, they still considered ICT to be
nonessential because they had little need for “Heggh” components. The women
believed the ICT were expensive and unnecessadywdren ICT were integrated into
operations, efficiency decreased short-term duine spent learning to use ICT (KIT,
2005).

Furthermore, it is not easy to parse the ways I@&Tused from broader human
experience. Personal use often merges with profesisiuse, lives entwine with
livelihoods, and enjoyment and employment often.n@xanovetter (1985) reminds us
that work life is embedded in social life, a ther®®nner pursues in “Blurring
Livelihoods and Lives” (2009) where he finds th@fl“intermingle” with many aspects
of life (Donner, 2009; Granovetter, 1985). Sey (P0finds it both “unnecessary and
misleading” (p. 3) to distinguish between econoamd social uses of ICT because users
pursue multiple goals in their use of technologyeyS2011). Rangaswamy and
Sambasivan (2011) seek to understand how the usecbhology blends with social
activities in developing communities where ICT ambedded in everyday life, and
Molony (2006) references the mix of work and soti@haviors across petty trade and

informal networks (Molony, 2006; Rangaswamy & Sasian, 2011).
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3.2.4 Effective Use of ICT

This research also considers the work of intesnbblars such as Gurstein (2003),
Warschauer (2002) and Hargittai (2002) who elueidssues related to social exclusion
and effective use of ICT. This group of scholaghlights the extent to which ICT access
and use is “woven in a complex manner in socidesys and processes” (Warschauer, p.
4).

Gurstein (2003) shifts the discussion of the “mlglribution” of ICT
opportunities away from a focus on ICT access keotonditions that support what the
author describes as active and “effective use'Garf (p.1). Gurstein defines effective use
as “the capacity and opportunity to successfultggnate ICTs into the accomplishment
of self or collaboratively identified goals” (p..6)he challenge is to provide the means
by which individuals can make effective use of thdéschnologies for an array of
activities including wealth creation and transawdioprocesses. ICT access, he states, “is
a pre-condition and an enabler of "effective usa'ib not a substitute for it” (p. 7). The
author also highlights that ICT use “takes placéhinilarger social contexts including
the family, work groups and communities” (p. 1@urstein (2003) recommends that any
examination of effective use of ICT include an exaation of carriage facilities, input
and output devices, tools and supports, contemicest, service access and provision,
social facilitation and governance. In my researchintent services are particularly
relevant as they incorporate an awareness of utyalihd locally context such as
language(s) and literacy levels. These dimensiohgnobile use are captured in
Ethnographic Action Research (EAR), the Sustainahlelihoods Framework (SA) and

the Stakeholder Analysis (SA). Gurstein (2003)Hartstates that participatory design
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and patrticipatory action research support effecliV€ use. In both my exploratory and
primary research, effective ICT use is supported BEAR and Human-Computer
Interaction for Development practices that inforhe tdevelopment of a localized,
context-specific and responsive information systernelp manage the fogwater project.
Warschauer's (2002) research on technology forakaeclusion is especially
relevant to my research on the socio-cultural besrito mobile phone use. In
“Reconceptualizing the Digital Divide,” the authlmghlights that effective integration of
ICT into communities and institutions “can only behieved by attention to the wide
range of physical, digital, human, and social reses that meaningful access to ICT
entails” (p. 7). Warschauer (2002) focuses excklgion computers and internet access,
but the author’s “resource list” can be adapted @plied to mobile phone use as well.
For instance, physical resources encompass accassliile network connections and
access to mobile devices. Digital resources refe@ontent and material available on the
ICT. Human resources revolve around education gty including “particular types
of literacy practices” required for ICT use (p. &ocial resources, such as community,
institutional and societal structures also suppocess to and use of ICT. My ICT-related
interviews were designed to investigate these ressysee Chapter 5: Methods).
DiMaggio and Hargittai's (2001) observations ofse€ond-level” digital divide

were relevant to my investigation of the socialhtacal and cultural factors that
constrain rural Berber women’s use of their molpleones. The authors cite five
dimensions along which divides may exist. The fi(gbtential) divide centers on
hardware, software and the quality of connectivithe second divide, autonomy of use,

encompasses factors such as the location at whideaaccesses ICT and the freedom
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that user has to use the platform or medium far greferred activitiesThe third divide
focuses on ICTuse patterns. The fourth divide relates to socippsrt networks and the
availability of other people to whom one can tuon &ssistance with ICT use. The final
divide revolves around skill and a user’s abilyuse ICT effectively. The authors apply
these potential second-level divides to their stafinternet use, but, as is the case with
Warschauer’s (2002) analyses, they can be adapt@dlile phone use.

While useful in illuminating the complexities o€T use, Warschauer (2002),
Hargittai (2002) and Gurstein (2003)’s work doed mentify gender as a substantial
factor affecting access to and use of ICT. The astheither disregard gender or
aggregate gender issues in with other cultural sowilal factors (presumably class, race
and age). Furthermore, the authors focus exclysoarelcomputer use, internet access and
online content, and their findings from researchedacated, high-resourced populations
whose ICT use is generally not constrained by firen educational, social, cultural,
gender or technical factors are not as relevantyteesearch in poor Berber communities
in southwest Morocco.

3.2.5 Mobiles for Development (M4D)

As a subset of ICTD, Mobiles for Development (M4iDitiatives are grounded
on the premise that mobile phones are life-chantpots that can serve a wide range of
under-resourced, developing communities. With mibr@n six billion mobile phone
subscribers around the world (ITU, 2012a), M4D tsgees are predicated on the
assumption that mobile phones can be a “smartysatad development” through the
provision or adoption of mobile technologies antbtiygh the use of the services and

features that mobile devices provide. Many M4Djguts incorporate SMS messaging,
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in part because SMS is available, robust, reliablé cheap. Texting “can be easier and
more cost-effective to disseminate information twide population” (Kang & Maity,
2012, p.1) as opposed to phone call, voice messatygeractive Voice Response (IVR)
systems. M4D initiatives contributed to the appnaaiely nine trillion SMS messages
sent in 2012 (mobiThinking, 2012). Network proviien the developing world often
offer differential pricing structures between SM&lavoice services that price texting far
below the cost of calling (Dymond, 2004). Operatanigilege texting, in part, due to the
lack of infrastructure.

As Kang and Maity (2012) reflect, “the mobile pleois, in many cases, the first
and the single modern technology personally ownedhk poor,” but users who have
few material resources and limited skill and exgece with ICT may not benefit from
the services and features available on their mgibitnes due to constraints that are often
poorly understood such as complex social and @alliwircumstances that contribute to
the lack of basic, functional literacy. A lack afvareness of the myriad factors that
contribute to technological literacy, e.g., devamsign and local language support, can
also hinder the efficacy of mobile-based developmediforts, especially for women,
thereby contributing to the mobile utility gap wharsers have access to devices but are
unable to benefit from many of the features andises that mobiles provide. As noted
by Medhi et al. (2010), low-literate users facehilgg challenges with text-based user
interfaces that prevent useful interaction with IQMedhi, Cutrell, & Toyama, 2010).
These challenges include the inability to read wamite alongside of challenges such as
cognitive difficulties, cultural restrictions, imidation, motivation, power relations and

social standing. These challenges can preclude lengiiione users in developing
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communities from benefitting from the communicatiofformation and cost advantages
of new technologies.

Nevertheless, many M4D initiatives are text-inteas These initiatives assume
that mobile users possess functional and techredbditeracy, or that users are in the
vicinity of someone who has sufficient skills. Fexample, mobile systems such as
mPesa rely on basic literacy and numeracy to opethe service (Safaricom).
FrontlineSMS services often presume an abilityetadror process numbers as a basis to
understand and potentially take action on SMS slartd messages (FrontlineSMS).
Many of the features of the Ushahidi crowd-mappahaiform employ text-based tools
including SMS and social media (Ushahidi, 2013).I0KF has embraced the RapidSMS
platform to strengthen its programs in data caliegtlogistics and community feedback
(RapidSMS, 2013; World Bank, 2012). Many more depeient-related programs rely
on bulk SMS, interactive SMS services, SMS-basedvisades, SMS-based
crowdsourcing and SMS-based data collection tohrdsmneficiaries—applications that
require at least a basic level of literacy (GSMA12b; IDRC; Kasumuni, 2011).

The availability of SMS does not guarantee thalpotive use of the service. This
is another example of the mobile utility gap whesers may have access to mobile
handsets but are not able to or interested irzuigithe features that the device offers. A
number of studies have established that a largpoption of the poor in developing
countries do not use SMS. Kang and Maity (2012)arnthat the use of the mobile
phone for services beyond voice is “still scanty’2) among mobile phone users at the
bottom of the pyramid (BoP), and SMS use is lowneweprojects designed for the poor.

LIRNEasia confirms these findings (LIRNEasia, 2009)an extensive survey of nearly
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10,000 people across six South Asian nations, fRNEasia organization found that
only one-third of mobile owners at the bottom o fwramid in India and Bangladesh
sent or received SMS messages. Respondents what dgentexting as a communication
tool reported that they did not know how to use S$&8vices. They also did not think
that these services were applicable to them, oy thend them to be too expensive.
Other disadvantages of using SMS include “limitesmmunication possibilities and
inconvenient usability” (p. 2), small screen sim®jted message size, cumbersome input
methods and complicated interfaces. Challenges me¢dalways deter a user from
benefiting from mobile phone features, though. $nettal. (2010) present a quantitative
study of mobile users in urban India who exhibitesmarkable ingenuity” (p. 753) and
perseverance to overcome obstacles such as conmpézfaces and language issues in
order to enjoy mobile media sharing services (Sgthmar, Medhi, & Toyama, 2010).
The authors suggest that high motivation to use abilen service is an important
component of successful ICT use.

The GSM Association (GSMA) notes that mobiles dexk-based messaging
applications may be particularly beneficial to wami@ developing communities by
providing them with access to mobile remittancésydcy and life skills and maternal
health and family planning services. This assunmpisosupported by the association’s
prediction that women will be the fastest-growirgsent of mobile subscribers in low
and middle-income countries (GSMA, 2010, 2012a,2P)1 Nevertheless, a 2012
GSMA mWomen study in four developing countries fouhat while 77% of women
surveyed have made a mobile phone call, only 37%owfresource women had sent

SMS messages, regardless of literacy levels (GSMA2c). GSMA mWomen identifies
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this as the SMS utility gap. The report statesPBbottom of pyramid] women reported
that they did not find the SMS service useful, thbusducts targeted at BoP women that
use SMS should be of demonstrable practical valigoP women” (p. 3).

3.2.6 Gender and ICTD

Gender and ICTD research explores barriers to waraamtess and use of ICT in
developing countries. The GSMA mWomen report “Wom&nMobile: A Global
Opportunity” (2011) stated that, on average, a womaa low or middle-income country
is 21% less likely to own a mobile phone than a nfamvoman in the Middle East is
24% less likely to own a mobile than a man (GSM@12). Morrell and Sterling (2006),
Gill et al. (2010), Hafkin and Huyer (2006), Joi@©02), and Laizu et al. (2010) provide
additional insight into the conditions that contrtié to lower access to and use of ICT by
women in developing countries. Gill et al. (201dgntify four barriers that hinder
technology adoption by women: exclusion from tedbgyp education; little free time;
social norms that favor men; and financial anditatsdnal constraints. Other constraints
that deter women from using ICT include high tatabt of ownership that makes ICT
use unaffordable for poor women, a lack of techgyplliteracy and cultural barriers that
preclude women from engagement with technologyl @ihl., 2010).

Scholars considering gender-related aspects ofusEl challenge the perception
that ICT are gender neutral. Hafkin and Huyer (90iéte that women deploy ICT at a
lower rate because they have less time and monewutttoward ICT use, they may be
unable to access ICT in public areas and they altemot receive equal or adequate
training compared to male counterparts. Alone orcambination, these factors can

represent significant barriers that make it morpessive to operate an enterprise in
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under-resourced communities. Hafkin and Huyer g@ismt out that gender biases and
gender-based barriers such as inequality and loevaty levels adversely impact
women’s access to technologies and the benefits I@& can provide, e.g., health
information, business assistance and educatioram@dan author of the KIT and Oxfam
sourcebook (2005) on gender and ICT for developmettioes these themes, stating,
“technologies are neither gender-neutral nor iu@te to the lives of resource-poor
women” (p. 13). Odame reviews various biases th@kvagainst women’s use of ICT
including the lack of women’s involvement in ICTats assessments and the burden of
battling discriminatory attitudes that discourage prevent women from accessing
information technologies. For example, women ined@ping communities are often
treated as “passive recipients of information, st active information users and
communicators” (Hafkin & Taggart 2001 as cited ifiTK2005, p. 16). Buskens and
Webb (2009) posit that information societies in @leping countries are often “not
grounded in the realities of women” (p. 4), partiely the experiences of women who,
for example, face gender discrimination or who @b imold positions of public power
(Buskens & Webb, 2009). Morrell and Sterling (200®Ye that a failure to consider
women'’s specific needs vis-a-vis ICT can lead ®‘tmintended reinforcement of male-
dominated power structures” (p. 325). “Gender, &ycand Development” (KIT, 2005)
recommends that measures be taken to put thecalriieeds and benefits for women
first and make ICT work for them” (p. 41), an apgeb that requires identifying
information gaps and information needs among a Istagdet group of women before

pursuing a technology solution.
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Numerous studies and initiatives highlight positisatcomes and numerous
benefits that ICT can provide for women. The GSMA®/omen initiatives focus on the
social and economic benefits of mobile phones sisckducation, banking services and
tools for managing small businesses (GSMA, 2014del's “Women and the Web”
report (2013) highlights the “profound benefits’athwomen in developing countries
derive from being able to access the internet saghpolitical participation, social
inclusion and economic advancement (Intel, 2013)sdite often-formidable barriers,
Hafkin and Huyer (2006) emphasize the potentiathyaecipatory impact ICT use can
have on women, including increased decision-malghkiljs, greater self-esteem and
higher self-worth. In order for ICT to contribute wwomen’s empowerment, which Sen
(1999) identifies as one of the central issuesametbpment today, Hafkin and Huyer
(2006) contend that ICT users need “options, chaioatrol, and power” along with the
ability to access, use, create and distribute kadga” (p. 27).
3.3Human-Computer Interaction for Development (HCID)

As a discipline, Human-Computer Interaction (HGlconcerned with the study
of computing systems for human use, but HCI dodsgeaerally consider the unique
circumstances of technology use in under-resoucoaimunities by often-marginalized
or low-skilled technology users (Ho, Smyth, KamP&arden, 2009). As is the case with
sustainable development, Human-Computer InteradborDevelopment (HCID) is an
emerging set of principles and practices relatelC®D. Emergent scholarship on HCID
is based on incorporating the values of HCI witmstaaints found in developing
communities (Ho et al., 2009). As Ho et al. (20@9plain, HCID frameworks seek to

explain how interactive products and informatiosteyns can be designed to meet unique
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user needs while simultaneously addressing difficddastructure contexts in developing
communities. This is accomplished through an undeding of specific social, cultural
and infrastructure challenges found in developiogimunities along with an awareness
of existing ICT and practices (Kabuire, Winschi@rsophilus, Chivuno-Kurio, Bidwell,
& Blake, 2010).

HCID is an effort to design ICT to meet the distime needs of users in low-
resource communities while also coping with limitedrastructure (Ho et al., 2009;
Ramachandran et al., 2007). HCID operates on tlemige that poorly designed
machines and poorly understood human behavioraddnrather than alleviate, burdens
on users in developing communities. Marsden’s (2@@8nment that “human-computer
interaction (HCI) has a large role to play in empawg users and adapting technology to
local needs” (p. 48) is echoed in the work of otisgr-centered and contextual designers
for developing regions, all of whom explore the Idrege of designing systems and
devices to meet specific circumstances that amsedeveloping countries (Blom,
Chipchase, & Lehikoinen, 2005; Ho et al., 2009; Nder, Marsden, Gruijters, & Blake,
2008; Winschiers-Theophilus, Bidwell, Blake, Kagyi& Rehm, 2010). The HCI for
Community and International Development discussanCHI 2008 called for HCI
practices to be adapted or modified to suit unicju@lenges in developing regions. The
authors advocated for an analysis of users thatrpacates an understanding of local
context and practices as well as economic conditf@homas et al., 2008).

Winschiers-Theophilus et al. (2010) investigate domplexity of cross-cultural
design in their research on rural-urban migration southern Africa (Winschiers-

Theophilus et al., 2010). They determined that ddesh ICT functionality based on
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hierarchical structures and text-based searchesndid effectively map onto oral-
knowledge communities. Wong and Kodagoda (2011)enzakritical case for “knowing
your user” and reducing abstract functionality antérface complexity. Knoche and
Huang's (2012) observations of coping strategiab wse of mobile devices by illiterate
and semi-literate immigrants in Switzerland suggegimenting rather than eliminating
text-based features of ICT. Their results show sitpe effect on reading and writing
skills. Van Biljon, Kotzé and Marsden (2007) sudgdmt while feature overload may
increase desirability of a mobile product, it ofteduces usability because it adds to the
cognitive load on a low-skilled user. They recomohémat mobile features be grounded
in a user’'s motivational needs rather than in raspdo market pressures.

3.3.1 HCID Design Approaches

Contextual inquiry and contextual design approadare central to the practice of
HCID (Chipchase, 2006, 2009; Knoche et al., 2010ardden, 2003). They both
incorporate a deep understanding of users’ infaonaheeds in the context of their
information ecology (e.g. low-literate users witbwlend mobile phones in rural
communities with low-strength network signals), ahdy incorporate this knowledge
into the design of ICT and information systems @i@l., 2009; Winschiers-Theophilus
et al., 2010).

In devising a new User-Centered Design for DevealpfiRegions methodology,
Maunder et al. (2008) stress the importance of Idpugy the technology user along with
the support structures in the user’s living and kivagy environments (Maunder et al.,
2008). This, they say, can be accomplished thraugitogressive participatory design

approach that keeps users and their broader emveawotal requirements at the forefront.
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Highlighting the work of Chin and Rosson, Maundérad write that a focus on
developing the user and the user environment esghes"progression and development
of user’'s knowledge base and skill set, therebylkemathe user to better understand the
technology, the benefits it offers and how to sélit effectively” (p. 35). The result of
this approach is the “co-evolution of user[s] ahdiit environment as technology design
progresses, providing the best possible opportdoityactive user participation” (p. 36).
The authors fuse user-centered design with ethpbgrarinciples to produce a detailed,
or ‘thick,” understanding of the users’ informatioeeds that are incorporated into ICT
prototypes. Progressive participatory design cftsthe incremental development, or
‘evolution,’ of the user’s activities and processdéengside the design of the technology
that supports them (Lalji & Good, 2008; Maundegrket 2008). Progressive participatory
design is based on continuous interaction betwhendesigner and primary users, an
interaction that is informed by a thorough investign into the world of the users, their
lives, relationships and concerns (Lalji & Good, 08D This research also integrates
principles of pragmatic design set forth by Marsd2008) in “Toward Empowered
Design.” A pragmatic design focuses on developiractical ICT-based solutions and
places the user in the role of lead designer. Aaldhlly, Lalji and Good’'s (2008)
‘considerations of use’ framework identifies broauhracteristics of a user population
and identifies conditions relevant to mobile phamee such as financial, physical,
environmental, mental and educational circumstances

3.3.2 HCID and Literacy

In studies of how illiteracy affects users’ alylito effectively use their phone,

Blom et al. (2005) and Chipchase (2006, 2009) ifledt common coping strategies
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including rote memorization, visual cues and the olintermediaries to assist in phone
use. Chipchase (2006) suggests that the adaptivect@ative strategies employed by
low-literate mobile owners may be harnessed toghedCT or interfaces for the
developing world. He notes that illiterate partamps may be “lead users for the rest of us”
(p. 17).

Bidwell (2009) notes that it is important that HXCIesearchers “study the
characteristics of local communities and understdrmv orality should inform
technology and information design” (p. 5). HCID eekbes this constraint through user-
centered design for development, a framework thagsgpriority to the development of
the user’s and the supportive structures withirs@r's living and working environment
(Maunder et al., 2008). In addition to supportirghbusers and their environment, a user-
centered design approach advocates for a desigeggahat prepares users to participate
in the design process by building their skdisd ensuring “progression and development
of user’'s knowledge base and skill set, therebykmathe user to better understand the
technology, the benefits it offers and how to sélit effectively” (Maunder et al., 2008,
p. 6). lincorporated HCID practices into thiseach, paying particularly close attention
to recommendations to understand the user and eéhgironment along with the social,
cultural, technical and infrastructure constraitt&t might affect the design and
deployment of a prototype information system tobémdow-literate Berber women to

help manage the fogwater system.
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CHAPTER 4

THEORIES AND MODELS

The multi-dimensional nature of this research ahd tomplex multilevel
relationships among stakeholders require the eafptor of multiple theories,
frameworks and principles. Research into the tanl$ processes to conduct this research
fuses theory and practice from the fields of sustdle development, climate change,
gender and the environment. | have identified tiesorelevant to my research that
support a bottom-up, grounded approach that infdrehdwork, stakeholder engagement
and the research design. | do not use these éseadependent of one another. Concepts
from sustainable development, gender and technoioigysect across the theoretical,
methods and analysis sections of this research.eldoaf ICTs, Climate Change and
Development (ICCD), Gender and Development (GADY &ender, Environment and
Development (GED) each contribute to the theorkticamework that inform my
research questions. Furthermore, much of theatitee from the various domains cited in
Chapter 3 directly or obliquely references the tlemoand models | explore below. While
the related work focused on field studies and &yl perspectives on the environment
and development as well as technology and dedsg®,chapter investigates the over-
arching theories and models that inform my reseantb the tools and processes
involved in developing a gender-aware, culturapprpriate 1S for the fogwater system.

The availability, quality and quantity of watersecairces in the semi-arid, pre-
Saharan Desert region of Ait Baamrane where thevdtay system is located cannot be
separated from broader environmental factors. lloegpthese connections between
humans and nature via sustainable developmentiplesc(discussed in Chapter 3),

which | integrate into the ICCD model. Becauseuke of communication technology in

70



this project is intertwined with issues of gendeujture and power, | examine these
relationships through the lenses of Gender and IPpuweent (GAD) and Gender,
Environment and Development (GED) studies. GAD mtes a framework to explore
gender-related components of access to and caenlresources in the villages, as well
as women’s participation in the design and impletatgmm of an information system that
IS meant to increase their agency. GED is relet@nhis research because GED links
men’s and women’s participation in the managemérat water delivery system to the
provision of a service that is fundamental to hurdavelopment (potable water).

This blending of ICCD and gender studies presepsortunities and challenges
for my research, requiring significant breadth ofowledge as well as synthesis of
information across a broad intellectual landsc&eh interdisciplinarity presents many
challenges, starting with definitional differenceébave attempted to mitigate these perils
by carefully defining terms used in the contextlho$ research.

4.1 The ICTs, Climate Change and Development (ICCDYlodel

The ICCD model describes a conceptual foundatiat links climate change,
livelihoods vulnerability, and the potential for TGo support resilience in the face of
environmental distress such as water shortagesuthwest Morocco (Ospina & Heeks,
2012). ICCD also provides a foundation on whiclanalyze the role and potential of ICT
tools in the context of development challenges wankherabilities (Ospina & Heeks,
2010b). As an emerging framework around whichdonceptualize an initiative, ICCD
allows the researcher great flexibility to incorgtar the framework into both new and
existing projects.

ICCD research focuses on the “ability of vulneealgroups to cope with and
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transform in the face of climate change challenged uncertainty” (Ospina & Heeks,
2012, p. 9). The ICCD model revolves around faesearch priorities. The ICT and
climate mitigation priority incorporates issuesatetl to how ICT contribute to or can
help reduce carbon emissions. The climate mongoresearch domain focuses on the
utilization of ICT to help measure and analyze elienchange and its impacts. The
adaptation tier of the research agenda focuse®anl@T can help developing countries
and communities adapt to the effects of short-and-term climate change. In the ICCD
model, the decision-making research agenda focosefiow ICT can help enable

strategic actions on climate change (Figure 6).

Mitigation Adaptation
(Causes) Strategy (Effects)
Physical Consumption e-Enabled: Application Areas / CC-
- Dematerialisation of ¢ - Carbon Markets ', |Related Vulnerabilities
Goods / Services - Decision-Making - Socio-Political
- Jourmney Substitution - Policy Networks - Livelihoods & Finance
- Awareness/Capacity- - Health
Building - Habitat (Settlement &
Physical Production - Technology Transfer Displacement)
- shift to Knowledge - Food (Agriculture}
Economy l - Water
ICT Adaptation Roles
Monitoring - Measuring
Energy Generation & - CC Data Capture - Informing & Networking
Distribution - CC Data Processing - Deciding
- Smart Power / Grid 4+——— - CC Data Presentation — * Predicting (Risk, Early
/ Dissemination Waming)
¢ Planning (inc. Local
Energy Use Mitigation)
Manufacture and Use of: s * Coping (Short-Term /
- ICT (Green vs Brown IT) Disaster)
- Smart Motors / Logistics * Adapting (Long-Term)
- Smart Building Design - Transacting
- Smart Transport - Producing
- Mobility

Figure 6: An overview of the ICCD model showing thenain areas where ICT relate
to climate change (Ospina & Heeks, 2010).

The fogwater project — and by extension my researcthe development of the
Fog Phone - aligns with the adaptation reseaiohitgr The Fog Phone is located in the

adaptation tier of the model where it contributesrteasuring, informing, networking,
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deciding and planning (Ospina and Heeks, 2010a@. Hdbg Phone is also peripherally
related to the monitoring agenda because it ingatpe data capture, data processing and
data presentation and dissemination.

The fogwater system and the companion Fog Phanasifrated at the nexus of
climate change, ICT and adaptation. Freshwateruress in southwest Morocco are
under pressure from more frequent and longer lgstioughts brought about by climate
change. Both the fogwater project and the watedit&ctly complement the Moroccan
government’s broad initiatives to conserve watet @nexplore alternative water sources
in response to forecasts that climate change witisgntially reduce overall water
availability in Morocco over the next several dezadl'he supplemental fogwater system
created by DSH is a response to decreasing watalabiity. The Fog Phone was
designed to support that initiative by supportimmnemunication between stakeholders
about the functioning of the water system.

Ospina and Heeks make the argument that ICT plsigraficant role in climate
change mitigation, monitoring, adaptation and stygt(2010a, 2010b, 2010c). In their
“Future Research Agenda for ICTs, Climate Chang# Ravelopment” strategy brief
(2012), the authors argue that new research orralleeof digital tools is needed to
identify “innovative, locally-appropriate approasht face the challenges and benefit
from the opportunities posed by climate change’pi@s & Heeks, 2012) (p. 1). Figure 7

illustrates the intersection among ICT, climaterdfeand development.
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Multi-5takeholder
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South-Based e > New and
Research Capacity, Te—— Traditional
Evidence-based Knowledge and
Research Tools
* Models and Frameworks: Tools to
plan, implement, monitor and assess
ICCD interventions in the field.
* Analysis of Key ICCD Topics/Themes.
= Case Studies: Identification of best
practices and lessons learned within DCs

Figure 7: The ICTs, Climate Change and Developmer@CCD) Model
(Heeks and Ospina, 2012).

Heeks and Ospina highlight the opportunity to gnae ICT into innovative
approaches to address climate change adaptatideveloping communities that are on
the front line of climate change effects due totaameather events and chronic climate
impacts (Ospina & Heeks, 2010a, p. 1). They adeodat a systemic and holistic
perspective to consider the links between ICT, exdbilities, climate and broader
contexts of poverty, which are consistent with piptes of sustainable development.

ICCD adds the important technological componerdlitnate and development research.
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As Ospina and Heeks note, there is a greater neeexplore further the links between
ICTs, climate change and development, as thesdsfisécome increasingly interlocked
due to the magnifying effect of climate change a&isteng development challenges and
vulnerabilities” (2010c, p. 3). They suggest th@fl land natural resource management
research and practice are most effective when @jénvolve substantial local
participation. “The global scale of climate changepacts poses the challenge of
achieving effective multi-stakeholder involvememtaictions in the field; but it also offers
the opportunity for greater citizen engagementughothe use of ICT tools” (2010c, p.
13).

The ICCD model recognizes that issues related nolgeflow through the model,
but that “how gender influences the effectivenetsntormation and communication
technologies in tackling climate change is undseeaeched” (Heeks & Ospina, 2012, p.
276). The model recommends the inclusion of gerahalysis into ICT policies and
initiatives (which | accomplish through the use@AD Analysis). It also highlights the
importance of crafting arrangements that improvendge inclusion and women’s
engagement in ICT-climate change interventions.ctoaplished this by creating
women-only ICT training sessions and through the offemale-centric participatory
design sessions.

Furthermore, the authors signal the need for ICbeautilized for local capacity
building, which is a core element of this fogwater“Access to the right information is a
means of local and community empowerment and h@#pple enhance their capacity to
sustain themselves” (Ospina and Heeks, 2010agditabelle et al., 2008). However, the

authors note that capacity building requires reléuaformation that is accessible to local
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actors, a process which involves not only connégtibput also “the use of dissemination
channels appropriate to the local context” (20190a28). This fogwater IS creates
contextually specific, locally relevant communicatichannels to help rural community
members cope with limited water resources.

4.2 Theories of Gender and Development

4.2.1 Gender and Development (GAD) Theory

Research into the processes and tools involvedeweloping the water IS
incorporates theory and analytical tools from Gerahel Development (GAD). GAD is a
useful theoretical approach to understand gendeardics and issues of gender equity in
developing communities. Gender and Developmentyhsredicated on the realization
that development is not gender-blind. It recognitlest a gender-blind pursuit of
development fails to consider women’s and men’silaed viewpoints, and continues
to undervalue women’s contributions while ignoringomen’s central role in
development as those who suffer the greatest bsrdepoverty and disenfranchisement
(Momsen, 2004; Parpart et al. 2000; UN Women, 2014)

A shift away from the women in development (Winc@is to a gender and
development (GAD) focus was spurred by Ester Bagser1970) critiques of the
Women in Development (WID) campaign. She highlightdhe pervasive gender
inequities in development strategies and pointddgender-based divisions of labor and
the under-recognition of the value of women’s wark calculations of economic
development (Boserup, 1970). In doing so, she hrbtgthe fore the gender dimension
inherent in development processes, observatiorishth sweeping policy implications.

An awareness of gender inequities was adoptedeintbrld Plan of Action of the UN
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Decade for the Advancement of Women (Levy, 1992;séfp 1989). GAD gained
traction in the mid-1970s as focus shifted to aalysis of how development reshapes
power relations (Momsen, 2004). Embedded in thi&calirse was a recognition that
power relations are imbued with issues of genddrgander relations. GAD challenges
existing gender roles and gender relations (Re&vBaden, 2000). GAD analyzes how
development reshapes gender power relations, angblicitly sees women as “agents of
change” (Momsen, 2004, p. 13).

In GAD, genderis defined as the socially acquired (rather thaslogically
determined) “notions of masculinity and femininiby which women and men are
identified” (Momsen, 2004).Gender identitiesare socially acquired and are flexible, as
are gender roles. GAD does not view gender idest@nd roles as implacably fixed, but
neither are they homogenouSender rolesare defined as the “tasks and types” of
employment that are socially assigned to men anchemo(Momsen, 2004, p. 2). GAD
scholars remark that gender roles become morebfeexn response to changes brought
about by development, as those processes caus$ iahsiocially constructed definitions
of divisions of labor and power relations (Parkeszano, Messner, 1995). For example,
opportunities for women change as labor marketlt ahd development processes that
expand women’s access to power can alter taskdyged of employment. GAD also
recognizes that “everywhere gender is crosscutifigrences in class, race, ethnicity,
religion and age” (Momsen, 2004, p. 2). This is wthg important to consider gender as
the basis for development policies and projects.

Under the GAD framework, development encompass&® Itihan just economic

attributes. It also involves social and gender essun order to expose barriers to
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women’s full participation in development (whethleese barriers are economic, social or
gender-based), GAD calls on researchers and poaeis to conduct a gender analysis to
find the best strategies to address the differeetda of women and men in developing
communities (Marchand & Parpart, 2003; Momsen, 2@spart et al., 2000; Parpart,

Rai, & Staudt, 2002a, 2002b).

GAD is predicated on an awareness that developprenesses affect women and
men in different ways, with women often faring weia development planning because
of gender-based discrimination and power diffeadatithat disadvantage women
(Boserup, 1970; Khoury & Moghadam, 1993; Mernis$D76; Molyneux, 1985;
Momsen, 2004; Moser, 1989; Parpart et al., 2000pd*tet al., 2002a; Tinker, 1976).
Men generally have greater political and earninggro and their assigned roles provide
them with greater access to information and ressustich as wealth and influence (the
key components of power). Furthermore, GAD recogmithat the subordination of
women is universal: “for all societies the commaoenaminator of gender is female
subordination” (Momsen, 2004, p. 18). GAD-informddvelopment seeks to address
these imbalances and inequities while simultangoadli’ocating in favor of a gender-
inclusive approach to development that involveshbebmen and men as decision-
makers in the planning and execution of developnmahatives. In order to discern the
differences in how development affects men and worGAD encourages reflections on
the different “roles, responsibilities, accessdsaurces, constraints, [and] opportunities”
between women and men (Moser 1993 as cited by H&kHuyer). GAD leads to an

understanding of how gender dynamics may affectigyaation in development
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processes. GAD is specifically concerned with sufp® gender equity in the
management and participation in development invest

GAD scholars endorse the view that gender equaitpot defined by equal
numbers or equal treatment of men and women. ddsté refers to “equality of
opportunity,” and it indicates that women and mea able to lead “equally fulfilling”
lives (Momsen, 2004, p.8). Equality takes into ¢desation women’s and men’s
differing needs and priorities. It considers mearsl women'’s distinct aspirations and
constraints, and it distinguishes between practeads that “would improve women’s
lives within their existing roles” and strategicens that “seek to increase women’s
ability to take on new roles” (Momsen, p. 13).

GAD’s usefulness lies in the identification of fat such as gender
discrimination, lack of political empowerment arfte tmanifold burdens that exclude
women from participating in and benefitting fromvd®pment (Parpart, Connelly, &
Barriteau, 2000; UNESCO, 2003). In this way, GADgmounded in the realities of
women’s lives and rooted in an analysis of gendegualities. GAD Tools (discussed
below) provide a systematic technique with whiclea@asider these factors.

As a theoretical framework, GAD provides a systiéenaay to examine gender
issues while GAD Tools are designed to help undedsgender roles and responsibilities
among stakeholders. GAD theory is operationalizedhe 8 Tools of GAD Analysis
(Parpart et al., 2000), a system to operationaliee interconnection between (and
multiple jeopardies of) gender, class, and racd 4i-143). Tool 1 explores tlyEnder
division of laborin a community. Gender divisions of labor relatethie types of work

performed by women and men and to the patternsodf that are deemed acceptable for
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women and men to perform. As Parpart et al. (28¢4tg, the differences in the nature of
work are “a central aspect of gender relations”1#¢1). Tool 2 investigatetypes of
work. GAD delineates among three types of work: pragactreproductive and
community work. Parpart et al. (2000) offer thatiatervention in one of these areas
will affect the other areas because it may caus&ssim gender power dynamics.
Productive work may be paid or unpaid. It generailyolves the production of goods
and services for both consumption and trade. Ptoduovork encompasses self-
employment, paid employment, fishing, farming amdneal husbandry. Scholars note
that women’'s productive work is often less visildad less valued than men’s.
Reproductive workrefers to both biological and social duties (Moms&904).
Biological reproduction includes childbearing amdant nurturing and their effect on
women’s ability to undertake household maintenatasks such as water collection.
Social reproduction includes social managementstasikh akin-keeping, developing
neighborhood networks and carrying out religiousl aocial community obligations
(Momsen). Social reproduction also includes resjdity for health, education and
socialization of children, as *“the household is tbcus of reproduction so that social
relations within the household play a crucial rate determining women’s role in
economic development” (Momsen, p. 48). Productivegproductive and
social/community work constitute double and tripledens for women. “Women carry
a double or even triple burden of work as they cmjik housework, childcare and food
production, in addition to an expanding involvemienpaid work” (Momsen, p. 2).

Tool 3 considersaiccess to and control over resources and ben€efitss tool

addresses the extent to which women’s marginatizaifects their access to and control
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over resources and to what extent their disenfigeafent influences their ability to
benefit from those resources. Tool 4 delineatdkiencing factorssuch as tradition,
culture and the natural environment and discernatwmpact those factors have on
women. In Tool 5condition and positionParpart el at. (2000) distinguish between
women’s conditions and their positions relativemen. Conditions refer to material
elements of women’s day-to-day life such as daieds for clean water and food.
Position refers to women'’s social and economiastat

GAD Tool 6 considergractical needs and strategic interesSAD pursues a
two-pronged strategy of 1) identifying and meetprgctical needs to improve women'’s
lives within their existing roles, and 2) promotingmen’s strategic interests and needs
that would enable them to take on new roles (UNESZID3; Momsen, 2004). Practical
needs include such life-sustaining necessitiesasrwfood and shelter. Strategic gender
interests refer to long-term and often entrenchadtofs of gender inequity and
subordination that require structural change (Melyn 1985; UNESCO, 2003).
Strategic interests relate to factors such as wsrsadvantaged position, their lack of
resources and lack of education. Meeting stratggier interests help women achieve
greater equality (World Vision International, 2008)

Tool 7 identifieslevels of participation Women'’s participation in development
initiatives benefits both women and the programesvdlopment initiatives benefit from
women’s involvement as participants, beneficiaesl agents, and programs benefit
from consultation with women. Women benefit from ianolvement in development
projects by gaining decision-making skills and ngeraent experience. Participation

encourages women to organize and plan solutionpdRaet al., 2000).

81



GAD Tool 8 highlightspotential for transformationGAD identifies the potential
for women’s lives to be changed through inclusioévelopment initiatives. As Parpart
states, “transformatory processes create a bddeatidress inequalities and improve the
position of women” (Parpart et al., 2000, p. 14GAD Tool 8 focuses on the
transformation of unequal power dynamics that diaathge or marginalize women with
the goal of intervening to disrupt or address uatégender-based power dynamics that
prevent women from fully participating in developmhe

GAD was a useful practical and theoretical appno&x understand gender
dynamics and issues of gender equity in the rueab& communities participating in
this fogwater project and how those dynamics mésgcaparticipation in the fogwater IS.
| conducted a GAD analysis using the 8 Tools idettiabove. (Details can be found in
Chapter 7.) Furthermore, consistent with GAD pples, the fogwater project and the
attendant Fog Phone explicitly see women as agértbange as opposed to passive or
compliant recipients of development (Grigsby, 20#8msen, 2004). Furthermore, GAD
provided a useful lens through which to observeenurICT use by women and men in
Berber villages. The results of my GAD Analysis aontained in Chapter 7.

4.2.2 Women in Development (WID)

The dominant competing theory to GAD is Women IavBlopment (WID),
which (1) perceives women as an economic resownd, (2) focuses on increasing
women’s income and productivity (Boserup, 1970; éhand & Parpart, 2003; Razavi &
Miller, 1995; Tinker, 1976). In its concentration the economic benefits that stem from
increasing women'’s efficiency and economic poténtélD often overlooks women’s

multiple domestic, economic and social roles (Mom2©04; Parpart et al., 2000). WID
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has also been criticized for viewing women as passcipients of aid and for “ignoring
men’s roles and responsibilities in women’s (dig)emerment” (UNESCO, 2003) (p.1).
Furthermore, WID is not grounded in an analysiggehder roles and responsibilities
(UNESCO, 2003). WID is often criticized for ‘instnentalizing’ and ‘essentializing’
women by ignoring class, race and status whichhagiely relevant in GAD (Momsen,
2004; Parpart et al., 2000; Razavi & Miller, 19950rthermore, WID has been criticized
for placing additional time demands on women thiotige pursuit of women-centric
economic development activities (Parpart et al0®@0

The WID approach, therefore, is not as relevamhyoresearch because | am not
pursuing a livelihoods or ICTD initiative that seefo increase women’s earning power.
Instead, my research focuses on utilizing avail#®GIE to enable women to be decision-
makers and managers of a sustainable developmefgcprin ways that transform
unequal relationships. Gender roles and respoitbilare of crucial importance to the
sustainability of this fogwater project and the@opanying IS. WID does not provide a
framework to consider these issues, thus GendeDavelopment (GAD) is the more
appropriate choice for my purposes.

4.2.3 Gender, Environment and Development (GEDhe

Gender, Environment and Development theory (GE€nawledges that men
and women interact differently with the environmant that those interactions are often
established on the basis of gender. Gender, emagoh and development scholarship
seeks to understand the “gender-differentiatedrant®mns between people and their
environment” (Dankelman, 2002, p. 2). GED is clgsdéihked with sustainable

development as “sustainable development asks foase&c understanding, recognition,

83



and focus on both environmental and social — inolydender — aspects and their inter-
linkages” (Dankelman, p. 2).

GED considers the “social, economic and envirortaleaspects of gender
inequalities” (IISDa, 11ISDb, 2013) and takes intonsideration women’s considerable
use of natural resources and their role in manatiinge resources. The “2009 World
Survey on the Role of Women in Developmeratiiks women’s access and control over
resources such as water as crucial to the creafian more equitable society (United
Nations, 2009). Several UN conferences have rezedrthat women have an important
role to play in resource use due to livelihoods donhestic duties that are often resource-
dependent. Nevertheless, women typically have anmairrole in decision-making due to
their marginalized status.

The 1992 UN Conference on Environment and Devetogrtknown as the Earth
Summit), the Fourth World Conference on Women injilsg in 1995, and the 2012
United Nations Conference on Sustainable Developnadinadvocated in favor of
increasing integration of gender concerns into remnental planning and policy (UN
Conference on Women, 1995; UN Sustainable DevelopnuNCED, 1992). The 1995
Platform for Action on Women and the Environmenitscan governments, NGOs and
the private sector to involve women in environmedecision-making and to establish
mechanisms to assess the impact of environmenltiaiggoon women (UN Conference
on Women, 1995).

In light of continuing environmental degradationdaincreasing gender-based
social and economic inequality, many developmeanmpérs and policymakers, including

the United Nations Development Programme, the WBHdk, the Food and Agriculture
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Organization and private-sector NGOs now take iotmsideration the differential
relationships between women and men in terms afralatesource use and management
and the differing impacts that environmental degtamh has on women and men
(Dankelman, 2002; FAO, 2014; IFRC, 2010; Levy, 199R&IDP, 2014; WEDO, 2012;
World Bank, 2013).

In “Population and Gender Equity” (2000), Amartyan promoted the dual goals
of advancing women and saving the environment.ri&es “advancing gender equality,
through reversing the various social and econorarditaps that make women voiceless
and powerless, may also be one of the best wagawrfig the environment” (Sen, 2000).
Sass (2001) examines how gender differences o#rrdine how natural resources are
used and how resource depletion affects women ard differently (Sass, 2001). Sass
and others highlight that women’s water-related dsiic duties often put them in closer
contact with the environment than men who work eanomal labor or migrate out of rural
zones (Roudi et al.,, 2002; UN Sustainable DevelogmeDankelmen (2001) also
highlights the close relationship between women’srky the environment and
environmental conditions, particularly the dominaote that women play in natural
resource use at the local level (Dankelman, 200Despite this more intensive
relationship with natural resources, women oftemadbhave a role in the management of
environmental resources nor do they have a rolelated decision-making. “This limited
participation in decision-making means that womepesspectives, needs, knowledge,
and proposed solutions are often ignored” (Sasl 2. 3).

Scholars warn that women’s household duties “mamdtically increase with

the depletion of resources” (Sass, 2001, p. 3)emgily widening the differential
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between men’s and women’s responsibilities. Thigeaps to be the case for women and
men in Ait Baamrane villages who are affected déifly by dwindling and degraded
water sources and other natural resources (Rouwdi,&002). For example, in the hottest
summer months, women and girls travel longer degtario reach wells that have water
because wells closer to home run dry in the sumnieis search for water has
implications for girls’ school attendance and wonad girls’ health. As Sass (2001)
explains, because girls are often responsiblediwhing water, water scarcity contributes
to higher school dropout rates. Due to expendingenenergy traveling longer distances
to fetch water, they face increased risk of maltiatr and other health problems (Sass,
2001).

Some scholars argue that the achievement of gemedaity is critical to
sustainable development (IISD, 2013a; Levy, 199Zhe achievement of sustainable
development depends on the availability and usa @sherent planning methodology to
ensure” the integration of gender and environmassales (Levy, 1992, p. 134). Momsen
(2004) notes that “a gender-based approach toe@maental issues, rather than a narrow
focus on women’s environmental roles, can enablpars¢e, complementary and
conflicting interests to be identified in ways trstould lead to improvements in the
sustainability and equity” of environmental progsaand policy (p. 108).

GED is an appropriate approach for this reseaedalse the fogwater project and
the water IS are both designed to address womemnisneen’s water-related roles and
responsibilities. Water service benefits women ddieving them of much of their water
fetching tasks. An IS also benefits women by i@ them as the guardians of the

water and information systems.
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4.2.4 GED and Water

The GED approach related to water is codifiedhm 1992 Dublin Statement on
Water and Development, known as the “Dublin Prilegg These principles recognize
the increasing scarcity of water as a result ofrase and conflicting use. Dublin
Principle 1 identifies fresh water as a “finite andnerable resource, essential to sustain
life, development and the environment. Dublin Fple2 states that water development
and management should be based on a participgbpinpach, involving users, planners
and policy-makers at all levels. Gender equity amdmen’s empowerment are
cornerstones of Dublin Principle 3, which statesoftven play a central part in the
provision, management and safeguarding of wateuBlid Principle 4 highlights water
as an economic good (Global Water Partnership, 2010

Gender equality, women’s empowerment and environaheconcerns are also
cornerstones of the 2000 Millennium Development &itmthe 2002 World Summit on
Sustainable Development and the Beijing PlatformAfction (Global Water Partnership,
2010a, 2012b; UN Conference on Women, 1995). Wompivotal roles as water users
and environmental guardians have also been recedyiiy the United Nations General
Assembly. In July 2010, the UN declared water toabeuman right and firmly linked
water access and governance with gender equalipb&l Water Partnership, 2010a,
2012; UNESCO WWDR4, 2012a, 2012b). Implementatiolices contained in the UN
World Water Development Reports (WWDR) specificalpll for gender considerations
to be mainstreamed into water governance. Thislnegodeveloping water policies that
enable the broader participation of women. The Udd @alls for the improvement of

women’s access to water resources. This clausheoUN’s water policy calls for the
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prioritization of water efficiency as a central ¢¢f water security and compels program
officers and policymakers to foster initiatives ttlemable women to lead those efforts.
The UN World Water Development Reports also hidttlithe need to enhance the
“capacities of men and women to understand andeaddgender differences and
concerns in water management.” (UNESCO WWDR4, 20}2a?2). That clause
specifically calls for young women to be trained gmepared for water-related careers in
sustainable water initiatives like the DSH fogwatgstem and potentially, in ICT-based
water livelihoods.

4.2.5 Other Theories Relating to Women and the lenment

GED shifts the focus away from an earlier model dgvelopment that
concentrated on women, environment and developn@&ED). WED was largely
considered ineffective because it often led tontfaeginalization of both the environment
and women (Braidotti, Charkiewicz, Hausler, & Wiega, 1994; Leach, 1991; Leach &
Mearns, 1995; Levy, 1992; Momsen, 2004).

In addition to considering WED, | investigated,thbdid not employ, the
applicability of Ecofeminist theory to this resdarexamining in particular Shiva’s
(1989) foundational work “Staying Alive: Women, Hogy and Development” that
paved the way for consideration of the connectietwben the environment and women
in developing communities. Shiva’'s reflections tle feminine qualities of nature are
embodied in the concept of the ‘feminine princigi®hiva, 1989). That concept, evident
in the phrase ‘Mother Nature,” promotes the iddws tvomen intrinsically have a closer
relationship than men to nature and that speciahection makes them more aware of

environmental issues (Momsen, 2004). Rocheleal €1993) diverge from that view by
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noting that differences in women’s and men’s exgeres, responsibilities and interests
in nature and the environment are not rooted inobip per se (Rocheleau, Thomas-
Slayter, & Wangari, 1996). Braidotti et al. (19%BIl Ecofeminism ‘gynocentric’, and
Agarwal (1992) states that with its myopic emphasisvomen’s relationship to nature,
Ecofeminism fails to account for differences insslarace, occupation and geographical
context (Agarwal, 1992; Braidotti et al., 1994).

Momsen cogently sums up the flaws of Ecofeminismher observation that
Ecofeminism suffers from “multiple essentialismg” (11). Ecofeminist principles, she
says, are universalist and reductionist toward kaimen and nature. Furthermore, there
is a troubled role for men in Ecofeminism, with soproponents blaming men and male
hegemony for widespread environmental degradatibon{sen, 2004). Momsen (2004)
also observes that it is difficult to reconcile Eainist views with everyday field

conditions.
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CHAPTER 5
METHODS

This chapter describes the hierarchy of mixed ndghof inquiry that were
applied in both the exploratory research at thepCarod the primary research on the Fog
Phone. Ethnographic Action Research (EAR) served as thérala method that
informed more than eight months of fieldwork. Alomgth EAR, | incorporated the
Sustainable Livelihoods Framework (SLF). The SLBvpdes a structure to investigate
the vulnerability context that contributes to pdyeand provides a way to assess the
assets and capabilities individuals and communttigage to cope with along with the
stresses and shocks related to vulnerability. Sidfgs order complexity” and provides a
cohesive structure around which to synthesize maththe data collected in the
Ethnographic Action Research (DFID, 1999, p.2).k&talder Analysis (SA) was an
effective tool to examine the dynamic relationsthpswnveen stakeholders and to illustrate
the contributions, benefits, risks and barrierpddicipation for stakeholders in the water
IS (Mitchell, Agle & Wood, 1997; Savage, Nix, WHitead, & Blair, 1991).

5.1 Ethnographic Action Research (EAR)

This research is primarily guided by tenets of Btjraphic Action Research
(EAR), in which the researcher relies on ethnogaptethods to assess, plan, implement
and evaluate impact-oriented research (TacchieSktHearn, 2003). EAR reflects a
commitment to community participation throughoue thesearch cycle, from needs
assessment through intervention planning, impleatemt, reflection, iteration and

evaluation. Furthermore, | used ethnographic methdad develop a “thick,”
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contextualized description of individual behaviarsd community-level patterns related
to ICT use (Geertz, 1973).

This iterative cycle is captured in the four keyesgtions that underlie EAR
research (Tacchi et al., p. 5). The first questsks “what are we trying to do?” This
guestion addresses the purpose and goals of thecpréhe second question, “how are
we trying to do it?” turns project goals into sgecplans. The question related to “how
well are we doing?” highlights the requirementiterative evaluation. The final question
asks “how can we do it differently or better?” EAdRipulates that the researcher
constantly review, re-evaluate and re-design atiatnie in response to shifting
circumstances.

At its core, EAR takes place “within a broad andbedded understanding of
local contexts and needs” (Tacchi et al., p. 108)s research occurred over more than
eight months of fieldwork in southwestern Morocpogviding me extensive time to not
only observe, but to work with translators and loesperts to better understand my
observations and to build trust. Furthermore, EABwtes the rich understanding of a
specific place “in its own terms” (p. 11). The medhdemands that any development be
contextualized within the community where the inéttion takes place, and it requires
that research be guided by local definitions objpems and opportunities.

Using EAR required observation and analysis of hGW fit into the lives of the
participants in the Coop, the stakeholders in tbhg Fhone as well as the wider social
context of the fogwater project (Tacchi et al.,10). As a participatory and change-
focused form of researchparticipant observation is the foundation of EAR.

accomplished this by immersing myself in the ddifg at the Coop where | spent

91



approximately 250 hours working alongside womeihegitproducing Argan oil or in
mobile phone workshops and interviews.

The field methods described below were particuladeful in understanding the
contexts surrounding ICT use that contributed ® thobile phone utility gap among
rural Berber women. As defined earlier, the molotgity gap is the condition where
mobile access is pervasive, but use of mobile featis limited. These data informed
plans for iterative and participatory phone litgracorkshops at the Cooperative and in
rural Berber communities involved in the fogwaterojpct. My commitment to
understanding relevant social, cultural and tecdnpcocesses enabled me to develop a
solid understanding of the potential role of ICTr fwomen at the Coop and in
communities involved in the fogwater project in @rdo plan the action phase of the
research (Tacchi et al., p. 4). That plan was baseah appraisal of the utility of various
ICT to communicate for personal and instrumentappses. At the Coop, the appraisal
of utility concentrated on whether women there abe®d asynchronous
communication, such as SMS, to be a convenient ast-effective alternative for
staying in touch with family and friends. In comnities participating in the fogwater
project, | appraised utility in terms of whetheraluBerber women perceived SMS to be
useful and culturally appropriate for tasks relatedater monitoring and reporting.

Consistent with principles of EAR, the Fog Phored la change agenda to
integrate ICT for instrumental use to improve monitg and reporting of the water
project. EAR and HCID methods coalesced in theabdltative design of the Fog Phone
connecting the water users with project managetis particular attention being paid to

the inclusion of marginalized women in the resegnctesses.
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| employ the term “Fog Phone” to identify both #ipha and beta versions of the
communication system linking DSH and rural Berb@mven involved in the fogwater
harvesting project. This moniker was a practical aanvenient way to discuss the idea
of a communication link and to plan and design phetotype system with English-
speaking translators and DSH staff online, in-perand over the phone. The English-
language shorthand name for the system changed Wwhes translated into and out of
French, Darija and Tachelhit. Translators, womenAgni Hiya and | occasionally
referred to the Fog Phone as the “telephone tagagiut is the Berber word for fog) or,
simply, “le systéeme” or “le systeme brouillard” ¢liillard is the French word for fog). |
did not control the translations of the label nat Hdeem it necessary to formalize the
name of the system among men and women involvéldeirfiogwater project. Similar to
the lack of spelling and naming conventions in aetdar Darija and in SMS texts,
imprecision when referring to the communicationteysdid not deter participation in its
development.

5.1.1 Participant-Observation

Participant observation served multiple purpodésielped me build rapport with
participants and stakeholders, and it illuminateciad and cultural factors that contribute
to the ICT utility gap difficulties with the usenterface and language complexities. This
information aided in planning mobile phone workshi@nd Fog Phone design sessions
which were grounded in observation of patterns ofkiiand daily life at the Coop, in the
villages involved in this fogwater project, withethwater manager and with project
managers. In the villages, my participation incllideater fetching and learning water-

related domestic tasks such as cleaning and teratingals. Planning also benefitted
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from casual (translated) conversations about mobse in the context of user’s
professional, personal and domestic lives.

5.1.2 Communicative Ecologies

To better understand the mobile utility gap, lessed local “communicative
ecologies” prior to planning and implementing IGiterventions in the Coop and in Agni
Hiya, the pilot village for the fogwater system at& design of an accompanying IS
(Tacchi et al.,, 2003, p. 15). A communicative egglas the mix of media and
communication activities through which people carinsith their social networks (p.
17). Studying the communicative ecology involvedierstanding the “media repertoire”
in use among ICT users at the Coop and in the vpaiggect. It also involved gaining an
awareness of the relevant social networks amongus€grs, including with whom users
communicate, how and under what circumstancedsdt quired an understanding of
how ICT use was organized around personal or imsnial activities. Communicative
ecologies differ over time and space, across geradgy, caste and religious divisions.
Furthermore, communication patterns differ withacle ‘ecology.’

This information helped me understand whethearsiqular ICT (for example, a
basic feature phone, a smartphone or a tablegtmitst (such as SMS, calling or leaving
voicemails) would fit into the existing social netk or cultural system and whether the
fogwater IS would be accepted by stakeholders’ado®tworks (Tacchi et al., p. 16). It
also revealed the potential to use ICT to expandsgmal and instrumental
communication. Additionally, the study of the conmuative ecology also incorporated

an ICT technology inventory, described below.
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5.1.3 Social Mapping

A “social map” of the fogwater project was als@arporated into Fog Phone
planning (Tacchi et al., 2003, p. 19). For thi#g{fl concentrated on gathering details
from residents in Agni Hiya in order to understditige restrictions and freedoms in
[women'’s] lives that determine what activities thean participate in” (p. 19). This part
of the investigation involved gathering local demaghic information about residents,
constructing a genealogical tree of families in Aghya to better understand social
dynamics and relationship among water users, aadd#ntification of available ICT,
electrical and other infrastructure. The social piag exercise also included an
investigation of local information and communicatioeeds regarding the new fogwater
system. An awareness of these themes, relationghrpislems and opportunities helped
me plan an appropriate participatory approach teld@ing a potential fogwater IS. The
data were incorporated into the SLF, GAD and GE&lyses in Chapter 7.

5.1.4 Focus Groups

| conducted 10 focus groups in Agni Hiya pertainto determining information
needs, training and the iterative design of the Pbgne to link water users with DSH
project manager. Focus groups were held in famisnmounds and in public spaces
around Agni Hiya, such as where women gatheredakemi\rgan oil or in a shady spot
under a tree. In those settings the research tear &rained women on how to send
SMS messages and make phone calls. We also didcuss&ul water-related issues to
include on a poster that would serve to remind masers how to monitor and report on
residential plumbing issues. The focus groups méat the participatory design sessions

where we collaborated on designing the Fog Phomey wghiteboards, photographs and
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paper. Further details are in Chapter 10.

5.1.5Public Presentations of Research

| presented my research plan and described myndhee fogwater project in two
separate, gender-segregated large-group meetingsrmén and men from communities
participating in the new water distribution systefi.those meetings, | described my
interest in investigating the information needsatedl to the new water system. | also
related plans to continue to conduct ICT-relateerinews and additional water-related
interviews | announced that all participation in the reskascvoluntary and that there
was no penalty for non-participation or for leavithg study at any time. | repeated this
clause in focus groups and face-to-face interviéMese presentations helped build trust

and understanding in the research project anddhePRone.

5.1.6 Technology Inventory

| conducted a technology inventory at the indiakldnousehold and project level
to assess the type of ICT in use and in workingwordhis helped me ascertain what, if
any, available equipment could complement the HognB. | was also able to identify
where additional devices might be employed. In s&mictured ICT interviews
(described below), | posed questions about whettterviewees used or had access to
mobiles, televisions, radios, DVDs, PC or laptop®ften asked to see an interviewee’s
mobile phone, and, after receiving verbal consembak at their device, took note of the
type of mobile, the brand and the condition. | aibuevaluated the condition of devices
and assessed whether they could be utilized inFibge Phone. (In some cases, the
numbers and letters had completely worn off thepkely which would make it very

difficult for a mobile user to easily send an SM8ssage. See Figure 8.)
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Figure 8: Low-quality, counterfeit and used mobilephones are prevalent in rural
Berber communities.

Occasionally, | photographed personal mobile pbkpwath verbal consent. |
observed which ICT were present in the home (ssdb\&D players and televisions) and
asked whether the equipment was in working ordedsd asked interviewees whether
they used the equipment and, if so, how had theyéal to use it?

In order to discern whether a mobile phone-baSediduld be practical from an
operational standpoint, | investigated both telegmnmication network signal strength
and electricity availability for charging device&lith the water manager, | discussed his
ability to get a cell tower signal from the sitetbé fog nets, at the cistern, along the main

pipeline, at his home and in various villages. Withter users, | asked whether they
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could access an adequate signal (for SMS and gplWthin the family compound or in
the immediate area around the community. | alstqgi@ated in the technology inventory
by using my own mobile phone to gauge signal alditg and signal strength in public
and private spaces related to the water projeat. réBults of this technology inventory
are below.
Stakeholder Technology Inventory

| observed a wide range of ICT in use by the dtalders, and | identified the
various types of ICT in use for both personal amafgssional purposes, in some cases
noting model and brand names. Low-literate rurabBewomen tended to have simpler-
feature phones. The water manager had more satedi ICT than women in the
villages. He owned two smartphones, which he useddth personal and professional
communication. He texts, calls and ‘beeps’ famihd driends. He connected to the
internet to sign on to Facebook and other sociadianesites, and he accessed
entertainment via his smartphone. He regularly dsedphones for purposes related to
the fog project. For example, DSH regularly cordgdutn via calls or texts to give him
project-related instructions and to share updaddsted to the fog collecting system
implementation. He also used his phone to calert kaborers, contractors, transporters
and male village members to discuss or initiate ewetlated work. DSH uses
sophisticated computers, laptops and smartphorted. $daff regularly used their phones
for both personal and project-related communicatieasily moving back and forth
between these uses.

The mobile network was available at the fog neé sit the peak of Mt.

Boutmezguida, but coverage was varied along themmpeline. Most residents in the
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rural communities involved in the water project lkcbuot get a strong enough signal
inside thick-walled family compounds to make oreige calls. They could occasionally
receive and send SMS messages from within an entedurtyard but most had to exit
their home and hunt for a signal strong enouglct@ss voice services.

My assessment was that any coordinated wateecelatformation network
between household water users, the technician megpe for the system infrastructure
(the water manager) and project managers would teedtcommodate multiple ICT
which were often in disrepair and used under ruggedumstances where mobile
coverage was intermittent.

5.2 User-Centered and Contextual Design

User-centered and iterative design approaches evaogl in the implementation
phase of this researchiluman-Computer Interaction for Development (HCIDgthods
guided design relationships and interactions wittkeholders during the design phases
of the Fog Phondnformed by contextual information about ICT useldwy-literate rural
Berber women gathered from EAR, | employed progvesgarticipatory HCID design
techniques such as to create relevant mobile phased literacy workshops with and for
women at the Coop and with stakeholders in the &gnproject.

User-centered design methods were particularlycgiate for research on the
design of the Fog Phone for the low-literate, maaltized women involved in the new
fogwater system because the system was desigredptehem monitor and report on the
new water system, so | deemed their input to beiakuThis called for a participatory
approach incorporating user feedback in an itezatlesign process to create the first

phase of the Fog Phone to meet the identified @&stohct needs of water users, the water
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manager and project managers. Their participatias eflected in the water codes and
the design of the water posters, discussed in €saptand 9.
5.3 Sustainable Livelihoods Framework (SLF)

Amartya Sen’s (1999) work helps provide the congapfoundation for “an
alternative and broader” approach to developmaettfhcuses on the human dimensions
of development, rather than solely economic isqu#sDP, 2013b). That conceptual
foundation is grounded in an understanding of ceifiab, or what a person is capable of
doing, along with other quality of life characteies such as functioningself-respect,
happiness, possessing a good job) and agency [iliey a0 make choices about
‘functionings’). These ideas underpin the Capapiipproach, which is operationalized
in the Sustainable Livelihoods Framework (SLF).

The Capability Approach (CA) focuses on creatingparfunities for freedom
(Alkire, 2002; Anand, Hunter, & Smith, 2005; Ser@99). Freedoms, which are often
inter-related, include political freedom, econompmrotections and freedom of
opportunity. Poverty, Sen writes, is more than “ehetow income” (Sen, 1999, p. 20).
It is a deprivation of basic capabilities that afteanifest as premature mortality, hunger
and illiteracy. Enabling freedom, Sen (1999) writesquires the removal of major
sources of “unfreedom”. poverty, poor economic oppaties, systematic social
deprivation (social unfreedom) and neglect of pukdiilities as well as other obstacles.
The issue of social unfreedom specifically appltesthis research in that social
unfreedom includes denial of access to educatiabean water.

| employed the Sustainable Livelihoods Framew@&@kHK) asan analytic tool to

gain an understanding of individual, household eathmunity-level assets in villages
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involved in this fogwater project that affect hoanemunity members cope with stresses,
shocks and vulnerabilities. | also used SLF to stigate threats and opportunities that
challenge those asset bases, to the degree thatcdldd affect livelihood outcomes.
Livelihoods are defined as the capabilities, asseis activities required to raise the
standards of living or are a means of making agjviLivelihoods are sustainable when
they help community members cope with vulnerabditor recover from shocks while
maintaining assets and preserving the base ofalatsources (Chambers & Conway,
1991; Duncombe, 2006). As such, this water progat the accompanying IS can be
considered a potential contributor to livelihoo®@~(D, 1999; IFAD). TheSLF derives
from Sen’s Capabilities Approach (Sen, 1999). Tlpdbilities Approach has generated
numerous Sustainable Livelihoods Frameworks, inolpdthe mainstream SLF
developed by the U.K.’s Department for Internatiobeevelopment (DFID) and the
modified framework created by the International é&uor Agricultural Development
(Hamilton-Peach & Townsley, 2004; IFAD, 2010, 201Bigure 9).These frameworks
emphasize the multiple and dynamic interactions ragnfactors affecting livelihoods
(DFID, 1999).SLF was incorporated into this research becaulelpted illuminate how
different community and environmental factors comfluence the fogwater project and

the IS (DFID, 1999; Duncombe, 2006; KIT, 2005).
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Figure 9: The IFAD Sustainable Livelihoods Framewdk (Hamilton-Peach &

Townsley, 2004; IFAD, 2010).

There are important differences between the DRD &AD frameworks. Both
frameworks incorporatections, outcomes and opportunities, as well as eralnility
contexts and threatdVly research uses the IFAD SLF framework. The sigaift
difference between the two frameworks is that tl@nstream DFID SLF analyzes only
five capital assets: human, financial, social, jtaisand natural while the IFAD SLF
adds a sixth asset, the personal asset, whichsegsepersonal motivations and spiritual
life. Personal assets such as spirituality are mapd contextual components in the
communities participating in the fogwater projeatd it would be incomplete to exclude

personal assets from this investigation. FurtheenmtfAD’s integrated framework is
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more germane to this research because it providesr@ holistic view of the relationship
between the vulnerability context and an individoalcommunity’s ability to manage
vulnerability or pursue opportunity. IFAD also hlghts components such as gender,
age, class and ability, and it recognizes the diefgendence and interactions between
those components.

5.3.1 Definitions

The constituent elements of the IFAD SLF includénewability context; the six
assets (or capitals); and social processes sughrater, age, class, ethnicity and ability;
external structures, actions and outcomes. Theseegits are each described below.

Vulnerability Context

The SLF recognizes that “the poor” operate in atext of vulnerability, within
which there are factors that exacerbate their valmbty. The vulnerability context is
defined as the external environment over whichpiher have limited or no control such
as political, financial or personal shocks or jseeasonality related to crops and
income-generation, and long-term conditions sucheasnomic and climate trends
(DFID, 1999).

Assets and Capitals

Human capitalrepresents skills, knowledge, health and the tgbtlb work.
Indicators of human capital include life expectanegucation levels and access to
information.Financial capitalincludescash, reliable income, pensions, liquid assets suc
as livestock or jewelry or cash equivalents inahgdsavings and remittances. Financial
capital tends to be the least available assetdgotior (DFID, 1999)Social capitalis

comprised of organizations, norms, trust, membprshonor, identity and extended
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networks. An analysis of social capital also inesidhe presence and role of information
networks. These elements can provide the poor sathal safety nets as well as a buffer
to cope with shocks. It should be noted that socagdital is not always positive. For
example, strong groups may exclude weaker membersmomen), and networks may
be hierarchical or coerciv&hysical capitalis an essential component of wellbeing. It
consists of basic infrastructure related to energgter, transport, shelter and
communications. Lack of infrastructure and otherygital capital is often a core
dimension of poverty (DFID, 1999, p. 13). The com@ats ofnatural capitalare access
to productive land and trees, climatic conditiomsl avater quality. As DFID (1999)
states “the relationship between natural capitatl dhe vulnerability context is
particularly close” (p. 11)Finally, IFAD adds personal capital to the leftthe five core
assets found in mainstream frameworks (HamiltorcR&a Townsley, 2004)Personal
capital encompassdsaternal motivations, individual will to act andgmote change, and
spiritual dimensions of life which affect individuand household choice®ersonal
capital is an especially relevant aspect of thigMater project and, by extension, the Fog
Phone. As the primary water stewards for the netemsystem and as the primary water
monitors and reporters, women'’s will to participatehe Fog Phone was a particularly
important aspect of this research. Furthermore, @omho participated in the plumbing
workshops or SMS and phone training sessions dalsof an individual will to act and
promote change.

Social Processes

The IFAD SLF adds set of fundamental social processes such as gegke

class and ethnic group because these factors fflaemnce everything at all levels within
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the framework” (Hamilton-Peach & Townsley, 2004,2). Social processes relevant to
this fogwater project and the IS are examined tiinout the SLF.

External Structures

In addition to core assets, SLF incorporates eatestructures, institutions and
enabling agencies including service providers thattransform the lives of marginalized
individuals. These arepublic, private and non-governmental organizatitimst set or
deliver policy, goods and services. | have incoapent a Stakeholder Analysis (SA) as an
adjunct to External Structures.

Actions

Actions (DFID uses the term ‘strategies’) are those addsithat help people
achieve livelihood goals. In this research, actiosfer to activities related to current
water gathering and water use activities relatedh® sustainable use of clean water
(DFID, 1999). Actions also include the use of 1GY rhonitor and manage the water
system.

Outcomes

Outcomes are the outputs, or achievements, ofliHaed-related actions.
Outcomes may include reduced vulnerability, morgtainable use of natural resources,
increased income, or improved food security (DFID®99, p. 25). In this research,
outcomes pertain to the effective and sustainabfdamentation of this fogwater project
and the accompanying water system IS. DFID providedels for positive, sustainable
and achievable outcomes, but IFAD differs here aB. wAs the IFAD SLF points out,
outcomes are not universally positive if, for exdénpghe marginalized tend to receive

poor support from service providers (Hamilton-Pe&chownsley, 2004).
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5.4 Stakeholder Analysis (SA)

| utilized Stakeholder Analysis (SA) as an addiibmethod to conceptualize the
community involved in the development of and usehaf Fog Phone. Along with the
SLF, the SA contributed to an understanding of amd-macro-level factors that affect
both the water system and an accompanying Fog Phbhe stakeholder groups related
to the Fog Phone include DSH, the male water mandgmale water users, male
members of the community and the relevant telecomications authority and network
providers.

Each stakeholder had different skills and capacityarticipate in the research on
the development of an IS, and each had differeriive®and willingness to adopt the IS
or encourage or discourage its adoption. Each lstd#ter group also had different
resources to contribute to the research in terntsre, technology and tAabiya (mobile
phone credits). Conducting an SA gave me insigtd stakeholders’ willingness and
ability to participate in the development and u$sehe Fog Phone. It also provided a
view of which actors might exert negative influence serve as detractors on the
development of the Fog Phone.

SA is intended to highlight potential allies andlgematic relationships that can
be controlled for, or at least partially mitigatad, the design of the Fog Phone. SA
helped illuminate power relationships that perteanpolitical, social, gender-based or
economic power. The SA was also useful in idemidyisecondary and tertiary
stakeholders, who, while subordinate, may exeritipesor negative influence over a

development initiative. These ‘shadow’ stakeholdsyald conceivably have an impact
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on the sustainability of the water project, andelsyension, on the relevance of the Fog
Phone to help manage the system.
5.5 Complimentary Methods and Models to Inform thel CCD Model

EAR, SA and SLF are complimentary to the ICCD nmdedad may contribute to
the model by helping to operationalize it for othesearchers).

| employed Ethnographic Action Research proceésiserve, plan, do, reflect)
throughout nearly eight months of field researctieiChat time, | acquired a substantial
amount of detailed information that allowed me malerstand individual ICT use patterns
and the communication patterns among Coop memlinersnacommunities involved in
the fogwater project. The supplemental data helped ‘scale up’ my view of the
research communities and broaden my understandirspaal dynamics, stakeholder
relationships and wide-reaching vulnerabilitieshe3e data served as inputs to the GAD
and GED analysis, a Stakeholder Analysis and aaBudile Livelihoods Framework
analysis. | further scaled-up my view of the fogsvgroject and the accompanying Fog
Phone by using the ICCD model to understand met-lssues such as climate change,
hydrological resources, and informing and netwagkioles that are part of the adaptation

tier of the ICCD model. Figure 10 depicts thedatienships.
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Figure 10: Ethnographic Action Research (EAR) datavere used to populate the
Sustainable Livelihoods Framework (SLF), StakeholdeAnalysis (SA), Gender and
Development (GAD) and Gender, Environment and Devepment (GED) analyses.

Those methods and frameworks inform the ICTs, Climge Change and
Development (ICCD) model.

5.6 Summary of Methods

In conclusion, Ethnographic Action Research (EAR)vided a structured format
to acquire knowledge about the two research comiiegnihrough an understanding of
the participants, their needs and the socio-culamd technical environment that frames
their ICT use. EAR also provided an iterative aadtipipatory approach to research that
was useful in mobile literacy workshops and in ptgping this fogwater IS. The
Sustainable Livelihoods Framework (SLF) was comgphitary to EAR by offering a

systematic exploration of community-level vulnefiieis, assets and strategies among
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stakeholders involved in the fogwater project. Bhaktder Analysis demonstrated in

greater detail the many stakeholders of this pt@ead the relationships between them.
Together, these mixed methods created a coheeertf procedures to conduct

more than eight months of fieldwork in rural Berlsemmunities in Ait Baamrane.

5.7 Research Instruments

5.7.1 ICT Interviews

In order to examine the communication patternsap@rtg to ICT and mobile
phone use by Berber women at the Coop and amorkghstiglers involved in the
fogwater distribution project, | conducted 58 IG3ated interviews and focus groups
with women in summer 2012 and again in spring amdrser 2013. Between November
2012 and July 2013, | conducted 19 ICT intervietvtha Argan oil Cooperativas well
as an additional 39 ICT interviews with the locater manager and men and women in
communities involved in the water project (the hw@ammunes of Agni Hiya, Agni Zkri,
Id Soussan, Tamarrout and Id Aachowuring those meetings, | explored technical,
social, financial and motivational characterisaéddCT use. My aim was to give context
to the mobile utility gap among rural Berber wonvemere mobile access and ownership
is pervasive but use of features beyond basingaiind texting is limited.

| used these interviews to gather detailed infdglmnaon what communication
devices were in use by stakeholders, levels ofnieeh and functional literacy and
opinions about exchanging information between ateel women and men. Interviews
also focused on aspects of phone ownership andngeding phone and service type,
average expenditures, how often women made or vettecalls for personal and

professional purposes and to what extent usersseddext-based features such as SMS
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or the phonebook. | explored the use of ‘beepimgl features such as the camera, radio
or flashlight and inquired about coping strategiesnen use to operate their phones such
as the use of intermediaries, or proximate litex;ate repair their phones, to read and
write SMS messages or dial calls (Ling & DonnelQ20

In exploratory research at the Coop and throughmirhary research on the
fogwater IS, | investigated the reasons for the laadoption of SMS. | focused the
guestions on variables such as literacy levelsrést and motivation and cost barriers for
SMS.

| interviewed participants and stakeholders onpheceived usefulness of their
phone, perceived ease of use and the perceive@ wil$MS (Davis, 1989; Kang &
Maity, 2012). | sought to discern to what exteny IBMS adoption was due to structural
obstacles such as lack of literacy or insufficidimancial resources. | also asked
interviewees about technical and linguistic basridrat discouraged their use of SMS
such as the lack of local language script(s) oir ffteones and whether they experienced
social and gender-based barriers to SMS use. Throagversations about mobiles use
as well as observations of actual ICT use, | wds @bidentify cognitive barriers to use.
My goal was to identify the cognitive barriers tiapeded ICT adoption such as finding
a mobile phone difficult to use (i.e. technical lnifity) or inability to understand how to
access the SMS features of the phone (i.e. diffeuivith user interface). Below | list the
open-ended questions | used in the ICT interviemieeaCoop and in villages involved in
the fogwater project.

¢ Is your mobile phone important to you? Why or wiog?
e What type of mobile phone do you have?

e What languages does your phone support? What Igegisayour phone set to?
Why?
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e How do you make or receive a phone call? Can jowsis?

e Do you send SMS messages? Is texting easy or n@mmidor you? Why or why
not?

e Do you program your own phone? If so, how did yearh to program your
phone? If not, who programs your phone for you\ahg?

e Approximately how many incoming and outgoing calfsl texts do you have in a
week?

e Do you access the radio, camera, games, alarnner fainctions on your phone?

e Do you use the phonebook or contact list? How da gtore or find phone
numbers?

e Approximately how much money do you spend everyknteepurchase calling
and texting credits?

e Do you make any financial sacrifices in order toy ledits for your mobile
phone?

The interview instrument was revised early onitopdify the wording of some
guestions to make it easier for translators to camoate the meaning of questions. The
interviews contained questions related to mobilenghuse but were open-ended enough
SO as not to constrain the conversation. | wassistent in my use of the interview
instrument, using it during more than six monthsfiefdwork. Uniform use of the
interview instrument was also beneficial for tratsis who were not initially familiar
with technical terminology. Findings from ICT intews are presented in Chapter 10.

5.7.2 Water Use Interviews with Stakeholders

| also conducted semi-structured water use intesvieith adult women in Agni
Hiya from June 16-July 7, 2013, which correspordthé duration of the pilot test of the
water system. My goal was to understand how thggrozed their water fetching duties
in their daily lives and to gauge their willingndgesparticipate in this water IS. The open-
ended questions are listed below:
e Can you té me how and where you gather wat&fease give me as much detail
as possible about your normal water-gathering dutie
e How much time do you normally spend hauling water?

e What do you use water for? How much water do yseievery day or week?
e What has been your experience with nlegv water system?
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e How has having piped water to your home made ardiffce in your daily life?

¢ What information do you want to receive or send alloe new water system?

e Would you be able to use your mobile to text of adbut water issues? If not,
why not?

e Can you access an adequate signal (for SMS anidgjaith your home or in the
village?

e Do you need thapproval of family members to participate in waegporting?

e Do you foresee any problems from participating ianaging the new water
system?

e If you are interested in participating in a moljpleone based reporting system,
would you be available for some short training Ees?

Those interviews were conducted in both private public spaces in Agni Hiya,
including at well sites, during shared meals andenvperforming shared tasks such as
dishwashing. | also conducted interviews near ivaieters and water faucets in order to
generate commentary comparing laborious water4hguwliith the convenience of home
water delivery.

| aked interviewees in Agni Hiyato provide a briefoverview of how they gather
and use water, as well as togopide any information that waild assist me in
understanding their role as guardians of water resourcésinquired abouttheir
experiences and impressions of the new water sysminpomped them to provide
details about what information they wanted to comivate or receive pertaining to the
new water system.

Interviews with the local water manager occurredsib@ in Agni Hiya as well as
at the net site at Mt. Boutmezguidim addition to questions on the ICT interview
instrument, | asked whether he thought it was iefficfor him to be a point of contact for

water users to report water problems and whethgrékerred talking to men or women

about water-related issues. | also spoke with houaimobile network coverage around

112



the fog net sites and along the main pipeline, laasked whether he was able to make
and receive mobile calls or texts in or near vidlag

I had numerous discussions with project managera DSH about the need for
an information exchange system. | inquired aboairtimterest in an overall ICT-based
monitoring system to check the functioning of tlog tharvesting infrastructure, and |
discussed specific devices they might want to basked detailed questions including:

e How might project leaders or DSH staff want todgre’ information from and to
the water manager and water users?

e How might they need to aggregate and disaggregdtemation in order to
respond to individual service requests and requestsagencies and funders?

e What geographical and technical conditions migHecaf the collection and
transmission of the water manager’s infrastructaports?

e What is the availability of network coverage frometfog net sites and the
villages?

e What ICT security and maintenance problems sudhagotential for theft, loss
or damage need to be considered in the design I§2an

5.7.3Coding and Data Retention

Data from all of the ICT-related interviews wenetexed into spreadsheets and
coded by responses to questions in the intervidwedide. | also entered demographic
data and interview location information along witbtailed statements made in response
to interview questions. The use of spreadsheketweadl me to identify themes among the
responses. Themes included topics such as SMSuasepf phonebook, reliance on
surrogates, dialing skills and financial outlaysaldo entered comments related to self-
perception of skills and social and gender dynamatated to mobile phone use.

| organized and coded water-related interviewsblyad themes such as labor
(related to water hauling), education, gender amslgn dynamics, water use, importance

of water and comments related to reluctance oingitless to participate in developing or
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using a fogwater IS.

| also utilized spreadsheets to enter in evergnmag and outgoing text message
between the Fog Phone and community members indatvéne fogwater project. In the
alpha test, these messages were sent to and fropersgnal cell phone. In the beta test,
messages were logged into a program installed D&t laptop. | then transferred all
incoming and outgoing messages from the betanestspreadsheets in order to analyze
and compare the results from the alpha and bdt tes

Throughout the exploratory and primary researctook written notes while in
the field and transferred them into a field loddieliary on my laptop computer. This
enabled me to organize the information and utilizen the Sustainable Livelihoods
Framework (SLF), the Stakeholder Analysis (SA), @ender and Development (GAD)
analysis and the ICTs, Climate Change and Develap(h@CD) model.

5.7.4Secondary Data

Data from DSH’s 2011 household survey containiognmunity demographics,
livelihoods, water use and perspectives on watalityuand quantity were incorporated
into this research in the Sustainable Livelihoodantework and the GAD and GED
analyses (Chapter 7). | also collected schemailass, maps and other documents from
project managers to help me understand the orgsmzainformation needs including
where water pipes were laid, where pipe commuralyes were located and how water
service was controlled which were beneficial to tesign of the Fog Phone because

these details helped us understand potential issitiesvater delivery.
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CHAPTER 6
EXPLORATORY RESEARCH AT THE TAFYOUCHT ARGAN OIL COOPERATIVE

| began my research into gender,hnology and natural resources the Coop.
My original goalwas to investigate the feasibility of developthe Fog Phor that might
involve Berber women in the Argan oil value chainusingICT to link them to Argar
forest management and to the wholesale m (Figure 11).While my research move
from this site to studying the feasibility of theat®r IS for the reasons previou:

discussed, many interesting finds arose from my time at the Coop.

Figure 11 A Berber woman uses her phone at the Argan oil Giperative.
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6.1 Observations from the Exploratory Research

| interviewed a total of 19 women from the Coopudy participants ranged from
low-literate to illiterate and innumerate. Partanps have owned their mobile phones for
an average of six to ten years. Mobile phone uatethe Coop placed a high personal
value on the phone and report high levels of sattsgin with their phones. Women’s
phone use was limited almost exclusively to voieevises, primarily for family ‘kin-
keeping’ and maintaining contact with friends, agpased to livelihoods-related
communication (de Silva, Ratnadiwakara, & Zainudezfiil; Donner, 2004; Rashid &
Elder, 2009). They also used their mobiles for emence communication such as
calling a child or asking someone to run an errdekpite high levels of mobile phone
ownership, most participants had not tried to es¢ures such as phonebooks, voicemail
or mobile-based radio or Internet options.

Berber women mentioned other, broader, benefitmabile phone use including
entertainment, security and status. Intervieweg@sessed pride in having and learning to
use a phone; they found their handset fun; and pheged high emotional value on being
able to contact family. For some women, the mopHene replaced physical mobility,
which was often restricted for financial and cudtireasons.

6.1.1 Types of Phones

Of the 19 women interviewed at the Coop, all bmb towned simple feature
phones. They had an eclectic array of simple anddod feature phones, ranging from
basic, small-screen, old-model mobiles to flip pd®mith cameras and color interfaces.
Women obtained their phones from a number of sgurtguding the souq (market), as

hand-me-downs from family members who bring new aséd phones back from
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Europe, as well as purchased counterfeit phonen frnauthorized cellphone dealers.
Old, used, simple feature phones in use by Berlmenen at the Coop generally did not
support Arabic script. Their phones only suppottetjuages that use the Latin alphabet
(for example, English, Spanish and French).

6.1.2 Cost of Ownership

Women at the Coop reported that they are activkeemthusiastic users of voice
services, often spending a significant portion lefit monthly income on voice calls.
Women fund their phone use primarily with earnifgsm Argan Oil production,
occasionally spending up to 40% of their monthlgoime on their phone. Calling
increases dramatically during the holy month of Rdam or when family members
migrate for work or serve military duty. Some usacgknowledge spending more money
to place a call than the value of the service kezk(i.e. they spend 5 Dirhams (about 60
U.S. cents) to request a 1-Dirham (12 cent) iteomfthe store). Users recognized that
using the phone just for voice calls does not exple functionality of even the most
basic phone and is the most expensive way to use devices. Respondents relied
exclusively on pay-per-use call packages, inst@ltalling credit on an as-needed basis.
Similar to Banerjee and Duflo’s (Banerjee & Duff§)11) findings, women occasionally
prioritized spending on their mobile over both pe necessities and discretionary
purchases. As one woman stat8hen you have something that is important to you,
you get rid of clothes or things to eat to paytfue phone.”

6.1.3 Limited Use

Women at the Coop openly discussed the importahtkeir mobiles and were

forthcoming about their ability and lack of abilityith various phone features. Many
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women expressed an interest in expanding the useinfphone but were perplexed as to
how that could be accomplished.

The majority of women in the study self-identified illiterate and uneducated
and were candid about their inability to read ortevany of the numerous languages
spoken and written around them (for example, DaBgrber or French). Perceptions of
inferiority pervaded interviews: many women feleyhwere not “qualified” to use SMS.
“I'm illiterate. How could | text?” “I am blockedl cannot learn how to deal with the
phone.”

Others highlighted language barriers that predutthem from using SMSMy
phone only speaks French. | don't speak Frenabr,”l don't know how to send
messages in French. If | learned French, | woulddseexts. | would like to be taught
French.” Some women responded that texting was out of réacthem because of life
complications:l don’t have any empty space in my brain or mg kié learn to text. My
head is full of life, problems and hard work.”

| regularly heard complaints that women could ne# many of the features on
their phones because they could not troubleshailgms. Old, broken and counterfeit
phones required substantial maintenance, and lewate women did not have the skillset
to repair their phones or to restore functions. ditesthese barriers, study participants
appeared to have a well-developed ability to recegpatterns (i.e. number sequences,
emoticons, design elements) on their phone scradniratiny phonebooks that family

members had created for them.
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6.1.4 Importance of Proximate Literates

With the exception of younger women (18-25 yedd3, dhe majority of women
at the Coop was unable to negotiate letters andoatsron their phone without the help
of proximate literates and trusted others. Thesmilya members, friends and
acquaintances provided crucial scribe servicesvfamen who are not able to negotiate
letters and numbers on their mobiles. llliteratd aemi-literate Berber women reported
that they capitalize on their networks to supploeirt mobile use by giving their phone to
others to install calling credits; they rely onldhen to program their contact list; they
seek out trusted contacts to read and write texssages; and they have others dial and
answer calls for them. Many of the women reporteat they knew how to access an
incoming call but did not know how to dial a callhey enlisted a friend or family
member to perform that service. Those who selftiled as illiterate or innumerate said
they often received help from children who prograomms to represent phone numbers,
allowing women to identify callers via a visual cue

In religiously and culturally conservative Berbesmmunities such as those |
studied, female friends and colleagues play ancesheimportant role as trusted sources
of information on mobile phone techniques and sewialthough these trusted others
may also be low-literate and low-skilled. Due tavlskills and low literacy, friends and
colleagues may not provide accurate informations Hpeaks to the need to raise the
skill level of both the mobile user and those ie tiser's environment, particularly in

communities where gender-segregation may be tha.nor
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6.2 Mobile Literacy Workshops

In the exploratory research at the Coop, progvessarticipatory design involved
working alongside women to create a casual cutiouo help teach numbers and letters
using the mobile phone. Following the observatiangl data collection — and at the
request of the women — | conducted ten mobile phose workshops with Coop
members tailored to the women’s specific interéaterkshop topics also included using
text-based features. The workshops were driveméyeeds and requests of participants.
Phone clinics and workshops were structured to @tppe co-evolution of the user
(low-literate Berber women) as well as their enniment (their social networks) to help
them gain greater benefit from their mobile phokhtagnder et al., 2008) (Figure 12).
The workshops continuously evolved in response tamen’s learning styles and
concerns. On occasion, the workshops shifted awamy fliteracy training to mobile

phone trouble-shooting sessions between Coop memabdrtranslators.
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Figure 12: Berber women learning to write and send6MS messages at the mobile
phone workshops at the Argan oil Cooperative.

Seven to twelve Coop members participated in eafcithe workshops. |
occasionally offered compensation in the form of Sk&charges valued at 10 Dirham
(approximately $1.30 US) for 100 SMS messages ttcgzants who regularly attended
the mobile phone workshops and who did not haveugmcacredit on their phone to
practice sending texts or who did not want to & tcredits while learning how to send
messages. The phone credits facilitated womenlgyatn experiment with technology
and practice the skills they wanted to learn.

Women’s primary motivation to use SMS was drivep &n interest in
maintaining and expanding social connections. Wayksparticipants asked to learn

Roman letters as opposed to Arabic or Berber sbepause the Roman alphabet would
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help them get the greatest use of their mobile phalue to the letters on the buttons. The
potential to save money by sending a text messagesalso appealing: making a phone
call in Morocco can be five times more expensivanttsending an SMS. They also
requested lessons on how to install pre-paid cpltiredits from a scratch-card — a skKill
that would give them more communication privacy amtependence.

Navigating the mobile phone layout was integrat@d the trainings. Women
practiced identifying letters on phone keypads andh chalkboard, and they learned to
write names in their phone contact list and in$iS message field. Participants learned
to write their names on a chalkboard using th&rexst name in the phone as a reference
guide. To support the use of SMS, patrticipants skalvia list of short, simple, relevant,
easy-to-understand SMS messages that included Blarigiage phrases for “call me,”
“come home now” or “send t#abiya(calling credit).” | created small, individual pap
based SMS message books that contained the sarepkages written in Roman letters.
Users were encouraged to consult these books ttiggaending texts to each other and
to the researcher.

There is scant use of the Tifinagh (Berber) sangCT in Morocco and women
at the Coop said that they were not interestedaming the Berber alphabet. Few mobile
phones support the Tifinagh language. In 2011,ntlaén mobile operator in Morocco,
Maroc Telecom, launched three handsets that suggmtier script, but only a small
number of them are in circulation (Maroc Telecoril®). Older model mobile phones
do not support 16-bit Unicode that is necessargigplay Tifinagh script and symbols.
Because Berber (or Darija) is widely spoken amoogien at the Coop and participants

in the fogwater project, oral communication suclplasne calls in Berber can be utilized.
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Where text-based communication for personal omrunséntal communication is used
(such as SMS messages to family members or forrweperting), those messages must
be expressed in letters borrowed from either thabksror Latin alphabet. For instance,
Berber words must be transliterated into Arabigpsaor Latin letters. This can create
usability issues for mobile users not accustomadsriting in Latin or Arabic script.

Co-learning and co-teaching extended to mobilenph@pair skills that had an
immediate impact on women'’s ability to use theiopés. The workshops provided Coop
members with access to a much-needed handset meabaa of the translators was also
an IT specialist who provided invaluable service=efof charge, including repairing
broken phones, restoring functions and generallpnoisolving. He also trained users to
troubleshoot their own phone issues.

Over the course of three months, Coop members aftemded the workshops
made progress toward narrowing their personal realdlity gap: those who had some
SMS skills improved their ability to send texts,daa handful of illiterate women
developed the ability to write their name in theirone, on paper, and on a chalkboard

(Figure 13).
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Figure 13: A low-literate Berber woman learns to wite her name using her mobile.

6.3 Contributions of Exploratory Research to Primaly Research

The findings and observations from exploratoryeegsh at the Coop led me to
identify the mobile utility gap among low-literaBerber women. Findings related to the
utility gap at the Coop were corroborated in intenwws with women involved in the
fogwater project. | provide detail on the techhisacial and cultural barriers to use that
contribute to the utility gap in Chapter 10. Thedsariers included interface clutter,

challenges presented by broken and counterfeitgghand low access to smartphones.
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Additionally, these findings laid the groundwortdr fprimary research involving
the design of the ICT components for the Fog Phoneelp manage the new fogwater
system. It was clear from exploratory research éimgt water-related information system
would need to be designed to accommodate multigicds and a wide range of mobile
skills and literacy levels. It would also need tlwigess cultural barriers that limit face-to-
face, voice and text-based communication betweesalated men and women because
male water managers and female water users caalaach other’'s phones to discuss
system status. This understanding of the richetextrof the mobile phone utility gap
informed the design, deployment and evaluation pfadiotype Fog Phone. The design of

the primary research is detailed in Chapter 8.
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CHAPTER 7
COMMUNITY ANALYSIS

This chapter includes the outcomes of the apmphicaiof the Sustainable
Livelihoods Framework (SLF), Stakeholder Analys®A}, Gender and Development
(GAD) and Gender, Environment and Development (GEDalyses. The outputs of
these methods informed my research design, whictissussed in Chapter 8. The
Sustainable Livelihoods Framework (SLF) provideaechanism to capture community-
level processes that will likely work against orward successful development
interventions such as the Fog Phone. The Stakehgldalysis (SA) helped generate a
large-scale view of the Fog Phone in order to idfienihe groups that played an active
role in its use, positively or adversely. It wésoaa useful method to help identify water-
related information pathways among stakeholderdie 8 tools of GAD helped me
identify and analyze women’s current and potenmalrginalization in the community.
These tools also serve as a scaffold to analyzeeB@vomen'’s roles and responsibilities
in Agni Hiya and how these factors influence thmrticipation in the water IS research.
GED concepts further ground this research in arnerstanding of gender roles and
responsibilities pertaining to stewardship of bdthditional and alternative water
resources.
7.1 Application of the Sustainable Livelihood Frameork

7.1.1 The Vulnerability Context

An analysis of the vulnerability context in theraluvillages involved in the
fogwater project requires the identification ofrids, shocks and seasonality in order to

understand the negative impact these factors havaral communities in Ait Baamrane
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and how these factors can be minimiz#tAD asserts that the vulnerability context is
often immutable and that the elements that makéheapsulnerability context are often
“difficult or impossible to change and must be abpeéth,” which is the case in rural,
semi-arid regions near Mt. Boutmezguida (Hamilt@aéh & Townsley, 2004, p. 4).
However, within the vulnerability context, commuynihembers have a portfolio of assets
and coping strategies.

Below, | examine the vulnerability context and dbofactors that exacerbate
vulnerability in the Berber villages involved inishfogwater system. | have identified
five significant exacerbating factors of relevartcethis research. These factors are
climate and weather, poor water quality, water etyxi gender and location, and

government neglect (Table 2).

The SLF Vulnerability Context:

Exacerbating Factors
Low water quantity due to climate and weather

Poor water quality
Water anxiety
Gender and location
Government Neglect

Table 2: Factors that exacerbate the vulnerabilitycontext in the semi-arid Ait
Baamrane region.

Traditional water sources in the region are depldty overuse, polluted through
mismanagement and constrained by climate chang@f Atese factors contribute to the
vulnerability context in rural Ait Baamrane. Clirrathange is perhaps the most
intractable, as Morocco is one of the “most watsrrse region[s] of the world” (Sass,

2001). Seasonal weather patterns also lead to sistent water supply for village
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residents. While this region of southwest Morocamularly experiences extended
periods of fog in the Anti-Atlas Mountains, it cdre inconsistent. The presence,
consistency and timing of fog are determined byirdancate set of weather conditions
that are also affected by climate change. Theswtd and weather conditions contribute
to periodic water shortages in the region. Thesgtapes are expected to worsen due to
climate change-induced desertification combinedhwite cumulative effects of poor
resource management and overuse. There is theraforeed for supplemental water
sources in the villages around Ait Baamrane. Mbsn five years of meteorological
data show that heavy fog is normally present for mionths of the year near Mt.
Boutmezguida. Fog, however, is neither a consistanot continuous climatic
phenomenon. Thereforehd fogwater catchment system can only be a supplaine
source of clean wat€Wanner and Kunz 1983, as cited in Eugster, 2008).

Increasing water needs are due to low rainfall erdistent drought coupled with
deteriorating water resources in both quantity qudlity. Prior to the installation of the
fogwater system, the most intensively used watarcgs in rural Ait Baamrane included
unprotected, unfiltered and over-used public antvape wells that are both less
dependable and often contaminated with fecal matter

Climate change and weather factors have an impaatater quantity while usage
and management patterns affect water quality. Tegehese factors create water anxiety
in rural Ait Baamraneln 2011, DSH conducted a household survey of 1#Bneonity
members. That survey revealed that residents ovittages involved in this fogwater
project live with constrained levels of water ubegh levels of water anxiety, limited

livelihood opportunities and burdensome domesskgaparticularly for women and girls
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(Dar Si-Hmad, 2011). Low household water consunmpiias caused “severe water
anxiety” in the villages, with some residents rejpgy that they drink less than they feel
they should because there is not enough water érailrk, 1989; WHO/UNICEF).
Survey respondents described their own water intkebelow what they define as
needed. Every family surveyed reported facing wak@rtages in summer months. This
water anxiety has created ongoing human healthecoaas well as concerns about the
physical health of livestock. Water anxiety alsmtcibutes to financial anxiety because
residents often have to use limited savings tolmse supplemental water.

Water anxiety in rural Berber communities is oftenne by women: that anxiety
is compounded by a lack of opportunity. AccordindX~ID (1999),women facehigher
degrees of vulnerability in remote rural areas beseathey are physically isolated and
have fewer income-generating opportunities. In phet villages that will receive the
new water system, the majority of women work witthe confines of the community in
lower-income activities such as the production salé of crops and artisanal Argan oil,
thus linking gender and location in the vulnerapikcontext. More men than women
participate in entrepreneurial activities outsidetlee rural commune. These activities,
including manual labor, selling products in the gotaxi-driving and working in the
building trades generate higher incomes.

Rural Berber areas in the southwest have histbyiteen a low development
priority for the government. Government neglect rofal areas in Morocco also
exacerbates water anxiety and water stress. De#ipiteNational Office of Potable
Water's commitment to accelerating water serviceutal areas, there appears to be no

governmental effort to supply rural Ait Baamrantages and townships with running
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water. Therefore, there remains a pressing nee@uelop supplementary water sources
in these rural areas to address the dual issuesngbromised water quality and quantity
(ONEP, 2011).

7.1.2 Capitals and Assets

The communities participating in the Fog Phonettig profile of most rural
Berber communities in southwest Morocco in termsheir asset, or capital, bases. To
provide a baseline from which to design the researad conduct analysis, | evaluated
the composition of the six capitals that comprise tFAD SLF. This analysis was
performed in Agni Hiya, the pilot village receivirigis new fogwater system. Findings
from that village can be generalized to the othearby villages also involved in this
fogwater project because residents in those contrasmepresent the same population of
rural Berbers in Ait Baamrane.

Based on observations, interviews and interactibrdetermined that prior to
implementation of the water IS, the overall baselri community assets was low. Men
had higher human, financial, social and personait&iathan women. Nonetheless,
communities have moderately low physical capitatl arery low natural capital —
essentially fog and the dwindling Argan forestslidcuss the evaluation of these assets
below.

Human Capital

Human capital represents skills, knowledge, heatttl ability to work. In the
villages participating in this fogwater project,uedtion levels vary by age and gender.
Men generally have higher levels of education thamen. Many young and middle-

aged men have completed primary school (in pulshosls or Madrasas). Some younger
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men have completed secondary school, but thosedehgenerally do not remain in the
villages. Many older Berber men and women (thoser@pmately 55 years old and

older) self-report that they are unable to reatviore. Some village women between the
ages of 15-35 attended primary school, but like ynainthe young girls in the villages

today, they may not have attended school regularly.

Skills also vary by gender. Village life demandsignificant amount of physical
labor to secure food, water and firewood. Women yamehg girls perform most of these
tasks. They learn from a young age how to fetchewand perform domestic duties, as
well as participating in animal husbandry and sreedlle agriculture (Figure 14).
Women'’s lives are also generally constrained tométdd geographical area while men
have greater ability to move about in and out & dommunity. This wider range of
mobility for men has allowed them to acquire varsédls such reading, writing, driving

and mechanical skills.

131



Figure 14: A Berber woman fetching water with her yung daughter in Ait
Baamrane.
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Human capital is also affected by health probleiret include diabetes and
hypertension among older residents. Women and &ugtaldren have reduced access to
sufficient nourishment because cultural norms tkcthat women and girls are fed less
food and poorer quality food than men. Furthermam@men’s human capital is affected
by large family size. In rural areas, women bealaa@rage of six to eight children for
whom they have primary responsibility. While largamilies provide more available
labor, they also result in a heavier domestic bufde women.

In considering human capital (and all forms of tapi it is necessary to
disaggregate the capital base by gender. Acrosbdhel, human capital for women is
generally lower than that of men, due to the wommenborer access to education,
knowledge and skills. Men and women appear to kaudar levels of health and ability
to work, but because there are often more workipg \eaomen than men in the village,
women’s aggregate physical workload in the comnyuisithigher, which over the long
term can be detrimental to their health and supgpttesir human capital.

Financial Capital

Household income and spending levels in Agni Hware discerned from
observation and interviews. Area residents whao@pated in the DSH household survey
confirmed that remittances from family members ptevthe primary source of income
for many, if not most, households in the study. st&holds also benefit from income
provided by working-age family members (predomihamien) who leave the home
villages to pursue jobs in nearby cities, furthgeld in Morocco or in the service and
agricultural sectors in EuropEor rural Ait Baamrani Berber women, home-basedArg

oil production is one of the chief forms of incomereration. Women are responsible for
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harvesting and drying the fruit, pounding the nutgsting the kernels and pressing the
oil. Income from the sale of Argan oil is considergrzomen’s money,” which can be
used for domestic goods, school fees and persterakiHouseholds also benefit from
informal and traditional Berber savings instrumestech as women’s collection of
traditional Berber wedding and other ceremonialgew Other sources of household
income include manual labor and the sale of vedetalprickly pear and livestock such
as goats and sheep.

Household expenditures include items such as abbget and a limited amount of
meat, rent and electricity for satellite TV, mobpllkeones, simple washing machines and a
few light bulbs. Families also spend on school $#gppand fees, medication, soap,
perfume (for welcoming guests), personal suppliesking gas and mobile phone top-
ups.Men earn wages from formal or informal work withialinthey pay rent, electricity,
gas and fuel costs. Women’s savings are often sperpersonal supplies, gifts and,
occasionally, school-related expenses to keeplalgid enrolled. Young women often
rely on their mothers or family members who livetside of the village for money to
purchase mobile phone credits.

| observed that in the communities benefitting frims fogwater project, family
financial capital is low, but above subsistenceslevndividual financial capital is, again,
gender-specific with men’s financial capital higtiean women's.
Social Capital

Positive social capital among community membegsstfrom a strong sense of
connection to family through blood or marriage adlvas a notable level of allegiance

and pride attached to being an Ait Baamrani Bei®ara day-to-day level, social capital
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in Agni Hiya is comprised of extended, and exteasfamily networks. Family members
who live or work outside of the village often retea home there. Extended family
returns during Ramadan and holidays. Retirees ag#tenn to villages on a full-time or
part-time basis.

The formation of social capital in rural Berbellages has a gendered component.
Men enhance their social network by attending piag@d community events together at
the nearby Mosque. Men are also regarded as thsiateenakers in the family and
community. Women develop bonds by visiting eactedshhomes, producing Argan oil
together or sharing child-raising tasks with sisteelatives and mothers-in-law. Social
capital is also built up through visits and sharedals with relatives or out-of-town
guests. Strong social bonds develop over tea arektswwhich normally occurs in
gender-segregated spaces.

Social capital, however, is not always positivéroSg groups (i.e. men) may
exclude weaker members (i.e. women), and networkg b@ hierarchical or coercive.
For example, by virtue of living in close proximily a small village, residents in Agni
Hiya develop a mutual reliance on neighbors andilfanThese close relationships,
though, can be strained by distrust, long-standiisgagreements, old social wounds,
miscommunication and dislike.

DFID (1999) highlights that social capital candféective in improving both the
management of common resources (natural capital) tae maintenance of shared
infrastructure (physical capital). DFID also poimst that high levels of social capital
can help to reduce the “free rider” problems asged with public goods such as this

new fogwater system (p. 9). This is an importanhpuwis-a-vis this fogwater project
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because community members have expressed a ndtgvevel of distrust over potential
free-riding neighbors and family members.

This concern for free-riders had a direct impacttioe design of the fogwater
delivery system. Village residents were adamant tiinay did not want a shared public
water tap because of concerns that the common gomdd not be maintained or
equitably shared. In addition to personal and histanimosities among neighbors, the
DSH director notes that communities involved irstfogwater project area“landscape
of atomized villages” where each village dependsiteelf. DSH had hoped that the
communities could agree to maintain a common waoéant (the community tap) which
would have been a less expensive and easier goltitan water service to individual
homes. However, as the DSH director explains, tmsequence of living with extremely
limited resources is a steely, even rivalrous, ri@teation to protect one’s access to
natural resources. That helps explain why commumigynbers demanded water service
to individual homes despite knowing that water\ely would be more expensivieSH,
therefore, designed a water-delivery system thaneots individual households to the
water main.

According to DSH, this “atomization” ultimatelynits the community’s ability to
plan for the future (Bargach & Dodson, 2013). Issoé local rivalry and inability to
work together as a community complicate and paéintiwveaken the long-term
sustainability of the fogwater project. The wat8rwas designed to help address this
vulnerability because it facilitates both individwand group participation in managing

and maintaining the water system. The Fog Phonblesnandividual residents to send
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SMS messages, but in the case of service alegsnergencies, a community reporting
hierarchy is expected to be established througledh@nunity water committees.

As an overall assessmemtfound that social capital in Agni Hiya is loweorf
women than for men. The gender-based restrictiomoonmunication between unrelated
women and men often lead to a lower quantity of mamication interactions for women.
Due to their regular meetings at Mosques and ertemebtworks from work and travel
outside of the village, men have higher social tedpi Women’s social capital is less
broad, but is nonetheless deep. Women’'s sociatatals concentrated within the
extended family and in local communities.

Physical Capital

Physical capital in Agni Hiya and the other viksgparticipating in the water
project include adobe, mud, stone and concreteklioasing compounds. Electricity is
available to operate televisions, a few indoor teglsimple washing machines and other
small appliances. There is no indoor heating otisgoMules and donkeys are used for
transportation and as farm animals. A few men g ¢bmmunity own cars, and some
community members share tractors. Roads in the areagraded gravel or dirt. The
cellular network is widespread and fairly relialoletside of the homes, but thick brick
walls reinforced with steel rebar prevent good cage inside of family compounds.
Two mobile operators (Maroc Telecom and Meditevle service in the area, and a
third (Inwi) is erecting a tower nearby. There saccess to improved water sources and
no water utility. Satellite dishes, televisions andbile phones are ubiquitous in the four
villages. These ICT are often gifts from family migers who have moved away from the

family compound or they may be from extended fariviyng abroad.
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Physical capital also involves an analysis of phgsical environment and basic
service infrastructure that has an impact on IC& insrural areas involved in the water
IS. For this part of the SLF, | adapted BridgesortReal Access, Real Impact
Environmental Analysis” (Bridges.org) in order te@sign an appropriate technology
solution tailored to infrastructure and environnargonstraints. | collected secondary
material such as statistics on mobile penetratiah raobile coverage maps, and | tested
mobile signal availability during site visits tdleiges and the peak of Mt. Boutmezguida
(see Appendix: Maroc Telecom coverage map). It wlaar that any ICT-based water
reporting initiative would need to compensate fanstraints such as poor cellular
reception inside of homes. There was often enougkrage that phones rang inside of
homes, but signal strength was insufficient to heldonversation or send an SMS. For
these functions, mobile users had to exit the hantehunt for a signal which sometimes
necessitated jumping ditches or wandering arourit@rdark or cold in search of mobile
reception. In contrast, the mobile signal wasrgjest at the peak of Mt. Boutmezguida
(which is only accessible by four-wheel-drive, ootfor by mule) where the fog nets and
filter station share a site with a small militarytpost that oversees the government’s
communication infrastructure for southern Moroccadditionally, the telecom carriers
have erected their towers at the peak, so it isiblesto utilize those signals to send texts,
emails and voice calls. Additionally, it is podsilbo get an adequate wireless network
signal at the mid-point of the water system (atrapimnately 3.5 kilometers) near the
water storage tank at Id Aachour. This may be am@tdgeous place for the water

manager to use an ICT to send water system upta2SH.
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Overall, the physical capital in villages benefififrom this fogwater project is
basic and generally functional, with the exceptioh water services. Widespread
electricity and telecommunications coverage supih@ietwork requirements of the Fog
Phone.

Natural Capital

Natural capital in and around the base of Mt. Bwm#guida is sparse and
degraded, with the exception of the seasonal almiridg. Due to its orientation between
the Sahara desert and the Atlantic coast, the aathiAit Baamrane region normally
experiences persistent fog from September to Jumenvineavy cloud cover and high
relative humidity make water collection possibleonfr the peak of nearby Mt.
Boutmezguida.

On the ground, the arid landscape limits cultwatand production. Hills and
slopes are dry and rocky with low scrub and litdeno tree cover except for sparse
stands of Argan trees (Figure 15). Argan brancimestaigs are collected for firewood.
The soil is dry and generally degraded. Pricklyrpg@ws well, but due to poor soll
qguality and lack of water, the land only suppomsali-scale agriculture. There are no

known mineral, gas or phosphate deposits in thisgidorocco.
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Figure 15: Argan trees and prickly pear are some ofhe few plants that grow in the
semi-arid region near the fogwater harvesting systa.

These data indicate very low natural capital. €hare few available, reliable
water sources and the land has eroded. Intermiibgnand the valuable, but few, Argan
trees do not compensate for the overall poor qualitd quantity of natural resources.
Personal Capital

Personal capital encompassesernal motivations, individual will to act and
promote change and spiritual dimensions of lifeahaffect individual and household
choices

Personal capital, the sixth capital in the IFADFShodel, is an influential factor
in this study. Spiritual life infuses daily life irural Ait Baamrane. Islamic practices

dictate prayer times, fasting schedules and holfdafpvities. Religion and tradition also

140



determine general codes of conduct in these rumsa including communication
patterns, forms of dress and personal behaviorgghwiend to be more restrictive for
women. Furthermore, while Islam is the State rehgiit is not the only belief system
practiced in Morocco: saints and spirits also gudddy life and relationships, making
spiritual capital a layered asset. Other persossétas such as internal motivations and
household choices are often subtle and difficuligémuge, but the internal motivation
dimension of personal capital speaks directly torwn’s participation in the Fog Phone.
| found that encouragement and confidence-buildirgrcises during focus groups and
literacy and plumbing training workshops helped womdevelop personal and
communal motivation to participate in water monitgrand management using an 1S.

| observed that personal capital in Agni Hiya, &@ydextension the other villages
involved in the fogwater project, is high for menthmore constrained for women.
Personal capital is relevant to this research ksraeligious norms influenced codes of
conduct related to the kinds of public informatismmen had access to (such as
conversations about water infrastructure) and paisenotivations affected women’s
willingness to patrticipate in the design and usthefFog Phone.

7.1.3 External Structures

In SLF, the capital bases and threats are mitighjeexternal structures such as
development processes, policies and institutiongshése communities, there are several
institutional-level actors involved in the fogwagaoject that contribute through funds or
in-kind services.

Public and private external funding agencies far togwater project (and to a

much lesser degree, the 1S) flow through DSH, wiscthe coordinator, instigator and
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lead agent in both the fogwater harvesting systedntlae IS in terms of time, money and
support. The impetus and early funding for thiswatger project came from DSH and a
small group of international donors that includad Finnish Embassy, the Munich Re
Foundation and small US grant-making organizatiofsancial support from the
philanthropic wing of the Munich Re reinsurance pamy (the Munich Re Foundation)
has been crucial. DSH's relationship with the foathmh is based on Munich Re’s
interest in the experimental nature of the fog estilbn. The German foundation has
extended multiple grants to DSH to continue redeard development of more robust
fog-catching equipment. The grants are of modesiae and are targeted. Generally, the
grants cannot be used for general operating puspd$e Munich Re Foundation funds
numerous other development projects. Competitmmlifited philanthropic support
means that the foundation cannot necessarily beidered a long-term partner in the
operation of DSH’s fogwater system.

USAID has recently provided a targeted grant toHD® complete the
construction of some of the water system infrastmécand to integrate a WASH (water,
sanitation and hygiene) component into the watejept. That grant recognizes that fog
harvesting is an important environmentally-balancetative. Furthermore, the grant
validates that women’s participation will strengthile project, communities, families
and individuals by targeting them in the water de@lth education campaign and by
including women in stewardship of the new watettesys These benefits are expected to
contribute to greater community resilience and iBtgbas potable water will improve
women’s lives by relieving them of the burden otilvag water. Additionally, the health

benefits of clean water will extend to all membeftshe community while easier access
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to water is expected to improve livelihoods oppoities for both men and women.
Community residents appreciate the universal benedf clean water. USAID is
particularly interested in incorporating an ICT qmment into the WASH program.
USAID has provided limited funds for the developmeha WASH information system,
which is outside the scope of this research.

The Moroccan government is deeply involved inftiggvater project through the
awarding of public funds, the issuance of land aockss permits and through provision
of design and water engineering services. The grojuld not have been possible
without this assistance, and it is likely that thegoing operational sustainability of the
project will depend upon State support. Moroccamblipuinstitutions and processes,
however, can be challenging due to intransigengesaucracy, patronage and corruption,
all of which have thwarted progress on the consisacof the fog project. Due to
inefficiency, caprice and petty rivalry at all léseof government, the State is a fickle
partner. Laborious and sometimes unreasonable dbigom the state bureaucracy have
delayed project construction on numerous occasiand, the on-going need for DSH
executives to make personal appeals to governnigcitits or attend distant meetings at
government agencies is not always constructiv@eqotoject. The project has, at times,
been bogged down by unnecessary bureaucratic delagsthe generally slow and
inefficient pace of business in Morocco both at tighest levels of government and in
rural townships. Public funds from the State regiubstantial effort to secure and are,
generally, tightly controlled and documented. Manggthe relationship with the

government is a substantial burden on DSH.
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7.1.4 Livelihood Actions

Livelihoods opportunities in rural Ait Baamrane diraited. In the 2011 DSH
household surveyamilies reported a mix of income sources rangnogif remittances to
sales of livestock, seasonal harvest and salesrgérAoil. Men who remain in the
villages farm small plots of land, which may be #niracre and less) plots contiguous
to family compounds. Farm plots are often plantéth warketable herbs and vegetables
such as squash, root crops, onions, tomatoes amd kany families cultivate prickly
pear, or Aknari, a major cash crop in rural Ait Baane. Prickly pear is cultivated in
larger plots of land and on hillsides. Men alsoagegin beekeeping.

The majority of the working age men in the commyriave left in search of
work, leaving women and children to pursue home aothmunity-based income-
producing work, mostly centered around Argan odduction.An additional livelihood
for community members is tending livestock inclugligoats, sheep, chickens and
donkeys. These livelihoods are generally femaldrealthough this is not always the
case.

The livelihoods for residents who remain in viksgare constrained by the lack of
water. Because water has long been scarce on the easti¥nosithe Anti-Atlas
Mountains, residents have developed long-standirgjegies to secure even minimal
guantities of water. Village women and children @ue primary source of labor for water
collection, which typically requires up to 3.5 hew day. This water collecting is often
performed in heat that exceeds 100-degrees Faht¢BBedegrees Celsius). In addition,
households have for centuries collected dew and \ttla rainwater that falls into in-

house cisterns. Residents purchase water whenandllcistern water are unavailable.

144



These alternative forms of water collection areugtanable given current climate
predictions and the poor state of existing watsoueces.

7.1.5 Livelihood Outcomes

Because of the large amount of time that womemdgetching water, finding
ways to save time was a priority for this fogwaiesject managers. DSekpects that the
time saved by reducing water-fetching chores calllwiv women to devote more time to
economic activity, namely the artisanal produciwdmi\rgan oil or other products in local
cooperatives. Furthermore, instead of being tasketheir families to fetch water on a
daily basis, the delivery of clean water direcityHomes may free up time for young
village women to attend school.

Water availability could also help stabilize thenfly system in the villages and
reverse the trend of de-population. While remiteendrom the diaspora provide an
important income stream to village residents, theeace of male heads-of-households
and working-age men and women destabilizes fanmity @mmunity life. The provision
of water could potentially reduce or reverse somenoigration by encouraging family
members to remain in rural communities and pursigdihioods opportunities there. With
a reliable source of water, there may be incomelyeimg opportunities for both women
and men. Furthermore, communities where the aggeras not skewed toward the
elderly and the young are often considered to tmmger and more resilient.

In addition to having a positive impact on thesBwof village women, by relieving
them of time-consuming burden of fetching wateg thgwater project is expected to
deliver additional social benefits for women sushnater management skills, technology

skills and plumbing knowledge. Continuous accessnt@dequate water supply will also
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allow community members to keep their livestock revduring the driest years
(Vavruska, 2012; Bargach, 2011).

7.1.6 Transformations

The delivery of potable water to residents in didegjressed Ait Baamrane has
the potential to be transformational for residethisre. During the pilot test of water
delivery to Agni Hiya, women'’s lives were instanditered when they no longer had to
haul water to their homes. The pilot test periodswao short for livelihoods to be
reconsidered or changed, but residents commentgubi@mtial opportunities that might
stem from flowing water such as new gardening amdallsscale agricultural
opportunities. At the women’s community meetindgdhgrior to the pilot test in Agni
Hiya, many women commented that they would likeptwsue training and education
once their water-fetching burden was lifted, anchuember of women discussed the
possibility of starting local cooperatives.

This analysis of available SLF assets, combinedh @it understanding of the
socio-cultural processes in Berber communities Iwvea in this fogwater project are
fundamental to the design, deployment and potestisiainability of the Fog PhorEhe
elevation of ICT in this fogwater project also helthe potential to be transformational.
By integrating ICT into water reporting and wateamagement, women in villages
involved in the IS project quickly realized the gatial benefits of expanding their skills
and networks. For DSH and for women in the commnes)ithe water IS is the first step
in a broader plan to establish eLearning and mqiiilene based health and livelihoods

programs. The USAID WASH program is the first bffet of the water IS. The project
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also offers direct advantages to men who will biériefm easy access to water for daily
use and for agriculture.
7.2 Application of the Stakeholder Analysis

The SLF alone was not sufficient to fully analythe benefits and risks of the
fogwater project and the Fog Phone to stakeholddrsrefore, | utilized SA to analyze
the IS from the perspective of the three primagkeholders, female water users, the
male water manager and DSH as well as male comyhumembers and

telecommunication agencies and carriers (Table 3).

Stakeholder Influence Benefits Barriers
Female Water Very High: co- High if IS is implemented | Moderate: need for
Users designers and user training, social

pressure
Water Manager High: co-designer Moderate-to-High: job Moderate-to-High:
and advocate clarity, workload risk of circumvention
management
Dar Si-Hmad Very High: High if IS is implemented | Low: staffing
coordinator and
implementer
Male Community | Moderate-to-High: | Moderate-to-High: Potentially High:
Members potential users functional water system social pressure
Telecom Authority| Low Low Low
Network Providersf Moderate: network Low-to-Moderate: increasedLow-to-Moderate:
availability brand awareness shifts in price
structures, interest
level

Table 3: A Stakeholder Analysis for the Fog Phoneof the fogwater harvesting
project.

7.2.1 Stakeholder: Female Water Users

The greatest benefits of the fogwater project w&do community women by
relieving them of the chore of fetching water andnbaking their domestic lives more

efficient. Their contribution to the fogwater peoj is, in part, expressed through their
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participation in the Fog Phone research. If womed the Fog Phone useful and usable,
they may benefit from having a convenient and calty-appropriate way to
communicate with project managers. Women have aobat influence on the water IS
through their participation in the design exerciaed by implementing the water IS. That
contribution is not just limited to designing, prbtping and integrating the IS into their
daily chores, but their efforts to monitor and népan the status of the water system
directly contribute to the sustainability of thessgm by helping keep it operational.
Women in the communities, though, sometimes fabstantial barriers to participation.
Those barriers include social, cultural and tecnlwarriers to using ICT, which are
explained in more detail in Chapter 10. Barrierpéaoticipation also come from family
members who may discourage or dissuade women faoticipating. Issues related to
self-esteem, agency and ability or willingness @kendecisions about their participation
in this IS were addressed in focus groups and girozonversations and friendships
between the research staff and women in the contiesiniCognitive and social support
should be formalized into the fogwater project #mel IS so that the greatest number of
women in the area receive the benefits of partimpaand the skills and confidence that
stem from that participation, as well as from fallon projects such as the WASH
program.

Risks to women include social pressure to notigpéte in the 1S and financial
risk from having to pay to send text messagesgorteon the water system. There are no
overt physical risks to women’s participation irettvater 1S. In fact, there are fewer

risks, as they will travel less to access watertaeg will haul less water.
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7.2.2 Stakeholder: Male Water Manager

The local water manager operates as the on-siteambor and thele-factolocal
boss of the project. This gives him substantidugrice over the project and within the
DSH organization. The water manager also overdeesday-to-day construction and
maintenance of the fogwater system. The Fog Phoraves the design of ICT to help
him perform some of those duties. The water manalgerserves as a liaison or promoter
of the fogwater project and the Fog Phone. As DSétsl representative, he has some
power within DSH, as well as in local communitieés responsibilities include hiring
and managing local workmen and overseeing congiruetork. He stands to benefit
from the Fog Phone by gaining greater ability tonage his workload and by transferring
residential plumbing chores to other contractorSHChas entrusted him with substantial
responsibility, and he has deep knowledge aboutaesystem. As the sole local water
manager, DSH depends on him, which puts the NG iprecarious situation of
dependency.

Early in the research, the local water manageatetean unexpected barrier and
risk to the development of the fogwater IS by refgsto accept or participate in the
fogwater IS if it required him to accept or makeopé calls or share SMS texts with
women. His opposition was primarily based on comder his reputation. In rural Ait
Baamrane, cultural norms restrict communicatiorwben unrelated men and women.
The water manager abided by (and appeared to flighat convention. He adamantly
opposed any role that required him to be the maettor for water-related
communication with area women, which required tbsigh of a system that triangulated

water communication between water users, DSH amevHier manager.
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7.2.3 Stakeholder: Dar Si-Hmad

Dar Si-Hmad'’s contribution to the fogwater projectd the accompanying Fog
Phone is extensive. The organization serves asdreeadministrator of the project and
the project manager for the design, installatiod aperation of the fogwater system.
DSH executives have occasionally committed persdoabds and unpaid, in-kind
services to support the project (such as supplgngipment, food and non-DSH
personnel). As such, it is exceptionally influahtits commitment to the project stems
from deep roots in southern and southwest Moro@bined with a mission to help
address the needs of rural Berber communities lage long been ignored by the
Moroccan government.

To accomplish that mission, DSH identified thedé& provide water services to
water-stressed communities in Ait Baamrane in @®0%, and executives have pursued
an innovative approach to supplying that servic&HDcontributions include direct
financial support and substantial time and effddsmarshal the project through to
completion. DSH has also created and continuesotwdinate an extensive team of
researchers, engineers, hydrologists, public agenprivate donors, volunteers and full-
time and part-time employees. Dar Si-Hmad’s abiiitypuild and manage the project is
constrained by the small size of the organizataod occasionally, by lack of experience
with infrastructure-scale construction projects.HXScommitment to the project does
not waver, but the scale of the project sometimesrwhelms its small number of
employees (two executives and two to four staff toers). Furthermore, DSH struggles

with insufficient operating capital and bureauaratistractions related to funding, which
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in the long-term could compromise the organizagoability to effectively run a water
utility in the region, regardless of the scaleld project.

Barriers to participation and risks include respbility for the delivery of potable
water to marginalized rural communities that haome to rely on DSH for this service.
DSH has entered into a social contract with theroamities participating in the fogwater
project. The communities have provided land accéssor and a commitment to
participate in this research on the Fog Phone @is plortion of the social contract. The
communities could potentially hold DSH responsitdethe outcome and sustainability
of both the fogwater system and the water IS. D&t¢$ multiple risks should it decide
to transfer operation of the fogwater project t@ublic service entity or some other
managing agent. DSH also faces financial exposarderms of maintenance and
operations costs if public and private funds arsufficient or if payments from
community members fail to cover expenses. DSH loayet devised a detailed financial
sustainability plan for the fogwater project or thecompanying Fog Phone, and
therefore, risks being unprepared for system opeyabsts.

Another potential risk for DSH is that residenézeiving the fogwater system
may believe that DSH is responsible not only fa tielivery of safe drinking water but
also for any shifts in livelihoods that may steronfr water service. Rural community
members may hold DSH socially responsible for tedivdry of clean water on an
ongoing basis. In an area where history and scomhections continue to exert leverage
and convey respect and authority, DSH is exposddttme ill-will should the fogwater

project or IS be unreliable or unsustainable.
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7.2.4 Stakeholders: Male Community Members

Male community members participated in the comsiton of the fog nets and the
extensive system of piping. Men from the area atsatributed to the project by helping
dig the seven kilometers of pipe trenches to cantiecnets, storage barrel and cistern.
Teams of men helped transport cement, gravel, sawdother building materials to
various building sites. Four community membersnspgeo weeks cleaning the mid-
stage cistern at Id Aachour of years of sand anstevdeposit. DSH estimates that its
personnel and workers made 600 trips to the maurmgaak and various worksites in
order to build the system.

Men also play an important role in the water I1Selmgouraging or discouraging
and allowing or disallowing the participation ofrfale family members. DSH personnel
and | attempted to offset any suspicions or corsc@imout women’s participation by
hosting a men’s community meeting prior to the Eunf the pilot water tests in Agni
Hiya. At that time, community men were informedtloé purpose of my research and the
longer-term goals of the Fog Phone as an integrdl gf the sustainability of the water
project. The leader of DSH fielded questions andlen@ commitment to the community
that communication about the Fog Phone would besparent and that the research team
would be available for feedback and suggestions.

Non-resident male family members (husbands, sdathers, relatives) are
‘shadow’ stakeholders in the Fog Phone. Whether #ne transient workers who remain
in Morocco, or working-age migrants who live overse men retain influence over
family life in the village. These educated familymbers often provide remittances and

resources back to home villages and, in some calseg, must approve a woman’s
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participation in the Fog Phone. We did not havedaliaccess to these stakeholders, so
we relied on information provided to them by thigmily or neighbors in the villages
participating in the water project.

7.2.5 Stakeholders: Telecommunications Authority aalecommunications Providers

Morocco’s state telecommunications authority isadditional stakeholder in the
fogwater project and the Fog Phone. The fog nedisralated infrastructure on the peak
of Mt. Boutmezguida are located on property owngdhe High Commission of Water
and Forestry. Those contracts and permits have approved and are currently being
honored, but as with any other bureaucracy in Mooptegal contracts are not always
consistently enforced, followed or honored.

Additionally, the Fog Phone is likely to benefibim specially negotiated pricing
or services provided by one of the three netwodviglers in Morocco (Maroc Telecom,
Meditel or Inwi). These services may include disasuon bulk texting or free calling
services that may be made available to DSH underoaider’s corporate and social
responsibility plan. While generous, these disceoamd services cannot be relied upon in
the long term, which creates a financial risk e pinoject.

7.2.6 Stakeholder Analysis for the Fogwater Project

In addition to the stakeholders involved in thgviater 1S, there is an additional
set of stakeholders involved in the broader fogwat®ject. These stakeholders are
referenced in the SA above, as well as in Chap{@u®ure, Community, Language and
Site Selection and are incorporated in the Stakknd\nalysis shown below (Table 4). |

conducted this stakeholder analysis in order toetstdnd top-level issues that are likely
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to be of concern to DSH when the fogwater systeffulig implemented and, possibly,

expanded.
Stakeholder Benefits from Contributions/ Influence on Potential
Project Sacrifices Project Involvement
Gouvt. Entities Indirect Groundwater isa | High-moderate. High-
1. Rural beneficiaries. | state resource. Capricious Moderate
Commune Rural residents | Fogwater bureaucracy can
2. Province receive water a| jurisprudence is not| support or block
3. Local Govt. | water utility not | established. Long- | project. Potential
Orgs provided by the| running land tenure | corruption,
4. Water State. tension. opportunism,
Authorities careerism.
5. National
Gowvt.
Land-related No direct Stakeholders Potentially high. High
Stakeholders benefit. authorize use of landBureaucratic
1. Army for placement of fog| inefficiencies and
2. Telecom infrastructure, corruption.
Authority storage cisterns. Stakeholders
3. Water & Piping may be on | control land rights
Forestry public or state- granted to install
Depts. controlled land. and operate fog
nets and other
infrastructure
Funding Indirect Direct financial High initially. Moderate-
Agencies beneficiaries support and in-kind Low
services. Ongoing
short-term support
needed. Long-term
support TBD.
Neighboring Directly benefit | No direct Moderate-low. Moderate-
Communities from lower contributions Nearby Low
demand on communities judge
local well project and
water. No women’s
direct benefit participation.
from fog water Reputation, honor,
system. jealousy, rivalry
iSsues.

Table 4: A Stakeholder Analysis for the fogwater hevesting project.
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7.3 Applying the 8 Tools of Gender and Development

Between 2013-2014, | conducted a gender analysdgini Hiya based on Parpart
et al.’s “Theoretical Perspectives on Gender andeld@ment” (2000). Below | explain
the 8 Tools of Gender Analysis and how it infornmeg research into the design of the

Fog Phone (Table 5).

Tool 1 Gender Division of Labor

Tool 2 Types of Work

Tool 3 Access to and Control over Resources an@fisn

Tool 4 Influencing Factors

Tool 5 Condition and Position

Tool 6 Practical Needs and Strategic Interests

Tool 7 Levels of Participation

Tool 8 Potential for Transformation

Table 5: The 8 Tools of GAD Analysis (Parpart el l, 2000)

Tool 1: Gender Division of Labonn order to understand the roles, responsibiliéied
differing activities of women and men in Agni Hiylagonducted an assessment of gender
divisions of labor in the community in an effortittentify the type of work that women
and men perform. An understanding of what men aondth@n considered acceptable
work for Berber women to perform was crucial to geting participation in the Fog
Phone.

In the Berber communities where the water projsctocated, | assessed the
division of labor between men and women relatedvéder collection, water use and
water management. | found a distinct gender-baspdration of domestic chores where
women were responsible for water-intensive choreh sas laundry, meal preparation
and housekeeping while men oversee most technimhln@echanical functions in the

home and the community. Water fetching was predantiy the job of women, but not
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in every case. Men were tasked with collectingewathen women or girls were absent,
when women were elderly and unable to fetch water \ehen water fetching required
passage through an area that was deemed dangareus dnakes or animals. In the
village of Agni Hiya, no woman or working age grdnged beyond walking distance
from the community for daily work.

Division of labor issues in Agni Hiya also incorpte gender-based financial
responsibilities which are relevant to this reskabecause the water system will
ultimately require utility payments and because eamity members will be responsible
for the cost of sending water-related SMS messadges. in Agni Hiya and other rural
Berber villages generally bear responsibility fayimg for utilities, food and equipment.
Women generally pay for clothing, personal suppdied school fees for girls.

These findings are particularly relevant to Reseauestion #3: How do ICT
facilitate women’s involvement in overall system magement and communication of
meaningful technical information regarding the feger system? An understanding of
gender divisions of labor is pertinent to womenisvzalvement in water system
management. The use of GAD Tool 1 helped revedl nienagement duties for this
fogwater project were initially perceived to fallithin the domain of men. This
information helped me craft a better research pthat included more overt
communication with community members about my intes to actively include women
in the Fog Phone. An understanding of labor roteshe villages encouraged DSH to
explicitly articulate that women have a managemneletin this fogwater project.

Tool 2: Types of WorkAs discussed in Chapter 4, work can be producteaoductive

or community-based. Productive work may be paidmgaid. | extend the definition of
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productive work to include the production of infation. Reproductive work may be
biological, as in childbearing, or social, whicttluides caring for family members or
community work. Momsen (2004) contends that socggroduction activities are
essential functions that “ensure the developmedtpaaservation of human capital,” (p.
48) thus linking GAD to one of the core assets o$t8inable Livelihoods Framework
(SLF).

In Agni Hiya, productive work for men includes d&bor work, taxi-driving,
small-scale farming and other paid informal andisiemmal work. Women'’s productive
work includes small-scale farming, tending animaigwing vegetables and Argan oil
production. Reproductive activities for women ird#uchildbearing and nurturing of
large families consisting of an average of seveild@n. Women are also heavily
involved in social management duties such as pirggpand serving meals and hosting
family members and guests. Women in Agni Hiya dawe primary responsibility for
children’s health, education and welfare.

The third type of work, community work, includesllective social services such
as celebrations, ceremonies, spiritual events @inelr @ommunity activities. In Berber-
Arab communities, community work revolves aroundyreus life and social events such
as funerals and weddings. This work is generallydge segregated. For example, men
frequently pray together or attend meetings andsvat the area Mosque. Women do
not regularly attend prayers at the Mosque althotngly do pray in homes. Women
arrange other community work such as funerals agdthngs.

Cognizant of women’s double and triple burdensnsteng from productive,

reproductive and community work, the fogwater pcbjand attendant water IS were
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designed so as to not add additional burdens tal Berber women. Water delivery
directly to homes is intended to remove one majoysigal burden on women by
relieving them of the need to fetch water by haRde Fog Phone assists in achieving
that outcome by providing women with a way to sessivice updates and service
requests to help keep the water system operating.

Understanding the types of work performed by woraed men in Agni Hiya is
particularly pertinent to Research Question #1: Whérmation and communication
requirements are critical to the major stakeholderthe fogwater project because the
types of work women are involved in (productivepraductive or community) can help
determine the kinds of information that women watsers find useful. In this context,
the Fog Phone represents an intervention in battiymtive and community work.

Tool 3: Access to and Control over Resources antefte: GAD Tool 3 investigates
how rural Berber women’s marginalization affectsitraccess to and control over clean
water resources and to what extent their diseniigament influences their ability to
benefit from those resources. Women in Ait Baamiaae access to water resources,
but that access comes at a heavy cost in termdysfiqal labor. The mission of the
fogwater project is to provide women with easieress to water and its benefits. Issues
related to access and control of water resouacesontained in Research Question #3,
which focuses on the Fog Phone as an instrumenélfm Berber women better manage
water resources. The Fog Phone is integral tolewgaivomen to easily access clean
water and enjoy the benefits of its availabilityicls as improved healtiProviding
women with an active role in managing the waterttesysvia ICT will help keep the

service running, and thus, enable women to befrefit the water system.
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Tool 4: Influencing FactorsThe influencing factors of tradition, culture athe natural
environment are highly relevant to the design ef Bog Phone. Research Question #2:
What features are required to create a sociallycafidrally appropriate ICT system that
allows unrelated women and men to communicate abeutogwater system? In Berber
villages, tradition and culture are embedded in moamication patterns. These patterns
and expectations circumscribe women’s participatiothe Fog Phone. For example,
cultural norms often discourage unrelated women arh from communicating, a
condition that had a direct impact on the desigthef Fog Phone. The Fog Phone was
designed to accommodate this restriction. Instéadquiring women to contact the male
water manager with service updates, information rwaged through DSH. Additionally,
women’s communication is often subject to survagka by family members. Therefore,
the Fog Phone connecting female water users wajegrmanagers was planned so that
water reporting symbols and messages were impdraadaobjective. Furthermore, the
natural environment in Ait Baamrane is an importafiuencing factor. The climatic
and topographical features make it possible todsarwater from fog, but some of those
same features (mountains, hills and valleys) cakemudifficult to receive a mobile
network signal. The Fog Phone was designed to atwmlate these constraints by
generally relying on lower bandwidth SMS messadoegyveen water users and DSH
project managers and store-and-forward functiondbt communication between the
water manager and DSH thus circumventing the geralrictions on communication
between unrelated men and women.

Tool 5: Condition and PositionConditions refer to tangible day-to-day needs sash

clean water, shelter and food. Position is a mbstract concept. It refers to a woman’s
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social and economic status. The fogwater projedtitsnnformation system are designed
to address issues of both position and conditidre Water project addresses women’s
conditions by meeting material needs for clean walbe Fog Phone is designed to
enhance women’s position by involving them in mamagnt of the water system and
promoting their full participation “as agents ofvééopment and change” (Parpart et al.,
2000, p. 143). Issues related to women’s conditima position address Research
Questions #2 and #3: What features are requiredréate a socially and culturally
appropriate ICT system that allows unrelated woi®sh men to communicate about the
fogwater system, and how does ICT facilitate woraenvolvement in overall system
management and communication of meaningful technidarmation regarding the
fogwater system? This aspect of gender analystsiatersects with social processes that
influence access to capitals identified in the &nsible Livelihoods Framework (SLF).
Tool 6: Practical Needs and Strategic Intered®sactical needs include food, clothing
and water. Strategic interests, on the other heefdr to firmly established factors such
as inferior status and inequity. In the contexthaf fogwater project, women’s practical
needs are met by the provision of clean water whithediately improves the condition
of women’s lives in rural Berber villages. Furthem®, women’s involvement as
participants in the Fog Phone addresses the psacised to monitor the system and to
report on service problems. The fogwater systemthediesign and development of the
Fog Phone also address rural Berber women’s sicateigrests by involving them as
designers, participants and water monitors.

Tool 7: Levels of ParticipationAlong with the identification of the practical rdseand

strategic interests of Berber women involved in Bog Phone, this research analyzes

160



women'’s levels of participation and the potential transformation vis-a-vis their
participation in the Fog Phone. The Fog Phone weagded in consultation with women
in the villages receiving the fogwater system. Wonogganized to contribute to the
design of the Fog phone, and they contributed mwistto water reporting problems.
Those features are reflected in the Fog Phoneh&umbre, they participated in making
suggestions about the design of home plumbing mystehich lead to the addition of
water shut-off valves inside of the homes.

Tool 8: Potential for TransformationWomen’s lives can be transformed through
inclusion in development initiatives. Transformaib processes can elevate women'’s
power and address inequalities. In this researcdmemn’s roles as water stewards were
transformed from a role determined by water-gatigeduties to a guardianship role in
the water system. This research explored how IGildctacilitate this new role.

7.4 Applying a Gender, Environment and Developmenfnalysis (GED)

In rural Berber communities in semi-arid southwistrocco, resident’s lives are
intimately entwined with the natural world, andidesits are compelled to live within
restricted environmental means (Bargach, 2011). Taktionship between the
environment and humans in rural Berber villages ifeats in tasks such as the diligent
collection of limited rainwater in household cister long waits at well sites due to
depressed water levels and the need to shift gralooations in response to land
degradation. Others factors closely related toldlal environment include the fact that
diets are affected by seasonal food crop avaitgpifirewood is more difficult to obtain
due to a loss of tree cover and ongoing droughtdeaseased the supply of Argan nuts.

These factors are daily concerns for rural resglgarticularly women, and many tasks
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related to the land and natural resources in thenuanities involved in the fogwater
project are women’s duties. Thus, issues relategettder and natural resource use in
rural Berber villages cannot be disassociated feach other.

As the primary water gatherers and dominant wagers in rural villages, Berber
women are inextricably associated with water aretetore play an important role in
resource management in rural Ait Baamrane. Theychzse attention to environmental
signals such as decreases in rainfall and chamgegater levels in wells. This close
connection to the natural world will extend to theise of fogwater as a new,
supplemental source of drinking water and to theiolvement in the management of the
fogwater system by virtue of their role as watemitars and water reporters. Due to their
pivotal role as providers, users and guardiansaiéxy the Fog Phone relies on women to
participate in water resource management and deemmiaking.

Consistent with GAD and GED theory, this reseaatdo recognizes that men
have important duties in water management. The lmen involved in building the
system and remain involved in some maintenanceepalr work outside of the villages.
Furthermore, men, whether present in the villages dull-time or part-time basis, are
involved in the water project by virtue of theiatts as heads of households. Male family
members, whether near or far, can encourage ooutiage, and allow or disallow a
woman'’s participation in the Fog Phone and the dgoaanagement of the supplemental
water system. Additionally, male family members apgected to bear the primary
financial responsibility for paying water charg@sis assignment of responsibility lead
to the belief that men would assume physical andagerial responsibilities for the

water project, but after discussions between conityjjamembers and DSH, and with the
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subsequent development of the Fog Phone, the vades separated. The Fog Phone
helps transform women’s relationship to water frome where they are solely water

consumers to one where they are information steswdiaat role is facilitated by ICT.
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CHAPTER 8
SYSTEM DESIGN

8.1 Primary Research for a Prototype Fog Phone

This chapter explains the design, implementatiwh evaluation of the first phase
of the Fog Phone connecting water users and DSH.

Observations and interviews conducted at the lawfi¢he water system in Agni
Hiya in June 2013 showed that household water usecknicians responsible for the
system infrastructure and project managers weteligiconnected by an informal and
ineffective communication network. The weaknesghait ad hoc system was evident
when a pipe broke in a nearby field. The leak wamteported for more than a week
because community members said they did not knownwko contact to report the
problem. The water project’s operational sustaiitgtiepends upon timely and accurate
communication between primarily female water useérs,male water manager and DSH
project managers. In order to operate sustainabéywater project required the regular
exchange of information. The objective of the pmyneesearch was to create the first
phase of the Fog Phone to connect these diverseliapdrsed stakeholders. Initial data
indicated that multiple information and communioatiechnologies might be required to
help manage end-to-end reporting of the water nétwecause there were no common
devices and no shared platform that all the stdklen® could use. For example, DSH
relied on Wi-Fi and computers, but those serviceklaardware were not available in the
rural communities. The water manager had smartghdng women generally did not.

Therefore, any proposed water-related informatigstesn must function across a range
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of literacy levels, diverse technical skills, mplé devices, mixed genders, dispersed
locations, rugged conditions and multiple cult@adl social circumstances.

| initially discussed my suggestions for deployargambitious three-phase, ICT-
enabled end-to-end water reporting system with DS¥e envisioned a potential
information system that, in its entirety, couldckahousehold-level user messages sent
via mobile phones, infrastructure status updated,data from a remote meteorological
station. We shared ideas about a system where womehe villages could share
household water issues with DSH, such as leaksuest lpipes. Those discussions
became the impetus for an investigation of thestaold processes involved in the design
of the first phase of the Fog Phone to supportftigevater delivery system intended to
supply potable water to rural Berber villages intbavest Morocco. This system came to
be named the ‘Fog Phone.’
8.2 Data Sampling and Recruitment

This research is based on the collection and aisabyslata directly related to the
research questions. These data are comprisedkehsider-identified information needs
related to water such as social, cultural and teehmrapabilities and constraints which
all influence the design of the information systéihe IS must support reports on water,
stakeholder access to and use of ICT, and wometcipation in water stewardship.
The outcomes of the community analysis, discusee@hapter 7 inform this research,
especially the in-community interviews about thadiionality that might be required of
the Fog Phone. The discussion below explains tieevilew process in five villages.

Following initial introductions facilitated by DSH, regularly visited private

homes in rural communities and job sites in the mt@ins where | was able to establish
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professional connections and friendships with stalders. These visits took place over
the course of nearly eight months in June-July 20N@ember 2012-February 2013,
June 2013 and again in December 2013-January Ziiétmosphere of mutual trust
paved the way for me to recruit interview subjeantsl study participants. This trust was
also the foundation for collaborative and partitipa design of the first phase of the Fog
Phone connecting water users and DSH.

| conducted two sets of interviewgeneral ICT interviews in the Coop and in
villages involved in the water project and targeteder-related interviews with the three
main stakeholder groups (female water users, th&erwaanager and DSH project
managers)Each interview type was designed to elicit a défe category of information
(explained below) that contributed to answeringnegearch questions.

The target population for ICT interviews was ardula resident of a village
involved in the fogwater projecinclusion criteria were adultd g years and older) who
were full-time or part-time residents of villagesrficipating in the fogwater project who
use a mobile phone, were able to understand iet@nguestions and could provide
verbal consent to be interviewed. Exclusion crtewere minors, those who self-
identified as unwilling or unable to understand andwer interview questions and those
who could not provide verbal consent to be intered. Interviewees were recruited
through non-random door-to-door visits and refeseahpling in the rural communities of
Agni Hiya, Agni Zkri, Id Soussan, Tamarrout andAdchour, all of which are involved
in the fogwater project.

The target population for water-related interviemas any adult resident of Agni

Hiya. Inclusion criteria included adul{d8 years or oldenvho were able to understand
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interview questions and could provide verbal cohsere interviewed. As with the ICT
interviews, exclusion criteria were minors and thaswilling or unable to understand
and answer interview questions and those who coatdprovide verbal consent to be
interviewed. Interview subjects were recruited tlgio non-random door-to-door visits
and referral sampling in Agni Hiya.

The study population for participatory researchtio@ development of the Fog
Phone was comprised of the three primary stakehad®mups: women water users in
Agni Hiya, the water manager and the DSH projeahagars. Eligible subjects from the
target population in Agni Hiya included full-timegident adult womeri8 years old or
older). Inclusion criteria consist of female resitlater users who are able to understand
interview questions translated from English to Tedh or Darija, those able to identify
water-related problems, those who volunteered ke faart in this IS study, those who
had access to a mobile phone and those who prowddshl consent to participate.
Again, exclusion criteria include non-residents gradt-time residents of Agni Hiya,
male residents, people under the agé8fthose without access to a mobile phone, those
who choose not to participate and those unwillingioable to provide verbal consent.
Participants were recruited for the study througbn-random, referral sampling
commonly used in qualitative research. At the tiofethe study, Agni Hiya had
approximately 28 adult full-time residents, 18 ohawn are female. The maximum
sample size of female water users for this study & excluding two elderly women
who do not fit the inclusion criteria. | recruitd® eligible women to participate in this
research. Six women were between the ages of &&4 old, six women were between

25-45 years old and three were older than 46 yadréages are approximate). Six of the
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15 women self-identified as illiterate and innunterall of them reported that they had
service with Morocco’s main network provider, Mardelecom, instead of Meditel or
Inwi.

| also interviewed DSH'’s Director and Chairmartloé Board, as well as and the
water manager as other important stakeholders.
8.3 Research Plan

There were two primary goals of the research p(ah:an examination of the
factors required to develop a socially, culturahd technically suitable Fog Phone that
allows marginalized Berber women to participatethe management of a new water
system, and (2) the development of the prototypg Fbone to support the fogwater
harvesting system. The overall approach involvedagsessment of information needs,
the creation of a Fog Phone, the testing of the Fogne and analysis of the pilot tests.
As discussed, much of this data comes from the odstloutcomes as well as the
interviews as outlined. The approach for each e$¢hsteps is detailed below.

8.3.1 Determining Information Needs (Addressingdesh Question #1)

To assess information needs related to the wgsters, | engaged in participant
observation and semi-structured interviews with de&mand male water users, water
managers, DSH staff members, plumbers, contractodswater engineers in Summer
2013 and January 2014.

In June 2013, | met with executives and staff meralof DSH at association
headquarters in Agadir, at project headquarte&dnlfni and in pilot villages to get the

project managers’ perspective on water-related rinétion needs. DSH executives
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identified the need for major stakeholders to shasaningful information about the
project so the water system will function properly.

Over the course of the three weeks (June 16-JuY¥3) when the water flowed
to households in Agni Hiya for the first time, | ted the kind of water-related
information that was or was not communicated, t@nvland under what circumstances.
Examples of such information included community nedhing the plumbing contractors
about jammed faucets or female water users comptpito translators about leaking
pipes or underground pipe leaks that created padti@ went unreported. | regularly
visited Agni Hiya to observe and discuss how resisleised and responded to the new
water system. | inquired about how running watehame taps affected their daily lives,
whether the water system functioned properly imgeof service delivery and what tasks
were performed with the piped water (i.e., consuomptdomestic tasks or animal
husbandry).

In order to establish information needs at thealldevel, | interviewed female
water users in the village of Agni Hiya to determwmvhat information was important to
communicate or receive about the water system. pheyided specific suggestions such
as the plumber’s schedule, water shutdown notiboatand water quality alerts.

As the sole local employee responsible for watgstesn infrastructure and
maintenance, the water manager’s insights intoiserissues were crucial to the
sustainability of the water system, as was the rieeget information to and from him
about repairs, water quantity and quality, leaksstruction planning and personnel. In
order to ascertain his information needs, | joim@th on maintenance checks in Agni

Hiya where | discussed his concerns about reguladghanging information with
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unrelated women. In lieu of frequent contact betwtmmale water users and the male
water manager, | discussed a possible ICT-basddmsyshere project managers would
aggregate information from women prior to transimittservice-related information to
him. He stated that his concerns could be allay#ldl an impersonal information system,
such as the Fog Phone, and that that he would téoc@ble if specifically designated
male and female community members called him incs® of emergencies. In order to
understand his communication needs regarding nmante of the infrastructure and
transmission of that information with DSH, | accanped the water manager to Mt.
Boutmezguida to examine the fog-collection netselsoand filter units. | interviewed
him about the potential to use ICT to efficientie fregular maintenance reports, and he
participated in user-centered design exercises avipaper mockup of a potential tablet
based reporting system to track maintenance ofviter infrastructure. This information
can be used to guide future work.

8.3.2 Assess Community Readiness (Addressing Rés@arestions #2 and #3)

To address the issue of community readiness tocipate in the development,
design and deployment of the Fog Phone, | condus¢adi-structured ICT and water-
related interviews between January-July 2013 witlemand female residents in the
villages participating in the water project. Thesterviews focused on the ability and
willingness of mobile users to use their availaiiebile phones to potentially report on
water issues. | also engaged in discussions witfalie and male residents of Agni Hiya
about opportunities for women to have a role in leev water delivery regime. These
conversations often took place in venues such asemeonly focus groups, gender-

segregated community meetings and face-to-faceviates with women and men in the
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community, conversations that provided me with lnghle insight into social factors
that could affect women’s participation in watermagement, thus addressing Research
Question #3.

| also engaged in discussions with DSH projectagans about their perspective
on what constitutes a socially and culturally appiate ICT system. | specifically
discussed opportunities for women to integrate BTretain or advance their role as
water stewards and guardians in the new water elglivegime. These conversations
revolved around the level of women’s agency inrtheimes and in the community, and
factors that might encourage or discourage padimp in the management of the water
system such as lack of phone credits to send eotextake a call, difficulty securing a
network signal inside of the family compound or fignpressure to not use the system
(described in greater detail in Chapter 10).

These interviews helped determine potential festto include in the Fog Phone
based on users’ technical skills and availablerteldgy, as well as the social, cultural or
technical barriers to ICT use that might constrparticipation in a water reporting
system. | updated the Sustainable Livelihoods Freorle and the Stakeholder Analysis
by incorporating information on community readiness

8.3.3 Encourage Participation (Addressing Rese@igdstions #2 and #3)

| cultivated community-wide interest in women’arficipation in the Fog Phone
through public presentations of this research. it+-dne, 2013, DSH convened gender-
segregated community meetings for residents froral kommunities slated to receive
water from the fog-harvesting system. In these mgef | explained that | was interested

in discovering whether a coordinated water repgrsitructure was needed, whether it
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was viable and whether female water users woulticgzate and assume leadership of a
technology-enabled water system. | explained tmaindormation system might help
users quickly and efficiently relay information aibavater problems or service requests
to project managers who could then respond to &l repairs to keep the water system
functioning.

8.3.4 Rapid Design of an Alpha Version of the Fdmori® (Addressing Research

Questions #2 and #3)

Equipped with an understanding of the informati@eds and an awareness of the
social, cultural and technical constraints of stpdyticipants, in Summer 2013 | engaged
in collaborative design sessions with all threekedt@lder groups to design an alpha
version of the first phase of the Fog Phone basenhabile keypad letters and numbers.
The alpha version of the Fog Phone linked femaléewasers in Agni Hiya to my
personal mobile phone. For the purposes of an dggtamy phone served as a proxy for
the Fog Phone. In the alpha version, the requirésnfen the Fog Phone were based on
the use of available, simple feature phones. Tlstesy was designed to accommodate
multiple devices in various states of disrepairduse rugged conditions. (The beta
version of the Fog Phone incorporated an SMS aggjmyplatform which is detailed in
a following section.)

The alpha version of the Fog Phone was based osaay-to-use system of
matching pictures to mobile keypad letters and renmibln response to information
needs identified by water users, the translatiamtend | created four iterations of the
posters featuring photographs identifying four camnnwater issues that had occurred

during tests of the water system: no water, leakapg wet interior wall where the pipe
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connected to the tap and wet exterior wall nearvtheer meter. Each water issue was
assigned a letter corresponding to a number onlalenphone keypad. For example, the
letter ‘A’ or ‘a’ indicated that the household had water service. The poster carried an
image of a mobile keypad showing that the lettea éduld be found on the number ‘2’

key on a mobile phone. Each house in Agni Hiya assgned a water meter number so
service requests could be identified by numbererathan a name or phone number.
Each water issue on the poster had an explanatidiachelhit (the local Berber dialect)

written in both Arabic and Latin script next to tireage and the keypad design. The
poster instructed water users to send a text td~tigePhone indicating the water meter

number and the water report (Figure 16).
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During the alpha test in June 2013, after threes dd use, the translation team
and | redesigned the poster to replace pictureicants identified as difficult to
understand with public domain images and clip-@hs downloaded from websites. We
added an image and text indicating a water emeygand eliminated the design of the
mobile keypad next to each water issue becauseiparits said they did not need the
visual prompt. Participants responded positivelthese changes.

For water users who were not able to send SMS agessdue to illiteracy and
innumeracy, | devised a parallel reporting systeaseld on voicemail for the alpha test.
Requirements for this system included a voice diogrby a female Tachelhit speaker
(one of the translators) and training for womenhomw to dial a call and leave a voice
message.

| funded women’s participation in the pilot testg supplying mobile telephone
credits valued at 10 Dirham (approximately $1.3@ttcould be used for 100 text
messages or one hour of talk time.

| assessed the alpha version of the Fog Phon®lecting the content of all of
the SMS messages sent to the Fog Phone alongnatimation on the time and date. |
also had all of the voicemail messages left onRbg Phone transcribed. | assessed the
messages for what water problems were reportedhendccuracy of the reports, as well
as data on non water-related (social) messages.

8.3.5 Determine ICT for the Beta Version of the Helone (Addressing Research

Question #2)

Following the results of the alpha test, | movet ithe beta test period of the Fog

Phone research. The ICT for the beta version dipkivater users and DSH project
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managers utilized the personally-owned feature phawperated by water users and a
moderately priced laptop loaded with FrontlineSMSontlineSMS supports SMS
aggregation and bulk texting and a customizabléocosr relations management system.
| chose a laptop instead of a desktop PC becaust dx8f members may be located in
any of a number of offices or in the field, and gwgiipment would need to be portable.

8.3.6 Design the Beta Version of the Fog Phone (@sking Research Question #2)

Data from the alpha test of the Fog Phone wasrjieecated into the design of a
more robust and deployable prototype informaticstesy that met communication needs
identified by the three major stakeholders: femasder users, the water manager and
DSH project managers. The customized FrontlineSiMSem was developed in Fall
2013 with students in the Masters in Information &@ommunication Technology for
Development (ICTD) program at the University of Qaldo, Boulder. The Fog Phone
was devised to map to a wide range of mobile sKilisracy levels and gender-related
communication norms encountered during preliminasearch and the alpha test. The
student team and | consulted with DSH throughoaitddsign and build process. We also
coordinated trials and feature tests to discernthdrethe system helped monitor and
maintain the fogwater distribution system. Theiglesof the Fog Phone addressed a
number of priorities. It utilized available, lowstotechnology, it addressed user-
identified communication needs, it incorporatedtipgratory user design for ease of
understanding and adoption, it was appropriatei$ers with differing literacy levels and

it did not violate cultural norms.
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8.3.7 Deploy Beta Version of the Fog Phone (AdsiresResearch Question #3)

On my return to Morocco in January 2014, | deptbilee beta version of the Fog
Phone connecting two stakeholders (the female westers and DSH) in the test village
of Agni Hiya. The FrontlineSMS system was deploydten, once again, DSH filled the
water system with 30 tons of purchased water. &mtib the alpha test, water was
delivered to homes in the pilot community of Agniy&l | installed the laptop at my field
base in Sidi Ifni, approximately 30 kilometers fréxgni Hiya. After my departure at the
end of January, | transferred the system to DSHfiseoin Agadir, and, as part of the
installation, | helped train DSH staff to operate system and to troubleshoot launch-
related problems. Additionally, | distributed andaped water poster to all participants
and households in Agni Hiya. A new phone numbercdd¢ed to the fogwater project
was printed on the posters, as well as cleareungstof water problems and updated

information on what to do in a water emergency (Fegl7).

177



&> e,
B = \e\
=

¢ [ Bl il by 5 s
J Nmra ntilifon ntagut Nmra nlmagana
— 06 08 85 31 40
Aa Ji

sy ) 2 Adkat i)
Artfi | magana d aghrab yodar

i A Ig] :
ke i Y] a8 S Y
Arit9tar Robini a0 3 9 ¢ Jid S —
Ila kra n diffou gh Tiyou d Robini
M m

preprergl ¥

Ourilla htta kran Imouchkil g ]

Figure 17: The updated water poster used in the battest of the prototype Fog
Phone showing the dedicated phone number and updatémages indicating water
problems.
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During the beta test, | collected feedback onédfiriency and effectiveness of
the Fog Phone from female water users, DSH staffthe water manager. Although the
prototype Fog Phone did not link in the water manafysought his feedback because he
had participated in the design of the system, aB#i @xpected him to be a community
advocate for the system. After collecting data teetiback, | made recommendations to
address malfunctions, and | delivered specificatioouments to project managers. These
findings are in Chapter 10.

8.3.8 Collect Data On Alpha and Beta Versions ef Hog Phone (Addressing Research

Question #3)

Text messages between residents in Agni Hiya, B&Hme were captured on the
FrontlineSMS system (see Chapter 9 for detaild)e IMS aggregation system collected
system status reports from water users as welkk@saages and responses to information
requests from me/DSH to study participants inqgirifor example, about whether the
plumber was present in Agni Hiya, or requesting tieaidents shut their valves prior to
equipment repairs. Residents voluntarily providadirt phone numbers because they
wanted to participate in the Fog Phone and wartedet water announcements from
DSH or me. Community members were aware that tlgeHfmne included a contact list
and that the system collected and matched phoneébensnto names. This made it
possible to identify the person or household sepdinwater messages via SMS and
allowed me to easily disaggregate data by housetoddtext sender. Having a contact
list also made it possible to track water repoftan SMS message did not contain

sufficient information (such as a water meter nundsgroblem code).
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For the alpha version of the Fog Phone, | colkkctata including call and SMS
logs from my personal phone. For the beta versibrgollected data from the
FontlineSMS Fog Phone databaBlmtes from semi-structured interviews, observations
and other relevant field records were recorded apmeadsheets in order to easily

compare answers from research participants.
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CHAPTER 9
TECHNICAL DETAILS

HCID techniques provided a framework to address dbeplexities of cross-
cultural design, particularly the design of the FRigpne to meet the distinctive needs of
low-literate ICT users in rural Berber villages. Waer et al. (2008) provided the
guiding premise for this research into the desi@irsimple technology artifacts with
instant utility. Principles of easy operability andmediate utility were of paramount
importance throughout the design of the Fog Phorkeng water users to DSH project
managers. This approach to designing the Fog Péoaleled stakeholders to connect an
information system to their daily tasks and adeat“without needing to grapple with
complex abstract design concepts and ambiguitias tiay exist as an effect of the
prototype itself” (Maunder et al., 2008, p. 6).

Below, | outline the technical details of the be¢asion of the Fog Phone that was
implemented in January 2014. The system was desigmeaccommodate the social,
cultural and technical concerns evident among r@@iber women involved in the
fogwater project.

9.1 Prototype Posters for the Fog Phone

The translation team and | conducted focus gravgs adult female water users
in Agni Hiya to collect their design suggestionstloe posters showing what codes to use
to report a water problem. In those sessions,oleited input and feedback on effective
images to use to indicate water system malfunctidre presented a variety of images in
order to elicit feedback on ease-of-understandivig.showed pictures of the actual water

system in Agni Hiya along with stock images of phing fixtures from the internet as
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well as slightly abstracted icons and clipart eletael incorporated suggestions from
these iterative and participatory design sessiots @ach of the four versions of the
posters used in the alpha and beta tests of thékoge.
9.2Voicemail Recording

A voicemail option was included in the design loé talpha version of the Fog
Phone in order to accommodate water reporters wkece wiot able to send SMS
messages. In some cases, mobile users did not koawvto dial a phone number, others
had phones with worn out keypads that made itaiffiif not impossible to construct a
text message, while others preferred voice repprtiver text messaging. In order to
accommodate these users into the research, feraaleelhit speakers recorded a voice
mail message inviting water users to record thegport of a water issue. The recorded
message was: “Welcome to the voicemail of the DddrBad Tagut (fog) water system.
If you have any problems with the water, pleasedegur message here after you hear a
signal (tone). Then say your full name, your wae@ter number and state your problem.
Thank you.” The voicemail option was eliminatedhe beta test due to limitations of the
FrontlineSMS system and because of time and trgifimitations. Sixteen voice calls
were made to the alpha version of the Fog Phonep@ngonal phone). All but one of
those calls occurred when women were practicingevoalling during a training session.
9.3 Personal Mobile Phone

In Summer 2013, | temporarily contributed my peedocell phone number to
help in the development of the alpha version offtbg Phone. This decision was slightly
inconvenient for me because my phone was no loageivate device. Contributing the

use of my personal device to the project appearédvte a positive impact on the project
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as using my phone and phone number helped me ishtdahist with the community.
Because | always had my cell phone at hand, | confdediately show water users the
result of water-related SMS messages they senticipants who practiced using the
“boite vocale” (voicemail) service during focus gps and training sessions could hear
my phone ring and be assured that the phone numhervalid. Women (and men) in
Agni Hiya also saw me read their incoming texts aadiched me key in and send them a
text message using my personal phone. This helgeikss suspicions that water-related
messages (SMS and voice) were being transmittedideuthe ‘water network’ of
stakeholders.

At the time of the alpha test, DSH had not yetatieged a service package with a
mobile carrier to supply services for the Fog Phdreat changed for the beta test when
DSH supplied a dedicated phone number associatddtia@ FrontlineSMS Fog Phone
system. Posters were updated with that phone nurabdr study participants were

instructed to send text messages to that number.
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Figure 18: The FrontlineSMS Fog Phone system connsdhe water users and DSH.

9.4 Design of a Customer Relationship Management Sgm

In Fall 2013, | worked with a team of studentshe Masters in Information and
Communication Technology for Development (ICTD) gnam at the University of
Colorado, Boulder to design a prototype SMS agdiegeand customer relationship
management (CRM) system utilizing FrontlineSMS, raef customizable software
package used in many ICTD applications (Figure 18).

| chose FrontlineSMS for the ease of use of tlievaoe. It is possible that many
users of the Fog Phone at DSH will not have Englishiheir first language. The default
interface is user friendly and uses a simple tatapter for navigation. It is easy to find
the main page for the Inbox, Sent and Archive ngessalt is also simple to find and edit

the “polls” and contact lists that are likely to the most often-used functions for DSH.
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FrontlineSMS can be installed on any computeruiretg only a GSM-based
modem on a USB thumb drive to send and receive tdtde the user interface operates
in a web browser, FrontlineSMS can function withantinternet connection as all SMS
messages are sent and received through a SIM card GSM-enabled device.
FrontlineSMS provides the necessary features teivec categorize and store SMS
messages sent from any phone (Figure 19). The capplh also allows for easy

organization and filtering of incoming messages pravides a simple interface to create

polls associated with trigger or keywords.
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Figure 19: Text messages that do not precisely camm to the message protocol are
filtered into the Inbox of the FrontlineSMS system.

9.5 The Hardware
| purchased a new laptop computer that was desticdb operating the
FrontlineSMS and the GSM device. | chose a midrdag®p (Acer Aspire E15312438

with 1.9GHz Processor, 4GD RAM and a 500GB hardejrin order to help prevent the
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computer running too slowly or crashing with FroléglSMS. | also needed a computer
with more than one USB 2.0 port, as the GSM deregeired a dedicated USB port.

FrontlineSMS recommends using a GSM modem as eppimsa mobile phone,
as GSM modems are easier to connect to the PCnglaested several types of GSM
devices, | chose a Huawei E173 GSM modem that meduno additional setup or
configuration on Windows 7.
9.6 The Reporting Syntax and Trigger Words

The FrontlineSMS system was designed to sort rgessato ‘polls’ based on the
designated water problems (no water, leaking fadeak in an interior wall, leak on an
exterior wall and no water problem). Incoming mgesathat used the syntax determined
in the alpha and beta tests triggered this autensrting when the incoming SMS
message started with a letter assigned to a watdrigm followed by a the unique
number assigned to each meter (examples of cosygtbx are “Al” or “12"). The
FrontlineSMS looks for this syntax string and audtically categorizes the responses
into the right poll. When a message does not comfiar the reporting syntax, it stays in
the Inbox, which displays the text of the incommgssage with the sender’'s name or
number. DSH employees can select a message to teplgnd they can forward a
message to the water manager or a maintenance nvdokeinstance. They can also
delete or move messages to other polls. Each palbles like messages to be grouped.
The FrontlineSMS system also records the phone ruwfliieach incoming text message,
making it simple to create contact lists of wateens. This will enable DSH to build an
address book of names and numbers in order torbetép track of messages. Further,

contacts can be assigned to groups for ease of aomations and better reporting. For
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example, DSH has the ability to create a groupetrh village or certain individuals in
the community allowing easy mass communication tgeagraphic area. Water users
were not limited to sending SMS messages aboutrvisgaes, but only text messages
that conformed to the reporting protocol are soitgal polls.

With an ICTD master’s student, | trained womenAgni Hiya in the reporting
protocol and created new posters for the beta aersi the Fog Phone. The water
reporting syntax was familiar to women in the comity as they had contributed to
developing the letter and number sequences foalifitea version of the Fog Phone the
prior year.

9.7 System Constraints

While FrontlineSMS provided a majority of the faiooality for the CRM
system, it lacked several features that would sisnpbmmunication. For example, we
had initially pursued an option where low-literatemen could leave a voicemail about
water issues, but Frontline SMS did not supporteaall sorting. The development team
and | attempted a work-around whereby voice calislento the Fog Phone number were
forwarded to a phone belonging to a DSH employeawdvVer, this necessitated an
employee to listen to the voicemail, then creat send an SMS message containing the
information from the voice message back to the Flogne to be filtered and sorted into a
poll. Due to the overhead of this approach, the betsion of the Fog Phone focused
solely on SMS messages. (Voice calls to the Fogn@mumber appeared as calls in the
FrontlineSMS call log, so it was possible to knosa#l had come in.)

As mentioned above, FrontlineSMS is unable to eoansd sort messages that

contain typing errors or that do not conform to tbporting syntax. If a message cannot
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be interpreted, the message will go to the Froe8MS general inbox. From there, an
administrator can manually add it to the corredt @ad assign it a response category.

Additionally, software requires maintenance andaimg, and employees may
need technical support. | included TeamViewer, faxsoe package that enables remote
control of a computer, on the host computer tosassith troubleshooting. TeamViewer
requires an internet connection, which DSH haalsd included basic FrontlineSMS and
Fog Phone training documentation on the Frontlin€3idmputer.

Backup is also a major issue. To address damageedt; the FrontlineSMS
configuration, including the database and configarefiles, are stored in a single, easily
accessible folder that can be stored on a USB filasfe or remote computer. | included
an automated backup script that updated the cawaflign files daily to a USB flash drive.
Since the daily log and configuration files areyoalfew kilobytes each, such storage will
be adequate.

A final consideration is that system objectives aaquirements could change in
the future. New villages might be added, codes mighange or actual water
infrastructure might advance and require entireBwnkeywords. Such cases are
impossible to foresee. The master’'s students apbVided a technology-savvy DSH
staff member with sufficient training to reconfiguaind administer the Fog Phone.

9.7.1 Cost Concerns

Water users in Agni Hiya expressed concern abwoeitcost of reporting water-
related issues via SMS and voicemail. The cosextirig and calling is a highly relevant
issue for low-income residents participating in thgwater project. Depending on the

service package, mobile phone calls and SMS messagecost approximately 1 Dirham
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per minute or per text. If female water reporteesevrequired to bear the cost of regular
(daily or weekly) water reporting, telecom chargasuld strain women’s available
income. To deflect some of these costs to watersy®SH might opt to absorb calling
costs by creating a toll-free phone number throaghobile carrier. That is a potential
service option for an IS based on voice calls amdemail. To transfer the costs of SMS
texts, the design team and | considered the use fofe-to-sender short code to send
water reports but rejected that option out of com¢kat short code number series would
be too confusing. Future work might explore whetiés option is effective with low-

literate mobile phone users.

189



CHAPTER 10

FINDINGS

This chapter consolidates research findings frah bhe exploratory research at
the Coop and primary research in communities irehn the fogwater project. (The
community analysis of the methods is not includedthis chapter as those outputs were
used to inform the research design). During thaefil conducted a total of 58 ICT-
related interviews, 40 water-related interviews aawa a pilot test of an alpha and beta
version of the Fog Phone to help manage the watgem, which received 81 SMS
messages during the alpha tests and 38 messageg ther beta test. These data gave me
the data necessary to answer my research quesfldns. chapter summarizes my
research findings in the context of these resequdstions, including findings related to
the use of progressive, participatory, contextealiHuman-Computer Interaction for
Development (HCID) techniques. Additional analysis the implications of these
findings, particularly for ICTD scholars and préictners, can be found in Chapter 11.
10.1 Data Management and Data Challenges

| triangulated data from semi-structured intengewparticipant observations,
focus groups, participatory design sessions and 3Ni& call logs in order to draw
conclusions regarding the usefulness and effeats®mf a Fog Phone water reporting
and monitoring system. | reviewed the data to detez the information needs related to
water, women’s social, cultural and technical lasito ICT use and participation (and
lack thereof) in the design and implementationhef Fog Phone. | coded these data and
themed them based on descriptive labels such asu#€T social barriers, technological

skills and barriers, gender issues, education aagérncommentary. Datelated to ICT
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use, participation in management of the water systed complaints or problems related
to water delivery were entered into spreadsheetsSAS and call logs (which were also
imported into spreadsheets). removed data that included extraneous information
unrelated to the research questions. Incomplete slath as error messages, transmission
errors, and communication that indicated confusiora lack of understanding of the
reporting system all constitute relevant data fus tstudy because they speak to the
effectiveness of the Fog Phone.

Due to handset sharing, it was not always poss$ibldentify the person sending
an SMS to the Fog Phone system. While community neesawere informed that this
research focused on women’s use of mobiles to repoithe water system, | did not
control access to individuals’ handsets, nor cdudémand that only women participate
in the research. For instance, | occasionally keckelaborate text messages from low-
literate women’s phones that were clearly writteyn $omeone who was literate.
Occasionally, a message would contain the naméefsender, thus indicating their
identity or gender.

| did not consider the inability to identify parpants to be a weakness of the
study. When | could not discern the identity of femder, | did not discount messages as
data errors. | considered those to be an acknowtadgt of the social and technical
layers involved in mobile phone use by this popafatof rural women in southwest
Morocco.

10.1.1 Translators

| relied on a team of translators throughout nefdfivork. | instructed them to

identify and translate commentary in messages eelab water use, ICT use,
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participation in management of the water system @ndplaints or problems related to
water delivery. | also requested that translatooside me with nuanced details on social
and cultural issues that often affect women’s warkl domestic lives such as family
dynamics, the role of religion or access to infaiiorg as these details inevitably had a
bearing on women’s ability, interest or willingnassparticipate in the interviews and
Fog Phone use.
10.2 Findings: Information Needs

Research Question #1.:

What information and communication requirements ariical to the major

stakeholders in fogwater project?

Home water delivery to Agni Hiya began for thesfitime in mid-June 2013 after
DSH deposited 30 tons of purchased water into tihra@e cistern. Project managers had
budgeted 50 liters/day/person for human consumptwnapproximately 30 people,
which was five times more than residents reportedhair daily consumption rate. The
water trial permitted DSH to test the householdndling system and allowed me to
observe water use and water-related informatiodsee

When water delivery to Agni Hiya commenced, so dab plumbing problems. |
conducted semi-structured interviews with all threemary stakeholder groups to
identify their water-related information needs amolat circumstances or events elicited
the need to transmit information. Through partioipabservation and stakeholder
interviews, | monitored communication bottlenecksated to water delivery that
occurred between the three main stakeholders. ndidbhat communication congestion

occurred regarding unexpected plumbing problemsveaigr system shutdowns. | also
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witnessed difficulty on the part of DSH in relayingncerns about the rapid consumption
of water during the pilot test in Summer 2013.

Below, | detail findings from interviews and parpant observations with DSH,
female water users and the water manager that egldrg research questions.

10.2.1 Identifying Information Needs: DSH

Early in my research, DSH executives identified tleed for major stakeholders
to share meaningful information about the watetesysso that the system could function
properly. We discussed the potential use of ICT hielp accomplish this task.
Furthermore, we established that it was vitally amant to have an IS where female
household water users could transmit relevant watgntenance and system emergency
information to DSH. It was also crucial to have eoomication channels in place to link
the local water manager with community membersasecof water-related emergencies.
| worked with DSH to envision, and ultimately demg| the first phase of the Fog Phone
that would allow DSH to ‘triage’ information to aritbom the water manager and water
users, including the ability to aggregate and djsagate information in order to respond
with specificity to individual service requests atwl provide generalized reports to
funders. These efforts became the Fog Phone. Addity, DSH identified an interest in
the ability to send out periodic bulk SMS messagewater users for such purposes as
notification of a temporary service interruptionater-related health alerts, sanitation
advice or conservation reminders.

10.2.2 Identifying Information Needs: Female Waisers

In interviews and conversations in January/Felyr2&13, June/July 2013 and

again in January 2014, | asked 27 female watersudetailed questions about issues
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related to water delivery. Women reported that tiveye enthusiastic that water would
be delivered to their homes and relieve them ofbilmelen of hauling water. During this
time, | participated in many discussions aboutithggortant role that primary water users
— usually women — might have in alerting projecthamgers to problems such as lack of
water, low water pressure and water quality issude discussed how local and
household-level information about the water systeas key to operational success.
Additionally, as women were often the only adulthatme, it would be useful to know
how to report a water problem. Without that infotioa, the water manager and DSH
would not know what problems needed to be fixedsthmperiling water delivery for
everyone in the villages.

Unfortunately, the high rate of equipment failuedghe launch of the first water
service in Agni Hiya in Summer 2013 created frugtraamong residents. Nonetheless,
both the positive response to having running wated the annoyance at having
intermittent service helped galvanize women’s pgoétion in this study. Women
expressed surprise and impatience over the numgromsbing problems. They were
quick to identify problems such as leaking taps k@a#ting pipes in interior walls. When
translators and | opened water meter boxes to slomen the pipes and dials that
control water delivery to their homes, it was imnag¢ely clear that there were leaks on
external walls as well.

Adult women in Agni Hiya made suggestions aboubwb alert about water
problems and how those parties might be contacke. example, some women
suggested contacting the water manager, as theynasshe was also the designated

village plumber. Others suggested calling the @han of the Board of DSH, as he was
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familiar to many community members, and it was as=ii he could get plumbing
problems fixed quickly. Other women reported thiaeit husbands or men in the
community would be responsible for reporting anyex@roblems.

In interviews about whether women thought usingoileophones might be an
effective way of letting the water manager or DSkbw about water-related issues,
younger women were intrigued but were unclear hiow would work, given that they
were not accustomed to using their phones forunstntal purposes. Older women were
perplexed by the idea of a mobile phone-based mng platform. Young mothers
appeared to be ambivalent about the concept, widitovered later was a reflection of
“rusty” literacy and numeracy skills as well as cems about male authority (discussed
in Chapter 11).

10.2.3 Identifying Information Needs: The Water Naar

In casual conversations and semi-structured igens/ with the water manager,
he explained what constituted important informatiorsend and receive. He contended
that it was inefficient for him to be the main poof contact for water users because he
might be out of network range when community memb#gred to contact him.
Furthermore, he was tasked by DSH to manage thedtmphment infrastructure and did
not consider it his job to be a residential plumb&dditionally, he stated that he
preferred to talk to men rather than women. Thisfggence was not limited to
communication about water issues. He stated thagieneral, he was not comfortable
having any communication with women in villages mabile phones due to the adverse
effect it would have on his reputation. | discubss tconcern in greater detail in a

following section.
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10.2.4 Responding to Information Needs: Rapid Bigdtory Design of Water Posters

for the Fog Phone

The absence of a communication system combinel withigh volume of
problems led me to initiate participatory desigrrkstops with female water users, DSH
and the water manager in the first week of watévele in June 2013.

In consultation with the three primary stakehodgeve quickly compiled a list of
what appeared to be four common or likely watemf@mms. These included no water
service, a leaking tap (or ‘robinet’), a leak in iaterior wall and a leak affecting an
exterior wall. | added ‘water emergency/burst pigeshe list of potential problems and
made the decision to include ‘no water problems’onder to encourage women to
monitor their home systems and to practice gemayatiater reports. These six issues
became the basis for the participatory, and iteeatdesign of water posters. (DSH
executives, the water manager and | discussedhthesion of potential water issues such
as water taste, smell or appearance, but foune flaetors to be too subjective to include
in the initial prototype.)

After collectively agreeing with all the stakehetdgroups on a list of six issues
that merited monitoring and reporting, | condudiecus groups and participatory design
sessions with women in Agni Hiya to iteratively @gswater posters to help guide them
to report problems with the water system. | fourgttone possible solution to
communicating information about the water systers thaough the use of a universal set
of vocabulary, images and symbols to transmit mfmion about community and

household water issues.
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The posters provided several images of potentémproblems, and each image
corresponded to a short sequence of letters andersmThe posters were designed
around mobile keypads. Water problems were asdigneet of letters corresponding to
one button on the keypad. For example, a,b,c opdey2 was the designated reference
for the ‘no water’ problem. Keypad #3 (d,e,f) inalied a ‘leaking tap.” Each individual
water meter was assigned a corresponding number.example, an SMS message of
‘A10’ meant that there was no water at the hommetfer Number Ten.

| redesigned the original poster after three dafyssein response to feedback
from water users. Study participants recommendativie replace a few pictures they
said were difficult to see. For the second-genengtioster, | used public domain images
and clip-art icons downloaded from websites. | @ldded an image and text indicating a
water emergency such as burst pipes, and | eligtdntite design of the mobile keypad
next to each picture of a water problem becausemnwaers participating in the Fog
Phone design sessions were so familiar with tHednps that they did not need the visual
prompt. Participants responded positively to thasenges.

| field-tested four versions of the poster durthg two water delivery periods
(June/July 2013 and January/February 2014).

10.3 Findings Understanding Social, Cultural and Technical Constaints

Research Question #2:

What features are required to create a socially audturally appropriate ICT

system that allows unrelated women and men tomtoncate about the fogwater

project?
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For Research Question #2, | collected data addgestakeholder capabilities and
constraints in terms of social, cultural and techhfactors. These data were collected
through the SLF, SA, GAD and GED analyses as refdpras well as ICT-related
interviews.

Between January-February 2013, and again betwessrJuly 2013, | conducted
a total of 58 semi-structured ICT interviews toabésh current mobile phone-enabled
communication patterns. Across both the Coop antemwgaroject, | interviewed 46
Berber women: 19 women from the Coop and 27 womem fone of the five villages
participating in the water project (Agni Hiya, ld&san, Agni Zkri, Tamarout and Id
Aachour). | also interviewed a dozen men from Algiyia.

Women interviewed ranged in age from approximaféy80 years old. (It was
not always possible to collect information on a veors age. Some women did not know
their age or the year they were born. Women aftentified their age in relation to how
many children they had, how old or what year tretiddren were in school, or by
referencing life, community or political eventspmvide a relative age.)

Of the 46 women who participated in ICT interviewearly three-quarters of
them self-identified as illiterate or low-literaf€able 6). Almost half of them could not
independently make or receive a phone call, andrthprity could not independently
make or read an SMS text. Women who reported tiegt tould independently send or
read a text message (three women at the Coop,wameen in the villages) ranged
between 18 years old to women in their mid-30sl oAthe young women under the age

of 24 were able to send SMS messages.

198



Women who...

Self-identify as illiterate or low-literate 74%
Cannot independently make or receive a phone call 6% 4
Cannot independently send or read an SMS text 74%

Table 6: Perceptions of literacy levels. From 46 terviews with Berber women from
the Coop and communities involved in the fogwater qoject.

ICT-focused interviews were directly relevant tee tdesign of a socially and
culturally appropriate prototype information systehmese interviews helped determine
potential features to include in the Fog Phone dbase users’ technical skills and
available technology and what social, cultural echinical barriers to ICT use might
constrain participation in the water reporting eyst These data add context to the
information needs established in Research Quegfion

10.3.1 Features of an Appropriate 1S: Project Menag

In lengthy discussions, DSH project managers plexvitheir perspective on what
constitutes a socially and culturally appropri&@d Isystem that would support women in
retaining their role as water experts in the newewaroject. Project managers were
concerned about the generally low level of womegency in their homes and in the
community, their lack of access to formal educatima time constraints. Additionally,
they noted that low literacy levels and lack ofrteical skills might discourage women'’s
participation and could reduce women’s willingndéesparticipate in the design and
testing of the Fog Phone. We concluded that a mmbbile phone-based system that

was co-designed by women in the community could béfset some of those concerns.
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10.3.2 Features of an Appropriate IS: Female \Wasers

Interviews with women in the communities involviedhe water project revealed
similar demographic and ICT characteristics as litavate Berber women at the Coop
(in some cases, women in the villages were sisterglatives of women at the Coop).
Similar to women at the Coop, women in the commesihad received minimal formal
education. Some young mothers and older women leaeérnbeen to school. Those
women were generally monolingual in Tachelhit. Ygenwomen in both locations had
likely attended a few years of primary school amdgessed basic writing and reading
skills. Younger women could often understand Daajad some could speak it. At both
research sites, Argan was the primary livelihoothalgh women in the rural areas
generally had fewer income-earning opportunitientivomen employed in the Coop.
Rural women also tended animals and had small gardgoth sets of women had
extended families that provided remittance income.

The findings on ICT use in communities involvedtine fogwater project were
also consistent with mobile users from the Coope Tobile utility gap was pervasive
among both populations: women have access to nsobié do not or cannot use their
devices beyond accessing basic functions. Furthernmw-literate female phone owners
used simple feature phones for predominantly p@lscommunication. With the help of
surrogates, however, they made and received Inatignal and international calls to and
from family and friends. Similar to Berber women the Coop, women in the
communities involved in the fogwater project infueqtly used their mobiles for

instrumental communication. On the rare occasioemwtney did use their phones for
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business purposes, it was to make contact witheamtcto arrange the private sale of
homemade Argan oil.

I had many and varied discussions with communioynen about whether they
wanted to, or thought they could, use their mobif®nes to let someone know of a
water-related problem in their home. Many of th@aticularly younger 18-24 year-old-
women without children, were interested in usingithmobile phone to report water
problems. Young mothers and older women were wbriat it would be difficult for
them to use their phones due to lack of skills.

From private conversations and from two large-greammunity meetings held
in Summer 2013, | discerned general anxiety ovenroanication between unrelated
women and men. Prior to receiving any mobile pharéning or participating in
collaborative design workshops, a number of womad to seek the approval of male
family members. They were successful in securirgh @uthorization: within four days,
every eligible woman in Agni Hiya had participatedmobile phone workshops, focus
groups or participatory design sessions.

Women water users in Agni Hiya also disclosed thaty faced gender-based
limitations on their range of movement and commatn. These constraints could
potentially limit their ability to communicate abiothe water system. Interviews and
observations in the five rural communes slatedetteive supplemental water service
indicated it would be difficult for female waterars to easily convey information to male
water managers due to cultural restrictions thatlpde unrelated men and women from
communicating. For instance, women described thatould be difficult to directly

contact the male water manager or a plumber. Tioadit and religious norms that limit
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face-to-face communication between genders extenttedvoice and text-based
communication, thus affecting the ability of womeater users to text or call male water
managers with system status updates (Figure 20hn@mity men and women involved
in the water project and the water manager exptesisalar concerns that conversations
between a female water user and a male water managkt cause harm to his, her or
their respective families’ reputations. It becarteacat that time that any potential water

IS must consider these cultural and social factors.

Figure 20: Low-literate Berber women generally useheir mobile phones for ‘kin-
keeping’ and personal communication. They are resicted from contacting
unrelated men.
Additional factors also constrained women'’s pgvation in monitoring the water

system including lack of money to purchase phoedits and lack of confidence. It was
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clear that participation in the Fog Phone wouldcbmpromised unless low confidence
levels and lack of technical skills were addressed.

10.3.3 Features of an Appropriate IS: the Water &dan

The water manager (a young man in his mid-20s) avakilled user of smart
phones and social media. He had one personal pa®mneell as a DSH-issued smart
phone. He was unusual in that he set the languag&y on one of his phones to Arabic.
Furthermore, he used his phone for radio, photdgrapideo and internet access. This
reflects the advantageous combination of persohaice, advanced skills and a more
sophisticated device.

The interview with the water manager occurred yeanl this research. His
objections to being the nexus of water communicatraiggered the idea for the Fog
Phone for the water system. He expressed very gstapinions about cross-gender
communication, stating that he did not want woneetekt him nor did he intend to call
or text women about water issues because it woaldage his reputation. He feared a
woman might manipulate an incoming text from hind &mow the altered content to a
male family member. He did not want to create ttedbr women by sending them texts,
but he appeared especially concerned with pregehigireputation.

Furthermore, despite DSH’s plans to include wonremvater stewardship, the
water manager had pre-identified numerous men ¢h eammunity who he would rely
on to report water and plumbing problems. He daad it “if the husband is in the house,
it is his job to report water problems.” When g&s on whether he would support, for
example, his sister sending a text to a man ablmutMater system, he said if both the

female SMS sender and the male SMS receiver warneaget, it would be not be a

203



problem for men and women to text each other apoafessional issues such as water
service. The water manager represented a poteisikato integrating the Fog Phone IS
into the water project as he had developed workatsuo the complex gender-related
communication constraints. Over the course of apprately eight months of interviews,
focus groups, participatory design sessions (irclviie participated) and the launch of
the water project, his attitude toward the Fog Fhamd women'’s involvement in helping
monitor the system appeared to shift slightly. édgressed that he understood that
women’s involvement and communication could helpgkéhe water system operational
and he realized that he would have fewer disruption his work if women
communicated water issues directly to DSH instdad aim.

He suggested that any Fog Phone for the wateermyshould be gender neutral.
For example, if DSH passed out a poster or caltargl to women with a phone number
on it to report water problems, the documents shoualy reference DSH and not contain
names.

10.3.4 Corroboration

Findings from interviews in the pilot water villagf Agni Hiya corroborated my
findings from exploratory research at the Coop &l ws the methods outputs. That
immersive, ethnographic research provided me with iaitial understanding of
technology access and use by under-resourced itienateé rural women. At the Coop, |
established that multiple social, technical andural layers contributed to the mobile
utility gap among low-literate, rural Berber womenvalidated those findings with the
parallel population of women in communities invalviea the fogwater project. Below, |

explain the utility gap in more detail.
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10.4 Barriers that Contribute to the Utility Gap

While a lack of literacy represented the overmdibarrier to rural Berber
women’s use of text and more advanced phone fegtoteservations and subsequent
training sessions supported extending the standefidition of “utility gap” to include
specific technical and sociolinguistic barriersttbaacerbate the difficulties low-literate
women have with their phones. While these gaps lsanstudied and addressed
individually, they are often related and occur mmbination with one another. These
related barriers to more advanced phone use neleel tmderstood within the context of
relevant cultural factors in Berber communities.eTiollowing enumeration of these
barriers demonstrates how researchers and praetisopursuing ICTD interventions
might better understand how literacy, gender, egoo® and culture affect intervention

adoption (Table 7.)

Myriad vendors and operating systems
Interface clutter

Poor quality phones

Multiple spoken dialects

Multiple written languages

e Multiple numbering systems

e Unsupported Arabic script

e SMS messages written in “Arabish”
e Shared phones

e Gender-based access to devices

e Lack of smartphones

Technology Barriers

Sociolinguistic
Barriers

Social and Cultural
Barriers

Table 7. Summary of barriers that contribute to themobile phone utility gap.
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10.4.1 Technology Barriers

One set of barriers to women’s advanced phonewasetechnical. A top-level
concern of mobile users at the Coop and in comnasnitivolved in the water system
was the operability of their ICT devices: the mpresence of a mobile phone, whether it
is new or used, did not guarantee that the devieze wsable. Below, | identify a few of
the technology-related challenges that hinderedutigeof mobiles by low-literate, low-
skilled users.

Myriad vendors and operating systems

Mobile phones in circulation in southwest Morogepresented myriad vendors
and operating systems, thus interfaces and furscto@ not standardized. Phones ranged
from newer-model Nokia and Motorola feature phobtessimple Samsung handsets.
Some phones required as many as eight steps toaseB#1S message. Some mobiles
supported icons in the phonebook. Some handsetseklased interfaces while others
had icons. Pre-programmed shortcuts and hot-keyg @aross phone models. For
example, on some phones, it was possible to aecéssction by holding down a key,
but the result was not always the same dependinth@mphone model. The range of
devices, settings and operating systems madefitudiffor novice users to share advice
or train each other on how to operate their phone.

Interface clutter and low repair skills

Many participants were confused by the array dtdms and menus on their
phones. Small, over-cluttered alphanumeric keypadsle it difficult to easily locate
letters and numbers. Retrieving phone numbers fxarall list or navigating to the SMS

text field often required multiple steps throughzping phone menus. These
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cumbersome processes often discouraged women #pemimenting with the features of
their phones.
Poor quality phones

Further complicating the lack of standard inteefaavas the poor condition of
most of the phones. The simple feature phones e were primarily second-hand
purchases or gifts that were not always fully operal. Many phones had features that
were broken or jammed: keys would stick, navigatioggles did not work and it was
difficult to see menus through cracked and clouchgeans. Counterfeit phones were an
additional problem: merchants often target illiterbuyers who are unable to distinguish
between fake and legitimate hardware. A number @men reported that they
unwittingly spent meager financial resources onefghkones. One low-literate Coop
member was justifiably troubled when the camerénhennew phone did not work. The
vendor had assured her she was purchasing a Matbrahd phone, but in fact he sold
her a ‘Mobiola’ phone. The purchaser said she neizegl the letters ‘M’ and ‘0’ and
thought she was buying a Motorola. She did noteraxfficient reading skills to identify
the correct brand name.
Maintenance and troubleshooting problems

Often, mobile owners could not use phone featbezmuse they were unable to
troubleshoot problems. Old, broken and counterfgitones require substantial
maintenance, and low-literate women did not haeesHills to repair their own phones or
restore functions. (Phone owners sometimes unwijtichanged their own phone
settings and were unable to recover original orilfamsettings.) Fake and second-hand

phones of questionable provenance do not comeimathuctions or manuals. The lack of
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documentation also meant that even when illiteteters have access to a proximate
literate, that surrogate often did not have theefienf a user's manual (unless they had
access to an internet connection, which is rareral Morocco).

10.4.2 Sociolinquistic Barriers

In Morocco’s polyglot communities, ICT users faogriad challenges related to
the complex, layered language environment. For llavate mobile users in oral-
language communities, new, second-hand and coaittenbbiles have text and voice-
based features that are in languages that ditben the ones they see, hear or speak.
Linguistic complexity

As detailed in Chapter 2, three alphabets andetbierent scripts are in use in
Morocco: the Arabic script, the Roman-letter alpgtadnd Tifinagh, the Berber alphabet
(Hoffman, 2008; IRCAM). The two widely spoken dietie are Tachelhit (the Berber
dialect) and Darija (colloquial spoken Arabic). Wihesed in social media exchanges or
SMS texts, Darija is written in the Arabic or Romaphabet, or a mix of both.

Used phones display unfamiliar languages

Berber women’s phones are primarily, although exatlusively, programmed in
French — a vocabulary not echoed in daily life. Wrgten words a user sees in her daily
life bear little resemblance to the French worde skes on her phone screen such as
effacer(erase)supprimer(delete) anédnnuler(cancel).

Confusing letter shapes and sequences

Additionally, letter sequence and letter shape banconfusing. Low-literate

mobile phone users are exposed to both Arabictemrénd read right-to-left) and French

(written and read left-to-right) which complicatédse task of writing text messages,
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reading interfaces and dialing numbers. Capitalpéupase) Roman letters look
significantly different than their lowercase coupert. This led some women in the
workshops to mistake the letters for two differatghabets. Some women struggled to
match the name of a letter to its correspondinggenan the keypad. This required the
user to match the name of a number to the imageeohumber on the keypad and to
match the sound of a letter to its written forne.(itap the ‘5’ two times to get the letter
‘k."). Having little to no formal education, parfpants were confused by number shapes
and number sequences: some low-literate Berber wowere not familiar with the
concept that numbefsllow one other. Due to the bi-directional complexitésnultiple
languages, suggestions such as “8 comes after i® ma useful. For some women, it
was difficult to discriminate between the similadigaped numbers 6 and 9 and similarly

shaped lowercase letters such as b, d, p and qréFj.).
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Figure 21: Berber women learn to recognize letteren their mobile keypad during
literacy workshops at the Argan oil Cooperative.
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Unsupported Arabic script

Some mobile users were able to read a limited amot Arabic but owned
phones that did not support Arabic script. On plsahat could support Arabic script, the
device had to be set to display that language ask often beyond the reach of even
literate users. Changing the language setting mimoae requires multiple key taps and an
understanding of menu hierarchy. Sending and rexgitexts in Arabic also required
higher-level skills: in order to display Arabic-gitr SMS messages, phone parameters
must be set to ‘full character support.’ (Factoettings are normally set to ‘partial
character support,” the minimum required to dispRgman languages.) Without full
character support, an incoming Arabic text messatjecither not display (i.e. the text
field will be blank) or will display as a series garbled symbols. It is not possible to
write an Arabic-script text when phone parametees set to partial or half character
support. Character support is complicated by tlue tiaat Arabic letters change shape
depending on their position in a word. Additionalphones that support Arabic script
may not have Arabic-letter keypads — typing in Acabharacters required scrolling
around a small display screen hunting for the @bdiedter and letter-form to use.
SMS Texts Blend Languages and Symbols

The mobile form factor lends itself to shorthamtl symbols. This convention,
which keeps text messages shorter and less cosdhkges it difficult for semi-literate and
emerging literate mobile users to ‘correctly’ leaew words and phrases. SMS messages
often use numbers to represent Arabic letters dmhgmes. Because there is no direct
transliteration of Arabic words into Latin letterand neither Darija nor Berber has a

written form, text messages are often written imaldish’ — a creative, non-standard,
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informal writing style that blends alpha-numericdeoand mixed-language words
(Bianchi, 2012). Thus, for low-literate users imldianguage communities, texting syntax
becomes another language in an already compleuisitig environment.

10.4.3 Other Social and Cultural Barriers

The mobile phone as artifact and possession affiag way women use their
phones. Access to mobile phones was often detedntopdamily dynamics and gender-
related factors as well as economic considerations.

Shared phones

Participants often shared their phones with otfeenily members. Device
availability depended on the number of phones hoasehold, amount of credit on the
phone and gender-based hierarchies of use. Whaleediphones can be an efficient use
of equipment, multiple users lead to inconsistettirsys. Children often changed phone
settings to suit their preferences, and previoessusometimes “locked” the phones and
neglected to share security codes with the next. uSerthermore, mobiles were
sometimes programmed with “free” ringtones and-eaiting music that ceased to be
free after initial trial — which created a recuginost to users who were not aware they
were paying for the service. Additionally, advancesers often programmed the SMS
setting on a borrowed phone to T9 predictive t&itis was problematic for novice
texters as many women in our study were surpriseavibat seemed to be ‘runaway
writing’ that appeared in the SMS text field. Addrtally, husbands, sons and brothers
often had priority over operational phones and newphisticated devices, including

smartphones.

211



Lack of smartphones

Smartphones were not always available, affordablaccessible to low-income
Berber women. Only four of the 46 women | intervegivowned a smartphone, in part
due to the technology ‘pecking order’ in their fies. Where smart (or smarter) phones
were available, they were not always accessiblergMalized women in conservative,
traditional rural Berber communities were often tast person in the family to receive
upgraded equipment. Multiple household members maye multiple smartphones
before an adult woman had access to one of thgqiesticated devices. Furthermore, out
of a sense of duty, women may ‘gift'’ an upgradednghto other family members. Cost
was another factor. Few Coop women, for examplerewwepared to buy a new
smartphone because that may cost anywhere fromrhsioto more than one year’s
salary, excluding talk and data plans (Meditel; I&£il 2013). (Women at the Coop earn
approximately $3/day.) Furthermore, separate fragaues related to smartphone
availability and access, a low-literate woman may want an upgraded device. Users
faced a steep learning curve with new equipmenproaess made even more difficult by
lack of literacy. The prospect of a new phone vatditional functionality highlights
many of the socio-cultural gaps discussed abovepagsents what are perceived to be
insurmountable challenges to phone use, leadingemndmreject upgraded equipment.

Below are some salient quotes from the open-epdddbns of the interviews.

“I don't know how to read. When | get a messagwé the phone to my daughter

to read.” (52-year old woman at the Coop)

“My phone numbers are written on paper. | give fbhone and the paper to

someone to dial the number for me. (Older woman)
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“l don't know how to dial. | only know how to aresw/ (Older woman)

“No! Old women don’t send texts!” (Older woman)

“l taught myself. Even if the phone doesn't waetto use it, | use it, against the
will of the phone." (Young mother)

“l wanted to learn how to text. When you want stimimg, you can do it. If you
have a dream you can make it true." (Coop member)

“I use my phone to learn English. At the begimnihprogrammed the phone in
Arabic, then | switched it into English becauseant to learn English.” (19-year
old woman)

10.4.4 Conclusion to Research Question #2

Data from Research Questions #1 and #2 laiddhedation for tests of the alpha
and beta versions of the monitoring and reportldd support the fogwater system. In
combination with information needs determined irs&@ch Question #1, social, cultural
and technical factors that affect low-literate Berivomen’s ICT use were considered in
the collaborative design of the Fog Phone usingilag@hones to help monitor and report
on the new water system.

10.5 Findings: Women'’s participation

Research Question #3

How do ICT facilitate women’s involvement in ovesgistem management and

communication of meaningful technical informatregarding the fogwater

system?

In analyzing whether ICT facilitated women’s commuation of technical

information and overall involvement in the fogwasgstem, | referenced data from ICT
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and water-related interviews, casual conversationspublic and private spaces,
participatory design sessions and data gathered thhe alpha and best tests of the water
IS. | coded information related to social and aatussues, paying close attention to
statements by women and men related to gendertanohpact on participation in the
management of the new water system.

10.5.1 Women'’s Participation: Community Views

Socio-cultural barriers were closely tied to worsgparticipation in this research
on the Fog Phone for the new water system. Male fanthle community members
expressed mixed messages about women’s partiaipationonitoring and reporting on
home and community water issues. They conveyed Hotibt and enthusiasm. For
example, both men and women expressed low expaesatibout women’s ability to
understand and contribute to water management. éasi@bout women'’s participation
in water system management revolved around two nssnes: literacy and culture.
Many community members said that even if women @nod participate in monitoring
and reporting on their home water systems, theyniitd have sufficient technical or
functional literacy to use their mobiles to perforwater-reporting tasks. Others
mentioned anxiety over communication between utedlavomen and men. These
views, however, were not universal. Some womenraad reported that women should
be able to participate in reporting or managing thater system. This apparent
acceptance of women’s participation in the progadurred before water delivery began
to homes in Agni Hiya, and thus cannot be consdi&réde a binding commitment.

Over the course of my field work, | regularly inggd about perceptions of

women'’s roles in water monitoring, trying to is@awhether the transmission of water-
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related information had a gender component. | dotimat water-related (and other)
communication was influenced by a combination dfucal norms that control or restrict
women’s communication face-to-face and across Iddentified these factors through
interviews, conversations and participant obseowmatiearning, for instance that women’s
absence from conversations about the water sewaseoften due to restrictions on face-
to-face-contact between unrelated men and womenekample, one father regularly
excluded his daughters (young women eighteen tatywtvo years old) from gathering
near the family water meter when other men in tbheraunity and the plumber were
explaining or repairing their pipes. | repeatedlytnessed male family members
denigrating the intelligence and abilities of womerthe family, arguing that the women
were incapable and “too ignorant” to participateaipotential IS. This behavior was not
confined to men. Women also made disparaging resnatfout their own lack of
education and expressed concern that they werguadified to help manage the water
system. Nevertheless, they participated in thien& research.

Male authority was evident on a number of occasionAgni Hiya, the pilot
village for the fogwater project. For instancegamoman’s participation in a project-
wide community meeting required the approval of lngsband who was in France at the
time. In order to include her in the community negt the project manager was
compelled to place numerous international callsthe woman’s husband seeking
authorization for her to attend the meeting. Thaharization was initially denied. (The
female DSH leader subsequently met personally witht resident at her family
compound in Agni Hiya. One-on-one and individualgehold meetings, though, are not

a scalable development strategy.) In a relatedamest, family authority had been
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transferred to a son who lived three hours awamfAgni Hiya. Prior to participating in
the research on the development of the Fog Phbaenother reported that she had to
notify her son of her interest in participatingh&t women reported that absent husbands
and sons were suspicious of their participationweter system management. These
factors are directly relevant to the design andlal@pent of a socially and culturally
appropriate Fog Phone, and they speak directly tomewn’'s participation in the
implementation of the Fog Phone. They also highlibke contradictions inherent in this
research where women regularly expressed lackrffdance yet participated in the Fog
Phone. Additionally, women and men who expressisgision were often forthcoming

in interviews and contributed ideas and opinionshendesign of the Fog Phone.

10.5.2 Findings from the Alpha Test of the Fog Rhalune/July 2013

In June 2013, | launched a small-scale, alphaiaersf the Fog Phone in Agni
Hiya. The prototype had been rapidly designed enfibld and tested for ten days (from
June 27, 2013 until the water dried up on July@,3). The alpha test utilized women’s
mobile phones, my personal mobile phone and a psktaving possible water problems
as discussed in Chapter 8. Approximately 12 womarnigipated in the alpha test,
representing all eight occupied households. Itas possible to identify precisely who
was using a woman’s phone at any given time. Fronversations and observations, |
surmised that 12 women participated in the alpka té also identified SMS messages
from one man. My phone received a total of 81 SM&sages from six households.
Women from the remaining two households did noehawvattain sufficient skills to send

an SMS. They participated in voicemail and generalbile phone training.
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Of thetotal SMS messages sent to the Fog P in the alpha test, slightly le:
than half employed the water reporting protocoltaomng a code with a letter indicatil
the water problem and the water meter number. Moae half of the SMS messac
were in longer form SMS messages sent by youngenen (1824) who had literac
skills. Approximately twathirds of the te>-based SMS messages related to water.

remainder contained social (tent such as Ramadan blessings (Figure 22.)

Alpha Test SMS Messages by Category

i SMS with Social Content

i Water-related SMS (no code)
A code

D code

G code

] code

M code

Figure 22 SMS Messages received during the alpha test ofelprototype Fog Phone,
sorted by category. A=No water. D=Leaking faucet. ELeak on interior wall.
J=Leak on exterior wall. M=no problems
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Below are some sample long-form text messages,tvattslations:
SIm cv Rah kokchi sdinah safi byHi(how are you. We closed everything well.
By§
is rin [lan waman? Will there be water?)
salam chef Imaa ky9t re mn saret lihkmat 3la riébi(Hi Boss. The water is
dripping from the shut-off valve inside the holse.
sbah Ikhir akbiti mabrok I3wachir ramadan karirh ldkhlo 3lina balkhir Good
morning little sister, blessings on the Ramadaastfe May God/Allah bring
prosperity)

10.5.3 Installation of FrontlineSMS System and Befast of Fog Phone-

January/February 2014

The beta test utilizing the Frontline SMS systeaswaunched on January 8, 2014
and operated until January 29, 2014. The thredewmsta test period coincided with
DSH re-stocking the cistern with 30-tons of watad alelivering it to homes in Agni
Hiya. The test of the Fog Phone system concludednwihe water ran out. Seven
households were occupied during the beta test.tBighmen from five of those
households participated, as did staff from DSH.

During the beta test, fewer adult women were priese Agni Hiya than during
the alpha test period (16 during the alpha textddting the beta test). During the beta
test, one woman was sick, one young woman hadrgatteried and had moved to her
new husband’s village, two adult women were outafn accompanying an elderly
woman for medical treatment and one home was clasethe winter. In addition to a

smaller participant pool, there were fewer plumbipgblems to report. In the
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intervening months between the alpha and beta, tdstplumber had made substan
improvenents to pipes, taps and me

The FrontlineSMS platform required a stricter remgr protocd than in the alph:
test. Only onetext message met the standarThirty-seventext messages did n
conform to the reporting parameters and, thus, dad sort correctly irto the
FrontlineSMS polls. Those messages remained ininthex.” Twentyeight of the no-
conforming messages used some form of the codg,tlhe letter/numtr sequence
appeared within the text message but not at thenbieg of it, or the SMS containe
spaces or punctuation marks separating letters frombers. Those sequences had
been anticipated and thus had not been programniedhe system as trier words.
Additionally, in order to stimulate return messaggesccasionally sent out bulk SN

messages to women in Agni H enquiring about water service (Figure 23).

Beta Test SMS Messages by Category

i SMS with Social Content
i Water-related SMS (no code)
O A code

|||||’

@D code
@G code
O] code

OM code

Figure 23 SMS Messages received during the beta test of tkeg Phone, sorted by
category. A=No water. D=Leaking faucet. G=Leak on ing¢rior wall. J=Leak on
exterior wall. M=no problems.
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In contrast to the high participation rate durthg alpha test when 81 messages
were sent, only 38 messages were sent during ttee tbet. Furthermore, just one
participant sent 75% of the messages sent to tigePlRone during the beta test. Three
other households sent the other 25% of messagese Hne several possible reasons for
this low rate.

Women reported various tangible reasons for n@nesnon-participation in the
beta test, including the lack of phone credits éndsan SMS and an inability to send
SMS after the mobile network failed during a pariéely strong windstorm. They also
identified the low frequency of water problems dgrthe beta test as another reason for
their low response rates. The Fog Phone had besigreéd to address what were routine
problems in June 2013. During the design phaseeoCRM in Fall 2013, many of the
water problems in Agni Hiya were fixed. Therefomden | returned to Agni Hiya for the
beta test, | installed an information system thed been designed to address problems
that either no longer existed or were less of auds The lower participation rate
appeared to be tied to the decrease in water prnsbéand reduced need to send reports. |
also identified an increase in plumbing skills aludit-yourself capabilities among male
residents in Agni Hiya allowing them to fix minorater problems. Women, therefore,
had less need to use the Fog Phone.

In casual conversations during the beta test, vmor@ported that they thought the
Fog Phone was useful for reporting water problentsthat they trusted the IS. Women
offered up sentiments such‘a&es, | trust it. If not | wouldn’t have given mione

number.” “I shared the messages with my husband,tanlikes it a lot.” “My son was
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the one who sent it because | didn’t know how.” é&fumbers are clear but not the
letters,” and “I didn’t care about it because myutghter took care of it.”

10.5.4 Conclusion to Research Question #3

These inquiries address variables from all theseearch questions: stakeholder-
identified information needs, features of a sogialhd culturally appropriate ICT system
and women’s participation in the management ofthter delivery system.

Small-scale versions of the Fog Phone linking waters to DSH proved to be
simple enough for most low and semi-literate mobsers to employ. Interviews and
focus groups with women in Agni Hiya revealed thagtossible ICT solution to reporting
water issues could operate utilizing SMS messagesmople mobile phones although the
reporting syntax for the FrontlineSMS system netdbe adjusted to accommodate a
greater variety of acceptable strings (such asmwafmorts that separate the water code
and meter number with a space or a full stop oroder As a non-native Darija or
Tachelhit speaker, | was able to process data frarticipants who sent water messages
via SMS with the help of translators. The alph& ¢emducted in June 2013 also revealed
that a voicemail-based communication system waaldevapproach for water users who
did not have texting skills or preferred to useceoservices to receive and transmit water
reports. However, as mentioned in the Chapter 8, RiontlineSMS system did not
support the processing of voicemail messages. & rtbxt chapter, | analyze the

implications of these quantitative and qualitafivelings.
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CHAPTER 11
IMPLICATIONS

The goal of this research was to generate newuaetul knowledge about the
ICT tools and research processes involved in deuwgloa culturally appropriate and
gender-aware information system for natural resmur@anagement in rural, gender-
segregated Ait Baamrane. My time in the field anelating the Fog Phone brought
several interesting observations to light have @eoamplications for those conducting
related ICTD research and for scholars who engatiel@CD, GAD, GED, SLF and SA
theories and models. These observations are sugeddrere. This chapter also includes
personal reflections on the research process.
11.1 Observations on Gender and Generational Pattas of Mobile Use in Rural
Berber Communities

While | have described the reasons why women loadised texting much before
this intervention, there are other reasons thatliglgt aspects of women’s use of ICT,
not just the difference in men’s and women’s ICTomttbn rates. For example,
generational differences and life stages also appea affect mobile phone use among
rural Berber women in Ait Baamrane. As a case intpdespite owning mobile phones
for longer than five years, the majority of oldaral women (approximately 50 years old
and older) with little or no formal education didtraccess SMS services. Despite their
lack of technical skills, older women reported ttiay were enthusiastic about the Fog
Phone and experimented with their mobile phonesnwéecial support was widely
available (i.e. when the translation team and yeungomen in the community were

present).
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Young mothers (in their late 20s and early 30g)ailly appeared to be the most
reluctant to engage in the design and use of tigeFFmne. They were also most hesitant
to participate in mobile phone training. Many womanthis group had some primary
school education but were one-to-two decades redhfyeen schooling. Many had either
never achieved literacy or had forgotten how talraad write. Additionally, they were
busy with young children and domestic duties, drel/ tlived in the shadow of in-laws
and husbands who were present in the communitiesece absent. All of these factors
may have had a chilling effect on their interest participation in the Fog Phone.

In contrast, young, unmarried women (18-30 yedrsage) in communities
involved in the fogwater project were the most testhgically literate. They were
relatively active SMS users and easily extendeil greficiency to the design and testing
of the Fog Phone. | attribute this, in part, tongecloser in time to their school years.
They remained eager to learn despite having bdem taut of school, and some viewed
their phones as educational tools. They were quudky, eager to learn and enthusiastic
to train others, including their mothers.

This points to the potential that young, unmarnedmen bring to M4D and
ICTD initiatives. As a group, young women can leg participants and transmitters of
enthusiasm and knowledge. They are often curicet$etbeducated and easier to engage.
In this research, young, single women served age@ranimators by cajoling and
coaching other women to use their mobiles to report the water system. Not
incidentally, a number of younger women also madeagstrides in learning basic

plumbing skills.
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However, as is the case in rural Berber communitiesouthwest Morocco (and
many parts of the developed and developing woglduyng women are often in flux.
Single women often leave their natal village at mage. In some (rare) cases, young
women leave the countryside to pursue higher etucatr paid work. They are often
crucial interlocutors between the elderly in tHamily and institutions (as was the case
of one young woman who was absent during the lestabecause she had accompanied
her mother and grandmother to Casablanca for memestment. The younger woman
went along to serve as a liaison and translatavdxst her Berber-speaking grandmother
and doctors and hospital staff.)

The transient quality of young, unmarried womemas necessarily undesirable.
It speaks, instead, to the potential for young wone engage and be engaged as
“infomediaries” who contribute to the dispersionséiflls and information.

11.2 The Friendship Gap

| practiced a continuum of contact with communitgmbers in Agni Hiya. In
Summer 2013, | focused on highly personalized aufgons, spending a considerable
amount of time interviewing community members, abzing and engaging in the
participatory design and implementation of the alpiersion of the Fog Phone. Such
regular face-to-face interaction with women appédcespur interest in the system. In
contrast, during the beta phase of the Fog Phorkamuary 2014, | spent less time in
Agni Hiya, focusing instead on the technologicdlgons to water reporting and on the
functioning of the backend FrontlineSMS system.

The response rates were lower and slower in tie ffease. Among the many

reasons for that, in addition to fewer participariégsver water problems and the lower
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novelty factor, | suspect that participation wasoahegatively affected by the lack of
personal contact between women in Agni Hiya and¢lsearch team. In order to explore
this idea, | conducted two informal tests whenerathree days of scant reporting to the
FrontlineSMS system, | pushed messages out viarthee platform in an effort to spur
responses. | also analyzed response rates againgsits to the community. | discovered
that there was a noticeable up-tick in responsesran three occasions. On January 11,
the research team and | actively engaged with wamégni Hiya for more than 5 hours
of training and socializing. The FrontlineSMS systeeceived twice as many messages
during the day we were present in the communitgu®ithe total number of messages
received on any of the previous three days. On algn@5, after noticing a lull in
reporting, | was curious as to whether | could pahessages by ‘pushing’ out a
message. To test this conjecture, | sent out B BMS message that said “Eid Said.
Manik gan aman?” (Blessings on the Prophet’s bayhdHow is the water?) to everyone
on the Agni Hiya contact list. In less than two guhe system received four messages,
another later in the day and four the following ddyattributed this two-day ‘spike’ in
responses, in part, to having extended a friendlgsage along with an enquiry about the
status of home water systems.

On another occasion, January 18, during a welcameer rainstorm in Agadir
some three hours away from the villages, | sentu&k bmessage out from the
FrontlineSMS system to residents in Agni Hiya agkivhether it was raining there. The
FrontlineSMS system registered an increase in ngessshortly thereafter. In addition to
using the water reporting protocol in messages @wample, M8), residents sent

greetings such as: “It is raining, we have waié,is wonderful.” “Hello, how are you?
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Yesterday it rained, thank God.” Rain and watetesysrelated messages continued for
two additional days before messages tapered ofifaga

| identify this (positive) relationship between cs&d contact and personal
communication and an increase in instrumental comcation as the ‘friendship gap.’ |
surmise that M4D and other ICTD initiatives mighenefit from considering the
‘friendship gap’ along with other complexities dfet utility gap. Future work could
consider the role of the friendship gap in adoptadninitiatives that utilize ICT for
instrumental communication.

The ‘friendship gap’ also manifested in other wa@se of the most celebrated
affordances of technology is the efficiency ben#fdt accrues from ICT use (Donner,
2004, 2009). For example, Kang and Maity (2012ntbthat mobile phone users at the
‘Bottom of the Pyramid’ preferred to use SMS as @ans of practical communication
relating to work and business rather than for iatenand bonding communication with
those with whom they had a personal relationshipnt@ry to those findings, my
analysis suggests that low-literate Berber womenndit embrace a strictly instrumental
use of their mobiles to report on the water systResponses from alpha and beta tests
highlight the importance of friendly communicatidéfficiency benefits and utilitarian,
productive communication did not appear to be gblfzivalued.

| surmise that low-literate rural Berber womenalwed in this research found it
difficult to transition from personal to instrumehtuse of their mobile phones. The
overwhelming majority of women involved in this easch used their phones for kin-

keeping and other social/personal communicatiolmos& habits appeared to influence
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(and sometimes override) the instrumental aspddtseed~og Phone (i.e., water reporting
protocols and ‘rules of use’ for the Fog Phone).

The Fog Phone was designed to enhance commumidagtoveen female water
stewards and DSH in order to better facilitate nganaent of water resources. The
reporting language for the reporting platform wassddl on impersonal reporting
protocols (a problem code followed by a meter nutnb&he system was not designed to
parse SMS messages that fell outside the repogmtpcol. | found, though, that
respondents often sent social messages along vatarielated messages, and water-
related response rates were higher when womenvestenessages containing social
content along with water inquiries. This suggebt social contact eclipses efficiency
benefits as one of the drivers of IS use or adapfitis suggestion challenges common
M4D and ICTD assumptions that efficiency benefite a commonly shared value. |
surmise that other values, such as friendliness smwial courtesy may, under some
circumstances, take precedence.

Future work might investigate the processes imewhin balancing highly
personalized (but difficult to scale) communicatieystems with highly technologized
systems (that ignore social conventions and theretdermine adoption). Future work
might also focus on the processes involved in ‘huimag’ a system in a way that
information or data can be sufficiently systematinéhile retaining social connections.
11.3 The Paradox of Social Networks

Social complexities and cultural norms both pwesiii and negatively affect
Berber women’s mobile phone use. Due to low litgdawels, women rely on assistance

from an array of trusted others to help them marsagkuse their phones. This reliance
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on a network of helpers, however, often comes afctist of privacy and independence.
This is the ‘paradox of social networks’: familyieihds and acquaintances play a pivotal
role in a rural Berber woman’s ability to use hapbpe while simultaneously exerting an
oversight role over her phone use.

| found that the use of mobiles can lead to sotgakion. In this study, the
existing social structure, which is often repressifor low-educated, low-literate,
resource-poor rural women, is replicated and pragathrough the mobile device. In
rural Berber, conservative traditional and religiotalues limit communication between
unrelated women and men. These restrictions persigpendent of the modality of
communication. Limitations on communication betweemrelated women and men
extend beyond face-to-face interactions to encompas virtual, digital and electronic
spheres. In this study, taboos on mixed-gender aamuation extended across
technological platforms to include phone-to-phovnade) contact as well as text-to-text
exchanges.

Mobile communication both challenges and disrupgender-proscribed
communication patterns and has led to new fornsuofeillance of Berber women’s ICT
use. This control and oversight mechanism was avideobservations and conversations
in the community, where it was clear that male adth figures worried about women'’s
mobile use. Anecdotally, Berber men expressed canitet female relatives would be
tempted to use their mobiles to interact with metsiole of the family, and they made
oblique references that mobiles encourage infiglejtwomen.

It is important to note, though, that the concitrat women need to be protected

from dishonorable contact with men outside of tamify was not just the domain of
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men. Many mothers | interviewed closely monitoréeit daughter's incoming and

outgoing calls while simultaneously depending agirtdaughters for help using mobiles.
Men and women, fathers and mothers and siblingsaaltributed to an atmosphere of
suspicion and surveillance of women’s phone usevelilance occurs within the family

as well as by friends and acquaintances. Berberemoaiten rely on shopkeepers to
assist them with tasks such as installing mob#elits, trouble-shooting or phone repairs.
Women from the Coop reported that they seek thesaces from male tele-boutique
owners and local retailers with the understandimag the service provider is likely to

look through their call log and their incoming aadtgoing texts. Women reluctantly
accept this invasion of privacy in exchange foereing the mobile service.

Women from the Coop and in the villages often egped a desire for more
phone-related independence and the privacy thatdv@sult from it.“l want to text
family or people | know without giving my phonartg sons to do it'or “I don't go out
much so sending messages is appealing. It's privAteen you give your mobile to
someone to send a message for you, you are givamg your privacy. It's better to send
your own message and not depend on someone élsey’ acknowledged, though, that
their mobile use is tethered to their social nekmoecause that network provides them
with a de facto set of ICT trainers, surrogates prukimate literates who support their
phone use. This research corroborates findings thgrcscholars who found that the
“availability of technical assistance is one of tingportant facilitating conditions in
technology use” (LIRNEasia, 2009, p. 8 citing Vémtsh et al., 2003; Park et al., 2008).

As | found in the Coop and in communities involadthe fogwater project, technical
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assistance often occurs in social settings, amd/aives family and friends (LINREasia,
20009).
11.4 Assessment of Methods

There were interesting implications to my choidenwethods and theories that
may be relevant to the larger ICTD community. Thesearch was methodologically
challenging because of its multi-disciplinary scopequiring the incorporation of
methods, frameworks and models that address isssesiated with different scale (i.e.,
individual and local; social and natural; and egatal and global).

| found that a mixed methods approach had cleeargdges. Employing mixed
methods contributed to a rich, contextual undedstanof rural Berber women’s ICT use
as well as the processes involved in developingieapdementing the Fog Phone for the
fogwater system. Ethnographic Action Research wasfull in capturing detailed
motivations affecting the use of mobile phones hyuader-served population of rural
Berber women. HCID principles were invaluable i tthesign of the Fog Phone. The
Sustainable Livelihoods Framework (SLF) encouragee to develop a more
comprehensive and holistic view of the immediatencwnity as well as generate a
portrait of larger political and environmental fescthat affect the community. The
Stakeholder Analysis (SA) was an economical wayotganize major and minor
stakeholders and to better identify the benefié$ thight accrue to stakeholders. | expand
on these ideas below.

11.4.1 Assessing the Usefulness of EAR

EAR was the dominant method for fieldwork in thedp because it was the

appropriate method to use to understand Berber wemmemmunicative ecologies. By
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using EAR, | was able to understand how women tiseid mobiles. The four phases of
Ethnographic Action Research (observe, plan, dfbeaty were particularly useful in
early stage research in the Coop where | sougidatify and understand the mobile
utility gap. EAR was also vital in my investigationo the factors of a culturally, socially
and technically appropriate IS to support the fagwhaarvesting system. The ‘do’ phase
of EAR invites the researcher and community paéiots to co-devise an action plan
which I did through the co-creation of the mobilerkishops and training sessions at the
Coop. In the fog project, | operationalized the’‘dbase by embracing HCID principles
and practices which were used in participatorygtesif the water posters and the water
reporting protocol. Finally, | reflected on my robs a researcher, on community
dynamics and gender issues in rural Berber commesrand on the processes involved in
designing and implementing the Fog Phone.

Ethnographic Action Research is susceptible to sheme critiques as those
directed at ethnography in general. With its qa#ire emphasis on investigating and
understanding participants who are located withipagticular linguistic, historical and
social milieu, and through its social change agelaeR is not necessarily focused on
yielding quantitative data which challenges theitpast stance to research (Cornwall &
Jewkes, 1995; Lincoln, 1995; Walsham, 2006). Funtoee, EAR’s focus on
understanding local, context-specific environmeatsl relationships can hamper the
generalizability of findings, and findings are difflt to replicate under other field
conditions. Additionally, it can be argued thatétdata which ethnographers use is a
product of their participation in the field rathtban a mere reflection of the phenomenon

studied, and/or is constructed in and through tloegss of analysis” (Hammersley, 1992,
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p. 2)
| found that while EAR was effective on site (face-to-face, micro-level,

personal and small-group interactions), it was lessful in helping me understand mid-
level factors that affect Berber communities inthatest Morocco. EAR encouraged the
collection of an abundance of detail but providedclear path to utilize that information
beyond the local, action-oriented project. | fourtthough, that the hyper-local
information | gathered from EAR was useful as injpid higher-order mid-and-macro-
level analytical frameworks, including the Gended ®development (GAD) analysis, the
Stakeholder Analysis (SA) and the Sustainable ieelds Framework (SLF).

11.4.2 Assessing the Usefulness of GAD

EAR methods were particularly useful in conductinge Gender and
Development (GAD) Analysis. Ethnographic data frahe Coop and communities
involved in the fogwater project provided me witbraad foundation for considering the
influence of gender-based roles, relationshipspawrsibilities and how they relate to
women'’s participation in the Fog Phone. Crucialtegtual information on women'’s and
men’s domestic and community roles in Agni Hiya evegvealed through a GAD gender
analysis which helped inform the design of the Pbgne.

GAD, though, was deficient in two important waysAD is not designed to
specifically address the use of ICT (although i t@ manipulated to understand these
conditions). Nor does GAD directly address issuetated to natural resource
management and use by marginalized women. Thosesisare instead addressed by

GED (Gender, Environment and Development).
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Furthermore, while GAD highlights biases, discnation and power differentials
that disadvantage or marginalize women in deveppommunities, the 8 Tools of GAD
do not offer prescriptions for eradicating divissoor altering power dynamics to make
“new alliances out of old divisions, in order toildumore inclusive, transformatory
practices (Cornwall, 2003).

11.4.3 Assessing the Usefulness of SLF and SA

Because of its inward focus on participant andeaesher processes, EAR
methods alone were insufficient in understandingnmainity-level dynamics and
processes. The deep, contextualized informatiowgher, was invaluable when it came
to constructing the Stakeholder Analysis (SA) dmal $Sustainable Livelihood Framework
(SLF), and | ultimately re-purposed EAR data to ydaepe both those frameworks.
Additionally, the SLF also provided me with a geratinderstanding of gender, culture
and technology at the intersection of natural ressmanagement.

My experience using SLF mirrors that of developtmsholars such as Rakodi
and Lloyd-Jones (2002) who discuss the drawbackthefframework’s emphasis on
analyzing an individual or household based on theirsumption patterns. “Defining a
household as poor in terms of consumption may apture all deprived households and
individuals” (p. 6). Furthermore, the authors pant that an individual or community’s
perceptionof poverty or ill-being are often affected by sdaielationships and are not
confined to attributes of the assets and capitalseelded in the SLF. Additionally, the
SLF does not necessarily capture all of the copingtegies that households incorporate
to fend off or mitigate risk, which in the caserofal Berber communities | studied, had a

profound influence on overall welfare. Another iqute of the SLF is that it does not
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account for opportunistic responses to changinguoastances. As the authors note, there
is some doubt about the “extent to which poor hbakks have sufficient control over
their assets and environments to be able to pugeakoriented behaviour, suggesting
that most can merely react opportunistically to ngmag circumstances” (p. 7).
Opportunistic behavior was evident in the fogwateject (for example, in the rapid use
of free water during the alpha test, or perhapspanticipation in the design and
development of the Fog Phone), making it diffictdtdifferentiate between a possible
positive change in assets or capitals or a short-bkeehavior shift.

11.4.4 Assessing the Usefulness of ICCD

| found that SLF and SA also had limitations. Reitthe SLF nor SA framework
allowed me to fully integrate top-level issues tetato natural resource use and, more
broadly, factors related to the intersection of I&1d climate change adaptation. These
concepts are more fully integrated in the ICCD (JClimate Change and Development)
model. The ICCD model broadly illuminates the rofdCT to assist in climate change
mitigation, monitoring, adaptation and decision-mgk | found that combining EAR,
SLF and SA methods helped operationalize the velgtinew model in a community-
level project.

Climate change impacts often occur at a locallJesech as in communities
involved in the fogwater project, but the ICCD mbadften emphasizes the use of ICT as
decision-making tools at levels above the commuinigy institutional, regional, sectoral,
national and international). Additionally, muchtbk published ICCD research focuses
on the use of ICT in direct action to mitigate, pidand monitor the impacts of climate

change. This research into the tools and procasse$sed in the Fog Phone for the
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water project might be considered an ‘off-label’tangential use of the model because
the Fog Phone was designed to manage and moniter vesources that are affected by
numerous stressors, of which climate change is onb. Additional stresses on water
supply and water quality are due to factors such pa®r management and
industrialization that are not directly relateddomate change. Furthermore, the model
may only beindirectly applicable because the Fog Phone does not pralioate
change information per se. | contend, however, B&D research will benefit from the
widest interpretation of the model. A narramderstandingof the ICCD model could
serve to further isolate the discussion of pressgiraiplems related to climate change in
developing countries. A narroapplication of the model does not serve those who are
most vulnerable to climate change.

11.4.5 Assessing the Usefulness of HCID

Participatory and progressive HCID methods infu$eddesign of the Fog Phone.
| adopted Maunder et al.’s (2008) advice to giveny to the development of users, in
this case rural Berber women involved in the wateject, and to supportive structures
within their living and working environments. Womémm Agni Hiya were closely
involved in the iterative design of the Fog Phooethe fog project. They identified the
most salient water problems, and they providedldaekl on the posters and SMS and
voicemail usability issues. These efforts were ®iast with the author’'s advice to
develop the knowledge base and skills of the us@rder to enable them to understand

the prototype system, its benefits and how to éffely utilize it (Maunder et al., 2008,

p. 6).
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Participatory design sessions provided a spackevelop technological capacity
as well as motivation to adopt the Fog Phone. Talsp served as a forum to learn
plumbing skills together. This combination of téetand technical skills helped create
investment and interest in the water system andhfoemation management component.
Furthermore, consistent with user centered andaatiee design principles, stakeholders
were consulted throughout the design process iardadensure that the Fog Phone met
their needs (Maunder et al., 2008; Stephanidis12Wong & Kodagoda, 2011). | gave
priority to creating a congenial, supportive reshanvironment that entailed meeting in
gender-segregated focus groups where women woulthengusceptible to criticism or
judgment from male family members or neighbors.

The workshops and focus group meetings were alsalsevents in Agni Hiya,
occurring during a tea break or took on a partyosphere. That speaks, again, to the
importance of blending the instrumental with thecigb in both face-to-face and
technology-mediated contact.

11.5 Reflections on the Research Process

Ethnographic Action Research (EAR) requires theassher to not only reflect
on the research process but to reflect on their mlnand relationships with members of
the community under study. This section contaifigecgons onmy role as a researcher,
advocate, friend, information broker and animator.

11.5.1 Building Trust

| developed an environment of trust and opennessden myself and research
participants, engaging with DSH staff, the water nager and members from

participating communities in honest, friendly redaships. | recognized that one of my
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roles as a participatory researcher was to “plagdaive role in creating and maintaining
a collaborative atmosphere in which all stake-h@dean participate in the project in
good faith and with mutual trust” (Park, 1999, p2L Collaboration added richness to
the research, such as when women in Agni Hiya goithly produced the content for the
water posters, or when DSH project managers andrkeud closely to conceive of the
water IS. In both cases, the result was more eeaid effective than what | would have
achieved on my own. Collaboration also contributed spirit of accountability between
each stakeholder group (water users, the water gearsand DSH project managers) and
me. Being a passive observer or detached researesenot an appropriate option for me
as | investigated personal, social and culturakofac that might influence a study
participant’s contribution to the development ot tRog Phone. | maintain that my
research benefited from the many sincere friendshiat evolved in a sometimes
frustratingly slow, social manner where the “woref interviewing or training was
delayed or given a lower priority than having a featy or sharing family photos.
Furthermore, as a privileged, Western researchelatonship established solely for the
purpose of conducting research would not have lapgnopriate. | believe that the trust
and friendship that developed between community bees) the team of translators and
me helped marginalized rural women gain the conftdeand courage to participate in
the research process.

While | was welcomed into homes and accepted bligpgatherings, my presence
and my research goals occasionally caused confusionameliorate that confusion and
to develop research relationships and friendshipcialized, shared meals, cracked

Argan nuts and occasionally performed domesticedwguch as fetching water, doing the
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dishes or learning to make couscous with womengniAliya. These experiences helped
build and strengthen personal bonds between thel&tars, research participants and me
and were particularly effective ways for me to ggdanguage barriers with community
members.

| also developed friendships with men in the comitmes involved in the water
project in order to build trust in my work with theneighbors and family members.
These conversations contributed to the developroktiie Fog Phone by providing me
with information on social and cultural factorsttina@ight affect women’s participation in
system management. Respectful relationships with mehe community also helped
mitigate suspicions about my research or my presaneillages and in homes.

11.5.2 Becoming an Information Vector

| unexpectedly became a primary information vectoring the pilot test of the
water delivery system and the accompanying Fog @hests. Community members
identified me as a link to project managers andltical water manager, and | quickly
became the ‘water carrier’ for information abousteyn-wide problems. Because | was
present in the community on a nearly daily basisnduthe launch of water service in
June 2013, | was able to observe and discuss e#idaents myriad problems with the
new pipes and taps. Women and men in the commusigg me as a conduit to relay
issues to project managers and the water managethay provided specific suggestions
on the kind of information they wanted to receiveni managers such as the plumber’s
schedule, water shutdown notifications and aldstsiawater quality.

Additionally, during site visits to Agni Hiya, Ingaged in detailed conversations

with the chief project plumber and his assistardrigher to understand the specifics of the
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water delivery system at the community and resideigvel. | did not face any overt
restrictions on my access to the plumber or plurslkassistant, so | took on the role of an
information broker between female (and occasionagle) residents and the plumbing
crew. These conversations allowed me to underdtaanechanics of the water system
as it pertained to water users. | was able to stiasenformation with female and male
residents during social and research-related visitssome cases, it was difficult for
women in the community to receive information dihgeérom the plumber because men
in the community sometimes prevented or discouragatien from being present while
a plumber was in the house. On other occasionshwlemen were in the presence of
local men and the plumber, the women retreated \aack unable to see or hear
conversations about the water system.

| also discovered that answering basic plumbingstijans helped me build
rapport and trust with both male and female comtyumembers. In addition to ICT
skills, 1 led basic plumbing workshops with womartlhe community which helped them
develop tangible skills to troubleshoot water-retproblems. These training sessions
also helped build their confidence and interegparticipating in design of and research
into the Fog Phone and, perhaps, taking on a comyneadership role in the future.

11.5.3 Being a Project Animator

| found that | often played the role of projecuedtor and animator, stimulating
interest and participation in this research. |gsst myself this role, in part, as a way to
bridge the substantial language and cultural gagisvden community members and
myself. Furthermore, the role of animator is camsis with Ethnographic Research

Action methods. EAR required me to be immersedhi field in order to “animate
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actions based on sound local knowledge (Tacchi.,e2@03, p. 10). This animating role
of the researcher “is intended to ensure the ag@arécipation of users and stakeholders
in the research process, and to build flexibilitydaresponsiveness into the project”
(Tacchi et al.). Similarly, | experienced what @wall and Jewkes (1995) describe as
“researchers become learners and facilitators)ysasain a process which takes on its
own momentum as people come together to analysdiaoglss” (p. 1668).

| relied heavily on translators to transmit tedahiand instructional information,
but | supplied enthusiasm — whether it was tryingea feature on a mobile phone, or
participating in a game of dismantling and re-addemg a faucet. | found that women
who were initially reluctant to engage in my seegtynodd requests to, for example,
handle plumbing tools or try placing a phone cétém capitulated after some friendly
cajoling from me to “ha-wuhl, ha-wuhl” (try, try)l fully acknowledge that early
encounters with me were driven, in part, by anregein pleasing the visitor and early
enthusiasm could not be considered a commitmeguarantee of future participation.
“Involvement in the research process is usuallytheei continuous nor predictable.
Commitment and interest waxes and wanes over ti{i@etnwall & Jewkes, p. 1673).
That said, over time, the translation team andthedsed greater interest in the research
and the Fog Phone that appeared to be genuiner¢Fyl). This manifested in more
detailed reports about water issues during sitetsvism Agni Hiya. It was also
demonstrated when women sought us out to make stgge on fine-tuning the poster
to include a greater variety of issues or recomragods. Additionally, women
repeatedly shared suggestions on better ways itogeaticipants to use the Fog Phone,

and they provided guidance on how to engage womethe community who were
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reluctant to participate in the Fog Phone, thuatang “communication loops” between
community members, participants, translators and(Bywne & Alexander, 2006, p.

122).

Figure 24: Gathering feedback during a participatory design session for the
prototype Fog Phone for the fogwater project.

Additionally, I believe that | was sometimes a wenient cover story for women,
particularly young, single women, to try a new tooltone of voice that might otherwise
challenge gender norms. My presence occasiondlbyvatl women to act differently
because | had created a research setting thatat@gos them to experiment with new
identities. | do not believe that any of our aitis jeopardized or harmed women in the
community and | am under no illusion that this eesh permanently changed the status
quo. | placed great importance on being transpdrehacknowledge that action research
can be subversive (Coghlan & Brannick, 2005, p. A8) Cornwall and Jewkes (1995)
remark, “empowered communities may challenge estadd power structures” (p.

1673). | am fully aware that | introduced new oppoities to women that challenged
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traditional or entrenched gender dynamics. | looteavomen in the community to set
the pace of our encounters and gave wide latitagetticipants to engage on their own
terms so as not to jeopardize their roles or resipdities. | did not view women who

participated in this research as victims, but waenawledged (verbally and non-verbally)
that their status was lower than that of men in tommunity. | viewed their

collaboration in this research as an acknowledgéman their role in water stewardship
was obviously changing, and along with that canmes@pportunities to, perhaps, re-
consider other roles and responsibilities. Througmoy interactions in the communities,
I kept in mind Wadsworth’s insight to cultivate abeé aware of “the countless tiny
cycles” of participatory research. | found Wads\wtsrtobservation that “change does not
happen at ‘the end’- it happens throughout” to beigularly perceptive (Wadsworth,

1998, p. 8).

o

Figure 25: A young Berber woman learns basic pluminig by taking apart and re-
assembling a faucet.
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CHAPTER 12
CONTRIBUTIONS AND CONCLUSION

My research was motivated by an interest in exptpthe linkages between ICT
use, climate change, natural resource managemehtwamen’s participation as a
mechanism for individual and community developmienthe Ait Baamrane region of
Morocco. | pursued this interest by studying twmikr communities of rural women
who are culturally and economically marginalizedhoweside in a drought-ridden region
and who value their mobile phones. Using technologysed ethnographic research
methods, | first investigated the social, culttaatl technical factors involved in mobile
use by Berber women employed in the Coop. Inékptoratory research, | developed a
nuanced understanding of the utility gap but atsantl that there was no obvious ICT
linkage between those women and natural resouraeagement. | then applied and
expanded my research to marginalized Berber wontemwere involved in a fogwater
system. With that population, | explored the toatsl processes involved in the design
and application of a Fog Phone. | found that aucally, socially and technically
appropriate information system enabled women tontepn the water system, thereby
hopefully contributing to the operational sustaitipbof the fogwater harvesting system
while still being actively involved in water stewighip. In addition to an exploration of
gender and technology, this research explores Homate change and environmental
vulnerabilities relate to women’s lives and liveldds, and it investigates the ability of
rural Berber women to manage the environmentalt@sse which their livelihoods

depend.
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My work on this project has been published in ITdbd EJISDC, and | have
presented my research in this area to both schaftadgolicy makers at the ICTD 2012
and ICTD 2013 conferences (ICTD 2012, ICTD 2018)mtobile learning specialists at
UNESCO (UNESCO Mobile Learning Week 2012) and thotars in the Society for
Applied Anthropology conference on Natural Resoudegribution and Development in
the 2F' Century (SfAA, 2012). Additionally, this work wésatured in Proceedings from
the Intelligent User Interfaces for Developing Rem 2011 conference (Dodson,
Sterling & Bennett, 2013). This research was sugdorby a National Science
Foundation Doctoral Dissertation Research Improven@&rant #SES-1353945 and by
the American Institute for Maghrib Studies (AIMS).

Below, | explain the contributions that this resdamakes to scholarship, practice
and policy.

12.1 Contributions to Theory and Practice
This research makes four contributions that spaary, practice and policy.

Contribution 1: A Prototype Water Information Systéor the Fog Project

This research contributes to the sustainabilittheffogwater system by providing
DSH and water users with a functional prototype Heigone that can help the
organization achieve its mission to deliver potaiater to rural households in an
operationally sustainable way. Furthermore, thistgiype information system honors
women’s central role in water stewardship, whichynaalvance their standing in the
community by increasing their agency. The Fog Phsradlaptable and flexible in large
part because women were closely involved in its ception and design. The

development and deployment of the Fog Phone hddpéd local capacity by involving
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Berber women as infomediaries who transmitted lao&rmation about the water
system to project managers. That infomediary rake toom to expand as the Fog Phone
expands to address other issues such as water reati®@ messaging, health
information, mobile-learning and livelihood opparites related to local natural
resources. In general, the system may be usethleifuture because the skills, the ICT
and the platforms can be repurposed by DSH andnebgobto serve other needs.

This research led to tangible benefits for studytipipants and stakeholders. In
the pilot test, female water users benefited frameasy-to-use mobile-phone-based
system to report on water system service probl&mgect managers benefitted from an
efficient, consolidated monitoring system and theal water manager benefitted from a
convenient and culturally appropriate communicasgstem that links to local residents.
Female water users who participated in the study ma&e also received indirect benefits
such as an enhanced sense of agency and incregéedteem stemming from their
participation in the Fog Phone.

The prototype IS is not limited to being an apgticn only for a fogwater
harvesting system. The information system linkingiltiple stakeholders can be
generalized to other ICTD initiatives that haveeparting and monitoring component and
that involve low-literate community stakeholdersontmave basic texting skills and who
are equipped with simple feature phones. For examplcircumstances where a group of
phone numbers can be collected, an informatioresysimilar to the Fog Phone can be
used (and is being utilized) for transactional jpggs such as the dissemination of market
price information or to report on the availabiligf goods and services such as

announcing the presence and location of health everkAdditionally, the prototype Fog
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Phone IS can be adapted to serve projects wheresissve been identified and agreed
upon (such as water problems) by different tierstakeholders and where status reports
and updates would help a project be more effectiFer example, an IS of this type
might be useful in citizen science and environmlemianitoring initiatives that link rural
community members with non-governmental organinatior researchers. Furthermore,
this type of IS can be useful in projects whereorgépg and monitoring messages can be
simplified into basic, standardized codes or comnsyntax that can be used by
stakeholders to communicate status reports or grojgpdates. Possible use-case
scenarios might include integrating the componehtfe prototype Fog Phone IS in an
early warning system to report on upstream wateditions, or for an NGO to aggregate
field reports and to send alerts to distant comtmesiiabout impending weather
conditions. In these cases, it is beneficial tangulate information through an
organizational entity that can collate incoming ommhation and disseminate bulk
messages.

Contribution 2. Widening the Definition of the Uiyl Gap

This research contributes to practitioners’ uniderding of the mobile utility gap
and its impact on the use of ICT by marginalizednea in polyglot and oral-language
dependent communities. | widened the definitiontleé utility gap by identifying
complexities such as layered social, cultural @utinical issues that complicate ICT use
for semi-literate Berber women (Dodson, Sterling,B&nnett, 2013). This research
underscores Warschauer’s (2002) concern that aeatration on providing hardware
and software could lead practitioners to pay “ifisignt attention to the human and

social systems that must also change for techndlmgyake a difference” (p.3). He notes
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that “content and language, literacy and educataord community and institutional
structures must all be taken into account if megiiraccess to new technologies is to be
provided” (p. 3). This immersive ethnographic reskacontributes to our understanding
of the widespread and persistent technologicalakaad linguistic barriers that limit the
usefulness of text messaging and other mobile pheatares for these women and others
like them. Cost, gender hierarchies, fear of sdjgaited devices, complex language
environments and poor quality equipment all imp#deuse of mobile phones by these
marginalized, low-resource women. Individually andombination, these barriers to use
can create a profound utility gap for low-literatew-skilled women who possess and
value their mobiles but struggle to use them.

The catalog of barriers that | identified in tmesearch is not exhaustive, but it
indicates that there are significant technicaljaamnd cultural barriers to participating in
the many communication benefits that mobiles previéor low-resource illiterate
women, the inability to access life-improving betgesuch as sharing information in a
cost-effective way or taking advantage of mobiledzshdevelopment services can further
marginalize them. These conditions are not spetfidorocco. There are approximately
500-million illiterate and low-literate women indghworld today.

Warschauer (2002) points out the similarities leetvacquisition of literacy and
access to ICT. Both are a set of social practicesketh require a variety of “physical
resources, relevant content, appropriate usesskiiowledge, and attitude; and the right
kinds of community and social support” (p. 6). Tdnghor highlights six ways in which
literacy acquisition and ICT access overlap. Boih acquisition of literacy and ICT use

exist in gradations, both are social practices dlming access to physical artifacts,
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content, skills, and social support” and both aeratter not only of education, but also
of power” (p. 6). My findings on ICT use by lowditate Berber women echo these
observations. Women’s use of mobile phones wasieanfted by multiple linguistic,
social, cultural and technical constraints tha¢et#d mobile use beyond the provision of
handsets. The ICT-related interviews with Berbem&a and men helped illuminate the
“complex array of factors encompassing physicajjtal, human, and social resources
and relationships” that affected use of mobile @s{\Warschauer, p. 5). Furthermore,
the technology inventory (Chapter 5) and the Soatde Livelihoods Framework (SLF)
(Chapter 7) also contributed to a “thick” undersiiag of the myriad physical, digital,
human and social resources and relationships freadt &8erber women’s mobile phone
use and their ability to make use of their deviaed to engage in “meaningful social
practices” such as personal communication andumsntal communication related to
the fogwater project (Warschauer, p. 5).

Furthermore, this research confirms that while medbgy is important,
appropriatetechnology is crucial. Sturdy components and fionetl technology are, of
course, significant aspects of any ICTD initiatiteit it is the human elements — those
cultural, social and contextual factors —that giweaning toappropriatetechnology. In
previous research on failure analysis, | found tthetelopment initiatives that blend
appropriate technology with community participatitend to have more favorable
outcomes (Dodson et al.,, 2012). That research idlsminated the extent to which
effective ICTD projects are grounded in an undediteg of individual and community
subtleties that influence both ICT use and progecteptance. Undesirable outcomes can

often be circumvented with community-level inputdaawareness of the cultural
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cosmology (beliefs, structures, dynamics) that@fl€T access and use. Therefore, a
nuanced and contextualized understanding of theachysocial, cultural and technical
constraints as well as an awareness of the supgatructures that underpin the use of
mobiles by low-income, semi-literate women is vitathe development and deployment
of information systems in developing communitiesrtkermore, ICTD initiatives for
low-literate users in oral language communities | wilenefit from a nuanced
understanding of the “rich pluralism of regionahditions, languages, dialects and
cultures” (Morley & Robins, 1995). This understargli along with an awareness of the
mobile utility gap, can help mobile-based effortsoral-language communities be more
effective.

Many of these findings, obtained from a specifioup of low-literate Berber
women in an oral-language community, may also applyother communities in
developing countries where there is high mobilenghownership but low usage of text-
based phone features. The Berber women who patisdpn this study may appear to be
“unique” users, but their experiences may be gdmerhto other predominantly oral-
language societies. Barriers to using mobiles fdwvaaced features that expand
communication and save both time and money ara ofi@gnified in the context of oral-
language dependent and polyglot communities wherépte alphabets are in use. This
is not a rare phenomenon. As noted, most of th@07l@nguages spoken today do not
have a written form (BBC, 2013; O'Neil, 2011; UNE3C2006; University of

Pennsylvania).
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Recommendations for ICTD Practice

Mobile phone use is a difficult task in settings emh the primary form of
communication is oral, where multiple dialects speken and where literacy levels are
low due to cultural restrictions that limit womendagirls’ access to formal education.
These constraints, as well as gender-based restscton communication, have
implications for the design of wider ICTD and mabbased development initiatives. One
of the key challenges for ICTD practitioners isadress the issue of low adoption of
many features and functions available on ICT. Tagearch shows how adoption can be
encouraged with simple, easy-to-understand mesdhgésonsider the importance of
social contact and friendship alongside of instrotakbenefits and technical support
within the user’s social surroundings (Kang & Mai®012). ICTD initiatives might
benefit from addressing not only direct and visib&nefits, but also intangible benefits
such as friendship and social contact (Donner, 2009

Along with the suggestion to balance social andrumsental uses of mobiles, |
also clearly established the role of social infeeand social networks in this research. |
contend that programs such as gender-segregatethuruity-based training sessions,
peer-to-peer mentoring, engaging young women irctimmunity to serve as promoters
and advocates of an information system could bé qgfanther mobile-based initiatives
spanning health, education, environmental or Ingdids projects.

Issues of technical literacy also warrant deepersicieration when devising
mobile-based literacy and education programs faorllterate users because low-quality
devices can have an adverse impact on a userisyabilbenefit from mobile services

(Figure 26). Low-literate women are acutely awdna simple phones are not simple to
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use. While text-based user interfaces (Ul) may beregone conclusion, without local
language support for illiterate users, text-baséxldll continue to frustrate millions of
already marginalized, low-literate women in devatgpcommunities (Knoche & Huang,
2012). Furthermore, participants reported that gghanes and next-generation ICTs are
not necessarily practical solutions to their praigeof poor quality equipment because
marginalized women in rural, conservative sociefies often the last person in a family
to receive upgraded equipment, and they often dowamt it because of the steep

learning curve that new equipment requires.

Figure 26: Young women consult over the design oli¢ water posters.
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Contribution 3. An ICCD Case Study Focusing on Clexpulnerabilities

This research advances the ICCD model by contnbwa case study portraying
the linkages between ICT, climate change and dpwsdmt in a project to deliver
fogwater to rural Berber communities that are vidbée to climate change. The study
contributes to thadaptation priorityin the ICCD model that focuses on the role of ICT
tools in contributing to the adaptive capacity ardilience of vulnerable populations,
such as residents in rural, drought-strick&ih Baamrane. ICTs have the potential to
facilitate climate change adaptation “through isiag access to, and control over real-
time data, information and knowledge’ (Heeks & @spi2012, p. 118). These priorities
are reflected in the prototype IS. Furthermorenate change adaptation requires “ICTs
to be transformational as much as informationalettging collective as much as
individual capacities” (Heeks & Ospina, 2012, p7LIThe prototype IS for the fogwater
project helped develop technical skills of lowlgte rural Berber women as well as
community capacity. The study contributes to thapaation research area of ICCD with
a specific focus on attributes related to locaiaratof ICT, gender and knowledge-
sharing.

Adaptation requires an understanding of the natfireommunity capacity and
resilience, and adaptation prioritizes participgtoratural resource management and
planning. This research contributes to adaptatfoough “the improvement of water
resource management techniques, monitoring of wasgmurces and awareness raising”
(Heeks and Ospina, 2012, p. 24). The fogwater Istinge system directly addresses
climate-change induced stresses on water resourcesiral Ait Baamrane. The

accompanying Fog Phone contributes to water awaseaied water monitoring using at-
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hand basic mobiles and a frugal design approathetaevelopment of the Fog Phone to
help manage the water project (Heeks & Ospina, 012

This research contributes to the state of knowdealgthe intersection of gender,
climate change, resource management and ICT. Thadit® of climate change are often
most acute at the local level in developing commiesi and the negative effects of
climate change are most often borne by rural woeRC, 2010, 2013; MercyCorps;
USAID, 2014a). As stated in Chapter 2, The Unitetidhs ranks women’s access and
control over resources such as water as crucifilet@areation of a more equitable society,
and scholars and practitioners have establishet wader projects in developing
communities are strengthened when women’s effartgwkedge and experience are
included (United Nations, 2009). This ICCD casalgtadvances one of the key tenets of
the ICCD model, which is to deliberately and adgnveacorporate marginalized women
because “women constitute key agents of changansitbmmunities, and their role is
crucial in the promotion of ICT tools and approathéHeeks & Ospina, 2012, p. 6).
Employed appropriately, ICT may enable women in &oo and other developing
countries to expand their participation in climateange adaptation initiatives and
stewardship of natural resources. Because womemleweloping communities are
particularly vulnerable to rapidly-depleting andngmromised natural resources, they
have important roles to play in terms of resourse, uesource monitoring and resource
stewardship. In turn, new skills and opportunitiegy create conditions that facilitate
faster, more enduring, and broader economic bendbtr themselves and their

communities.
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The ICCD model is predicated on the notion thaf tGols offer opportunities to
create useful knowledge that fortify the ability wilnerable populations to respond to
climate change. This ICCD case study is “basedhernrécognition that information and
knowledge are crucial enablers of action and cha(@spina & Heeks, 2012, p. 1). Itis
consistent with ICCD research that recognizes teednto bridge knowledge and
information-sharing gaps in order to mitigate, ad@por monitor the effects of climate
change (Ospina & Heeks, 2012). This research tsttpagthen knowledge creation and
information sharing between stakeholders involvedhie fogwater project by enabling
water users and water monitors to communicate WEH. Specifically, this research
focuses on ICT that enable stakeholders to infonatwork, monitor and share
knowledge about a project that was conceived ipaese to climate change.

Additionally, this research integrates emergentie(dific) and traditional
knowledge, which are also core tenets of ICCD.dadous knowledge and practices are
“fundamental in bottom-up/community-based stratgg{®spina & Heeks, 2012, p. 3).
Technical knowledge and indigenous practices cetarithis research pertaining to the
use of both traditional water sources and wateivedrfrom fog. In rural Berber
communities involved in the fogwater project, ttamhal practices guide water collection
and water use and both technical and traditionalWkedge inform the use of ICTs in
rural Ait Baamrane. For example, an indigenous tstdeding of water (i.e., community
members often expressed the belief that rain isralbed by Allah, and when a new well
needs to be drilled it is not abnormal to seek ghedance of a water ‘shaman,” or
‘wafaman’ to identify underground water sources)mbmes with well-drilling

equipment, meteorological forecasts and weathakittg. The prototype IS to help
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manage the fogwater IS was designed to be socialjturally and technically
acceptable. | have shown how notions of acceptabiicorporate both traditional and
technological knowledge.

This research also contributes to the knowledgewsihariority of ICCD research
that is helping to build research capacities inedl@wing regions. Younger staff members
at DSH received training in the design and impletaigon of the Fog Phone, and the
water manager and community members were introdtwetita collection techniques
and to participatory research and design practicedso helped develop the research
capacities of ICTD graduate students at the Unityeo$ Colorado, Boulder.

Contribution 4. Research In A Geo-Strategicallypariant Region

This research contributes to an understanding rof uader-resourced and
marginalized population in the Middle East and Ngkfrica, an understudied, politically
important and environmentally fragile region of therld. The Middle East and North
Africa (MENA) is largely missing from ICCD, ICTD, WD and HCID discussions and
from initiatives aimed at improving the lives ofetlunder-resourced and marginalized
communities located there. Women'’s illiteracy aackl of access to resources are acute
problems in the Middle East and North Africa, oridhe least gender-equitable regions
in the world. This research contributes to an usideding of an understudied population
in an understudied region of the world in a progated at extending the benefits of ICT
to that population. Program officers, policymakensd practitioners can utilize this
knowledge in ICT initiatives that try to widen assdo the benefits of ICT.

In previous research, | established that most IC3&holarship has been

concentrated in Sub-Saharan Africa and India (Dod=aal., 2012; Gomez et al., 2012),
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where there are massive populations of poor peapbk fewer language and access
barriers for Western researchers than in many Midiist and North African countries.
This research in Morocco contributes to the presefiche Middle East and North Africa
in ICTD, ICCD and HCID scholarship.

In addition, this research aligns with broader Ungerests. The Middle East and
North Africa (MENA) region is of strategic importe® and sustainable social and
economic development in MENA is a global prioritySAID, 2004; USAID, 2011; US
State Dept., 2013). Policymakers and program aSicecognize the contribution that the
provision of basic human needs has on peace, seamd stability in developing
countries, particularly those that have been rodkedecent political revolutions, as has
been the case in North Africa.

For example, the United States Agency for Inteomal Development (USAID)
is a division of the U.S. State Department and development assistance often parallels
U.S. strategic interests. USAID’s mission is tophehd extreme poverty and to “promote
resilient, democratic societies while advancing eacurity and prosperity” (USAID,
2014b). USAID’s efforts explicitly and directly “@ance American — and global —
security and prosperity” (USAID, 2014b). FurtheremotUSAID’s mission is to create a
“safer and stronger” United States through suskdéénaevelopment by using its $20
billion annual budget to fight poverty and enco@ademocracy by supporting civil
society groups (specifically with ICT) (Nixon, 2014urthermore, USAID’s Office of
Middle East Programs (OMEP) focuses on prograntsarMiddle East and North Africa

related to, among other priorities, marginalizedmea and water scarcity and the
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promotion of the use of technology in regional depment (USAID, 2014c). USAID’s
mission manifests in an investment in DSH’s fogwateject.

The fogwater project has been recognized as beangistent with peace and
security goals. It also contributes to top-levelmamitarian objectives. The fogwater
project and the supporting Fog Phone will servieelrcommunes that are considered
among the poorest in the Morocco, thus fulfillimot UN’s Millennium Development
Goals (MDGs) (United Nation$)MDG 7 seeks to ensure environmental sustaingpilit
reverse the loss of environmental resources andidq@access to safe drinking water.
These MDG 7 measures can help interrupt the cyfig@werty and family instability that
is rampant in Ait Baamrane. This Fog Phone alsoemdeés MDG 8, which encourages
global partnerships to make available the beneditsnew technologies, especially
information and communications.

12.2 Future Work

The prototype Fog Phone was designed to suppagt ainthe largest fog
harvesting systems in the world and the only ongsafind in North Africa. There is an
expectation that the fog harvesting project anduggporting information system will be
replicated in similar regions throughout Moroccal ddorth Africa. The design of the
Fog Phone is one component of a potential thresgzthamulti-channel information
system linking the three main stakeholders involirethe fog harvesting project. DSH
had also identified the importance of sending awkiving real-time (or close to real-
time) information about the status of the fog reetd the main water pipeline to and from

the water manager.

4 The 8 Millennium Development Goals are: #1 Eragiextreme poverty and hunger; #2 Achieve univessadary education; #3
Promote gender equality and empower women; #4 Rechitd mortality; #5 Improve maternal health; #6nbat HIV/Aids, malaria
and other diseases; #7 Ensure environmental sabthiy; and #8 Global partnership for developmentw.un.org/millenniumgoals.
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A follow-on prototype IS, based on Android-baseBS=enabled mobile tablets,
smart phones, laptops and PCs has already beelopesteand tested with the water
manager to monitor and report on the fogwater cotda and distribution infrastructure
in text, map and photographic formats. This prgietycan support a customized
infrastructure tracking program to record and namtsystem logs, generate system
reports, send and receive emergency water aledsti@msmit and archive system
photographs. In the next phase, a communicationreiavould connect water managers
and community water committee members through almodll and voicemail system.

This research can be expanded beyond the ICCDtiadamsearch priority to
apply to the monitoring priority that focuses onrtjggatory monitoring to gather,
analyze and disseminate climate-related informatwaugh tools such as SMS, tablets,
internet. (Ospina & Heeks, 2012). Future work miglso further explore citizen-based,
collaborative monitoring efforts such as water econgtion or water conservation
information. Finally, the two rare natural resow¢Argan trees and super-saturated fog)

that exist in southwest Morocco are worthy of msttely from many perspectives.

Lah ibark fik aman mrchne folkin.
“May Allah bless you. Water is available. It is gbd

SMS message sent to the Fog Phone, January 2014.
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