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“I have walked that long road to freedom. I have tried not to falter; I have made missteps along the way.
But I have discovered the secret that after climbing a great hill, one only finds that there are many more
hills to climb. I have taken a moment here to rest, to steal a view of the glorious vista that surrounds
me, to look back on the distance I have come. But I can only rest for a moment, for with freedom come
responsibilities, and I dare not linger, for my long walk is not ended.”

Nelson Rolihlahla Mandela (1918-2013)





Resumen

Antecedentes

En un mundo cada vez más dependiente de las tecnologías de la información y de la comunicación,
podría ser fácil olvidar que hay un gran número de personas, sobre todo aquellas que viven en zonas
rurales de países en desarrollo, que no tienen acceso a ellas, o que cuando lo tienen éstas les resultan
inasequibles. Esto impide que puedan ejercer su derecho a la libertad de expresión tal y como está
recogido en la Declaración Internacional de los Derechos Humanos.

Proporcionar esta posibilidad de acceso a las tecnologías actuales a todos los miembros de un país,
ha sido un asunto de gran interés en el que han centrado sus esfuerzos los distintos gobiernos que cuentan
con grandes sectores de su población en situación desfavorecida, aunque, aún en la actualidad, no han
podido encontrar una solución acorde a la magnitud del problema.

La llegada de la telefonía móvil a una gran extensión del territorio habitado del planeta, hace que este
problema de acceso esté más cerca de resolverse en la mayoría de los lugares; sin embargo, los distintos
estudios realizados en el continente africano, apuntan a los altos costes económicos que este acceso tiene
para los usuarios con menos recursos económicos, existiendo datos de investigaciones que hablan que
más de un 25% de sus ingresos los destinan a comunicaciones. Este alto porcentaje supone una sangría
en su economía, llegando a dejar a la alimentación, a la salud o a la educación sin los recursos necesarios.

Objetivos

En este contexto, buscar alternativas al modelo de acceso existente que permitan reducir los costes de
comunicación, se presenta como un objetivo de investigación que merece la pena ser abordado. Por lo
tanto, esta tesis doctoral se ha desarrollado con la intención de alcanzar los siguientes objetivos:

• Objetivo general: Estudiar la aceptabilidad de que comunidades rurales en países en desarrollo
se conviertan en operadores de telecomunicaciones sostenibles de manera que puedan reducir sus
costes de comunicaciones.

• Objetivo específico: Estudiar tanto el proceso de establecer un operador de telecomunicaciones
cuyos dueños sean miembros de Mankosi, una comunidad rural de Sudáfrica, como su impacto
en la comunidad, extrayendo conclusiones científicas que puedan ser de aplicación en otras zonas
rurales de países en desarrollo.

Metodología

Con el fin de alcanzar los objetivos propuestos, esta tesis doctoral se ha estructurado alrededor de las
siguientes preguntas de investigación:

¿Es aceptable que comunidades rurales se conviertan en operadores de telecomunicaciones
sostenibles, de manera que puedan proporcionar acceso universal a servicios de voz y datos
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de forma asequible para sus miembros? Y si es así, ¿cuáles son los efectos inesperados y el
impacto a corto plazo en su gasto en comunicaciones y el uso que hacen del mismo?

Para poder responder a la primera pregunta de investigación planteada, la aceptabilidad de la inter-
vención se desglosa en cuatro subpreguntas:

• Aceptabilidad legal: ¿encajan el operador de telecomunicaciones y su infraestructura en el marco
legal y regulatorio del país donde pretende proveer servicios?

• Aceptabilidad técnica: ¿la infraestructura elegida es capaz de proporcionar servicios de voz y
datos con una calidad de servicio aceptable, mientras que al mismo tiempo pueda ser mantenida y
operada por miembros de la comunidad?

• Aceptabilidad económica: ¿se pueden cubrir los costes de mantenimiento y operación del operador
de telecomunicaciones con los ingresos obtenidos por los servicios ofrecidos usando un modelo
de negocio creado localmente?

• Aceptabilidad socio-cultural ¿se puede inculcar un sentido de propiedad en los miembros de la
comunidad de forma que un operador de telecomunicaciones iniciado externamente lo consideren
como propio y lo operen como tal?

Para dar respuesta a estas preguntas, el doctorando ha utilizado una metodología basada en
Investigación-Acción Etnográfica dado que se presupone que no se puede dar respuesta a dichas pre-
guntas sin embarcarse junto con una población rural en la tarea de establecer un operador de telecomu-
nicaciones en su comunidad controlado por ellos. Ha sido elegida, como caso de estudio, Mankosi, una
de las comunidades más desfavorecidas de Sudáfrica, en la provincia del Cabo Oriental. En ella el doc-
torando ha colaborado con distintos miembros de Mankosi durante más de tres años, dos de los cuales
viviendo en la comunidad. Durante ese período ha sido desplegada una red mallada que ha proporcionado
servicios de telefonía a sus habitantes.

La aceptabilidad de cada una de las dimensiones consideradas ha sido estudiada de manera indepen-
diente:

• Legal: el marco legal que regula la creación de un operador de telecomunicaciones en Sudáfrica
ha sido explorado en detalle, y una vez seleccionada la mejor opción, puesta en práctica.

• Técnica: En primer lugar se han estimado los requerimientos de tráfico de los servicios que se
pretende proporcionar, y se ha estudiado si la red, una vez desplegada, era capaz de proporcionar-
los. Así mismo, se han diseñado conjuntamente con la comunidad dos sistemas para facilitar la
operación de la red, y se ha mantenido un registro de los fallos ocurridos en la infraestructura, así
como la solución aportada.

• Económica: los precios ofrecidos por el operador de telecomunicaciones local han sido compara-
dos con los existentes. Del mismo modo, todos los gastos e ingresos del operador, así como la
gestión económica del mismo han sido estudiados en detalle.

• Socio-cultural: un modelo que permite el estudio de la sensación de propiedad desarrollado en
Mankosi ha sido creado conjuntamente con una entrevista que permite la recogida de datos para
su posterior análisis. Se han llevado a cabo un total de 10 entrevistas. Los resultados obtenidos
se han procesado a través de una revisión crítica del desarrollo de la iniciativa para detectar los
factores que han contribuido a su desarrollo.

El impacto ha sido analizado a través de un estudio longitudinal del gasto en comunicaciones y el
uso que se da del mismo, entre miembros de la comunidad, seleccionados aleatoriamente mediante un
muestreo estratificado de las parcelas habitadas en cada pueblo de Mankosi. Se realizaron dos estudios:
el primero contó con 255 participantes y el segundo contó con 125. A estos datos hay que añadir los
obtenidos mediante la etnografía y observación directa y participante del doctorando.
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Resultados

Los resultados de la línea de base sobre el gasto en comunicaciones y su uso, han servido para desvelar
un alto acceso tanto a dispositivos (80% de la ón tiene un móvil en propiedad), como a servicios (86% de
la población usa servicios de telecomunicación en sus móviles de forma semanal). Este acceso tiene un
coste desproporcionado para los habitantes de Mankosi, que en media dedican un 22% de sus ingresos
para poder comunicarse. Así mismo, este 22% no está relacionado con un alto uso de servicios, ya que
en media únicamente hacen 4 llamadas a la semana (de una duración total de 18 minutos), envían 2 SMS.
Los pocos que utilizan Internet (22%), navegan consumiendo alrededor de 15 – 20 MB. A su vez, este
estudio ha servido para desgranar en detalle el gasto en comunicaciones con más de un 23% dedicado a
mantener el teléfono móvil cargado, dado el poco acceso a electricidad, y a pagar el sobrecoste por los
cupones de crédito prepago que cualquier producto sufre en zonas rurales.

Los resultados del estudio de aceptabilidad se presentan a continuación:

• Legal: una cooperativa de telecomunicaciones sin ánimo de lucro, Zenzeleni Networks Ltd, ha sido
creada y ha obtenido la primera exención en las licencias requeridas por el regulador sudafricano
para proveer servicios de telecomunicaciones. Este hecho sienta un precedente legal para iniciati-
vas similares en el país.

• Técnica: la infraestructura elegida y desplegada, una red mallada de media distancia con una única
radio, ha sido capaz de proporcionar el caudal requerido por los dos principales servicios ofrecidos
por la red: llamadas internas y externas desde las cabinas públicas instaladas en la comunidad. Así
mismo, se ha comprobado que la red requiere poco mantenimiento, y el que necesita es llevado a
cabo de forma local.

• Económica: el precio de los servicios ofrecidos por la cooperativa es un 50% más barato que el de
productos existentes. Así mismo los ingresos obtenidos, fundamentalmente a través de la carga de
teléfonos móviles, ha servido para cubrir los gastos incurridos por el operador durante este íodo.

• Socio-cultural: un sentido de propiedad colectiva sobre la iniciativa externa se ha desarrollado en
Mankosi, y los miembros que han sido seleccionados para gestionar Zenzeleni Networks Ltd. en
su nombre, se sienten activamente legitimados para operar la red para el beneficio de la comunidad.

El impacto cuantitativo de la iniciativa ha estado fundamentalmente relacionado con la reducción
del gasto en mantener el teléfono móvil cargado, mientras que el gasto en comunicaciones y uso que se
hace del mismo han permanecido invariables por la dificultad de modificar las dinámicas de consumo
preestablecidas en comunidades desfavorecidas. En el aspecto cualitativo el mayor impacto obtenido ha
sido la activación del proceso de emponderamiento que se ha iniciado en Mankosi a través de la creación
y gestión de Zenzeleni Networks Ltd, cuyos efectos se están notando en otras actividades de desarrollo
en la comunidad.

Conclusiones

Esta tesis ha servido para determinar que ha sido aceptable para una comunidad sudafricana, como
Mankosi, crear su propio operador de telecomunicaciones y proporcionar servicios más asequibles que
los existentes, como muestra que tres años más tarde continúen, no sólo proporcionando servicios, sino
ofreciendo nuevos. Sin embargo, para la sostenibilidad a largo plazo de esta, iniciativas o similares, se
propone la creación de una institución de segundo nivel que proporcione los servicios de capacitación,
seguimiento y apoyo que el doctorando ha ofrecido a los miembros de Mankosi durante el estudio pre-
sentado en esta tesis.
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La intervención ha tenido, por el momento, un impacto limitado en el gasto en comunicaciones y el
uso que se hace de él ; sin embargo la aceptabilidad demostrada, y el impacto cualitativo descrito ofrecen
una visión diferente para el futuro. El hecho de haber desvelado las complejidades que han impedido
un mayor impacto, permite seguir explorando el diseño de soluciones aceptables localmente que puedan
tener un impacto positivo para los habitantes de Mankosi. Por último, los resultado obtenidos han sido
claves para atraer la atención de la prensa, la industria, el gobierno y la sociedad civil que en muchos
casos están dispuestos a replicar la solución propuesta en esta tesis para la reducción de los costes de
comunicación en otras zonas rurales de Sudáfrica y países vecinos con características similares.



Abstract

The effort that mobile network operators have made in the last years for increasing access to communi-
cations in rural areas of developing countries is undeniable. Despite of this, the development outcomes
that increased connectivity promises to bring to underprivileged areas remain unmet, as digital commu-
nications technologies are not affordable for most. However, this has not stopped them from purchasing
phone time, to the point that some studies describe that cost of mobile services represents a large pro-
portion of their monthly income. This represents both a hazard in terms of health, food security and
the well-being of children, and a drain on resources which could be used for investments in assets and
entrepreneurial activities. Finding sustainable ways in which this cost can be reduced and the develop-
mental return on the investment in ICTs be enhanced is thus a worthwhile research objective.

This PhD presents the results of a case study situated in Mankosi, a rural community in one of the
most disadvantaged areas of South Africa, to study the acceptability for rural villages to become sus-
tainable telecommunications operators to reduce these cost of communications. The initiative, which
has been implemented along the guidelines to create sustainable ICT4D projects, has been studied by
means of Ethnographic Action Research. For assessing the acceptability, a multidimensional framework
developed by the doctoral student has been used. It contains four dimensions: legal, technical, financial
and socio-cultural. For each of the dimensions specific methods have been used: understanding thor-
oughly the regulatory framework in South Africa; measuring the network performance and co-designing
solutions with the community; studying in detail the financial management of the initiative; developing
and applying a framework to operationalise the sense of ownership that manifested in Mankosi. The
impact has been measured via both a longitudinal stratified random sample survey of the households in
each village in Mankosi, and the ethnography and participant observation of the doctoral student.

An analysis of the communication expenditures and usage patters of the people from Mankosi is
presented first. Results show that while a high ratio of people have access to mobile phone services
weekly, they spend a high proportion of their disposable income on a very constrained set of services.
Apart from the high costs of airtime, factors like mobile phone charging and the mark-up of products in
rural areas account for a considerable part of the total expenditure.

The assessment of the acceptability of the intervention shows that major steps have been made in all
four dimensions considered to the point that the community continues to be actively engaged with the
initiative more than three years after it started. Still, for the long-term sustainability of this and similar
initiatives, the creation of a second-level organisation is proposed as a way forward, to provide similar
support and services to the ones provided by the doctoral student to Mankosi.

The impact of the intervention might have been limited with regards to modifying the communica-
tion expenditures and usage patterns of the people from Mankosi, but the acceptability of the intervention
described above, and reflected in some of the unexpected effects, sheds a different light on the future.
Having unveiled the complexities behind this limited impact enables continued exploration of ways of de-
signing more locally acceptable solutions that have a positive impact on the communication expenditures
and usage patterns of the people from Mankosi. Additionally, the results obtained are key to influencing
industry, government and civil society to partner in making this a reality in other communities.
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Chapter 1

Introduction

Freedom of expression and the ability to communicate are key to the development, dignity and fulfilment
of every person, ensuring that people can gain an understanding of their surroundings and the wider
world by exchanging ideas and information freely with others. This is recognised by the International
Declaration on Human Rights [198]. And this right, while important in and of itself, is also essential
if other human rights are to be achieved. For people to exercise this right, they need to have access to
reliable and affordable electronic communications. In an increasingly interconnected world, it is easy
to forget that many people, mainly those living in the rural areas of low-income economies, lack this
connectivity.

Providing telecommunications access to rural areas is neither easy nor profitable. As a result of these
disincentives, traditional telecommunication companies have shown little interest in providing infras-
tructure to rural communities in the past [116]. This lack of private-sector initiative has driven national
governments to devise policy strategies to ensure that parts of their population are not left behind in the
digital revolution. Initially, universal access and service plans took different forms in different coun-
tries, with very uneven success rates [76]. In most cases, these plans proved to be inadequate to meet
the substantial scale of the access problem [120]. Due to the inefficiency of these earlier plans, some
governments included universal service and access obligations for Mobile Network Operators (MNOs)
when liberalising the telecommunications market [209]. In combination with the overwhelming and un-
expected uptake of mobile phones by poor people [1], this initiative has mitigated the lack of access in
most places, and now mobile phone use and the opportunity to exercise the right to communicate extend
to those living below the international poverty line [62].

Despite the contribution made by mobile network operators to increase access to communications in
rural areas of developing countries, the development outcomes that increased connectivity promises to
bring to underprivileged areas remain unmet [209]. Digital communications technology is not affordable
for most, and both voice [30] and data communications [95, 107] are more expensive for rural dwellers
when compared to their urban counterparts. Additionally, the cost per second of prepaid billing, the only
option available for the informal economies that predominate in rural areas, is high when compared to
the rates longer-term subscribers pay [62].

Although the price of making a phone call has decreased due to government policies that increase
competition, the biggest challenge preventing the poor from accessing Information and Communication
Technologies (ICTs) continues to be the cost. However, cost has not stopped them from purchasing
phone time [62]. For example, in a study of people at the bottom of the pyramid conducted in Kenya,
the cost of mobile phone services can be over 25% of their monthly income, and one fifth of respondents
report that they forgo a usual expenditure (such as food) in order to communicate or obtain information
through a mobile phone [75]. Similar studies have confirmed this finding in suburban South Africa [61]
and Uganda [57]. This represents both a hazard in terms of health, food security and the well-being
of children, and a drain on resources which could be used for investments in assets and entrepreneurial
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activities. Finding sustainable ways in which this cost can be reduced and the developmental return on
the investment in ICTs can be enhanced is thus a worthwhile research objective.

Alternative approaches have long been neglected, with government monopolies being the sole com-
pany with the right to deploy infrastructure and provide digital services (such as Voice over Internet
Protocol (VoIP)) [135]. Over the last few years, regulatory trends have changed, moving towards a more
competitive environment where other service provision models are emerging. These regulatory openings
are being leveraged by smaller service providers mostly using wireless technologies and finding niche
markets servicing suburban and remote wealthy customers. Although they have contributed to the re-
duction in the rural access gap, none of them have fully succeeded, and universal access and services at
affordable prices still seem far from being reached.

In this context, paraphrasing Gillet et al. [73] on the context of municipal networks in the United
States, “if local competition is not adequate, this may provide an increased impetus for communities to
self-provision”. Municipal networks are just one example of self-provision that has been widely applied
to “further universal service and competition goals by providing additional alternatives to commercial
deployments, especially in areas where these are limited by unfavourable economics” [73]. Other com-
munity owned models have been studied in detail in recent years [70, 120]. Apart from alleviating the
cost problem, “community ownership, control and participation usually mean that infrastructure can
better address community needs, that community resources such as manpower and public commons can
be leveraged, that the community is willing to invest in them, that they are more highly valued, and that
[they] are better maintained” [120]. Most of the successful cases of implementation of these models are
located in developed countries or small towns in transition economies [120], as their application in rural
areas is hampered by multiple challenges [37].

The proliferation of urban community networks (CNs), where scarcity of spectrum, scale and het-
erogeneity of devices pose tremendous challenges to their stability and to that of the services they aim
to provide [34], has fuelled the creation of robust low-cost, low-consumption, low-complexity, off-the-
shelf wireless devices which make the deployment and maintenance of these alternative infrastructures
in rural areas much easier [209]. Thus, although more research is needed to address the aforementioned
technical challenges, existing technology can be enough to solve the affordability problems in remote
and under-served regions, where some of those technical challenges do not apply.

However, notable initiatives deploying networks in remote areas of developing countries have re-
vealed that the existence of a technology alone does not guarantee sustained success in deployment [36].
Attention to socio-cultural factors [37] and the creation of innovative business models [207], to name a
few critical success factors, have been considered prerequisites for successful uptake. Additionally, it is
unlikely universal access and service can be achieved without the active involvement of governments,
either via funding or supportive regulations. Although recent interesting solutions in this regard are
challenging regulatory frameworks [206], alternative initiatives have better chances of being sustained
if situated within the policies and regulations of the country in which they are taking place. But for
them to change their policies towards creating an environment more conducive to universal access and
service based on alternative initiatives, evidence needs to be provided supporting the use of such ini-
tiatives within the current regulatory framework. Leaving the technical complexities aside could allow
such research to focus on efforts to understand the socio-economic effects of CN deployment. The few
studies using a sound methodology to evaluate the impact of CNs focus on those that are deployed in
urban settings [44, 67, 170, 99]. This leaves government agencies, civil society organisations and the
public in general with almost no scientific data to justify engaging in the deployment of CNs in rural
areas of developing countries.
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1.1 Presentation

Community networks are large-scale, self-organised and decentralised networks, built and operated by
citizens for citizens [34]. Their participatory model has the potential to become an inclusive and ef-
fective solution for bootstrapping digital infrastructure in challenging environments, where a market for
commercial Internet Service Providers is not developed or where some people may be excluded by a
competitive or market-driven model [58], as demonstrated in some cases [122]. However, most of the
CNs described in the literature are located in developed countries. In rural areas of developing countries,
where the opportunities for digital inclusion offered by CNs could reach their full potential, there are
very few instances of successful deployment, and almost none are bottom-up.

With the goal of closing this gap, an Ethnographic Action Research (EAR) (see Section 3.2 for
more information about EAR) project commenced in April 2012. It started with a needs assessment in
Mankosi, a traditional rural community in the Eastern Cape Province of South Africa, and resulted in the
deployment, in June 2012, of a bottom-up CN to address the high costs incurred for communications (see
Section 1.4.3 for a description of Mankosi). This PhD dissertation describes the process of engaging with
the community in the design and installation of a rural CN, and in its maintenance and operation, while
studying its acceptability and assessing its short-term impact. The research presented in this document
describes the first three years of an ongoing initiative that aims at creating a model to allow the creation
of self-sustaining bottom-up telecommunication operators in rural communities of Southern Africa. This
concept is represented by the term “Community Telco” in the title of this dissertation.

In particular, it presents the results of three research cycles conducted along the guidelines of EAR:
Plan-Do-Observe-Reflect. Below, a summary of each cycle is provided (for a more detailed description
of each cycle, see Chapter 5):

First Cycle (April 2012 - June 2013) - Partnership and free will

The first visit to Mankosi was meant to assess the possibility of using wireless mesh networks operated
locally to reduce communication costs. Interviews and meetings were held with development agents in
the community and with the Headman. The Headman appreciated the intervention’s benefits and called
a larger meeting with sub-headmen, messengers, advisors and other people interested in community de-
velopment. The project idea was presented again to the larger Tribal Authority (TA), and after receiving
positive feedback, the research group was granted permission to work in the community. Those meetings
also delineated mutual commitments. Thus, the TA selected the houses where the wireless nodes were
going to be hosted and appointed members of the community to be trained to carry out the installation of
the network, which they did under the supervision of the doctoral student in July and August 2012. After
some tweaking after that, calls among the 11 public phones installed in the community could be made
for free, and mobile phones could be charged by solar-power.

According to the needs assessment carried out in April 2012, a faster and higher uptake of the local
service was expected. However, data collected in June 2013 showed very limited use. Among the reasons
for this were local politics; the TA had not shared the public access nature of the service with the local
population, and so fellow community members did not use it. Confronting this situation by following
local procedure, the topic was covered in a general community meeting, and subsequent village meetings
were held to inform the general population. At those meetings, it came to light that local call use was
going to be more sporadic than expected, due to the inability to call mobile phones.

Second Cycle (July 2013 - September 2014) - Establishing trust, ownership, financial and legal
resources, and tools

Given the technical feasibility of providing that service (calling mobile phones), a socio-economic plan
was devised. Based on the experience from [27] designing mobile phone charging stations in rural areas,
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the initial design of the wireless station’s power supply included two cigarette lighter sockets, allowing
users to generate revenue from charging phones, to help make the CN financially sustainable.

Since June 2013, the households with charging stations have started collecting money collectively
to finance the Internet connection and the VoIP provider required to call mobile phones from the sta-
tions installed. These calls have a minimum cost that needs to be, at least, recovered to keep the project
financially sustainable. In South Africa, charging for electronic services requires a license. So, in par-
allel with the money collection, a not-for-profit telecommunications co-operative, Zenzeleni Networks
Limited (Ltd), was set up in March 2014, and a license-exemption by the Independent Communications
Authority of South Africa (ICASA) was granted in September 2014. This has set a legal precedent for
other CNs to follow the same process.

The time waiting for the resolution from ICASA was used to install a 3G gateway and to co-design an
Interactive Voice Response (IVR)-based billing system that allows the co-operative to match the usage of
the service with the invoices received from the VoIP provider. So since September 2014, the CN has been
connected to the Internet and making calls to landlines and mobile phones has become a real possibility.

Third Cycle (October 2014 - April 2015). Putting it in practice and learning from it

Once the network was connected to the Internet and breakout calls were possible, the co-operative mem-
bers went about spreading the word in the community that the service was available. That was the first of
a set of logistical tasks that local people have carried out more independently in this cycle. Additionally,
they acted independently to open a bank account, activate Internet banking, obtain a Tax Clearance cer-
tificate, etc. They also went several times to deposit money into the account. The amount to be deposited
was communicated several times during meetings for everyone to acknowledge, and then the deposit slip
was shown at the next meeting. Additionally, they went on to perform other tasks to foster uptake of the
service that the community had requested, like the creation of posters announcing the availability and
costs of the new system to post around their premises, and participation in community meetings to raise
awareness about the new service offered. Despite requests from the community and the effort that went
into offering cheaper breakout calls, the co-operative has not managed to change local people’s habits or
their own, preferring to use their mobile phones despite the greater cost. In this context, Zenzeleni has
asked the research team to study the feasibility of offering the service to mobile phones.

Fourth Cycle (May 2015-Ongoing). Making more services available and used

This request marks the start of a new cycle of the project and several steps (described in Section 5.4)
have been conducted in this direction already. However, the research and analysis of this new cycle falls
outside the scope of this PhD dissertation.

1.2 Document organisation

The work outlined in the previous section is divided into nine chapters in this document. The contents of
each of them are described below:

• Chapter 1 presents the research carried out by the doctoral student, the motivation behind it, its
goals and the context that frames it. The more descriptive Section 1.4.3 has been published else-
where in the publications below.

• Chapter 2 outlines the framework used in this research along with the related work considered.
This will familiarise the reader with the starting point of this work.

• Chapter 3 introduces the research questions and describes in detail the methodology used to answer
them.



1.2 Document organisation 5

• Chapter 4 contains an in-depth description of the community where this PhD dissertation has taken
place, including statistics about its members’ ICT ownership, expenditures on communications and
usage patterns. Sections 4.1 to 4.4 have been published in [151]

• Chapter 5 describes the process followed to establish the initiative that is the object of analysis of
this PhD dissertation. This process has been published in [154].

• Chapter 6 assesses the acceptability of the initiative in four sections:

– In Section 6.1 the process followed to make the initiative fit in the South African regulatory
framework is described. This process has been published in [155].

– The study of the project’s technical acceptability is divided in two parts. First, an analysis of
the network’s performance is presented in Section 6.2.1 (one part of these results has been
published in [156]). Second, the results from the maintenance and operation of the network
are provided in Section 6.2.2. This section is broken down into two parts. The first one,
Section 6.2.2.1, contains two co-designed solutions to ease the maintenance and operation
of the network. These co-designs have been published in [152] and [157], respectively. The
second one, Section 6.2.2.2, includes the results from observing the community maintenance
and operation of the network. These results have been partially published in [152].

– The assessment of the financial acceptability results is divided in two parts. First, in Sec-
tion 6.3.1 the costs of the services for the users are presented. Then, in Section 6.3.2 the
business model created by the community members is described and analysed. These results
have been partially published as part of the Deliverable 4.7 of CONFINE [161]. The initial
financial models considered for the co-operative were published in [163].

– The findings on socio-cultural acceptability are presented in two parts. First, Section 6.4.1
describes how a sense of ownership manifested in the community, and then, Section 6.4.2
studies how this sense of ownership was nurtured. The results from the former section have
been published in [164], and for the latter in [154].

• Chapter 7 presents an analysis of the short-term impacts of the initiative. It is divided in two
sections. First, Section 7.1 describes the results along with the expected impacts of an intervention
like the one presented here. This section is subdivided into three parts: Section 7.1.1 includes the
impact observed in Chapter 4 that can be attributed to the project; Section 7.1.2 compares those
results with those from data collection conducted one year later; and Section 7.1.3 contains the data
from new questions introduced in the follow-up questionnaire that contribute to the understanding
of expected impacts. Second, Section 7.2 introduces the spill-over effects of the intervention.
These results have been partially published as part of the Deliverable 4.7 of CONFINE [161].

• Chapter 8 discusses the results presented in the previous chapters and answers the research ques-
tions. Section 8.1 contains the discussion of the acceptability of the intervention and Section 8.2
discusses its impact. Sections 8.2.1 and 8.2.2 have been published in [151].

• Chapter 9 finalises this document, outlining the conclusions that can be extracted from this research
in relation to the research questions and their scope. It also outlines the future areas for research
that this study opens up.

List of Publications

International Conference Papers

[163] C. Rey-Moreno, Z. Roro, M. J. Siya, J. Simó-Reigadas, N. J. Bidwell, and W. D. Tucker, “To-
wards a Sustainable Business Model for Rural Telephony,” in Proceedings of the III International
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Workshop on Research on ICT for Human Development, 2012.

[153] C. Rey-Moreno, Z. Roro, W. D. Tucker, M. J. Siya, N. J. Bidwell, and J. Simó-Reigadas, “Experi-
ences, challenges and lessons from rolling out a rural WiFi mesh network,” in 3rd ACM Symposium
on Computing for Development (ACM DEV-3). ACM, 2013.

[152] C. Rey-Moreno, Z. Roro, W. D. Tucker, and M. J. Siya, “Community-based solar power revenue
alternative to improve sustainability of a rural wireless mesh network,” Proceedings of the 6th
International Conference on Information and Communications Technologies and Development:
Notes, vol. 2, pp. 132–135, 2013.

[156] C. Rey-Moreno, W. D. Tucker, and J. Simó-Reigadas, “Optimisation of SlotTime for a single-radio
Mid-Range Multi-hop Wireless Mesh Network,” in Proceedings of the Southern Africa Telecom-
munication Networks and Applications Conference 2014. SATNAC, 2014.

[164] C. Rey-Moreno, A. Sabiescu, and M. J. Siya, “Towards self-sustaining community networks in
rural areas of developing countries: understanding local ownership,” Proceedings of the 8th Inter-
national Development Informatics Association Conference, pp. 63–77, 2014.

[157] C. Rey-Moreno, M. J. Ufitamahoro, I. Venter, and W. D. Tucker, “Co-designing a Billing Sys-
tem for Voice Services in Rural South Africa: Lessons Learned,” in in 5th ACM Symposium on
Computing for Development (ACM DEV-3). ACM, 2014.

[155] C. Rey-Moreno, W. D. Tucker, D. Cull, and R. Bloom, “Making a Community Network Legal
within the South African Regulatory Framework,” in Proceedings of the 7th International Confer-
ence on Information and Communications Technologies and Development: Notes. ACM, 2015.

Journals

[151] C. Rey-Moreno, R. Blignaut, W. D. Tucker, and J. May, “An in-depth study of the ICT ecosystem
in a South African rural community: unveiling expenditure and communication patterns,” Journal
of Information Technology for Development, vol. In Press, 2015.

[154] C. Rey-Moreno, A. Sabiescu, M.J. Siya and W. D. Tucker, “Local Ownership, Exercise of Owner-
ship and Moving from Passive to Active Entitlement: A practice-led inquiry on a rural community
network,” Journal of Community Informatics, vol. 11, no. 2, 2015.

1.3 Origin, goals and justification

This PhD dissertation began when the doctoral student attended a talk about the EHAS Foundation1 as an
undergraduate in Telecommunications Engineering in 2002. This led the doctoral student to realise that
telecommunications could be used to improve the livelihoods of people living in under-served areas. That
motivated the student to finish his studies and continue on to a Master’s programme in Development and
International Relations. He completed an internship and a master’s thesis with the EHAS Foundation,
where he then worked for 5 years, while completing a Master’s in Telecommunication Networks for
Developing Countries. The experience gained during this period, participating in the interconnection
of remote clinics in the Andean range and the Amazonian jungle with their reference hospitals, led to
several publications [40, 166, 19, 167, 158, 159, 165, 160, 162, 21, 106], but most importantly, it led him
to appreciate the potential of the combination of using open source and wireless technologies over the
unlicensed spectrum.

1EHAS Foundation: http://www.ehas.org. Last accessed 3 August 2015.

http://www.ehas.org
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This experience left the doctoral student wondering, if the technology existed, what was preventing
people in rural areas from using it for their benefit? The opportunity to answer this question came
from Prof. Tucker, at the University of the Western Cape (UWC), who offered the doctoral student
the opportunity to explore a partnership to deploy, maintain and operate a bottom-up network with a
community in one of the most disadvantaged rural areas of South Africa. After initial discussions with
members of the TA, the local Non-governmental Organisation (NGO) and other researchers who had
worked in the area, including Prof. Tucker and Prof. Bidwell2, this dissertation was framed around the
following goals:

• General Goal: Study the acceptability of rural villages in developing countries becoming sustain-
able telecommunications operators so they can reduce their cost of communications.

• Specific Goal: Study the process of establishing a locally owned telecommunications operator in
rural Mankosi, South Africa, and its impact in the community, extracting scientific conclusions
that could apply to other communities in rural areas of developing countries.

Due to the nature of this research, the knowledge generated during this PhD dissertation has been
applied to inform the next steps of the particular initiative under analysis. This has led to establishing
the first bottom-up operator fitting in the South African regulatory framework, setting a legal precedent
for other bottom-up operators to follow. Additionally, moving away from a donor-funded, externally
controlled initiative has attracted international interest both from the media, where the project has been
widely reported on [35, 18]; from writers discussing the future of CNs, where it has been considered
a “good” example [112]; and from other practitioners in the field as it has served to inform a similar
initiative in Eenhana (in the north of Namibia) [29], where the doctoral student has been an active advisor
and trainer. Nationally, the project has also been covered by the media [199, 110], and attracted interest
from members of civil society, industry and government, with whom the doctoral student has held several
meetings. In particular, the Right2Know campaign has selected Zenzeleni as the proof of concept within
the Access to Infrastructure part of the Campaign, used it as reference in their workshops and created a
Facebook page to increase awareness3. This has opened up the opportunity to observe interest in many
other communities in replicating the project and to discuss potential financing and partnerships available
to replicate the initiative in the future.

Some of the results presented in this dissertation have already been published in international confer-
ences and journals (see Section Section 1.2 above for publications first authored by the doctoral student),
as well as some have been disseminated as part of the deliverables of the European Commission CON-
FINE Integrated Project FIRE #288535 that has partially co-funded this research. Some of the results
have also been included in other publications co-authored by the doctoral student [32, 58, 197]. The
results have also been presented by the student in other non-academic venues such as the Namibia ICT
Summit4, the Wireless Access Providers’ Association’s (WAPA) Future Wireless Technology Forum
(FWTF) 5 in South Africa, the Go Local! Workshop6, and the Participatory Networks Event7 (co-
organised by the doctoral student). Beyond accomplishing the formal requirements of the PhD dis-
sertation, the dissemination of the results of this project has been motivated by the certainty, endorsed

2She had been conducting ICT related EAR in Mankosi for three years with the Council for Scientific and Industrial Re-
search (CSIR) by the time the doctoral student started his research

3Zenzeleni Community Telecoms: https://www.facebook.com/groups/492677794222330. Last accessed
29 July 2015

4Namibia ICT Summit: http://www.namibiaictsummit.na/index.php/unam-2014. Last accessed 26 June
2015.

5WAPA’s III FWTF: http://www.wapa.org.za/previous-events/fwtf-3/programme/. Last accessed 3
September 2015.

6GoLocal!: https://decentralizethis.org/Go_Local!_Workshop. Last accessed 3 September 2015.
7Participatory Networks Event: http://nicbidwell.me/participatory-networks-event/. Last accessed

3 September 2015.

https://www.facebook.com/groups/492677794222330
http://www.namibiaictsummit.na/index.php/unam-2014
http://www.wapa.org.za/previous-events/fwtf-3/programme/
https://decentralizethis.org/Go_Local!_Workshop
http://nicbidwell.me/participatory-networks-event/
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by experience, that the knowledge obtained in this PhD dissertation is of real value for rural areas in
developing countries.

1.4 Reference framework

1.4.1 Factors influencing the deployment of community networks in rural areas of devel-
oping countries

Many have described the challenges inherent in deploying and successfully operating telecommunica-
tions infrastructure in rural areas [36, 176, 117]. These challenges include:

• Low per capita income, as the local economy is mainly based on subsistence agriculture, farming
and fishing

• Scarcity or absence of basic infrastructure, such as electricity, water and access roads

• Low population density and distance (spatial or affective) between population clusters

• Underdeveloped social services, such as healthcare and education

• Lack of adequately educated and trained technicians, and high potential for those trained to migrate
due to lack of opportunities and low salaries in rural areas, or to start their own companies [112]

• High cost of Internet access [107], incidentally one of the reasons for the biggest CN in Africa to
stop its operation [14]; although this depends on the infrastructure available in each country

• Harsh environments leading to failure in electronic communication devices [95]

• Lack of awareness/confidence that the economic and social benefits of broadband communication
can be reached by local inhabitants themselves [58]

These same rural areas can also present benefits which may, on the other hand, positively influence
the deployment and operation of infrastructure in rural areas, especially in relation to a CN. For example:

• Strong community ties [27]

• People are accustomed to sharing resources [36].

• Local knowledge about resources, protocols and dispute resolutions [28]

• People own communication devices and are ready to pay for using communication services [151].

1.4.2 ICT ecosystem in rural areas of South Africa

South Africa’s inequality levels (it has one of the highest Gini coefficients in the world [210]) are repli-
cated in the use of and access to ICT. As Gillwald et al. explain, South Africa “is characterised by early
adoption of leading-edge technologies by high-income users (both individuals and corporations) [...];
while at the same time the majority of the population, the public sector and most small and micro en-
terprises reflect the slower adoption patterns.” [77]. Below, a description of ICT service provision and
consumption in rural areas, together with the South African regulatory environment, is provided.
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(a) Coverage December 2013. (b) Coverage August 2015.

Figure 1.1: Vodacom coverage in South Africa. 3G coverage shown in red.

1.4.2.1 Service providers in rural areas

The landscape for service provision in rural areas suffers from the legacy of the Apartheid years when
white areas received most of national investment in infrastructure [169]. Although some progress was
made at the beginning of the democratic transition in South Africa to balance this situation [76], it was
not until the MNOs started to roll out their networks that rural areas were first provided with electronic
communication services.

In South Africa there are four MNOs (MTN, Vodacom, Cell C and Telkom Mobile) and several
virtual MNOs. However, two operators, MTN and Vodacom, jointly command a market share of more
than 80%. Rural areas have almost 100% coverage of Global System for Mobile communications (GSM)
signal and increasingly more coverage of 3G (See Figure 1.1 for the evolution of Vodacom in the last
two years8).

The reduction of the Mobile Termination Rates (MTR) (see below) has allowed smaller operators to
reduce their prices in an attempt to gain market share. Cell C has managed to use it to win a consid-
erable market share previously belonging to MTN [108], forcing MTN to bring their prices down (see
Figure 1.2) in response. Vodacom has managed to maintain its dominant position by using “innovative
new ideas” [109] without having to bring the price of its products down.

Using an international benchmark for price, namely the Organisation for Economic Co-operation and
Development (OECD) 2010 prepaid low-usage mobile basket (40 calls per month), Research ICT Africa
(RIA) has been compiling data about the cheapest low-usage basket offered by each MNO. In Figure 1.2,
where the evolution of pricing since 2010 is shown, the reduction by MTN (from R122.00 to R90.00)
can be clearly observed. Still, there is no data about the uptake of the different products offered by an
operator, and other products, such as those implementing “dynamic pricing discounts (where prices are
determined on the basis of real-time traffic assessment within a particular cell)” [77], may have been
more popular with the users. In this group of products, it is difficult to calculate the price per minute. For
instance, with MTN Zone the price per minute, both off-net and on-net, is R2.50, but users get a random
discount of up to 100%9. Making some assumptions, RIA estimated that when using this product users
pay R167.00 for their low-usage basket [150].

Due to the lack of opportunities to create a MNO, different companies are making use of the un-
licensed spectrum to provide alternative data services. WAPA10 agglutinates more than 180 of them,
promoting the growth of the wireless industry. Although they have contributed to the reduction of the
access gap, rural communities are not their main target market.

8Coverage Map: http://www.vodacom.co.za/vodacom/coverage-map. Last accessed 6 August 2015.
9Price Plans: https://shop.mtn.co.za/crs/siteInformation/staticPage.jsp?breadcrumb=

Pre-Paid%20Plans&siteInformation=PrePaidPlans. Last accessed 6 August 2015.
10WAPA: http://wapa.org.za/. Last accessed 13 September 2015.

http://www.vodacom.co.za/vodacom/coverage-map
https://shop.mtn.co.za/crs/siteInformation/staticPage.jsp?breadcrumb=Pre-Paid%20Plans&siteInformation=PrePaidPlans
https://shop.mtn.co.za/crs/siteInformation/staticPage.jsp?breadcrumb=Pre-Paid%20Plans&siteInformation=PrePaidPlans
http://wapa.org.za/
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Figure 1.2: Cheapest OECD low-usage basket for all operators in South Africa.

Figure 1.3: Telkom use of the 2.4 GHz band in rural areas [181].

Telkom, the government monopoly during the Apartheid, created and also uses the unlicensed spec-
trum (2.4 GHz) for its Point-to-Multipoint (PtMP) Time Division Multiple Access (TDMA) solution in
rural areas. Currently approximately 5,500 of these systems are deployed in the country. Figure 1.3
shows their distribution.

Additionally, several players are currently deploying fibre optic networks to cope with the increasing
demand for data services. Figure 1.4 shows their coverage. However, these networks are being used for
backhauling rather than for providing access to rural dwellers.

In this context, most rural people rely on the MNOs for their communications. Those who can afford
it use satellite, with an increasing presence in rural South Africa, for better data services. Details on the
pricing from both satellite operators and MNOs for data services are provided in Section 6.3.1.2.1.

1.4.2.2 The regulatory environment for universal service and access

The goal of universal service and access in South Africa is included within the Electronic Communica-
tions Act [140], and the role to promote it has been entrusted to different agencies since the beginning
of democracy. Currently, the definition of universal service from the Department of Communications
(DoC) includes the following targets [144]:

• For voice electronic communication services: available to 95% of households, affordable to 90%,
with affordability defined as: less than 5% of the total income for a minimum service of 90 minutes,
30 of which are during peak time

• For data electronic communication services: available to 95% of households, affordable to 60%,
with affordability defined as: less than 5% of the total income for a minimum service of 500
Megabytes (MB)



1.4 Reference framework 11

(a) Fibre optic networks in South Africa
(excluding Telkom).

(b) Fibre optic networks in South Africa
(including Telkom).

Figure 1.4: Fibre optics networks in South Africa (original in [128]).

Historically, the different agencies have been unable to find a solution to the scale of the problem.
First, the Universal Service Agency (USA) funded the creation of telecentres in rural areas, but most of
them stop operating once the external funding was over [169]. In order to generate new momentum, the
USA was restructured and given a new name: Universal Service Agency of South Africa (USAASA).
In its early years, USAASA tried to tackle the problem via funding Under-Serviced Area Licensees
(USALs) that would bring communications to under-serviced areas. However, of the seven USALs
originally granted licences, in 2010 only one still operated with fewer than 10,000 users [64]. Lately,
USAASA is promoting universal service and access by funding set-top-boxes for the 70% of South
Africans who cannot afford to decode the signal of the Digital Terrestrial Television (DTT) [77].

In fact, the biggest steps toward promoting universal access to electronic communications have come
from other regulatory bodies. In a 2009 study, the DoC compared the cost, usage, access and quality
of voice and data services in South Africa with those of five countries with similar economic indicators
(Brazil, Chile, Korea, Malaysia and India). Their comparative study concluded that “South Africans talk
less on their mobiles than any of the other peer countries” despite having the highest mobile penetration
in the group [54]. The same study pointed at the high MTR that mobile phone companies were charging
others to terminate calls in their networks. These conclusions forced ICASA to take action and regulate
the MTR, agreeing on a glide path that would reduce these rates to R0.40 per call by March 2013.

Although the reduction of the MTR has enabled smaller operators to provide off-net prices more
cheaply than the on-net prices of the incumbents, forcing at least one of the latter to bring their prices
down to retain customers, prices have remained high when compared to other African countries [74]. It
is argued that the expected effects did not materialise because the MTR in South Africa remains high
compared to real costs. Additional reductions in the MTR would be required to create a competitive
environment that will eventually bring the prices down [74]. Following this recommendation, ICASA
designed a new glide path to cut down the MTR to R0.10 by March 2016. Since March 2014 the MTR
for calls from the smaller players (Cell C and Telkom Mobile) to the incumbent providers (Vodacom
and MTN) has decreased to R0.20. Smaller players benefit from an asymmetric rate in order to foster
competition, and terminating calls in their networks costs R0.44 for incumbents, with a five-year glide
path towards symmetry [74].

Apart from regulating the voice markets, some steps have been undertaken recently to promote broad-
band access in rural areas. Specifically, the most important of these is the promulgation of the National
Broadband Plan, commonly known as SA Connect [128]. SA Connect’s main targets are highlighted
in Table 1.1. Although some progress has already been made to meet them, it is uncertain whether the
targets will be met on time [128].

Additionally, in December 2012, the Presidential Infrastructure Coordinating Commission (PICC)
launched the Strategic Integrated Project 15 (SIP15): Expanding Access to Communication Technol-
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Target By 2016 By 2020 By 2030
Broadband access

50% at 5 Mbps 90% at 5 Mbps 100% at 10 Mbps
in Mbps user experience

Schools 50% at 10 Mbps
100% at 10 Mbps

100% at 1 Gbps
80% at 100 Mbps

Health facilities 50% at 10 Mbps
100% at 10 Mbps

100% at 1 Gbps
80% at 100 Mbps

Government facilities 50% at 5 Mbps 100% at 10 Mbps 100% at 100 Mbps

Table 1.1: SA Connect targets.

ogy. SIP15 aims “to ensure universal service and access to reliable, affordable and secure broadband
services by all South Africans, prioritising rural and under-serviced areas and stimulating economic
growth” (PICC, 2012, cited in [77]). Policy progress in this regard has been shown by the passing of the
Infrastructure Development Act [63], but other tangible outcomes with respect to universal service and
access are still to come.

1.4.2.3 ICT consumers in rural South Africa

Although inequality is present throughout the country, people in rural areas experience higher levels of
poverty than urban dwellers (68.8% vs. 30.9%) [102]. Similarly, the ICT infrastructure is considerably
less developed in rural areas, i.e. fixed lines penetration in rural areas is 5.8% vs. 24% in urban areas [77],
which has paved the way for other types of communications, particularly public payphones and mobile
phones.

Although there is no specific data about rural areas, South Africa follows the global trend in the
decline of public phones lines and their use: in 2012 there were still 125,000 active public phone lines
across the country with a monthly user rate of 28.7% [77]. Users of public phones are regular users,
especially those living close to them, and the main reason for using them is that the cost is cheaper than
using mobile phones. A preference for mobile phone use is by far the most widely mentioned reason
(80%) for not using public phones, confirming the perception that mobile phones are replacing them [77].

Individual ownership of mobile phones in South Africa in 2012 was 84.2% going down to 80.8% in
rural areas. Claims by mobile operators of penetration rates of over 100% reflect the number of Sub-
scriber Identity Modules (SIMs) in the market, a significant portion of which are duplicates, abandoned
by short-term visitors and used for non-human activities. Most of these SIM cards, 87.5%, are used on
a prepaid basis, especially among rural dwellers (95.1%). The uses of the mobile phone present similar
trends nation-wide, with making and receiving calls being the most used feature, 99.2%, followed by
sending and receiving Short Message Services (SMS), 95.8%. Internet usage in rural areas is below the
average (33.7% vs. 21.4%), with more than 70% of them having accessed it on their mobile phone in
the last 12 months. However, no data is available regarding the actual number of times users in different
setting used each of these services [77].

In terms of affordability, whereas the South African average monthly individual income is R2,587.00,
the average monthly income in rural traditional areas is around R80011. For a rural dweller to af-
ford the OECD lower-user mobile basket from the incumbent operator in the area (R90.00 for 40
calls/month 1.4.2.1 above), they would need to use 11.25% of their monthly income on mobile phone
services. Very little is known about the telecommunication expenditure of traditional rural dwellers. In
other words, it is unclear whether rural residents spend R90.00 on telecommunications a month. Only
Bidwell et al. provide some data and report a weekly expenditure of R13.00 in 2010 [30]. They also
report that rural dwellers in these areas incur additional expenses to communicate, such as paying for

11Own calculations based on the data from [188]
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charging the mobile phone battery and additional mark-up added by the local airtime resellers. Similarly,
there is little data on Internet expenditure for rural dwellers. One study argues that 50% of respondents
are not using the Internet because they consider it too expensive [77].

1.4.3 Placing Mankosi on a map

Mankosi is geographically scattered across about 30 km2 of very hilly and grassy land, crossed by several
rivers and smaller water pathways and dotted with remaining clusters of indigenous forest and a generous
sprinkling of grazing cattle between the Mthatha and Mdumbi rivers (Figure 1.5 shows the Mdumbi river
mouth at sunrise12). Very few passable dirt roads penetrate the area, although those that do are drivable in
most weather conditions with 4x4, except when the bridges flood. The area is also home to a well-known
surfing spot, with a backpackers’ lodge situated nearby. The beach is gorgeous, and the rocky reefs also
attract fishermen and divers. Numerous tourists visit the area, especially during the summer, and stay at
the backpackers’ lodge, whose name, Mdumbi, is in many circles much better known than that of the
community itself.

Figure 1.5: Mdumbi river mouth at sunrise.

Administratively Mankosi is located within Ward 26 in the Nyandeni local municipality, in the O.R.
Tambo district, in the Eastern Cape province of South Africa. See Figure 1.6 for its location in South
Africa. A ward is the smallest administrative division in the country, and is represented by a warden
who is elected democratically by the ward’s population. Residents often use the word “community” to
describe those living within a “location” and governed by a local TA. In each community, land is organ-
ised according to traditional culture, as has been done for many generations. This process is governed
by the TA, a traditional political institution inherited patrilineally and parallel to legislative and polit-
ical institutions existing in more urbanised areas. The TA is comprised of a Headman and a number
of sub-headmen, one from each village composing the community, each of whose homestead is also a
site for administration. More than 7,200 communities in the country (of which 1,192 are in the East-
ern Cape) [89] are under the rule of a TA. Sometimes a community can belong to two different wards
simultaneously, because a ward is a governmental division and a community is not.

The area is part of the Transkei, a “Bantustan” that the Apartheid system created for Xhosa people
between 1976-1994. Mthatha, the capital of the Transkei, is the nearest city, situated 70 km away, of
which 40 km are bad dirt roads over hilly terrain and river passes. This can take 1.5 hours to negoti-
ate with a high clearance vehicle, and can take up to 4 hours with local transport used by community
residents. One can find basic amenities in the city; for example food, tools and stationary are easily
available, yet specialised electronic or telecommunications devices are nowhere to be found and need
to be imported from bigger cities further afield, e.g. 200 km or more away. Despite the community’s
relative isolation (by South African standards), mobile phone coverage is widespread, albeit spotty in
places, requiring one to walk up this or that hill to obtain coverage. In 2012, 3G started to be available

12Credits to Y. Getachew for the picture
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Figure 1.6: Mankosi in the South African map.

in one small corner of the community where a hotel and a number of tourist houses are located near the
beach; since then, the coverage has extended to nearly the whole habited side of the community.

Figure 1.7: Panoramic view of Mankosi.

Housing in the community is primarily a traditional thatched roof “rondavel” with mud-brick walls.
Small family clusters of rondavels are often co-located alongside the less numerous, yet conspicuously
constructed, rectangular tin-roofed houses. These are regarded as a symbol of prosperity and also allow
for easier catching of water in large plastic tanks. Apart from the housing, homesteads also include an
animal corral and a garden for subsistence crops. Figure 1.7 shows a panoramic view of Mankosi13.

Collected rain water is usually not enough for a family, especially in the dry season, and water needs
to be collected from water points installed by the government. Women typically walk up to several
kilometres with 20 litres of water on their heads (see Figure 1.814). Very often, the few well-educated
people emigrate to find work in a more urban area. Thus income is sent home, and for local residents,
the main source of income is governmental pension payments. In very particular cases, income can also
come from land-use, mostly subsistence agriculture and small-scale domesticated animal farming. There
is a minimal presence of local businesses, and these are largely focused on obtaining products from the
nearest city to resell locally.

According to national sources, Nyandeni local municipality has a population of over 290,000 peo-
ple, 95.3% of whom belong to an ethnicity and culture defined by the use of a single spoken language,
isiXhosa [66]. This particular municipality has one of the lowest Human Development Index (HDI)
values in the province, 0.4; far below both the provincial and national averages of 0.53 and 0.59, re-
spectively [119]. This developmental challenge fostered the creation of an NGO in Mankosi 10 years
ago. Apart from development projects in health, education and environmental sustainability, the NGO
has contributed to the creation of some local businesses in the community, especially targeting tourists
(a restaurant, another backpackers’ lodge and different leisure activities). Although initiated by people
from outside the community, it has aimed for local ownership in recent times. Additionally, the gov-

13Credits to Y. Getachew for the picture
14Credits to Y. Getachew for the picture
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Figure 1.8: Water collection in Mankosi.

ernment, together with a national university, built the premises for a crayfish breeding factory. Despite
the potential development benefits for the community, the infrastructure has not been used for more than
three years, as the company that wants to operate it has not reached an agreement with the community -
the legal owner of the property - that both find mutually beneficial. Apart from those interventions, sev-
eral research initiatives have taken place near and within this particular community on topics including
rural wireless telehealth [196], local appropriation of mobile call-back [30] and a mobile audio repository
powered by mobile chargind stations [31].
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Chapter 2

Theoretical Framework and Related
Research

2.1 Situated design for active innovations in ICT4D

The aim of the research and practice field of Information and Communication Technologies for De-
velopment (ICT4D), as defined by Toyama in [195], is “to apply the power of recent technologies –
particularly the personal computer, the mobile phone and the Internet — to alleviate the problems of
global poverty”. Many authors have studied and theorised about the field of ICT4D, but the two that
have primarily influenced this work have been [82] and [207], so they will be used extensively in this
section.

There are many definitions of poverty, but in a world where most economic, social and political life
is increasingly digital, those without access to ICT will be increasingly excluded [82]. In the context of
rural communities, where access to affordable communications is more challenging [62], it is not only
that they lack access to digital information and knowledge; government and development organisations
also lack access to knowledge about the local and cultural context of rural communities [72]. This has
led to the failure of many externally driven ICT4D projects in the past, and has been defined by Heeks
as the design-reality gap [81]. Another criticism is that ICT4D projects have abused “an invention-down
approach” – bringing new technologies into development contexts – in contrast to a “use-up approach”
– understanding how existing technologies are used and applied within poor communities [82].

In order for the field of ICT4D to evolve, Walsham poses four challenges that he would like to see
considered in ICT4D research [207]. The first one is clarifying the vision about development that a given
ICT4D project is supporting [207]. In this sense, Heeks argues that any ICT4D project can be located
anywhere between the two ends of the following continuum:

“At one end we have the “passive diffusion” view. Taking the lead from mobile telephone’s
rapid spread, this says that if ICT do have a developmental value for the poor, then a combi-
nation of private firms’ search for profit plus the poor’s search for value will make it happen.
Any attempt to intervene from outside is foolish and wasteful: a force-feeding of the inap-
propriate that will only lead to messy regurgitation. Conversely, the “active innovation”
perspective feels the market will not deliver – or will deliver too slowly – to the poor. Hence,
intervention is required; intervention in the form of new innovations that will better help to
meet development goals. [82]”

While “active innovation” can be easily pursued in practice, it can also be pursued in research. As
Archer describes this, “there are circumstances where the best or only way to shed light on a proposi-
tion, a principle, a material, a process or a function is to attempt to construct something, or to enact
something, calculated to explore, embody or test it” [8]. Actually, understanding embedded in different
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contexts is a fundamental aspect of what Harrison et al. have termed the “3rd paradigm” of Human-
Computer Interaction (HCI): “the way in which we come to understand the world, ourselves and inter-
action derives crucially from our location in a physical and social world as embodied actors (...) where
thinking is also achieved through doing things” [79].

In the 3rd paradigm, “the goal for interaction is to support situated action in the world, and the
questions that arise revolve around how to complement formalised, computational representations and
actions with the rich, complex and messy situations at hand around them” [79]. These contrasts with the
goals of the previous two ones, namely “to optimise the fit between humans and machines” in the 1st;
and to characterise the mind and computer as symmetric, coupled information processors in the 2nd [79].
Thus, the acceptance of the 3rd paradigm as a valid HCI perspective has indicated different criteria
for evaluating research. This alternative is usually rejected for not complying with the requirements
imposed on traditional research, similar to the rejection that Action Research has experienced over the
years [121]. However, according to Archer, if research through action complies with the normal rules
governing research practice, then it should be recognised as such. Using his words:

“It must be knowledge directed, it must be calculated to produce new knowledge, or be in-
tended to test, and maybe refute, existing knowledge. It must be systematically conducted.
The chief questions to be addressed by the research must be unambiguously expressed. The
methods of enquiry and analysis must be transparent. The data employed, and the obser-
vations made, must be fully and honestly recorded. And the whole must be published or
otherwise exposed to critical examination by others” [8].

Given the explicit personal involvement of the researcher in the action, it is impossible to avoid
interference, values or judgements when conducting Action Research. In this sense, “it is essential good
practice for the Action Research investigator to make clear precisely what the intervention was, and
exactly what was the theoretical, ideological and ethical position the investigator took up in making the
intervention, observations and judgements” [8]. It is not only that objectivity cannot be achieved, but
Harrison et al. see it “as suspect in riding roughshod over the complexities of multiple perspectives at
the scene of action” [79].

In order to avoid the mistakes from the “invention-down approach” in “active innovation” projects,
Heeks considers that innovation is “to occur on a smaller scale either in adapting or in applying ex-
isting technologies”, and by the process of embracing new models “from laboratory to collaborative to
grassroots innovation” [82]. In order to reduce the design-reality gap described above there is a need for
“participative, user-engaged design processes” [82]. However, both the questions of who participates
and how and why they do so matter, as the answers can influence the design process [82], so design-
ers must take these considerations into account, while “but not adjudicating the varying and perhaps
conflicting perspectives of users” [79].

In other words, there is a need to move from seeing the poor as passive consumers to seeing them
as “active producers and active innovators” [82]. This will lead to “innovation that delivers specialised
solutions which match the available resources in a way that “mainstream” innovations fail to do. They
are lower in price, lower in capital intensity, lower in skill intensity, make greater use of local materials,
and are more adaptable to sporadic availability” [82]. Thus, these innovations will allow the poor
the possibility to live the lives they have reason to value [172]. This type of new-ICT-enabled models
addresses the second challenge requested by Walsham [207]. But to do so, the ICT artefact needs to be
put “in its place”, i.e., the fact “that the specifics of particular contexts greatly define the meaning and
the nature of an interaction” needs to be recognised [79]. Thus, “the technological system is reported
not because it is particularly unique or attractive, but because of how it fits into the particulars of a
complex situation” [79]. So, in order to make that contribution, it is important to provide “detailed, rich
descriptions of specific situations”, including the “the situated contingencies and strategies people use
to apply this abstract knowledge in real situations” [79].
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This “situation specific” research “reminds us that, because Action Research is pursued through
action in and on the real world, in all its complexity, its findings only reliably apply to the place, time,
persons and circumstances in which that action took place” [8]. Therefore, it is problematic to generalise
from the results. Still, it “can advance practice and can provide material for the conduct of later, more
generalisable, studies” [8], provided the requirements above are met. Harrison et al. consider that what
is important is not the generalisability of the results, but rather the “generalisability of meaningful design
decisions” [79].

The third challenge mentioned by Walsham is the need to engage in interdisciplinary work [207].
Acknowledging that is impossible that the researcher can be an expert in all disciplines, he uses a quote
from Bryan and Land to summarise the transdisciplinarity concept he wants to convey:

“To hold on to both the specificity of particular ways of thinking and knowing that define
disciplines, while creating the space of their productive encounter so that a different kind of
knowledge emerges in the act of intersection and traverse of varied fields through which a
shared concept might travel.” (Bryan and Land, 2012 in [207]).

This concept relates to the “hybrid professionals” in ICT4D defined by Heeks as “those who com-
bine an understanding of technology, systems and development, and thus help to recognise and reduce
gaps” [82].

Finally, Walsham points to the little “published work that seeks to inform policy concerning ways
in which ICT can serve broader, more strategic developmental objectives” [207]. In order to inform
policy, it is important to know whether the development sought by a given intervention is sustainable and
what its development impacts are [207]. This is similar to what Heeks refers as the new watchwords for
ICT4D: sustainability, scalability and evaluation [82]. When evaluating solutions using the 3rd paradigm
in HCI, one needs to consider “what it means for a system to be “good” in a particular context” [79].

2.2 Sustainability design

Sustainability in ICT4D projects refers to their longevity and whether their developmental impact, if any,
is realised and maintained over time [2]. The challenges associated with ICT in rural areas (described
in Section 1.4.1) and the design-reality gaps described in the section above have resulted in projects
that either totally fail or partially fail to do so [81, 193]. Notable initiatives revealed that the existence
of a technology alone does not guarantee sustained positive impact [36]. Such findings resonate with
those of the monitoring and evaluation community [38]. Technology developers and evaluators alike
appear to agree that social, financial, political and cultural factors must be considered alongside purely
technical and environmental considerations [117, 126, 20, 23]. Figure 2.1 shows these dimensions in
the Sustainable Action Plan for projects to be carried out by the EHAS Foundation. They also agree
that these factors need to be considered holistically from the early stages of a project and integrated
harmoniously to achieve its sustainability [126].

There is an abundance of literature describing the factors that need to be considered for an initiative
to be sustainable in the long term, and recommending that innovators work “closely with the rural com-
munity to become more responsive to these factors” [127, 117, 38, 126, 20, 23]. Below, a description of
the main factors identified in the literature is provided. It follows the 19 Critical Success Factors (CSF)
identified by Pade et al. when analysing two ICT4D projects in rural South Africa [126], complement-
ing them, when possible, with specific recommendations from initiatives that deal with the build-up of
telecommunications infrastructure in these areas:

1. “Simple and clear project objectives: Clear and simple project objectives sensitive to the com-
munity’s needs and limitations need to be determined for specific phases of implementation, hence
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Figure 2.1: Sustainability Action Plan from the EHAS Foundation [20].

setting out a solid, realistic plan of small achievable steps and project deliverables that can be
clearly communicated and accountable to stakeholders.”

2. “Approaching the project in a holistic way: The project should not focus unduly on its immediate
and narrow concerns, but keep in mind the specific needs of the rural community at large, in
relation to the capability and the sustainability of the technology for an enduring impact.” This
resonates with Brewer et al.’s suggestion about the need to consider “a broad understanding and a
multi-disciplinary approach” [36] when getting involved in ICT4D projects.

3. “Using ICT to enhance existing rural development activities: ICT projects need to be anchored to
local organisational and existing rural development activities so as to be part of wider development
plans and processes, hence providing a more immediate and identifiable development benefit.”

4. “Cultivating an influential project champion: ICT champions essentially inspire, drive, create
awareness and encourage the targeted community to use ICT, thereby facilitating the introduction
of ICTs as smoothly as possible.” The existence of a local champion for taking situated leadership
on different aspects of the project is considered of great importance [25, 38]. Johnson and Roux
even consider it the first factor for success [95], given the different rates of growth in the two
projects they compared: one with a local champion and one without.

5. “Incorporating socially excluded groups: ICT projects should incorporate social cultural factors
(i.e. gender awareness) into policy formulation, planning, implementation and the evaluation of
projects for effective participation of social groups.”

6. “Awareness of specific ICT policies influencing the project: Research is required on the policy
environment, to understand the issues arising across the country and regions which affect rural ICT
implementation and sustainability, both directly and indirectly, so as to take measures to enhance
or mitigate the effects of policy.”

7. “An understanding of the local political context: The introduction of ICTs to a community can
be perceived as a threat to local authority, such as government officials and traditional village
leaders, which can considerably influence rural community buy-in. Steps need to be taken to
mitigate the political effects on the project and hence adapt to the political environment as needed.”

8. “Participation of community target groups in the project process: Participation aims to create
the conditions in a project required to speed up and make appropriate the purpose of ICTs in
the rural context, based on the expectations of the community.” Community co-design to take
advantage of local knowledge is also considered important given every intervention’s “unique
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regional and cultural characteristics of the area” [36]. Co-design provides a sense of ownership
to the beneficiaries concerning the project [25].

9. “Focussing on local-/demand-driven needs: ICTs need to focus on being demand driven and
not supply driven, in accordance with the assessed needs for information and services.” Bhatna-
gar [25] states that a project “cannot be forced down the throats” of locals in order to meet local
needs. Other authors may not mention the origin of this idea, yet they still stress the importance of
meeting local needs as a key ingredient of the success of the project [36] and winning the long-term
commitment of a given community [118].

10. “Building on local information and knowledge systems: Taking into consideration the local con-
text associated with sharing knowledge created from social interactions between people, ensuring
that information can be substantially understood, adopted and integrated into the daily lives of
rural people.”

11. “Appropriate training and capacity building: Appropriate training that is sensitive to the com-
munity ICT skill gaps should be practised (...) A train-to-train approach needs to be applied for
widespread community training.” Many agree on the need to develop local competencies as key
to a successful intervention [107, 95, 20, 38]. Given the lack of home-grown ICT talent in rural
areas [176], many interventions are carried out by specialists from outside the community, who
are expected to transfer the maintenance to local entrepreneurs [95] or to staff up from the local
public administration [20].

12. “Facilitating local content development: The community needs to engage in local content devel-
opment that is sensitive to the rural livelihood environment, so as to become producers of locally
relevant, understandable, meaningful and applicable information and knowledge.”

13. “Motivation and incentives for ICT job placement in the community: Local ICT project training
and capacity building should ensure that the skills acquired respond to the job market needs, assist
trainees with job placements in the telecentre and equip them with proactive skills for finding jobs.”

14. “Focus on economic self-sustainability - entrepreneurship: Entrepreneurship and creativity
(economic sustainability) need to be fostered in rural areas, as the economic environment in which
they operate eventually determines the extent and the frequency of ICT use in the long term.” Finan-
cial sustainability of a given project is one of the main concerns in the literature [23, 19, 36]. How-
ever, income generation does not necessarily guarantee sustainability, so some also stress the im-
portance of institutional sustainability, in order for a given network to continue providing services
initially envisioned once a project is left to the receiving institution to manage [118, 19, 25, 23].
Some propose the creation of a local NGO to do so [118], and others advocate creating the depart-
ments and/or roles needed within existing institutions to take a project further [19]. Indeed, there
is consensus on the need for a smooth transfer of leadership to such a local institution.

15. “Encouraged local ownership: Ownership plays a significant role in setting the foundation for
local buy-in and is crucial for relevance, effectiveness, efficiency and impact. It translates into a
willingness to invest effort and resources in the ICT project.” In almost all cases reported, networks
are initiated by someone external to the community. External intervention often incurs the creation
of a rapport of dependency, and many such projects do not succeed in becoming long-lasting, sus-
tainable and community-controlled. The lack of local ownership has been often indicated as one
principal factor for the failure of such externally-initiated initiatives. For example, in a case in
rural South Africa, although a CN was proven to be technically feasible, ownership could not be
successfully nurtured in local people and eventually the network ceased to operate [95]. In cases
where local communities take real ownership of the network, positive outcomes are reported [70].
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This encouraged an approach to designing externally-initiated CNs that considers aspects of own-
ership development from the early stages of an initiative (e.g., the deployment of a CN in rural
Cambodia reported in [47]).

16. “Building local partnerships: The essence of partnership is that different actors have special
competencies and capacities based on their particular mandates that can contribute to rural ICT
project sustainability in the form of finance and/or non-financial support (promoting services,
raising awareness and technological infrastructure)”. Partnering with local institutions, espe-
cially local governments and NGOs, is also considered very important [118], since they “tend to
understand local needs and dynamics in a way that is not possible from afar” [36].

17. “Choosing appropriate technology: Mechanisms aimed at selecting the right technology for rural
environments need to be incorporated. For instance, an infrastructure audit should be undertaken
to determine existing and required infrastructure, etc.” In rural areas, the electrical grid is not al-
ways available, and where it is, it may not be affordable to many and is often unreliable, which may
cause hardware errors and system software corruption [176, 37, 192, 107, 118]. Therefore, the use
of alternative sources of energy has been widely proposed. Many propose a combination of one or
more solar panels and batteries, as the main load to be powered for rural networks usually com-
prises low-cost wireless routers with steady low consumption. However, localised solar solutions
are considered expensive. In order to reduce the cost of energy infrastructure, much work with
rural communication networks has studied and proposed methods to reduce overall consumption
of the network and thereby reduce the cost of powering the network infrastructure [176, 114]. Al-
though the contribution of the aforementioned research findings cannot be ignored, the increased
complexity involved in implementing and maintaining such solutions cannot be overlooked either.
In rural areas of developing countries, where the technical capacity of local technicians has been
reported to be low [176, 37, 192, 19], designing systems to be easily maintained by local techni-
cians follows good practice that can reduce costs associated with the need to bring more highly
trained people in to solve a problem, and this can also improve the resolution capacity of local staff
so they can come to maintain the network independently in the long run. While solar solutions are
easy to maintain, several sources have reported theft of solar panels and/or batteries when used to
power isolated relay stations and even access points [37, 27].

The choice of the device to form the network is also an important factor in determining overall
success. Provided that the device complies with the technology one wants to use, there are several
factors to consider, including low cost [176], ease of use [14] and maintainability [20]. Further-
more, since it is difficult to find such items locally at low cost, they need to be purchased abroad,
and the process of transporting them to rural locations entails a significant risk of incurring damage
to the equipment [95, 37]. Once installed, devices can also suffer from harsh environments that
may destroy them [14, 95, 37].

18. “Building on existing public facilities: Ideally, a community should support the project through
providing a building that is rent and maintenance free. Preferred requirements of a building to
house the ICTs include (...) security, and an appropriate location (visible and accessible).”

19. “Ongoing monitoring and evaluation of the project: Continuous monitoring and evaluation keep
the project on track and reveal the impact on the rural community.”

Table 2.1 maps the different factors to the dimensions presented in Figure 2.1. As it can be seen,
most of the factors described above are related to social sustainability.
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Generic Social Political Technical Financial Institutional
CSF 1, 2 18, and 19 3, 4 ,5, 7, 8 6 17 13, 14 16

9, 10, 11, 12, 15

Table 2.1: Grouping of CSF alongside sustainability dimensions.

Figure 2.2: First version of TAM [51]

2.3 Studies on acceptability of external interventions

Despite the abundance of literature on this topic, sustainability is often contested as the centre of analysis.
It is considered to be an unrealistic concept, which is difficult to operationalise due to the changing nature
of an ICT artefact and the unintended consequences of technology introduction [2]. The acceptability
of technology introduction in the work environment has been extensively covered in the Information
Systems literature, in particular via the Technology Acceptance Model (TAM) created by Davis [49] and
its subsequent variants and adaptations [51, 50, 202, 203]. TAM attempts to predict user acceptance
(attitude towards using) of an ICT system using two measures for user intention: Perceived Ease of Use
(PEU) and Perceived Usefulness (PU) [49]. As the model was initially created for user acceptance of
technology within organisations, he defines PU as “the degree to which a person believes that using a
particular system would enhance his or her job performance”. Then he refers to PEU as “the degree to
which a person believes that using a particular system would be free of effort”. In turn, intentions to use
a technology influence usage behaviour. Both PU and PEU are influenced by external variables as shown
in Figure 2.2.

Actually, Technology Complexity is one of the factors that influences not only PEU but also PU in
the adaptation of the TAM model for Wireless Internet via Mobile Devices (WIMD) developed by Lu et
al. [103]. Complexity in WIMD systems is defined as “the degree of integration between wireless Inter-
net and mobile technologies supporting various communications and services” and it is operationalised
through four component dimensions: “efficiency of data transfer; system functionality; interface design
and mobile device capacity”.

Other factors influencing those variables in the model include Individual Differences (such as prior
experience, personal innovativeness, gender, age or income), Wireless Trust Environment (such as se-
curity and privacy), Social Influence (peers’ opinion, one’s status in a social system) and Facilitating
Factors. The latter include both the availability of training and the provision of support, as well as poli-
cies, regulations and the legal environment as conditions critical to user acceptance of technology [103].
This is corroborated by Avgerou who argues that any ICT artefact needs to become accepted by the po-
litical actors [13]. This is especially true in the context of ICT infrastructure, which is highly regulated.

Although some forms of bottom-up ICT infrastructure act as pirates, without apparent conse-
quences [83], others have seen their equipment confiscated by the regulator when not complying with
the law [209].

Different revisions of TAM, like TAM2 [202], have also attempted to define other external factors
as show in Figure 2.3. Despite TAM having captured most attention around user acceptance of technol-
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Figure 2.3: Second version of TAM (TAM2) [202]

ogy in the past two decades [45], some critics, such as Bagozzi [15], argue that there is little theoretical
insight behind the selection of those factors, and that because there is a potentially infinite list of such
factors, TAM has become “both unwieldy and conceptually impoverished” [15]. Instead he proposes a
dual approach based on studying how fundamental psychological processes influence decision making,
especially those constituted by goal striving, and how contingent, contextual causes and effects con-
tribute to decision making. When relating goal striving and intention formation, he states that the latter
“is succeeded by planning (e.g., when, where and how to act instrumentally), overcoming obstacles,
resisting temptations, monitoring progress to goal achievement, readjusting actions, maintaining effort
and willpower, and reassessing and even changing goals and means”. The context also plays a very
important role in Bagozzi’s criticism, as he argues that TAM is very focused on the individual (as in
the Social Influence in WIMD above) and pays little attention to the key role of “group, cultural and
social aspects” when determining collective intention for technology acceptance. Other authors support
these claims in relation to ICT projects in rural areas: “rural communities in developing countries are
community-oriented societies; therefore, the community needs to see how the project can benefit the rural
community at large, in order for them to accept and support the project together” [127]. Thus, for the
authors, community buy-in is essential for ICT acceptability.

Studies about intervention acceptability are also abundant in the field of School Psychology and
related disciplines. In addition to considering likelihood of use [168], acceptability is related to the ef-
fectiveness of the intervention [205]. Other approaches, like the Participatory Intervention Model (PIM),
broaden the definition and consider acceptable interventions as those that are: “(a) culture specific;
(b) promote involvement, ownership and empowerment of key stakeholders; and (c) foster sustainable
and institutionalised social change.” [115]. This is done via partnerships characterised by the mutual
adaptation of both “stakeholders” and “consultants”. According to the authors, if stakeholders are in-
volved in the design and implementation of the intervention “their sense of ownership and empowerment
increase and, thus, acceptability of the intervention is enhanced” [115]. As indicated by several stud-
ies [17, 208, 126] ownership connects with, determines or stands at the basis of empowered action and
control, committed local participation and the drive to engage in capacity building, all of which can en-
hance a community’s capacity to take charge of and engage effectively in the care and management of
an externally initiated initiative.

In line with PIM, Gow and Vasant argue that local participation positively influences the accep-
tance of payment collection mechanisms in development projects (cited in [53]). The same goes for the
business plan, as corroborated by Luk, who highlights the importance of co-designing a business plan
with the involvement of financial donors, implementers and beneficiaries (i.e. local communities) (cited
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in [48]).

2.4 Alternative technologies for bottom-up networks

On the technological side, the solutions proposed for bottom-up networks are normally wireless Internet
Protocol (IP) technologies such as Worldwide Interoperability for Microwave (WiMAX) and Wireless
Fidelity (WiFi) adapted for long distances and the proprietary technologies derived from it [39]. WiMAX
has resulted in a very expensive and inappropriate alternatives [167]. WiFi networks have long been
proposed to improve connectivity in rural areas of developing countries based on their low cost, the
widespread availability of compatible devices, and the use of non-licensed bands [71, 24]. There are
several notable initiatives in the literature and in practice that took those propositions seriously, such as
Airjaldi1, Nepal Wireless2 or the EHAS Foundation3. Over the years, these projects have demonstrated
feasibility and sustainability, and many continue to provide the same services initially envisioned, if not
more, for low cost wireless networks in disadvantaged areas around the world. The deployment of WiFi
in rural areas, even using long distance links, is well understood. The many cookbooks, e.g. [39], and
companies, e.g. Mikrotik and Ubiquiti, have together enabled the spread of easier and cheaper WiFi
deployments, which have expanded considerably in recent years. However, it is difficult to compare the
real deployments reported in the literature, given the different architectures available to create a WiFi
network.

One of the key factors determining this architecture is the distance among the nodes forming it. There
is a large body of work on long-range wireless mesh networks [177, 158, 137, 42, 174, 129, 130, 191];
long-range being understood as tens of kilometres (km), up to 105 km. Although some work has reported
longer links [192, 213], the feasible range for real mesh networks to operate is limited to tens of kilome-
tres. In most interpretations, long-range comes together with Line of Sight (LoS) directional antennas,
due to the link budget and the power limitations of non-licensed bands. With directional antennas, static
mesh networks are only feasible if each mesh node has several radios installed for connecting to several
neighbours. A similar architecture is also used when distances are smaller [22, 211, 107, 3, 6], where
limitations on available non-overlapping channels, number of radios and power consumption strongly
limit possible topologies.

Another approach to take into consideration is the fact that a mesh node is a low-cost low-power node
with only one radio [94, 90, 182, 9, 26, 60, 85]. Hence the whole mesh network operates on a single
channel and performance is sacrificed because each node acts as a source/sink/router; forwarding packets
over a single wireless interface halves the performance. Other effects reduce the performance even
more. This technology has the advantage of being cheaper, easier to install and maintain, more flexible
and valid when the capacity is still enough for actual applications. Among studies on this alternative,
only [94] works on the range of few km (with a link up to 5 km). However, in that study there is
no reference to the effect that distance over the standard limits may have had on the performance of the
network under analysis. It is worth noting that the lessons learned from initiatives in the more challenging
urban environment [34] have led to the creation of “off-the-shelf ” mature single-radio solutions, e.g.,
Locus, Mesh Potato, Skylink, and Tropos. Many of these mesh “kits” make extensive use of open source
software, e.g., firmware, mesh routing protocols and the accompanying active support from associated
online communities. This allows many organisations, communities and entrepreneurs to set up their own
networks [204, 124, 46].

Eventually, the aforementioned limitations of the latter alternative led some authors to discard single
radio mesh alone as a feasible solution for access provision in rural areas [191]. They acknowledge
the potential benefits of combining both approaches above, using the latter for the access tier of the

1Airjaldi Networks: http://drupal.airjaldi.com. Last Accessed 14 September 2015.
2Nepal Wireless: http://nepalwireless.net. Last Accessed 14 September 2015.
3EHAS Foundation: http://ehas.org.Last Accessed 14 September 2015.

http://drupal.airjaldi.com
http://nepalwireless.net
http://ehas.org
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architecture, and the former to interconnect mesh cells, which although not explicitly stated, are believed
to be made up of links of tens of metres, as in [26], the network used as an example. However, little work
has been done in studying mid-range single radio mesh networks. Most of the literature around long
range mesh networks refers to the multiple radio mesh architecture described above. For that architecture,
several optimisation proposals have been made available. In [136] a Medium Access Control (MAC)
layer based on TDMA is proposed to optimise performance of point-to-point (PtP) links. This approach
was further optimised in [129], and adapted to PtMP links [130]. However, this alternative MAC does not
provide support for single radio mesh (multipoint-to-multipoint (MPtMP)) and so no results are available
in this regard. Other authors, eg. [177], have provided a model to analyse the performance of standard
802.11 MAC with long distances and proposed ways to optimise the performance by tweaking the values
of some MAC parameters. However, in the simulations for MPtMP included in these studies, only single
hop communications were considered.

Another approach to bottom-up wireless networks is the recently proposed and explored Community
Cellular Networks (CCN) [83]. The appearance of low-cost cellular equipment for this purpose based
in open source software such as Range Networks, Vanu, Endaga and Fairwaves has allowed not only
experimental GSM deployments in developing countries [5, 214] but also full operational ones [83], one
notable example being Rhizomatica, a system with more than 15 CCNs in Oaxaca (Mexico) [206]. The
main concern in this case has been access to a spectrum that has been mostly allocated to MNOs [185].
Although breakthroughs in this area have happened recently, with the allocation in Mexico of 10 MHz
for GSM networks for social use in small communities and indigenous regions [171], in most parts of
the world it remains illegal to operate GSM networks. A solution to this may come from applying the
same principle as in Television White Spaces Spectrum (TVWS): the dynamic management of spec-
trum assignment via a geo-location database to make GSM spectrum available on a secondary basis in
underserved communities [185].

TVWS refers to the technologies that are being developed to use the spectrum freed up in the Very
High Frequency (VHF) and Ultra High Frequency (UHF) bands, due to the migration from analogue
to digital TV broadcasting [113]. The good propagation characteristics of the bands that have been
freed up has positioned TVWS as the next technology to contribute to bringing access to rural areas,
and several trials, sponsored mainly by Google and Microsoft, are taking place throughout Africa [183].
Although steps in regulation and manufacturing are taking place, the ecosystem is not yet mature enough
to consider TVWS as an alternative for bottom-up deployments [184].

Bottom-up networks of considerably larger size such as K-Net in Canada [111] and Guifi.net in
Spain [16], in addition to some of the technologies above, are deploying their own fibre optic infrastruc-
ture. Due to the characteristics of rural areas in developing countries mentioned in Section 1.4.1, it does
not seem likely that fibre optics will be the first choice for bottom-up networks here.



Chapter 3

Methodology

3.1 Research questions

This PhD dissertation answers the following research questions:
Is it acceptable for rural villages to become sustainable telecommunications operators so they can pro-
vide affordable universal access to voice and data services to their dwellers? If so, what are the unex-
pected effects and the short-term impacts on the communications expenditures and usage patterns of the
people?

In order to answer the first question above, the term acceptability is divided into four dimensions,
resulting in four subquestions:

1. Legal acceptability: does the telecommunications operator and the network required to provide
voice and data services fit into the current policy regulatory framework of the country where ser-
vices will be provided?

2. Technical acceptability: is the network proposed able to provide voice and data services with an
acceptable quality of service, while being maintained by community members?

3. Financial acceptability: can the costs of maintaining the telecommunications operator be covered
by the revenue obtained during its operation, while reducing the cost to access telecommunication
services using a business model created by the community?

4. Socio-cultural acceptability: can a sense of ownership be nurtured in village members, so that an
externally originated telecommunications operator is considered as theirs and operated as such?

3.2 Methodological framework

It is believed that it is not possible to generate knowledge to answer the research questions above scien-
tifically without actually going through the process of assisting a rural village to set up their own CN and
learn through the process. Thus, this research project answers the research questions above by means of
EAR [193]. EAR is based on combining two modes of inquiry: Ethnography and Action Research.

The goal of Action Research is to work with stakeholders to generate knowledge in order to enact
change. In particular, the researcher has engaged with a village in rural South Africa to understand their
communication needs and, if willing to partner, embark together in setting up a CN to address them.
Mankosi, a traditional community in one of the most disadvantaged areas of South Africa, was chosen
as the location to carry out this research. The main reason for this choice was accessibility, due to a
long-term relationship between one of the doctoral student’s supervisors and an NGO working in the
area.

27
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Additionally, Action Research is supplemented with Ethnography, which is a research approach that
has traditionally been used to understand different cultures. The choice of Ethnography as a research
methodology for this PhD dissertation is based on the assumption that telecommunications services and
their operation have been created within and, so, are embedded in so-called Western civilisation, the
culture within which the researcher has received his education. Given that most villages in developing
countries historically come from a different cultural background, the researcher has spent long periods
living in Mankosi in order to understand cultural factors that shape the decisions and practices of the
stakeholders participating in the Action Research.

3.3 Data generation and analysis

The data used in this PhD dissertation was generated by means of EAR [193]. The EAR process, and
particularly its core cycle Plan-Do-Observe-Reflect, guided the configuration of three broad cycles within
this PhD dissertation, as follows:

1. First cycle (April 2012 - June 2013) - Partnership and free will

2. Second cycle (July 2013 - September 2014) - Establishing trust, ownership, financial and legal
resources, and tools

3. Third cycle (October 2014 - April 2015) - Providing services legally and learning from it

EAR enabled data generation all throughout the initiative, through a variety of qualitative and quan-
titative methods. A summary of the methods used in each of the cycles is presented in Table 3.1.

Participant observation and ethnography have been conducted in order to understand and study what
factors from this case would act as strengths and limitations on this and on the broader application
of similar initiatives. Additionally, interviews with key informants have been held on a regular basis.
Finally, critical reflection has been used to unveil the role played by the doctoral student.

Additionally, following Bidwell et al.’s example, a team of local researchers (LR) (people who were
born in the community) acted as moderators between researchers and community members [30]. Being
well-versed in the needs and culture of the local community, they were of great help during the design,
data collection and interpretation process.

Data collection was supplemented by informal discussions with other researchers and practitioners
in the area. This included members of surrounding (and further away) rural communities in the Eastern
Cape visited during leisure time or within the framework of other research activities outside the scope of
this PhD dissertation. All data collection activities proved mutually reinforcing for the understanding of
the context and helped with triangulating the results obtained.

Below, the particular methods used to generate and analyse the data in each of the chapters on the
results are described.

3.3.1 Thick description of ICT uptake, expenditure and usage in Mankosi

A chapter including an in-depth description of Mankosi with a special focus on communications expen-
ditures and patterns precedes the presentation of the rest of the results. The reason for this is twofold:

1. To be consistent with related work that considers providing thick descriptions of the context where
the research takes place to be key

2. To fill the gap existing in the literature with regards to data about communications expenditures
and patterns of usage in rural areas of developing countries
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1st cycle

10 semi structured interviews with development agents in the community were conducted
upon arrival in the community to better integrate local protocols in the intervention
Minutes and notes from five meetings with the Headman alone, one community meeting
(25 people attended), and six committee meetings (in four of which members of the
doctoral student was present)
Participant observation and ethnographic notes of the doctoral student during
his 4.5 months spent in the community, including training and installation reports
Interviews with access points hosts about the usage and maintenance of the system within
this cycle, May 2013
Household data from a stratified sampling survey of the households in the 12 villages in
Mankosi, July 2012 - January 2013

2nd cycle

The minutes and notes from one community meeting (150 people attended), seven village
meetings (more than 150 people attended) and 11 committee meetings (in 8 of which
the doctoral student was present)
Participant observation and ethnographic notes of the doctoral student during the 9 months
he was present in the community
Two interviews with key actors in the community and a focus group with the Mankosi
Community Association
Individual data from a stratified sampling survey of the households in the 12 villages in
Mankosi, December 2013 - January 2014
Ten interviews designed purposefully to measure the degree of local ownership manifested
by local stakeholders, April - June 2014
Development of a co-design billing system, April - June 2014

3rd cycle

The minutes and notes of 7 village meetings (more than 130 people attended) and 5
committee meetings (in 3 of which the doctoral student was present)
Participant observation and ethnographic notes of the doctoral student during the 4 months
he present in the community during this period
Four interviews with members of the local NGO
Follow-up study of the survey conducted on December 2014 - January 2015

Table 3.1: Overview of data generation sampling and tools by cycle.

The description draws on data from a stratified sampling survey conducted in Mankosi and is comple-
mented with data from the ethnography and participant observation of the doctoral student. This follows
the complementarity of methods from different paradigms in HCI described in Section 2.1.

The stratified sampling survey covered households in the 12 villages that comprise Mankosi. The
total number of households per village was obtained by asking the sub-headmen about “pieces of land”1

that they had allocated in their villages, as they keep a register.
The sample size was determined by setting the confidence level to 95% with a margin of error of

5%. Given a population size of 564 households a sample of 224 was calculated. For a possible 10%
non-response rate, the sample was increased to 250. The sample size within each strata (village) was cal-
culated to be proportionally similar to ensure representativeness within the community surveyed. Within
each village, each household was selected randomly, choosing the first household found along a footpath
and skipping the next.

The data presented in this chapter comes mainly from two surveys conducted in the community (they
have been included in Appendix F):

1Piece of land is the term used among Xhosa people to refer to the space in the community that has been allocated by the
TA to a given family to build its household.
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• The household data comes from a survey that was conducted between July 2012 and January 2013.
It was collected in paper format adapting the Household Survey from RIA [190]. It consisted
of the Household Roster being answered by the head of the household and an individual part
being answered by a randomly selected individual. The data was collected by 6 different LRs in
three different periods. A total of 247 questionnaires were administered. Due to inconsistencies
discovered during the data cleaning process with the first questionnaire, in-depth interviews were
conducted with the surveyors. Although the randomisation of the households was done properly,
cultural factors were overlooked. This prevented the proper randomisation of individuals2 inside
each household and so the individual data is not representative of the population in Mankosi. Thus,
only information from the Household Roster of the first questionnaire is used in this research.

• The individual data comes from a survey that took place between December 2013 and January
2014. It was collected by a team of 5 LR using Open Data Kit (ODK). The questionnaire consisted
of a reduced version of the first questionnaire, adapted based on communication patterns learned
via participant observation, ethnography and in-depth interviews with the surveyors participating
in the first round. A total of 255 questionnaires were administered. To randomize the person within
the household, a random number generated by ODK was used. Every person 15 years old or older
present at that moment in the household was given a number, and the person given the number
shown by ODK was asked to give consent. If accepted, the questionnaire was administered. If not,
the process was repeated again excluding that person.

Additionally, in order to better understand the context, ethnographic data collected by the researcher,
who has lived in Mankosi for more than 20 months, is used. During this period, the doctoral student
has also visited nearby communities and engaged in countless formal and informal conversations with
their members about mobile phone ownership, usage and expenditure. The rest of the data generation
methods described in Table 3.1 also influenced the results in this chapter. In particular the co-design of
a billing system for the voice services provided by the co-operative (see Appendix A.5 for more details
about the methods used).

3.3.2 Evolution of the initiative

Once a deep understanding of the context has been provided, the next chapter details the design and
development of the Mankosi CN, emphasising the iterative nature of the process, and seeking to highlight
the evolution of the relationship between the research and design team and the Mankosi community.
This is done in order to satisfy Archer’s essential good practice for Action Research interventions (see
Section 2.1).

To do so, all methods presented in Table 3.1 were considered. Although not always explicitly ref-
erenced, the CSF that can be used to predict the sustainability of an ICT intervention (see Section 2.2
for more details) have been considered and implemented during this intervention, and, thus, have been
included in this chapter. For the sake of readability, although the chapter is organized along the three
EAR cycles conducted during the intervention, it does not contain an explicit description of the different
EAR phases of each cycle.

3.3.3 Acceptability assessment

In the case of externally initiated active innovations, its acceptance, i.e. “its capability of being endured;
tolerable; bearable”3 in the context where they are intended to be applied should be considered prior to

2Cultural norms in the community includes addressing questions to the head of the household, in this case the eldest woman.
3Acceptability http://dictionary.reference.com/browse/acceptability. Last accessed 2 September

2015.

http://dictionary.reference.com/browse/acceptability
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Figure 3.1: Acceptability framework.

the longevity of its impact, i.e. its sustainability. Thus, in this PhD dissertation, acceptability is used as
the centre of analysis.

The acceptability assessment was guided by the literature review presented in Section 2.3. Because
none of the work reviewed captured the multidimensional complexity of ICT interventions in rural areas
of developing countries, this assessment was also guided by the dimensions identified in the literature
on the sustainability of ICT4D projects, presented in Section 2.2. An exception is made with regards to
the institutional dimension, on the grounds that institutional and socio-cultural dimensions are similar in
the context of tight-knit communities where the institution is run by community members. The factors
considered in each of the dimensions are described below and represented in Figure 3.1:

• Legal acceptability. The deployment of ICT infrastructure and provision of digital services are
highly regulated in almost every country. Thus, this dimension assesses to what extent self-
provision initiatives fit into the current regulatory framework of the country where services will be
provided.

• Technical acceptability. Using WIMD terms, the network architecture proposed must be able to
support the various electronic communications services chosen by the community, i.e. in network-
ing terms, to provide the communication services required by the community with an acceptable
Quality of Service (QoS). Additionally, building on the PEU concept from TAM, the maintenance
and operation of the network must be considered easy to do by local people.

• Financial acceptability. Again from TAM, PU in the context of lack of affordable communications
is considered to come from a cheaper cost to use communications services. Thus for the initiative
to be financially acceptable, it must be able to reduce the cost to access communication services
when compared to other alternatives already existing in the community. Local participation in
the design and implementation of a sound business model, so that the costs of maintaining the
telecommunications operator can be covered by the revenue obtained during its operation, also
determines financial acceptability.

• Socio-cultural acceptability. Ownership is not only considered central to acceptability in PIM, but
is also the basis for other constructs, like empowerment, which are considered central to acceptabil-
ity within PIM. In addition, it influences other subjective attitudes and behaviours and determines
ownership. Considering the target to be the telecommunications operator, for the initiative to be
the socio-culturally acceptable, a sense of ownership of the externally originated initiative has to
be nurtured in village members, so they consider it as theirs and operated it as such.

The data generation and analysis methods used to assess the acceptability dimensions are detailed
below. An additional basis for this assessment is the network infrastructure deployed, which is described
in detail in Section 3.4.

3.3.3.1 Legal Acceptability

In order to assess the legal acceptability of the intervention, a full review of the South African regulatory
framework was conducted. This included:
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• Electronic Communications Act [140]

• Electronic Communications Amendment Act [149]

• Regulations Regarding License Exempt Electronic Communication Networks [142]

• Final Radio Frequency Spectrum Regulations [146]

• ICASA’s decision on the use of the 5725-5850 MHz [143]

• Electronic Communications Act (36/05): General Licence Fees Regulation [148]

• Licensing Processes and Procedures Amendment Regulations [145]

Then, after considering the options, several meetings were held with Ellipsis Regulatory Solutions
(ERS) to devise the best strategy. The one selected entailed applying for a license exemption in all the
categories required by the regulator.

For obtaining one of the exemptions, it was required that the applicant be a non-for-profit organ-
isation. After discussing the idea with the community, they agreed to pursue this approach using a
co-operative model. So, a full review of the South African regulatory framework for co-operatives was
conducted. This included:

• Co-operatives Act [139].

• Co-operatives Amendment Act [147].

• Regulations Under the Co-Operative Act 2005 [141].

As the approach to setting up a non-for-profit co-operative was not clear, a meeting with the Com-
panies and Intellectual Property Registration Office (CIPRO), the branch from the Department of Trade
and Industry (DTI) dealing with co-operatives, was held in Cape Town to clarify the way forward.

Once all the information to proceed was obtained, the doctoral student facilitated the discussions
and paperwork required to register the co-operative. Upon reception of the registration certificate, the
doctoral student assisted the community in providing the ERS with all the documentation required to
apply for the license exemptions to ICASA.

3.3.3.2 Technical Acceptability

The assessment of the technical acceptability of the intervention has been done in two parts:

• Assessing whether the infrastructure deployed could provide the communication services required
by the community with an acceptable QoS

• Assessing whether the maintenance and operation of the network could be done by local people

Below the methods used in each part are described.

3.3.3.2.1 Network requirements and performance analysis

In order to determine whether the architecture proposed is able to provide the communication services
required by the community with an acceptable QoS, the following steps were conducted. The detailed
methods for each of the steps have been moved to the Appendix A to balance the length of each section.

• Using classic Queuing Theory, the traffic requirements for the two services offered by the network,
intranet and breakout calls, have been established (see the detailed methods in Appendix A.1). See
Table 3.2 for a summary of the requirements.
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Type Number Required link
of node of channels capacity (Kbps)

Internal calls only Mesh node 1 82.86
Internal calls and breakout Mesh node 1 82.86
Breakout calls Gateway 2 137.14

Table 3.2: Summary of number of channels per station.

• Once the traffic requirements were measured, the performance of the network was studied. As the
network topology changed once the Internet gateway was installed (see transition from Figure 3.3
to Figure 3.4), the performance was measured twice: before the introduction of the Internet gate-
way to establish the acceptability of the internal calls, and after to establish the acceptability of the
breakout calls. The methods used to measure the network performance for each of these steps are
described in Appendixes A.3 and A.4, respectively.

3.3.3.2.2 Local operation and maintenance

The process of determining whether the network could be operated and maintained locally led the doc-
toral student to co-design solutions to reduce the complexity of the process. After presenting the methods
used in the co-design, the tools used to study the local operation and maintenance of the network are in-
troduced.

• Co-designed solutions: In order to ease operation and maintenance two solutions have been co-
designed with the community members:

– Solar generating system: The design of the solar generating system was informed by past
experiences in the area [27, 196], however, Tucker et al. only powered low-end WiFi routers.
Bidwell et al. presented a mobile solar charging station within a study of the practices around
charging mobile phones. Its design aimed at ensuring that “people could protect stations from
criminal intent and the elements”. It consists of a solar system mounted on a wheeled trolley
that allows the solar panels to be fitted in different positions, i.e. to fit through a rondavel
doorway and to get maximum sun exposure when outside. Two “solar trolleys” were installed
and have been in operation since 2010. The criteria for the design were informed by the
community, and included: to maximise the energy generated; to secure against criminal
intent; to ease maintenance; to provide physical safety to users and to extend the lifetime of
components.

– Billing system: Several payment methods were explored with users and operators of the CN,
focusing on the legal, financial, technical and social acceptability - as well as constraints
- of each method. Those methods that suited the community’s needs were implemented
and tested with stakeholders. The full description of the methodology have been moved to
Appendix A.5 to balance the length of each section in this chapter.

• Study of the local operation and maintenance: Interviews have been held periodically with the
station owners and with the main LR in order keep a log of the maintenance operations that have
been necessary to keep the infrastructure providing the services expected.

3.3.3.3 Financial Acceptability

The financial acceptability of the initiative was assessed in two parts:

• Assess whether the prices offered by the initiative reduce those offered by existing alternatives.



34 CHAPTER 3. METHODOLOGY

• Study whether the business model designed and implemented by local people can cover the running
expenses of the telecommunications operator.

3.3.3.3.1 Reduce the cost of communication

In order to establish whether the initiative was able to reduce the cost of communications, a comparison
between the prices of the services offered by the cooperative and those offered by the alternatives existing
in the community has been conducted. In particular, the focus has been into charging mobile phones and
providing voice services. For the latter, the prices from the MNOs operating in the area have been
considered first. However, due to the dynamic pricing that they apply (see Section 1.4.2.1 for more
information) it is difficult to obtain the real cost for the user, so the OECD low-usage basket was used
instead for comparison. Additionally, other costs were known to be incurred in order to be able to
call [30]. Thus, the data obtained from the baseline survey on communications expenditures and usage
patters via the methodology presented in Section 3.3.1 has been used to estimate them.

Then, in order to determine the prices to be offered by the community telco, communication was es-
tablished and meetings were held with VoIP and backhaul providers to obtain the cheapest price possible
for the breakout calls. This included communicating with more than 10 VoIP and 4 backhaul providers,
and studying the different offers and specifications to select those that were more acceptable.

3.3.3.3.2 Locally created business model

To assess whether the business model designed locally was able to cover the running costs of the operator,
all expenses incurred and revenues obtained during the operation of the co-operative within the period
under study have been analysed. Additionally, the doctoral student has been present when decisions in
this regard have been discussed. This has allowed him to observe the challenges and opportunities faced
by the co-operative with regards to its financial management. Special attention is given to the intersection
between co-operatives and CN, and to the use of revenue from the system for other projects external to
the CN as stated in the co-operative’s foundational goals (see Section 6.1.2.1 for more details).

Additionally, a breakdown of the Capital Expenditure (CAPEX) for the Mankosi CN is provided,
and solutions for other communities to start similar projects without having the initial CAPEX covered
externally are explored.

3.3.3.4 Socio-cultural Acceptability

In order to assess whether a sense of ownership has been nurtured in village members, i.e. whether
the externally originated telecommunications operator is considered as theirs and operated it as such,
the conceptual model shown in Figure 3.2 was used. It hypothesises the key factors, processes and
mechanisms that influence the development of a sense of ownership. The details of this model are
described in Appendix B.2 to balance the length of each section in this chapter.

Using this model, this PhD dissertation focuses first on understanding how ownership manifested in
Mankosi, and then looks at the factors that nurtured it.

3.3.3.4.1 Manifestations of ownership in Mankosi

For understanding ownership, data was gathered in the period April 2012 – June 2014 through ethno-
graphic observations, project records from the community assessment phase, project progress reports,
meetings recordings and interviews with local stakeholders. Ethnographic observations served to con-
textualise the results and provided first-hand data regarding the gradual evolution of the network and its
appropriation in the community.
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Figure 3.2: Conceptual model for examining the determinants, mechanisms and effects associated with
the development of a sense of ownership.

The interviews were purposefully designed to measure the degree of local ownership manifested by
local stakeholders. The interview guide was developed following closely the theoretical model outlined
in Figure 3.2, and included questions for each of the major areas in the model: behavioural determinants
of ownership, mechanisms, relational dynamics, sense of ownership and outcomes or effects of owner-
ship (it has been included in Appendix F). The questions were developed specifically for this research
(e.g. inquiring about specific tasks or network usage) or drawing on published studies and scales adapted
for the purpose of the present research (e.g. for measuring perceived control, self-efficacy, sense of own-
ership, self-identity and commitment). The interview questions adapted from existing scales or framed
by existing studies are listed below, for assessing:

• Perceived control: three of the questions were adapted from [91].

• Self-efficacy: questions were adapted from the general self-efficacy scale from [43].

• Self-identity: questions were formulated in relation to [12] and [133].

• Sense of ownership: statements were adapted from [200].

• Commitment: two of the questions were adapted from [175] and [200].

The sampling strategy for interview respondents was guided by the aim to ensure a representative
coverage of local stakeholders directly involved in the project, including in particular members of the
TA, hosts of access points, members of the co-operative board and LRs. Ten interviews were conducted
in the period April - June 2014 with local people selected on this basis. The number of interviews
is representative for the local stakeholders involved in the network, since many respondents covered
different roles, such as a LR and host of access point, or member of the TA and co-operative board
member. The interviews were previously prepared with the main LR so the conversation could flow and
new insights about the topic could be elicited. They were held in isiXhosa and recorded after obtaining
the participants’ consent. They were later translated into English by a professional translator.

Coding and analysis of the qualitative data resulting from interviews was performed following
a hybrid method of inductive (data-driven) and deductive (theory-driven) thematic analysis, adapted
from [65]. Using this method, the coding process started with the identification of a set of a priori
categories elicited from the theoretical model. Data-driven coding was then performed on four inter-
views, and codes were associated with a priori categories or led to the formulation of novel categories. A
library of codes and categories was then developed including both a priori and data-driven ones, which
were applied on the rest of the interviews. In the final stage, codes were clustered and portions of text
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cross-analysed to identify themes, which were organised into an analytical framework that captured and
made sense of the data.

3.3.3.4.2 Factors nurturing ownership

To study the factors that nurtured ownership, the data was generated with the methods described in
Table 3.1 and analysed and interpreted in waves, to enable fast assessment and inform the refinement of
the initiative’s design and corrective actions. The analysis was done initially on the core corpus of 10
interviews described above. Based on this analysis, a series of themes have been elicited that outlined
the type of ownership developed and the relations with other key components in the model, including the
mechanisms of ownership (such as power and control) and the patterns of relatedness with the network
(such as self-efficacy and self-investment). In a second stage, these themes have been probed with the
larger data corpus, particularly looking at: (1) the evolution of the initiative and the gradual gain in
independent community action on a timeline (as included in Chapter 5), and (2) the field notes and
critical reflection of the doctoral student.

3.3.4 Short-term impact

3.3.4.1 Expected impacts

In order to study the impact of the initiative on the communications expenditure and patterns of use
in Mankosi, during December 2014 and January 2015 a total of 125 people were re-interviewed. The
people followed-up with were the ones who participated in the individual questionnaire described in
Section 3.3.1 who agreed to participate again in the research.

As in the baseline, ODK was used to administer the questionnaires (the follow-up questionnaire
has been included in Appendix F). The new questionnaire included additional questions to understand
how people were using the breakout call service, and to shed light on new hypotheses discovered via
participant observation, such as the lack of awareness of the cost to communicate. Additionally, a focus
group was held with the co-operative board members to understand the reasons behind the low use of the
breakout calls service.

Due to issues with the identification of the participants for follow-up, only 75 individuals could
be properly matched with those participating in the baseline survey. Thus, the comparison between
the baseline and follow-up data is based on the responses of these 75 people. Answers from the 125
participants have been used to shed light on some new questions revealed during the analysis of the
baseline results.

3.3.4.2 Spill-over effects

Ethnography and participatory observation have been the main sources used to unveil the spill-over
effects during the period under study. Additionally, all the interactions with the community - those
included in Table 3.1 and other informal ones over the period under study - have been used. The study
of the spill-over effects is mainly focused on the board of members of the co-operative.

3.4 Materials

In order to achieve the goals of this research, a mesh network was deployed in Mankosi by local dwellers
(for more details about its design process see Chapter 5).

Initially, the mesh network consisted of 12 single-radio wireless nodes scattered around 30km2. The
connectivity graph of the network is shown in Figure 3.3. The colours correspond as follows: green for
links with reported Received Signal Strength Indication (RSSI) above 12 dBm, orange for links with one
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or both sides with values between 9 and 12 dBm, and red where one or both are below 9 dBm. Yellow
links are so weak that they disappeared when setting the operating mode to 802.11g from 802.11bg.

Figure 3.3: Connectivity graph at the beginning of the initiative.

Ten of the 12 nodes were located in private houses chosen by the TA. One of the other two nodes
provides access to the server (1) and the last one is a repeater connecting the latter to the rest of the
network (31). Initially, the server was located in the headquarters of a local NGO, which has access
to grid electricity and a backup battery system during power outages, but is located behind a hill so a
repeater is needed.

During the course of the initiative, a new node was added to the school (30) and one of the nodes in
a private household (23) is in the process of being relocated to another one. The node in the school was
connected to the VoIP server which was then connected to a 3G router, that acts as an Internet gateway
for the network. The modifications of the connectivity graph by including Node 30 (following the same
colour code) are shown in Figure 3.4.

Figure 3.4: Connectivity graph once the Internet gateway was installed.

Single-radio wireless nodes were chosen to reduce the complexity of installing, maintaining and op-
erating a telecommunications network (see Section 2.4 for more details) so it can be done by people
with low technical skills. In particular, the 10 nodes in private houses and the one in the school are
first generation Mesh Potato (MP01) with an external antenna attached; the repeater is an off-the-shelf
Ubiquiti NanoStation (NS2), and the remaining node is an off-the-shelf MP01. Their technical specifi-
cations can be found in Table 3.3. The selection of the MP01 was based on several reasons: it has low
power consumption (2.5 watts including wireless router and Analogue Telephone Adapter (ATA)), it has
been designed for easy installation and maintenance in extreme outdoor environments and it comes with
the support of the Village Telco online community for problem solving and improving the system. In
addition, it is very low-cost at R500.00 per unit.

The NS2 utilises Power over Ethernet (PoE) and the MP01 runs with an innovative Power over
Telephone Line (PoTL), as in PoE, but rather connecting an analogue telephone to the router along
with power, which greatly simplifies the installation. The light weight of both antenna and router (see
Table 3.3) allows for mounting them on a standard bent aluminum TV pole attached to a house, thus
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Hardware features NS2 MP01
Weight 0.4 Kg 1.1 Kg
Consumption 4 watts 2.5 watts
Chipset Atheros AR2315 Atheros AR2317
Operation Modes 802.11b/g 802.11b/g
Max Tx Power 26 dBm 20 dBm
Antenna Gain 10 dBi panel 8 dBi omni

Table 3.3: Comparison between hardware used.

avoiding the need for a tower and reducing deployment costs. Low power consumption further helps to
reduce the cost of operation. The MP01 also includes a Foreign eXchange Station (FXS) port that allows
the direct connection of an analogue two-wire telephone.

All nodes have been flashed with the Village Telco - Small Enterprise and Campus Network (VT-
SECN) firmware, which is a customised version of OpenWRT. Different versions have been used
throughout the initiative, see Table A.4 for more details. VT-SECN includes batman-adv and config-
ures the WiFi radio to operate in ahdemo and ap modes simultaneously, utilising the virtual interface
functionality. The firmware for the MP01 also runs an Asterisk server that allows direct voice commu-
nication with any other MP01 flashed with VT-SECN as long as they have different IP addresses. A call
can be setup by dialling the last octet of the IP address on an analogue phone, and the device itself can
be configured following IVR, so avoiding the intervention of an expert. The firmware also automati-
cally configures batman-adv over the interface operating in ahdemo mode, and the resulting bat interface
(created to run the batman-adv protocol) is bridged to the Ethernet and the ap interfaces. This allows
end-devices to communicate transparently through the nodes without any additional configuration other
than setting up an IP address within the range of the network (and selecting its Service Set Identifier
(SSID)).

3.5 Ethical considerations

3.5.1 Procedure

Ethical approval was sought and granted from the Science Faculty Research Ethics Committee at UWC
(see Appendix E) for permission to collect data, for presenting the research findings, for example, to a
strategically chosen conference, workshop, seminar and/or symposium and for eventual publication in a
journal.

3.5.2 Procurement of consent and voluntary participation

The participants were invited to voluntarily participate in the project. Before engaging in any data col-
lection activity the objective(s) of the research were explained, and they were given assurances that all
information provided will be treated as confidential. The participants were asked to give oral consent,
if they agreed and they were ready to participate. Prior to participating in any data collection activity,
the participant was informed that s/he had a right to withdraw at any time from the research. Therefore
participation was completely voluntarily without any kind of pressure or deception, in an informed way
where the purpose of the research was not hidden from participants [84].

3.5.3 Participant confidentiality agreement

In order to ensure privacy and confidentiality, the collected data is kept in a secure database. Each
hardcopy of the first questionnaire and the digital copy of the other questionnaires are numbered and do
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not uniquely identify any participant; nor does any form of automated instrumented data collection. The
results from the study are published without revealing the particulars of any participants.

3.5.4 Humanitarian considerations: risk and benefits

The data collection methods used in this dissertation did not risk or interfere with the mental or physical
integrity of the participants. The participants were informed about the objectives of the research, so that
they had sufficient and appropriate information in order to make informed decisions [84]. The direct or
short-term benefit to the participants is that their opinions will be valued and documented. The long-
term benefit is that ICT interventions will be realised that will enable their own subsequent maintenance,
growth and sustainability with respect to both community and academic goals and needs.

3.6 Limitations of the methodology

In this research, a development problem has been approached in its complexity, using and integrating four
interrelated dimensions. It is considered that this holistic approach is essential for providing evidence
on how rural communities can, realistically, provide themselves with more affordable communications.
However, as in similar multidisciplinary approaches to complex development problems [4], limitations in
time and resources may have resulted in a lack of depth that could have been given if each dimension had
been considered individually. The doctoral student has tried to overcome this limitation by collaborating
with experts in each of the topics and methodologies considered in this research. However, limitations
on the budget on the co-operative’s side prevented the researcher from conducting network performance
analysis with more powerful hardware.

Perspectives from all social groups (age, gender) within the Mankosi communities have been col-
lected via the open questions in the questionnaires used for measuring impact. However, most data was
collected while interacting with the local committee responsible for running the project, and particularly
by discussions with the lead LR (the sole member of the committee speaking English). As this research
aims at understanding the challenges around bottom-up telecommunication operators, and provided that
this committee was chosen by the community, this approach seems justifiable, but different perspectives
on the topic might be found when asking other community members.

Relying on a single source information could be considered an additional limitation (the lead LR).
As the initiative evolved and this researcher spent more time in the community, most of his interpreta-
tions could be triangulated by participant observation and engagement with other community members,
including other LR who were, when possible, invited to join the committee meetings.

Not speaking the local language is just one of the distinctive features of the positionality of the
doctoral student, as his race and culture also alienated him from most community members. As time
passed, this has become a strength rather than a weakness, as his lack of historical ties with South
Africa has stimulated the curiosity of many people, which has led to very informative conversations.
However, his positionality and background should not be disregarded as it may have affected the course
of the research and the election of the data to be collected. In particular, the doctoral student has not
tried to position himself as a neutral actor, and he has stayed on the side of those not able to afford
communications. This may have affected the choice of the scientific methods used to obtain the results
presented in this document. On some occasions, he has had to reject deals aimed at benefiting only
Mankosi, for the sake of presenting a model that could apply to other communities as well.

Considering communities as an even group may have resulted in perpetuating social inequalities,
especially those pertaining to gender. Acknowledging both this limitation in the model and the own
limitations of the doctoral student to conduct such research, funds from UWC’s participation in the
CONFINE project have been allocated to hire a gender expert who will explore how to nurture the more
active participation of women in similar initiatives to be carried out in the future. This is just one example
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of the ongoing nature of the research presented here. Plans are already in place to provide VoIP services
on WiFi-enabled devices as well as Internet services across Mankosi. Additionally, the project has been
replicated in Eenhana, Namibia, in collaboration with the University of Namibia, and there are plans
to replicate it elsewhere in South Africa. A collaboration with the Right to Know Campaign has been
articulated and the project developed in this PhD dissertation has been used as the proof of concept within
the Access to Infrastructure part of the Campaign.



Chapter 4

Thick Description of ICT Uptake,
Expenditure and Usage in Mankosi

4.1 Mankosi in statistics

Mankosi is comprised of 564 households from twelve villages. Families are composed of up to five
adults and seven children, with a reported average of 6.02 people. Thus, Mankosi has an estimated
local population of 3,395 people, out of which 2,070 (60.9%) are 15 or older. This data matches figures
from StatsSA for the Nyandeni local municipality, where 59.6% of the population are 15 or older. The
distribution in age among the respondents presented in Figure 4.11 strongly resembles that observed in
the local municipality.

Figure 4.1: Age distribution in Mankosi vs. Nyandeni local municipality.

Most of the population in Mankosi is female: 70.6%. Although this contrasts with the 56.8%2

distribution in the local municipality statistics [188, p. 68], the higher concentration of men who stay
and work in the urban areas of the local municipality and the fact that many men registered in the local
municipality go often outside Mankosi for temporary work explain this discrepancy.

At the household level, it is only since 2013 that the government has built pit latrines in the yards
of all the households. Most affluent people use their flat-roofed housing to collect rain water, although
access to water for many is mainly via water points on communal land, and it is very common to see
women carrying buckets on their heads (95.4% of the households use this method). For cooking, most
families use open fires outside with wood collected from the nearby indigenous forests, as they can

1Figure generated by the doctoral student considering the data available per age group in [188, p. 68] and from the data
collected.

2Number generated by the doctoral student from the data available on gender per age group in [188]
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only afford gas or paraffin from time to time. Eighty-four percent of residents in Mankosi do not have
electrical lighting infrastructure. Only 2.1% were connected to the grid at the moment of the survey, and
only 13.5% have a generator, solar or gas infrastructure of some sort. This is similar to what has been
observed by the researcher in other rural communities in the Eastern Cape.

The reported household income per month was R1,831.00, coming mainly from government grants
and payments from family members who temporarily migrate for work. Thus, the reported individual
monthly income in Mankosi was R388.00, i.e. people in Mankosi live on roughly US$1 a day3. This
income is mainly used to cover the credit accumulated during the month at the local shop, which re-
ceives the outstanding debt the moment the government grant is received. Thus, very few households
have savings and most residents see no reason to open a bank account (58.6% of the households reported
not having one). This is in stark contrast with the R2,587.004 average monthly individual income for
the country [189]. Due to the high levels of inequality in South Africa [210] and the average disposable
income at local municipality levels [188], many other rural communities are expected to show disposable
income levels similar to those in Mankosi.

Variable Read isiXhosa Write isiXhosa Read English Write English
Easily 70.2% 71.8% 46.7% 35.3%
With Difficulty 15.3% 12.9% 20.8% 25.9%
Not at all 14.5% 15.3% 32.5% 38.8%

Table 4.1: Reported ability to read and write isiXhosa and English.

Regarding formal education, only 13% of the population have completed matriculation (grade 12) or
a higher level of education. The self-reported ability to read and write English and isiXhosa is reported
in Table 4.1, with older people reporting the lowest levels5.

4.2 ICT ownership

In terms of ICT ownership per household, 97.7% of the households owned at least one mobile phone,
with an average of 2.93 mobile phones per household. This contrasts with the ownership of a computer
and a landline; none of the households owned either.

At the individual level, 81.2% of the people surveyed owned a phone. Of them, 73.4% bought it and
26.6% received it from someone else. On average, these individuals had owned a phone for 4.09 years,
but with a very high uptake in recent years as observed in Figure 4.26.

Years owning a phone correlated positively with age, with older people having owned their phones
longer (ρ=0.152 (n=202), p<0.05). Additionally, there was a difference in the age (U=2997, p=.003) of
the people who had bought their phones (Md=27) and those who were given phones (Md=21). Due to
access to more employment opportunities, older people are more likely to have the economic resources
to buy mobile phones than younger ones.

In relation to preferences about features in their mobile phones, many reported a preference for
longer battery life, preferred by 58.0% of individuals. This was followed by the phone providing Inter-

3R388.00 were equal to US$34.54 on the 8 November 2014 http://zar.fxexchangerate.com/usd/388-
currency-rates.html. This does not take account of Purchasing Power Parity (http://salaryconverter.
nigelb.me/) which adjusts for the cost of living, and the figure would be closer to US$75

4Number generated by the doctoral student considering the average annual income per household and the average household
size [188]

5A Kruskal-Wallis analysis shows a significant difference between the three capacity levels and “Age. For “Not at all”
medians were above 42 years, and “Easily” below 23 years for the 4 variables studied.

6For this variable three values were declared as missing, as the interviewee should have entered the natural year when the
phone was obtained, and the value in the cell was 0 instead.

http://zar.fxexchangerate.com/usd/388-currency-rates.html
http://zar.fxexchangerate.com/usd/388-currency-rates.html
http://salaryconverter.nigelb.me/
http://salaryconverter.nigelb.me/
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Figure 4.2: Years owning a mobile phone.

net capabilities (18.3%) and the possibility to play music (15%). As shown in Table 4.2, older people
preferred longer battery life, whereas younger people were more interested in bigger storage capacity,
music reproduction and Internet capabilities.

Variable Grouping Md n χ2 p

Main feature you wish your phone had

Big(ger) storage capacity 21.00 10

33.868 0.00
Long(er) battery life 32.00 144
Music reproduction 22.00 39
Internet capabilities 20.00 46
Others 24.00 11

Table 4.2: Median comparison [Kruskal-Wallis] among categories in variable “Main feature you wish
your phone had” and “Age”.

With regards to SIM card ownership, 83.9% of the respondents owned one, in contrast to the 81.2%
of people who owned a phone. From those, 93.9% of SIM cards belonged to MTN, 5.6% to Vodacom,
and 0.5% (1 respondent) to Cell-C.

4.3 ICT expenditures

Those owning a mobile phone were asked about the amount of money spent on charging it in the last
month. Respondents reported an average expenditure of R10.36 a month. However, there was a large
dispersion in the responses, as seen in Figure 4.3. Forty-nine percent of the respondents reported R0.00
of expenditure. This is explained by the different levels of access to a place where phones can be charged
for free. Some households are connected to the main grid or have solar systems specifically installed
for charging mobile phones, where both household members and relatives and friends can charge their
phones. Additionally, some locals work in the cottages owned by affluent fishermen from the cities,
the main backpackers’ lodge, or other places (including the school and the high school) where one can
charge at no cost.

Those who reported owning a SIM card were asked how much airtime they purchased in the last
week, and how much they paid for it. On average, they spent R17.49 for a total of R15.28’s worth of
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Figure 4.3: Money spent on charging the mobile phone per month.

airtime, reflecting the mark-up reported previously by [30]. This mark-up increased the cost of commu-
nication for Mankosi dwellers, on average, by 17.19%. This mark-up is common in rural areas and has
been observed in many other communities visited, and it is related to the increase in the prices of other
products (like milk) in rural areas to compensate for the cost of transport.

It is worth noting that 93.2% of the individuals reported topping-up R40.00 or less, including 18% of
those who reported not having topped-up their phone in the past week. Thus, on average, mobile phone
users in Mankosi received only R0.58 in promotions during the previous month. The money received
in promotions correlates positively with the airtime topped-up (ρ=0.196 (206), p<0.01). However, due
to the low amount topped-up, very few people (all of them with MTN SIM cards) received money in
promotions (10.7% of those with a SIM card). It is worth noting that the MTN product observed to
be used by the majority of people is MTN Zone. With this product, discounts come as a percentage of
discount over the normal rates. In the doctoral student’s experience - observing the discounts received
by others - they are regularly below 30%. Sometimes they receive a 100% discount of the total cost of
the call; when this happens, they tell their friends, as it seems to be related with the base station covering
the area, and it lasts only a few minutes.

There is a correlation between the number of years owning a mobile phone and the money spent on
mobile phone services, both having it charged and topped-up, as shown in Table 4.3. Furthermore, both
expenditures correlate with age. Given the rapid uptake of mobile phones in the community in recent
years and the young age of the population, this data suggests that expenditure in mobile phone services
in Mankosi will continue to increase in the coming years.

Variable Age Years owning Money spend on Airtime top up
a mobile phone charging last month last week

Age .152*(202) .262**(205) .215**(204)
Years owning a mobile phone .161*(204) .178*(196)
Money spend on charging last month .208**(199)

** - p<0.01 * - p<0.05.

Table 4.3: Spearman correlations between “Age”, “Years owning a mobile phone”, “Money spent
on charging last month” and “Airtime topped-up last week” (n shown in brackets).

The data in Table 4.3 also suggests that people spending more money on one mobile phone service
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(for example, charging) were willing to spend more on another (for example, airtime). This is further
corroborated by the difference in expenditure between those who bought their phones, and those who
were given phones as shown in Table 4.4. People who bought their phones clearly spend more on mobile
phone services.

Variable Grouping Md n U r p
Money spent for charging the phone last month Bought 5.0 152

3163.5 .20 .004
Given 0.0 55

Airtime topped-up last week
Bought 10.0 152

2764.5 .22 .002
Given 5.0 55

Days without airtime
Bought 3.0 149

2781 .23 .001
Given 2.0 53

Table 4.4: Median comparisons [Mann-Whitney] between those who bought their phones and those
whose phone was given.

Additionally, people not only topped-up their own mobile phone, but they also reported using some-
one else’s mobile phone during the week previous to the questionnaire. Sixteen percent of all respondents
reported having used someone else’s phone in the prior week. Out of those using someone else’s phone,
56% (9% of the total) reported topping-up that phone with airtime for their own use, spending, on aver-
age, R6.65 that week. It is unclear whether this amount was considered in the total amount reported as
having been spent on airtime in the previous week. In this dissertation it is considered as if it were.

People not only bought their own airtime, but also had airtime transferred from wealthier relatives
working outside the community. From those owning a SIM card, 54.7% reported having received airtime
in the last week, for an average value of R4.87.

Respondents were asked about the reasons for buying airtime. Most people (79.5%) reported using
the airtime to make and receive social calls only. As this was an open question, it is worth noting that
some of the people reported these social calls to be made in order to be in contact with the people
they care about, who are living outside the community (including wives/husbands, children and other
relatives). As can be observed in Table 4.5, older people use it for social calling and official calling,
whereas younger people use it additionally for SMS, social Internet, and music downloads.

Variable Grouping Md n χ2 p

Reasons for buying airtime

Social calling and buzzing (relatives,
27.00 169

16.556 0.01

friends, and other people)
Social Internet (Web surfing and Social

20.50 24Sites: Whatsapp, 2Go, Mixit and Facebook)
and others (SMS, social calling)
Social calling and SMS 20.50 12
Social calling and special calling

27.50 8
(work and other arrangements)

Table 4.5: Median age comparison [Kruskal-Wallis] among categories in variable “Reasons for buying
airtime” and “Age”.

The respondents who owned a phone, a SIM card or who topped-up someone else’s phone were also
asked whether they sacrificed other things to buy airtime, and 41.2% reported affirmatively. From those,
34.5% reported sacrificing essential food items, 16.7% essential items for cooking and lighting, and
additional 2.4% on both. As observed in Table 4.6, older people were more likely to sacrifice essential
food and cooking and lighting, whereas younger people were more likely to sacrifice more luxurious
items.
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Variable Grouping Md n χ2 p

Items sacrificed for airtime

Essential food (milk, tea, bread, groceries,salt) 29.00 31

16.734 0.002

Luxury (cigarettes and cosmetics) 19.00 10
Household, cooking and lighting (matches,

28.00 15
candles, paraffin)
Luxury food (chips, sweets, drinks, fried

21.00 15
chicken, meat)
Others 32.00 13

Table 4.6: Median comparison [Kruskal-Wallis] among categories in variable “Items sacrificed for air-
time” and “Age”.

Considering the money spent for buying airtime in a week and on charging the mobile phone in a
month, and extrapolating the money spent on a week to a monthly expenditure7, the average monthly ex-
penditure on mobile phone services was R85.21. With the percentage of people older than 15 years using
a mobile on a weekly basis shown above, a rural community like Mankosi spends around R153,000.008

monthly using their mobile phones. As seen in Figure 4.4, only 76.76% of this estimated individual
monthly amount is for actual airtime used for MNO services.

Figure 4.4: Proportion of expenditure dedicated to mobile phone services.

When comparing this expenditure with the average monthly income reported above, people in
Mankosi spend 21.97% of their income on mobile phone services. If the disposable income does not
increase, this percentage is likely to increase over time, due to the correlations between age and years
owning a phone.

4.4 Mobile phone use

With regards to mobile phone use, the first variable studied was how many times people charged their
phones during the last week. People in Mankosi reported charging their phones at least once a week,

7A month is considered to have 30 days, i.e. 4.28 weeks.
8R153,000.00 were around US$13,620.00 on the 8 November 2014 http://zar.fxexchangerate.com/usd/

388-currency-rates.html.

http://zar.fxexchangerate.com/usd/388-currency-rates.html
http://zar.fxexchangerate.com/usd/388-currency-rates.html
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with 35.8% charging their mobile phones three or more times a week. The second variable took into
consideration the number of days without a charged battery a month; 41.1% of the respondents reported
not having had their phone without a charged battery a single day in the last month. Still, the average is
1.95 of days without a charged battery a month.

Figure 4.5: Days a week without airtime.

Then, respondents with phones were asked about the number of days they did not have airtime on
their SIM cards last week. The distribution of answers is presented in Figure 4.5. It is worth noting that,
on average, people reported being without airtime 2.78 of days a week, i.e. people in Mankosi reported
to spend, on average, 39.71% of their time without airtime. So, even though people had their phone
charged most of the time, they were unable to make calls or send SMS for a large portion of their time.

The days without a charged battery in the last month correlate negatively with the airtime topped-up
and the days without airtime in the last week, as shown in Table 4.7. This suggests that the more the
phone is charged, the more they spend, and the quicker they do so.

Variable Days without a charged Days without Airtime top up
battery last month airtime last week last week

Days without a charged battery last month -.148**(202) -.199**(199)
Days without airtime last week -.473**(200)

** - p<0.01 * - p<0.05.

Table 4.7: Spearman correlations between “Days without a charged battery last week”, “Days without
airtime last week”, and “Airtime topped-up last week” (n shown in brackets).

For obtaining the number of calls made during the last week and the length of these calls, interviewers
obtained the readings directly from the respondents’ mobile phones. Since not all participants carried
their phone with them or had a charged battery at the time of the interview, only 195 responses for the
variable “number of calls made last week” were collected. For the length of the calls, the number is even
smaller as some of the LRs added up the total number and found values that did not make sense (e.g. 39
hours); these numbers were modified and handled as missing data. Thus, a total of 141 answers were
used to calculate this variable, as well as the average length of each call. According to the data, people in
Mankosi made an average of 4.35 calls in the week prior to the survey. The average total length of these
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calls was 17.95 minutes, with an average length per call of 3 minutes 20 seconds9. A large proportion
of people made shorter calls as shown in Figure 4.6, even though they were made for social calling as
reported earlier. The longest calls were associated with users who reported having received big discounts
(90 – 100%) when using MTN Zone, and these represent a minority of the calls.

Figure 4.6: Average call length.

Variable Number of calls Minutes called Average call SMS sent Money on bundles
last week last week length last week last month

Airtime top up
.458**(185) .563**(132) .420**(132) .318**(206) .786**(19)

last week
** - p<0.01 * - p<0.05.

Table 4.8: Spearman correlations between “Airtime topped-up last week” and communications-related
variables (n shown in brackets).

Table 4.8 presents the strong positive correlations between the amount topped-up in the last week and
the number of calls made, total minutes called, average call length, SMS sent last week and money spent
on bundles in the last month. The same trend (and correlation) is shown by the other variables related to
increased airtime (airtime transferred by others, airtime topped-up in others’ phones and airtime received
in promotions). These results, although apparently obvious (the more people are willing to spend on
communications, the more they can communicate), show the important role played by the cost of the
airtime (including the mark-up), especially for those who cannot afford it.

Variable Number of calls Minutes called PleaseCallMe SMS sent Money on bundles
last week last week sent last week last week last month

Days without
-.260**(185) -.291**(134) .147*(203) -.220**(207) -.636**(19)

airtime last week
** - p<0.01 * - p<0.05.

Table 4.9: Spearman correlations between “Days without airtime last week” and communications-related
variables (n shown in brackets).

9The average total call-length is not equal to the number of calls times the average call-length per call, due to the disparities
in the sample size.
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This trend is further corroborated by the days without airtime as shown in Table 4.9. The greater
the number of days without airtime, the less people communicate. It is worth highlighting that in the
absence of airtime, people still use PleaseCallMe10. Additionally, as shown in Table 4.10, there is a
strong positive correlation between communication indicators.

Variable Number of calls Minutes called Average SMS sent
last week last week call length last week

Number of calls made last week .751**(141) .257**(141) .235**(195)
Minutes called last week .768**(141) .252**(141)
Average call length .160º(141)

** - p<0.01 * - p<0.05. º p=0.058

Table 4.10: Spearman correlations between communications related variables (n is shown in brackets).
Then, people were asked about the number of calls they made to people in Mankosi, the number of

SMS and PleaseCallMe sent last week, whether they had had problems with the operators signal in the
last week and whether they had used Internet on their phones in the last month. These questions were
only asked to people having a phone, a SIM card, or someone who reported having used someone else’s
phone last week. Thus, a total of 221 answers were considered. The number of valid answers for the
number of PleaseCallMe was later reduced to 217, as there were four respondents who reported values
over the maximum limit allowed by their mobile phone company11.

People reported mainly making calls to someone outside Mankosi, with only 26.7% reporting that
“Most” or “All” their calls were made to people locally, thus confirming that they mostly communicate
with their relatives outside the community [33]. With regards to the number of PleaseCallMe sent, 67%
of respondents reported using the service, with an average of 9.98 sent in the last week. This contrasts
with the number of SMS sent in the last week, where 41.7% reported not having sent any in the last week,
and the average was 1.75. In both cases, and corroborating Bidwill et al.’s findings [30], older people use
these services less (see Table 4.11 for more details), which is attributed to the lower capacity to read and
write IsiXhosa and English reported earlier12. Thirty nine percent of the respondents reported having
problems with the signal of the operator during the last week when making or receiving calls (something
the researcher has experienced personally on several occasions).

Variable Grouping Md n χ2 p

PleaseCallMe sent last week
15-29 6.0 131

20.631 0.0030-49 5.0 58
50+ 0.00 24

SMS sent last week
15-29 1.00 135

28.261 0.0030-49 0.00 58
50+ 0.00 26

Table 4.11: Median comparison [Kruskal-Wallis] among categories in variable “Age” and services used.

With regards to Internet use, 22.2% of the respondents reported having used it in the last month.
From those, 42.9% reported having bought data bundles in the last month. Among them, the average

10It allows sending a message through Unstructured Supplementary Service Data (USSD) containing the caller’s cell-phone
number and a ten-character text intended to identify the caller. Users can personalise this text once per day [30].

11In the moment the data was collected the maximum number of PleaseCallMe per day allowed from MTN in a day are
5 and 10 from Vodacom. http://mypleasecallmeback.blogspot.com/2013/02/call-me-back-cell-
cvodacommtnvirgin.html Last accessed 8 November 2014.

12A Kruskal-Wallis analysis shows significant difference in the number of SMS and PleaseCallMe sent among the three
ability levels in the four variables regarding reading and writing. People with a reported ability of “Not at all” had the lowest
values in all tests.

http://mypleasecallmeback.blogspot.com/2013/02/call-me-back-cell-cvodacommtnvirgin.html
http://mypleasecallmeback.blogspot.com/2013/02/call-me-back-cell-cvodacommtnvirgin.html
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expenditure on data bundles in the previous month was R12.15. There seems to be a strong correlation
among the variables money spent on bundles in the last month, average call length and the number of
SMS sent in the last week, as shown in Table 4.12. This suggests again, as presented in Table 4.10, that
the more people communicate, the more they are inclined to use all means available to do so.

Variable Average call length last week SMS sent last week
Money spent on bundles last month .609*(19) .534* (20)

** - p<0.01 * - p<0.05.

Table 4.12: Spearman correlations between “Money spent on bundles last month” and other
communications-related variables (n is shown in brackets).

Internet was used more on mobile phones by younger people than it was by older people, as shown
in Table 4.13. As in the case of the PleaseCallMe and SMS, a Chi-square test for independence (with
Yates Continuity Correction) indicated significant association between the use of Internet and the ability
to read and write English and IsiXhosa, as shown in Table 4.14. All cross-tabulations between those who
used the Internet last month, who answered “Easily” in any of the four variables regarding ability (read
IsiXhosa, write IsiXhosa, read English and write English), show values over 71%.

Variable Grouping: Use Internet on the phone Md n U r p

Age
Yes 21.0 41

2601 .27 .000
No 28.0 170

Table 4.13: Median comparison [Mann-Whitney] among categories in variable “Used Internet on the
phone last month” and “Age”.

Finally, people were asked about whether they thought there was something preventing them from
communicating more, and if so, to mention the factors. A total of 44.3% of the respondents answered
positively. The combination of lack of a charged battery, bad signal and lack of airtime comprised 92.3%
of responses, with lack of airtime alone being the factor preventing communications for 46.2% of the
respondents.

Grouping: Use Internet on the phone Level of ability % n χ2 p

Read IsiXhosa
Easily 85.7 42

8.886 .012With Difficulty 14.3 7
Not at all 0.0

Write IsiXhosa
Easily 89.8 44

8.448 .015With Difficulty 8.2 4
Not at all 2.0 1

Read English
Easily 81.6 40

29.638 .000With Difficulty 12.2 6
Not at all 6.1 3

Write English
Easily 71.4 35

36.552 .000With Difficulty 22.4 11
Not at all 6.1 3

Table 4.14: Chi-square test for independence between the use of Internet and the ability to read and write
English and isiXhosa.



Chapter 5

Evolution of the Initiative

5.1 First cycle (April 2012 - June 2013) - Partnership and free will

5.1.1 Setting goals and sanctioning commitments

The first visit to Mankosi was meant to assess the possibility of using wireless mesh networks operated
locally to reduce communication costs. Previous research showed that rural costs were high compared to
their urban counterparts [30]. The research team in the field included two people, the doctoral student and
a postgraduate student in Computer Science who spoke both English and isiXhosa (the local language)
fluently. His role was important for bridging communication between the academic researchers and the
community.

Interviews were held with other development agents in the community, which, when put together with
the results of previous research in the area by the group and knowledge of the potential of technology,
yielded the idea of using public phones on a mesh network to provide cheaper calls within the community.
A meeting with the Headman was held, following an acknowledged protocol for anyone wanting to
start a project in a rural Xhosa community [126]. This meeting covered the idea of local calls, the
intervention’s pros and cons, and potential benefits to the community. The Headman appreciated the
intervention’s benefits, and called a larger meeting with sub-headmen, messengers, advisors and other
people interested in community development. The project idea was presented again to the larger TA, and
after receiving positive feedback, the research group was granted permission to work in the community.

Those meetings also delineated mutual commitments. The research team agreed to provide eight
solar powered nodes1 (that ended up being ten), to provide voice services throughout the community
and to provide training for the nodes’ installation and management. The TA committed to choosing
the households at which to place the mesh nodes, and to deciding the payment mechanisms and pricing
for calls in order to achieve financial sustainability. Furthermore, a TA-endorsed team was expected to
manage and operate the network. The research team was given permission to monitor the process for
research purposes. The local NGO also joined the partnership by allowing the installation of a data-
collection server laptop on their premises. They also agreed to provide access to the NGO’s tools and
vehicles for local transport.

In the period between the first and the second visit, the TA participated actively in the design of the
network, especially by proposing households for the location of the mesh nodes. Their selection was
based on a set of constraints decided upon among all stakeholders:

1. One should be able to see at least three other houses with mesh nodes from each location, to create
a dense mesh so that no single node is essential for communication among other nodes to occur.

1The number of nodes came imposed by the budget available for the project.

51



52 CHAPTER 5. EVOLUTION OF THE INITIATIVE

Thus, most of the chosen houses were those on top of hills and provided clear LoS with multiple
neighbour nodes. In this way, no single node is essential for the rest to communicate.

2. Each household should meet the physical constraints required by the wireless mesh nodes. Initially,
the criteria were that houses should not be further than 1 km apart, to comply with the regulations
and the features of the off-the-self devices, but as seen in Figure 3.3 this criterion was not met and
external antennas were required.

3. Each household should benefit the institutions working in the community.

4. The selection of household should benefit the community at large, i.e. the household selected
being surrounded by other households.

5. The household should offer security for the installation, to prevent the theft of devices, specifically
by having some kind of fence around the house or at least many people living in and around the
homestead.

It is worth noting that the TA’s node location choices met the constraints aforementioned while simul-
taneously satisfying local politics, e.g. the ten nodes were located in ten of the twelve villages that made
up the community. Additionally, given the hilly terrain where the community is located, the proposed
node positioning provided by the community was, if not the most optimal one, at least close to it.

5.1.2 Working with local researchers and technicians

Based on the successful use of the strategy in previous projects [27], LRs were recruited to bridge lin-
guistic and cultural gaps between the research group and the community. A local-born young man played
a leading role. He had been involved in previous projects and enjoyed respect amongst local stakehold-
ers. The LRs were hired to collect and interpret data via questionnaires and interviews. The fact that
there were funds to hire LRs but not for the project itself, e.g. hiring people to operate the phones,
created some tension. However, careful explanation of roles and the empowering nature of the project
resolved this potential source of deadlock. It is worth noting that all data collection activities were used
for dissemination purposes as well, e.g. informing people that the project belonged to Mankosi.

To increase the sense of ownership, local technicians were expected to install the network. Thus,
the TA called for and appointed members of the community who were interested in being trained and
assisting with installation. Transportation and food were offered during the proceedings, albeit no remu-
neration. The response to the general call was encouraging and a team of 4-5 people attended every day
over a span of two months. In the initial training sessions, theory was followed by hands-on practical ex-
ercises, e.g. basics of electricity followed by dimensioning and installing a solar system. After a sample
unit was constructed by a trainer, trainees constructed additional units by themselves under a watchful
eye (see Figure 5.1).

Training was also provided to end users by the installation team. At least one member from each
homestead attended. The training covered both practical maintenance tasks and in-depth detail about
how things work, especially the electrical power. This included concepts regarding the security and
consumption of battery power (see Figure 5.2). All training was given in the local language. If the
trainers were English-speaking, then an LR translated to and from isiXhosa.

The solar system was modular, allowing each piece to be disconnected for repair independently, i.e.
a panel with a user console on top and the wiring beneath. More details on this design are provided in
Section 6.2.2.1.1. The rationale behind the design was explained to trainees in depth, including how to
change fuses and replace them with bigger ones, and the consequences of doing so, to encourage end
users to learn about solar and electricity basics and to allow them to gain confidence while facilitating
localised maintenance. In practise, most maintenance has been done by the lead LR, as he wanted to
make sure that he understood the different sources of failures before allowing others to experiment.
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Figure 5.1: Local installation team at work.

Figure 5.2: Training session with the end-users.

The involvement of local people during installation was expected to increase their confidence and
provide sufficient technical knowledge to reduce external dependency. To take this approach further,
the local support team was encouraged to replace antennae independently. After the installation of the
antennae and some tweaking of the software done with the remote assistance, the local team made the
network fully operational by themselves.

5.1.3 Considering options for financial sustainability

From the beginning, a strong emphasis was put on the need to generate some form of income to maintain
the network. The solar systems that power the routers were intentionally over-dimensioned to allow users
to charge mobile phones. Following the example from [27], they considered this an additional revenue
stream. This extra energy generation was also intended to allow users to plug in other devices such as a
light and/or radio, and thus contribute to a sense of project ownership and encourage care of the system.

Collecting money from charging mobile phones raised questions for some locals, as they considered
the system (including the chargers) an external intervention meant to provide free services to all, and
some decided not to pay. Following a meeting organised several months after the stations had been
operational, a fee and a mechanism to collect money collectively for charging mobile phones were agreed
upon. Until this moment, each station holder was keeping the money in the household. Additionally,
they discussed the use of the public phones, which were being used only for TA-related purposes. This
discussion revealed emergent tensions and misunderstandings, as well as a general lack of information
with respect to the network and its intended usage. According to someone hosting a phone:
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Figure 5.3: Image of a meeting in one of the villages of Mankosi.

“People in our villages do not use the mesh network because I think we didn’t spread or
introduce properly the mesh potato network in our villages”.

Consequently, it was decided to allow people to use the public phones for free yet pay to charge a
mobile phone. Local management of the fee collection did not immediately yield fruitful results. Fol-
lowing discussions between the Headman and the doctoral student, a meeting was organised to clarify
several misunderstandings, particularly the benefits expected by the people hosting the points and col-
lecting money for charging phones. It become clear that a substantial challenge was the deadlock caused
by a series of expectations, partly conditioned by previous projects in the community, and partly by the
emulation of local hierarchical structure. For example, as in previous projects local people were hired for
various activities, it was expected that the hosts of access points would also be hired and were entitled
to keep the money for charging phones. The meeting was an occasion to discuss again community ben-
efits, as agreed in the initial partnership, and to reflect on how local people could organise themselves to
manage the process properly. They proposed to charge R3.00 per phone and agreed to meet in a month
to check on performance, before discussing the idea with the community. The use of internal calls was
also discussed. It became clear that they were not many such calls, because they could only call between
villages. In their opinion, the project would be much more useful if it enabled people to call mobile
phones, i.e. make breakout calls. The doctoral student confirmed this possibility, pointing out that for
this to happen, two things were necessary: a) that money be collected consistently to pay for an Internet
connection; and b) that some sort of institutional arrangement was in place for them to do it legally.

5.2 Second cycle (July 2013 - September 2014) - Establishing trust, own-
ership, financial and legal resources, and tools

This cycle started with a community meeting with more than 150 people held on 2 July 2013, where a
committee composed of a representative from each household hosting an access point was confirmed and
given the responsibility for making breakout calls a reality. It was decided to create a completely new
committee in order to start afresh, avoiding the distrust associated with existing development agents in
the community.

Additionally, village meetings were conducted by the lead LR to give those community members
not able to attend the community meeting the opportunity to learn about the project and the agreements
reached (see Figure 5.32).

5.2.1 Building local control and accountability mechanisms

A new engagement protocol was decided upon for this cycle. Previously, the doctoral student wanted
to be part of all discussions, and translation was necessary. In this cycle, the meetings were prepared
in advance by the lead LR, and the role of the doctoral student became more that of a consultant. In

2Credits to M.J. Ufitamahoro for the picture
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Figure 5.4: Capture of a committee meeting.

addition, meetings were conducted on local terms, using local language and concepts. For example,
when concepts like VoIP and Internet bandwidth were introduced, examples were used that committee
members could relate to day-to-day experiences. Additionally, discussions were limited to a smaller
number of topics so as to not overload meetings.

Attendees started to make decisions about what to do with the money collected and how to solve
problems. At the beginning of every meeting, each member handed over the money collected in his/her
household since the last meeting. Logbooks were used to keep track of how many phones had been
charged. In the village meetings it was stressed to users that they should have their name recorded every
time they charged a phone to prevent abuse and provide accountability. The amount brought by each
committee member was often higher than the one reflected on the logbooks. Even when a R100.00
contribution was established as a minimum to ensure that no one cheated, some members brought more.
This included one of the two members exonerated from this quota, as their houses were in areas with
other charging options, and so were not reaching the minimum. The money brought by each member
was counted, and both the total amount collected in the household and by the committee that month were
written back in the logbook. The same transparent approach was taken with expenses, so that all receipts
coming from agreed purchases were shown.

5.2.2 Setting workflows and protocols for local decision-making

More people attended meetings than in the previous cycle (see Figure 5.43). To foster flexibility and
allow committee members to run private errands, it was possible to postpone meetings where a minimum
number of attendees could not be confirmed; and when lead participants were unavailable, other family
members could attend in their place. Important agreements made earlier were repeated in subsequent
meetings, to ensure everybody was on the same page. Local people started taking a more prominent
role, and it was often committee members leading the discussion rather than the lead LR. In some cases
agreements were reopened and this introduced delay, yet this approach reinforced the autonomy of the
members having taken the decision.

Decisions were always made collectively (see Section 6.4.1.2 for more details). For instance, it
was realised that there might be some external interest, so the committee was asked for permission to
talk about the project to the press, and when possible to invite an LR to do the talking, e.g. during
the Information and Communication Technologies and Development conference in December 2013 held
in Cape Town, and the Department of Science and Technology budget vote in July 2014. The outside
interest in the project and the prominent part played by one of their peers, the lead LR, provided an
additional boost to their self-confidence, as they wanted to be a good example for others to follow.

The changes in the meeting process were not devoid of challenges. People were not used to making
decisions, and in many instances they still turned to the doctoral student to ask for authorisation for a

3Credits to Y. Getachew for the picture
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given decision, or directly asked him to make the decision on their behalf. The doctoral student was,
however, firm with respect to non-interference, marking his outsider, consultative role with the phrase
“Abalungu out”, meaning there were no white people interfering in the process, and that he was merely an
observer at their meetings. This approach seems to have contributed greatly to independent and confident
action, as demonstrated during the process of lodging the co-operative. When it was suggested that they
could receive help from a local expert or from the local municipality, they rejected the offer, proving to
themselves they could do it alone.

5.2.3 Milestones within the cycle and official certification

At this stage, several of the milestones initially set for the project’s goal to be achieved were met. The
most important ones are listed below:

• Installation of lights in the households. (July – August 2013)

• Obtaining the Co-operative certificate (17th March 2014)

• Lodging license application (9th April 2014)

• Opening the bank account (7th July 2014)

• Developing a billing system for the calls (April - July 2014)

• Installing the Internet gateway (14th July 2014)

The installation of lighting was one of the demands made by committee members as compensation
for work done within the project. Two Light-Emitting Diode (LED) lights fed by the solar system were
installed in 7 of 8 houses. Installation was done by two locals trained by the doctoral student, and both
their work and the materials were paid by each of the households. As another form of compensation, they
were allowed to charge their own mobile phones for free. Both forms of compensation were approved in
the aforementioned community meeting.

Lodging co-operative and license applications were delegated to the lead LR and the doctoral student,
including preparation, paperwork and the coordination of logistics (see Section 6.1 for more details).
Although this process was led by the doctoral student, the decisions and the challenges were shared in
the meetings. Therefore the official co-operative registration was celebrated with rounds of applause. The
same happened with the opening of the bank account, a process that was completely led and completed
by locals. From that point on, the initial committee members were recognised as board members of an
officially registered co-operative.

5.2.4 Technical implementation of the break out calls and the billing system

The billing system was co-designed with the community, and more concretely with the co-operative
board members and their families as described in Section 6.2.2.1.2. This ensured that: a) the billing
system met their needs, b) they understood how it worked and were able to operate it and c) they trusted
the money collection system. During co-design workshops, it was emphasised that both Internet Service
Providers (ISPs) and VoIP providers would request payment for any use of their services, so special atten-
tion was given to preventing abuse of the system. The implementation was meant to reduce complexity,
and even elders managed to complete the training successfully. When they pointed out that they might
forget about the process from a lack of practice, one of the members said that this was good, because it
would force them to stay awake and committed.

The implementation of the billing system and the VoIP architecture to allow and bill breakout calls
was done entirely by the research group. This included the discussion with VoIP providers to get the
cheapest per minute prices, and the most suitable technology for the Internet gateway. In all cases, the
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Figure 5.5: Billing system training.

options and their consequences were discussed in co-operative meetings, and the providers (the prices
at which they buy the minutes) and the prices for the service (the price at which they sell the minutes)
were decided by co-operative board members. It was decided that once the training for the billing system
had been completed in all households hosting the system (see Figure 5.54), and the gateway had been
installed, they would proceed to offer the service. During the installation process for the gateway, which
required adding another node to the mesh network, it became obvious that the training done in 2012 had
been forgotten, and required reinforcing.

5.3 Third cycle (October 2014 – April 2015) - Providing services legally
and learning from it

This cycle started the moment all houses in the co-operative were able to provide breakout calls.

5.3.1 Towards independent operation

The communication protocol with the community was changed again, following the proposal of the lead
LR, who proposed that co-operative members lead the meetings and call on the community to attend,
reducing the exposure of the doctoral student and increasing that of other co-operative members. This
resulted in four co-operative board members (plus one in whose village the meeting was taking place)
becoming involved in the communication campaign.

That was the first of a set of logistical tasks that local people carried out more independently in
this cycle. Additionally, they acted independently to open a bank account (see previous cycle), activate
Internet banking, and obtain a Tax Clearance certificate. They also deposited money several times into
the account. Amounts were communicated several times during meetings, and then the deposit slip was
shown during subsequent meetings.

They also performed other tasks to foster the use of the service, especially after the concession of
the license by ICASA in September 2014. This included displaying posters touting the availability and
cost of the new service, participation in community meetings to disseminate information about the new
service offered further, and keeping the gateway at the school operational, especially after the battery
purchased for its operation when the power grid was down became damaged and a new one had to be
purchased in Mthatha.

4Credits to W.D. Tucker for the picture



58 CHAPTER 5. EVOLUTION OF THE INITIATIVE

5.3.2 Solving issues and tensions

This new level of independent action came with its own tensions and problems, which provided further
motivation and encouragement to act autonomously, as the following example illustrates. One station
owner decided to leave the project, and therefore his station needed relocation. This station had been
problematic since the beginning of the project, as it was unusually close to houses with electricity. It was
therefore given a waiver to bring in the R100.00 agreed upon. In time it became obvious that the problem
was that the station was installed in the room of an elder’s oldest son, outside the control of the rest of the
household. He was charging phones for his friends, either for free or keeping the money. The situation
was confronted by the lead LR and other co-operative members, who raised concerns about abuse of the
system. The elder asked the co-operative to remove the station from the house rather than requiring him
to pay for the abuses of his children. The station was immediately stored in another board member’s
house. A community meeting then decided that the station would be relocated to a house in one of the
villages that did not yet have a station.

A different type of solution was opted for in another case, when the revenues continued to be low
from a house situated centrally, and therefore able to serve many people charging phones. A special
meeting was called to tackle this issue and it was decided that any outstanding amount was going to be
recorded in the operator’s logbook, so anyone could see, and he was going to be constantly reminded
to pay his debt. He agreed, and slowly balanced his account. However, in the last meeting, discussions
revealed that the problem had deeper roots, as the house owner expressed his belief that he was entitled
to payment for the services brought, especially since he had been appointed as a host without his express
agreement.

Solving matters locally was considered as important as managing the network with care and trans-
parency, serving community rather than personal goals and providing an example to all in the community.
In a discussion about using university funds to provide more specialised training to some youth members
of the community so as to engage them more in the project, the lead LR said:

“I don’t think that will give them a good idea of the project. I’m always worried about the
image acts will do, misunderstandings, etc. They may think there is money to do everything
for free, and it’s not the case”.

5.3.3 Spill-over effects and future plans

The public service nature of the project goes beyond the telecommunications co-operative, as oppor-
tunities to engage in other projects have arisen. For instance, when a partnership with an innovation
incubator was discussed to receive marketing training and support, the co-operative members asked if
this could include other businesses in the community. Although the co-operative has been awarded with
free incubation, this partnership did not materialise within the third cycle. It was interesting to observe
how much effort they put into it. While the interest of national and international researchers already
motivated them to perform better, the lead LR was convinced that people would be further motivated and
proud if people from a big town came to learn about the project.

Marketing training for the co-operative members seems a pertinent next step. Despite the effort that
went into offering cheaper breakout calls, they have not managed to change local people’s habits, who
prefer to make cellular calls despite the expense. Thus they have asked the research team to study the
feasibility of offering the service to mobile phones. This starts a new phase of the project.
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5.4 Fourth cycle (May 2015-Ongoing) - Making more services available
and used

The project is still ongoing beyond the three EAR cycles included in this dissertation. The co-operative
has continued meeting (including meeting for the first time without the presence of the lead LR) and
deciding the best ways to move forward. This includes dealing with a host who is not contributing as
expected, selecting the new house to relocate the station removed at the end of the third cycle and overall
finding ways to keep their commitment to fulfill the goals of the co-operative.

In this regard, the business training received from two members of the ICT incubator in July has con-
tributed significantly. During the training they established realistic goals for the co-operative to achieve
during the following year, which included an economic remuneration for their work if the goals were
met. Goals included increasing the usage of existing services, and introduction of new ones, such as
Internet provision to the school and other development agents in the community, and specific steps to
achieve them. Initial data collected revealed a large increase in the use of the breakout calls after the
training. It also included a study of their expenses and ways of reducing them. This investigation re-
vealed that a considerable part of the budget was being used to cover the petrol for the lead LR to conduct
maintenance that did not require advanced levels of understanding of the system, such as the substitution
of a fuse. It was decided that he should train the rest of co-operative members, something that he did at
the beginning of August.

Additionally, the team led by the doctoral student has continued to respond to the request posed by
the community to provide the discounts to mobile phones. In particular, and considering the data from
Section 4.3 about how expenditure on charging the phone contributes to total expenditure on commu-
nications, the battery consumption of different low-cost WiFi-enabled phones is being studied in order
to determine the most battery-efficient option [123]. Additionally, the possibility of accessing the GSM
spectrum so people can keep using their phones is being explored from a legal perspective. It appears
that the only way forward within the regulatory framework is the creation of virtual MNO which uses
existing infrastructure from MNOs.

For the provision of Internet connectivity to the school and the backpackers’ lodge, better backhaul
services are required, and so the doctoral student is liaising with Telkom and Neotel to access wholesale
deals better than the ones offered by the MNOs in the area. With Telkom, the process of becoming a
wholesale client has been cumbersome, as initially they did not recognise the organisational structure
and license-exemption obtained by Zenzeleni as an entity entitled to obtain wholesale pricing. After
six months, it was finally accepted as soon as ERS got involved with their legal department. Currently,
the co-operative is trying to raise the R10,000.00 required as a deposit to finalise the process, with the
assistance of the doctoral student.
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Chapter 6

Acceptability Study

6.1 Legal acceptability

In this section, the results presented aim at providing data to answer the following research question:
does the telecommunications operator and the network required to provide voice and data services fit
into the current policy regulatory framework of the country where services will be provided?. To do so, it
first presents the background of the regulatory framework in South Africa. Then, it describes the process
followed to make the Mankosi CN fit into this framework. Lastly, it describes the lessons learned during
this process.

6.1.1 Regulations in South Africa

6.1.1.1 Electronic communications

The registration, transfer and granting of service licenses and license exemptions in South Africa is per-
formed by ICASA in accordance with the provisions of the Electronic Communications Act, 36 of 2005
(ECA) [140]. Recent amendments to the ECA have been introduced by the Electronic Communications
Amendment Act, 1 of 2014 (ECAA) [149], but they have no particular effect on the case discussed here,
so the ECA will be used as reference in the rest of the document. According to ICASA, applications
are processed within a period of 5-7 weeks after reception. In South Africa there are two categories of
licenses regarding electronic communications:

• Electronic Communications Service (ECS) licenses allow the holder to provide licensed services
(such as the provision of voice and data services) to customers over its own or over another li-
censee’s network.

• Electronic Communications Network Service (ECNS) licenses allow the holder to establish and
operate a network. ECNS licensees are also able to enter into commercial arrangements with other
ECNS licensees in order for the former to benefit from the use of the network owned and operated
by the latter.

At the same time, both ECS and ECNS can be either Individual or Class. Individual ECNS (IECNS)
are national in scope and Class (CECNS) are regional, e.g. district municipality. The main difference
between Individual and Class ECS (IECS and CECS, respectively) is the numbering: if one requires
numbers ranging in accordance to the National Numbering Plan (NNP), one needs an IECS; otherwise,
one requires a CECS. One can be exempted from holding an ECS license under any of the following
circumstances [142]:

• A person or company who provides ECS on a non-profit basis
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• A reseller who provides ECS duly obtained from another licensee

• A person who provides an ancillary service: single or bundle of retail services which do not amount
to an ECS and includes necessary but incidental elements of ECS, where such ECS elements do not
constitute the major purpose, utility or value of the service, including but not limited to, tracking,
alarm and similar services

One can be exempted from an ECNS license as either [142]:

• A Small Electronic Communications Network Service (SECNS), which is a network that lies
within a limited area, and is used by a specific user group (must use frequencies which are li-
cense exempt).

• A Private Electronic Communications Network Service (PECNS), which is a network used pri-
marily for providing electronic communications for the owner’s own use [140]. Where a PECNS
resells, leases or otherwise makes available any spare capacity on its network to a third party, such
resale, lease or other provisioning of spare capacity is subject to additional regulations.

6.1.1.2 Radio spectrum

In addition to complying with the ECA and the ECAA, the use of radio spectrum is also regulated by
ICASA. Most bands require a license, but as in many other countries, networks operating in Industrial
Scientific and Medical (ISM) bands are exempted from obtaining one. Although some manufacturers are
producing equipment in 900 MHz and 17 GHz ISM bands that are exempted, in this section the focus
will be on the ones that are defined in the 802.11 standard [88], i.e. 2.4 GHz and 5 GHz. According to
ICASA, use and possession of all forms of radio apparatus that operate in those bands must still comply
with the following requirements [146]:

• Each radio apparatus must be type-approved by ICASA.

• The technical characteristics of type-approved devices (frequencies, transmit power and external
high-gain antenna) must not be altered without a new type approval certificate issued by ICASA.

• The devices must be operated within, and not exceed, the technical parameters set out by ICASA.
In the regulations for the 802.11 bands, the more relevant parameters such as the Equivalent
Isotropic Radiated Power (EIRP) and the topology to which they apply, e.g. PtP or PtMP, are
presented in Table 6.1.

• The antenna must always be used at the lowest average height where the device will still work
effectively.

• The user must operate it on a secondary basis, i.e. must not cause interference on another license
holder.

• The user will receive zero protection from interference from the Authority.

6.1.1.3 Co-Operatives

Registration, operation and management of co-operatives is performed by the CIPRO in accordance with
the provisions of the Co-Operatives Act, 14 of 2005 (CA) [139]. Recent amendments to the CA have
been introduced by the Co-Operatives Amendment Act, 1 of 2014 (CAA) [147]. On its website, CIPRO
states that an application will be processed within 10 days after the application has been lodged.
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Band (MHz) Tx Power EIRP Link Topology
2400-2483.5 n. d. 20 dBm PtP, PtMP
5150-5350 n. d. 23 dBm PtMP
5470-5725 n. d. 30 dBm PtMP
5725-5850 n. d. 36 dBm PtP, PtMP
5725-5850 [143] 1 W 53 dBm PtP

Table 6.1: Regulation of 802.11 bands in South Africa.

In the act, co-operatives are defined in layers. A primary co-operative is defined as “a co-operative
formed by a minimum of five natural persons whose object is to provide employment or services to its
members” [139]. A secondary co-operative means “a co-operative formed by two or more primary co-
operatives to provide sectoral services to its members, and may include juristic persons” [139]. Among
the different types of co-operatives defined, the CA defines the possibility of co-operatives to be not-for-
profit as a social co-operative which appears as “a non-profit co-operative which engages in the provision
of social services to its members” [139].

Additionally, the CAA introduced categorisation for primary co-operatives [147]: A, B and C, de-
pending on their size. There is no explicit definition of the size apart from small, medium and big. For
category A, the amendment says “Category A primary co-operatives must produce an annual report
which does not have to be audited or independently reviewed, to the registrar in respect of each financial
year, signed by the directors of the co-operative.” [147].

6.1.1.4 Application process and fees

In this subsection, the focus will be on Class licenses. A community telco does not intend to cover
a national area, so it does not require an IECNS. It does not require an IECS either, because it is not
required to use numbers from the NNP. The registration of each CECS and CECNS license has an initial
registration fee of R10,400.00, e.g., if both are needed then the fees total R20,800.00. There is also a
renewal fee of R5,200.00 after 10 years. If one builds infrastructure in two different municipal districts,
then two different CECNS are required [148].

Additionally, if any of the licenses generate revenue, the holder needs to pay an annual fee. The con-
tribution is a factor of the revenue obtained by the holder. For the lowest group (R0.00 - R50,000,000.00),
which is the most likely for a community telco, the annual fee is 0.15% of that revenue [148].

If exempted from holding a license, one is exempted from paying registration, renewal and annual
fees. Instructions and forms to apply for licenses and exemptions can be found in [145]. In the case of
the telco being constituted as a co-operative, the instructions and forms to register the co-operative are
included in [141]. The cost of registering one is almost negligible, less than R300.00.

6.1.2 Process followed

6.1.2.1 Zenzeleni Networks Ltd

In order to be able to fit within the ECA requirements, an entity that could apply for the licenses described
above needed to be set up. The community in Mankosi gave the mandate to do so to a committee
comprised of a member from each household hosting an analogue phone, some of them TA members
(see Section 5.2 for more details). This committee decided that they wanted to organise themselves as a
co-operative, as they had already received information from the local municipality of its benefit and the
potential support they could be provided with. An application to register the “non-specific” co-operative,
Zenzeleni Networks Ltd., was submitted on the 21 January 2014. In the cover letter of the application, it
was argued that Zenzeleni would fit in Category A of the forthcoming CAA regulations.



64 CHAPTER 6. ACCEPTABILITY STUDY

Zenzeleni Networks Ltd. was officially registered on 5 February 2014, although the certification did
not arrive to the chairperson until 26 March 2014 (the certificate from the DTI has been included in
Appendix E). These are the three goals of the co-operative registered:

1. To provide telecommunication services (voice and data) to its members on a non-profit
basis. The co-operative will negotiate wholesale prices with ISPs and will maintain
and operate a telecommunication network deployed in Mankosi Administrative Area
(AA) to reduce the cost of communication amongst its members.

2. To reinvest the surplus generated by its activities in initiatives aiming at the upliftment
of its members, the co-operative will, once a year, select local development initiatives
proposed by its members which will receive funding for their start-up and/or expan-
sion.

3. To operate and maintain solar charging stations to augment the financial sustainability
of the telecommunication services. The co-operative will use existing solar power
generation and storage systems, and will ensure the security and full charge of the
devices.

6.1.2.2 License exemptions

Once the co-operative’s registration certificate was obtained, the paperwork for the exemption of the
CECS and CECNS began. The application was submitted on 10 April 2014. The exemption request for
the CECS was done on the basis of constituting Zenzeleni Networks Ltd. as a non-profit telecommu-
nications co-operative. The request for ECNS exemption was done via presenting the co-operative as a
PECNS, i.e. “used primarily for providing electronic communications for the owner’s own use”. For this
to work, users of the network needed to become co-operative members; so users are owners, as in most
CNs. The license exemption for both was received on 10 September 2014 (the letter from ICASA has
been included in Appendix E).

6.1.2.3 Challenges to the process

Although Zenzeleni achieved license exemption, this process was not free of challenges. As there is no
specific regulation for social co-operatives, and the regulations for Category A primary co-operatives
were not available at the time of application1, CIPRO recommended using generic forms and either
removing parts or leaving empty those which did not apply. This was done, but when the documents
needed to be certified by a Commissioner of Oath, he would not sign a document with empty sections. It
was necessary to put both institutions in contact for the commissioner to unblock the process.

More than six weeks transpired between the time when the co-operative was registered and when
the registration certificate was received by the co-operative. People in Mankosi do not have a postal
address and everyone shares one at the local store. However, the store’s postal address is not physically
in Mankosi either; it is a post office box in Ngqeleni, a town 50 km away. Additionally, the store is 10 km
from the co-operative’s chairperson’s house, who relies on a letter to be forwarded to one of his relatives
at a nearby school.

These six weeks of delay were negligible compared to the delay experienced with ICASA. Initially,
a backlog in processing applications was provided as a reason; but then applications lodged after Zen-
zeleni’s application started to be resolved. It is suspected that the application was delayed due to its
novelty and as in the previous case of submitting paperwork for the co-operative, it required personal
interventions to unblock the process. It is believed that now that a precedent has been set, similar cases
should not experience the same delays.

1Not yet available by the time of finishing this dissertation in September 2015.
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1 20 21 22 23 24 25 26 27 28 29 31
1 0.16 0.12 0.28 0.12 0.18 0.19 0.22 0.16 0.24 0.24 0.88
20 0.53 0.26 0.58 0.99 2.41 1.51 1.20 2.88 3.85 0.19
21 2.93 0.64 3.00 1.01 1.93 0.40 2.46 0.46 0.71
22 1.40 1.84 1.37 4.49 0.38 1.62 0.39 0.46
23 4.20 1.05 1.53 0.32 0.42 1.89 0.24
24 4.22 3.96 0.96 3.62 2.85 0.28
25 3.14 0.47 4.11 1.65 0.30
26 0.32 4.12 0.33 0.36
27 1.08 4.35 0.31
28 3.45 0.38
29 0.29
31

Table 6.2: Throughput (in Mbps) obtained in between every pair of nodes in the network for SlotTime
199µs.

6.2 Technical acceptability

This section aims at providing data to answer the following research question: is the network proposed
able to provide voice and data services with a given QoS, while being operated and maintained by village
members?. To do so, results from analysing the performance of the network deployed in Mankosi and
described in Section 3.4 will be presented first. Then, the capacity of the community to maintain and
operate the network is assessed. This is done into two steps. First, two solutions co-designed with the
community that ease the maintenance and operation of the network are described. Second, the results
from observing the community install, maintain and operate the network are presented.

6.2.1 Network performance

The capacity of the network has been assessed against the requirements of the applications that were
decided by the community to be run on it, i.e. calls among the public phones and, when the breakout
became a possibility, from them to the gateway.

6.2.1.1 Characterising network performance for internal calls via adjustment of the SlotTime

In this section the results obtained from the third set of traffic generation as described in Appendix A.3
are shown. Table 6.2 shows throughput obtained in between every pair of nodes in the network for
SlotTime 199µs, the value that maximised the aggregated end-to-end traffic between each pair of nodes
in the network. It is worth noting that for this value an increase of 115% is obtained over the standard
value (9µs for 802.11g), and 23.9% higher over the value that Madwifi’s athctrl uses when the distance
of the longest active PtP link in the network is used (24 µs). The results and analysis of this adjustment
are described in detail in Appendix C.

Provided the traffic generated per phone call is 82.86 kbps (0.083 Mbps), results show that a phone
call can happen between any pair of nodes in the network.

6.2.1.2 Characterising network performance for the breakout calls

After upgrading the nodes following the steps described in Appendix A.4.1, the network performance
was characterised. Table 6.3 presents the results from generating both Transmission Control Protocol
(TCP) and User Datagram Protocol (UDP) traffic towards the gateway (see Node 30 in Figure 3.4).



66 CHAPTER 6. ACCEPTABILITY STUDY

Origin Destination TCP traffic UDP traffic UDP traffic
received (Mbps) generated (Mbps) received (Mbps)

1 30 0.51 1 0.73
20 30 0.58 1 0.84
21 30 1.08 2 1.77
22 30 1.32 2 1.89
24 30 4.95 6 4.7
25 30 2.78 4 3.78
26 30 0.97 2 1.93
27 30 0.25 1 0.54
28 30 0.67 2 0.75
29 30 0.4 2 0.65

Table 6.3: Traffic performance towards the gateway.

Figure 6.1: Screen capture of Horst output after the UDP traffic generation between Node 24 and Node
30.

The traffic generated per node once the breakout calls are added to the internal calls is still 82.86
kbps (0.083 Mbps). In this case as well, links show sufficient capacity for a call to happen in between
any node and the gateway.

6.2.1.2.1 Preparing for the next phase

In the links that were expected to be direct links, Horst2 was used to monitor the rate used. Figure 6.1
shows a screen capture of the results obtained after the UDP traffic generation between Node 24 and
Node 30. As it can be seen, although most packets were sent at 24 Mbps, the end-to-end throughput
obtained was 4.7 Mbps. This contrasts with the expected throughput for the Coverage Class used: 10.7
Mbps3.

This led the doctoral student to consider that the limitations for such a poor performance could be in
the hardware, so two sets of tests were conducted in controlled conditions4:

• Between a high-end laptop and a MP01 connected via Ethernet. Figure 6.2 summarises the find-
ings.

• Between two MP01 using WiFi in a interference free setting monitoring that the transfer rate of
the packets were 48 or 54 Mbps. Figure 6.3 summarises the findings.

2Horst: http://br1.einfach.org/tech/horst/ Last accessed 30 July 2015.
3This value has been obtained using the formulas from [177]
4In both cases unidirectional UDP traffic with 1470 bytes packet size was generated using iperf.

http://br1.einfach.org/tech/horst/
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Figure 6.2: Comparing the maximum capacity between the MP01 and the MP02 by generating traffic
to/from one laptop connected via Ethernet.

Figure 6.3: Comparing the maximum capacity between two MP01 and two MP02 connected via WiFi.

The limitations detected in the network in Mankosi were confirmed in different ways across both
Figures:

• Both in transmission and in the reception, the MP01 is not able to generate or process above a
given amount of traffic.

• Stopping an application that requires considerable resources from the processor, like asterisk, in-
creases the performance in all cases.

• Receiving packages requires more resources than transmitting them, to the point that when receiv-
ing too much traffic the traffic drops to almost zero.

With asterisk running, the maximum traffic that could be exchanged between two MP01 using WiFi
is 6.03 Mbps.

With these results, carrying out experiments to characterise the traffic performance of the network
would provide inconsistent results as the hardware limitations would greatly influence them. Provided
that the co-operative had not generated yet sufficient funds to substitute the hardware, no more empiric
data could be obtained from the network. However, it is expected that they will do so in the future, so
similar tests to the above were conducted with the next generation of hardware from Village Telco, the
second generation of Mesh Potato (MP02). The firmware is very similar to the one currently installed
in the network (although new upgrades are already available), but the hardware has been considerably
improved, especially with respect to processing capacity. Table 6.4 shows the comparison between the
two. Additionally, the MP02 has a USB port, where a 5 GHz radio can be installed in order to meet to
regulatory framework (see Section 8.1.5 for more details). This will also provide more capacity in the
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MP01 [10] MP02 [11]
Frequency 180 MHz 400 MHz
Processor MIPS 4k MIPS 24K
802.11 Modes 802.11bg 802.11bgn
Sensitivity CCK, 1 Mbps -96 dBm -93 dBm
Sensitivity CCK, 11 Mbps -88 dBm -87 dBm
OFDM, 6 Mbps -91 dBm -88 dBm
OFDM, 54 Mbps -74 dBm -74 dBm
HT20, MCS0, 1 stream, 1 Tx, 1 Rx * -88 dBm
HT20, MCS7, 1 stream, 1 Tx, 1 Rx * -71 dBm

Table 6.4: Hardware differences between MP01 and MP02.

network as the mesh will operate in 5 GHz and the access in 2.4 GHz. It is worth noting that the different
firmware created by Village Telco can also run in most TP-Link and Ubiquiti low-cost devices, in case
different hardware characteristics are required.

Figures 6.2 and 6.3 show the results of the tests done with the MP02. As these figures show, the
hardware limitations presented above are not present any more, and the router is able to process the
traffic efficiently with little regard to the origin of the traffic generation or the software in use. The
sensitivities for each data rate are similar for the two devices, so the RSSI observed with the MP01
would be similar with the new hardware.

Apart from the obvious improvements of using the new hardware, other steps could be considered to
increase the network performance:

• Reduce the overall power transmitted keeping the main links active, to reduce interference and
noise.

• Reduce the background traffic (send broadcast messages faster, increase interval among batman-
adv originator messages (OGM), etc).

• Carry out an optimisation of the Coverage Class parameter similar to the one conducted for the
SlotTime.

• Test whether activating the Request to Send (RTS)/Clear to Send (CTS) mechanism would improve
the overall performance of the network.

• Test the new version of Minstrel (Minstrel Blues), specifically designed for MPtMP networks by
another member of the CONFINE project [87]. This will not only help increase the throughput by
a more precise selection of the rate, but will allow the network to explore the implementation of
mechanisms to control the delay mentioned Appendix A.1.

6.2.2 Local operation and maintenance

In this section, the data collected to answer the second part of the research question about Technical
Acceptability, i.e. “is the network proposed being maintained and operated by village members?”, are
provided. First, the solutions co-designed with the community to facilitate the maintenance and operation
of the network are described, then the actual results observing the community maintenance and operation
of the network are presented.
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Figure 6.4: Solution to maximise safe solar energy generation.

6.2.2.1 Co-Designed solutions for the maintenance and operation of the network

For the maintenance and operation of the network, two solutions were co-designed: the solar energy
infrastructure and the billing system for the breakout calls. The results for each of them are presented
below.

6.2.2.1.1 Solar power infrastructure

The criteria for the design were informed by the community, and included: to maximise the energy
generated; secure against criminal intent; ease maintenance; provide physical safety to users and extend
the lifetime of components. How these criteria were approached in the design is described below.

To maximise energy generation, exposure to the sun had to be constant. A fixed unit rather than the
mobile trolley used in [27] was selected for a number of reasons. The trolley system was not always
outside to collect light from the sun; rain and sun can alternate quite often in the same day. Furthermore,
even on sunny days “the panel was often shaded in the afternoon” [27]. A trolley would also expose
a wire between cart and router; it would be exposed to children, animals and other irritants that could
diminish the life of the wire and its connectors. In addition, high winds, very common in the area, would
destabilise a trolley and weaken the mounting. To avoid these issues, the solar panel was installed on
the roof with the batteries inside. As a waterproof solution to install the panel on top of a rondavel was
not found, only flat houses were considered. The solution, presented in Figure 6.4, was shown to the
community by a member of the local NGO; it protects against the wind, orients the panel to the north
and provides yearlong optimal inclination.

To secure units, the installation in the roof utilised threaded rods and metal wire hooked to beams
inside the house and covered every hole with tar tape to avoid leaks. Removal is difficult and would take
time and make much noise (See Figure 6.4). Furthermore, among the criteria suggested for the selection
of the homes, some were related to enhancing security: fenced premises, surrounded by neighbours, with
as many people around as possible to guarantee constant human presence.

To ease maintenance, all stations were meant to be identical [176]. However, a donation of two
BB12 Solar Kits5 meant that two different power solutions were in place. Eight nodes follow the design
presented herein, although all nodes have fixed mounted solar panels. The rest of the system fits in
a wooden box designed by a member of the local NGO, with handle holes to facilitate transport, a
breathable battery compartment, space for logbooks and idle phone chargers, and a removable panel
(See Figure 6.5). The top side of the panel contains user elements, while the bottom side of the panel
contains elements meant to be accessed only by maintenance staff. The user can access an analogue

5BB12: http://www.bboxx.co.uk/product-category/solar-kits/. Last accessed 30 July 2015.

http://www.bboxx.co.uk/product-category/solar-kits/
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Figure 6.5: Solution to ease the maintenance of the calling/charging station.

phone, two cigarette lighter sockets and a voltage meter (operated by a doorbell button). The sockets
were included as a way to allow users to charge mobile phones based on the experience reported in [27];
these also allow the user to interact with other electrical services in order to ensure that people benefited
additionally and were motivated to take care of the unit. Despite unsuccessful early trials, they were
ultimately used for powering two LED lights at night (see Section 5.2.3 for more details). The voltage
meter is included to allow a user to easily see how much power remains. When the doorbell is pressed,
colour-coded LEDs illuminate to show the amount of energy in the system, and the meter only draws
power when the button is pressed. The use of this simple meter solved the issues of local operators
not knowing how to operate multimeters [27]. A less detailed but similar interface is provided on the
regulator itself. However, connections on top were avoided to leave empty space there on purpose to
allow people to write and leave a phone while charging to avoid damage to chargers left hanging [27].
The cigarette lighter socket contains a rim that allows, by drilling an adequate hole, a tight fit. They
also contain a thread that allows tightening should they come loose as reported in [27]. The last item on
top is an adjustable gland in the corner for the cabling to the solar panel and networking device, which
helps avoid foreign objects entering the compartment. The bottom side of the panel contains the solar
controller, a PoTL adapter and all the wiring. All connections inside the box are wired independently
to allow easy removal of an element, for inspection or substitution. All wires are plugged into a simple
strip connector and each can be unplugged as needed.

To provide physical safety, the two 12 volts plugs are wired to a 10 amps fuse to prevent fire or even
an explosion that a sudden withdrawal of power could cause. To protect the entire system, an additional
20 amps fuse is located in between the batteries and the regulator. This stops any short circuit from
happening in the wire that is used to power the router, or in the cables to the solar panel. The thickness
of the wires has been also chosen to allow specific amperages, while keeping power consumption to a
minimum. In addition, holes at different heights were made in the faces of the battery compartment to
allow air circulation and reduce the temperature.

To maximise the life of components, treated pine beams were used for the solar frame; galvanised
metal parts were used elsewhere when possible, and when not, they were protected with steel primer;
and ultraviolet(UV)-protected CAT5 was installed. In addition, the boxes inside homes are varnished to
protect them against humidity. As described in Section 6.2.2.2.2, exposed non-UV-rated cables from the
solar panel should have been protected from the beginning as well. Apart from using the regulator for
controlling the correct charge/discharge regime, the storage system was over-dimensioned to increase
batteries’ lifespan. Following standard practice, and considering a total load of 14.9 amps/hour per day
and 4 days of autonomy, two 102 amps/hour batteries and one 140W solar panel were installed. Power
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above 12 volts and current enough for load requirements during the worst (weather) month was required,
too. Although a smaller panel could have been chosen, one providing 140 watts was chosen, with a Vmax

value of 18V, to leverage every moment of sun appearing during cloudy periods. The BB12 referred
to above generates less power from the sun and has less storage capacity. With the TA’s agreement,
they were enclosed in a customised wooden box that only allows powering a wireless router (and also a
connected analogue phone).

6.2.2.1.2 Billing system

In order to bill the breakout calls in a culturally sensitive way, a billing system was co-designed with
the community. The A2Billing open-source system was eventually chosen because it is widely used
in similar implementations and integrates seamlessly with Asterisk (more details about A2Billing are
provided in Appendix A.5.2). It is also well documented and supported online by an active forum of
users and developers. Below the results in each of the three phases of the process (investigative, design
and implementation) are presented.

Investigative Phase First, the acceptability of each scenario presented in Appendix A.5.1 was
analysed and carefully studied. A detailed description of the process is given below:

• Scenario 1 (prepaid individual account) was legally acceptable, because users would have to reg-
ister to obtain their usernames and passwords. Thus, it would have been easy to satisfy the legal
requirements. Technically it would have required an in-depth tweaking of A2Billing, because it
was not designed for the communal use of phones, but it was still technically acceptable. Econom-
ically, it did not entail initial additional costs, because account creation and authentication can be
done via IVR messages. However, socially it was discarded almost from the beginning. It was
considered that in the likely event that the operator in the house is elderly, the process of creating
an account or even making a call using IVRs and authentication would be difficult and might take
too long. Additionally, community members foresaw problems with people remembering their
account details. Although a per-household register of user accounts could be populated in each
household’s register, the process was considered too complex.

• Scenario 2 (vouchers) was considered to be simple and flexible by the operators. Once the voucher
was purchased and activated at the phone where it was bought, for a specific household’s account-
ing purposes, it would not need any follow-up by the operators. Users were also positive and felt
that it would allow them to buy a voucher whenever they had the money. However, some of them
felt that the vouchers could pose a security risk since they could be stolen or the voucher code
could be misused. They were also concerned that the voucher would expire, like airtime, but they
were assured that this would not happen. Several suggestions were made as to how to keep the
vouchers and their codes secure. Vouchers would need to be generated centrally and either writ-
ten out or printed. This would not be too expensive because there was partnership between the
co-operative and the local NGO, where the lead LR works, whereby they can use its printer. To
satisfy the legal requirement, it was decided to keep a register of users in each household. This
could be updated at any time; thus if an illiterate person could not update the register, the person’s
name could always be added later.

• Scenario 3 (prepaid with change and no addition) was the users’ choice, because it would allow
them to make a call for whatever amount of money they had available. It would require more
input from operators, who would need to have change available and be able to return change to
the user. The operators were concerned about the fact that the system would only register the
user’s credit and not the change due to them, possibly resulting in them having to contribute more
money than the amount actually collected. They were assured that this would not be the case.



72 CHAPTER 6. ACCEPTABILITY STUDY

They also proposed that if enough revenue is generated by the system, it would be possible to
hire someone to do these tasks. To return the necessary change was considered an issue by the
doctoral student. However, most users felt they would forfeit change of up to R0.50 if this was not
available. Technically, this scenario required minor tweaking of A2Billing and legally the solution
proposed by the co-operative board was similar to the one described in Scenario 2.

• Scenario 4 (prepaid with change and addition) was presented after Scenario 3 and covered the
issue of someone wanting to continue a conversation once their credit was finished. A2Billing
provides the option of in-line top-up. However, it would entail added cost associated with the time
necessary to keep the call on hold while the user is topping-up (because it is an internal process,
the external VoIP provider is not aware of it and will bill the call accordingly). Thus, provided that
the cost to establish the call is zero and change is provided, the operators proposed that the user
could continue the conversation by making a new call to the same destination, as is the case for
Scenario 3. This is not ideal, because the conversation would be discontinued, but solves technical
issues associated with its full implementation and the additional costs for the user.

• Scenario 5 (post-paid) was unanimously rejected. Both users and operators felt that it was difficult
to know what a call would cost and, once made, the users might not have enough money with
them to pay for the call and it would be difficult to enforce payment. Therefore, the scenario was
not considered further, although it would not have entailed additional requirements in terms of its
legal, technical and economic acceptability.

Although four acceptability criteria were considered (legal, financial, technical and social), only
those payment scenarios that aligned with local practices and thus were socially acceptable, i.e. Scenarios
2 and 3, were implemented in the design of the prototype

Additionally, during the workshops and interviews carried out to decide on a payment scheme, both
users and operators raised concerns about aspects of the system and asked to have additional requirements
included in the final implementation. The operators’ main concern was that people would be able to make
calls to mobile phones without paying. It was emphasised during workshops that the VoIP provider
would claim the cost of the call irrespective of whether the operators had collected the money or not, so
they would have to cover the cost if people abused the system or had no money but needed to make an
emergency call. They indicated that they wanted the accounting to be correct and clear “at all times”.

To increase the transparency of the business model, the doctoral student suggested that an IVR could
be implemented to inform users of the total amount collected by the household for a particular period.
The operators opposed this idea and felt that such information should only be accessible to them, because
it would pose a security risk if everyone knew the amount of money kept in a household at any given time.
For transparency, they could provide financial statements to the community at their annual co-operative
meeting once the money was safely deposited in the bank.

While conducting interviews with future users it was found that most participants who owned a mo-
bile phone (96%) knew how to check their balances. Of the users who checked their balances, 43.5%
checked them before making a call, 39.1% after a call, and 17.4% both before and after a call. How-
ever, only 4.35% knew how much they were currently paying per second for calls (this has been further
corroborated in the follow-up questionnaire, see section 7.1.3 for more details). Thus, 92% of respon-
dents felt they wanted to know the maximum duration of the call at the start of the conversation, arguing
that it would allow them to plan the conversation accordingly. A further 66.7% felt that they would not
mind being informed of the maximum duration of the call, provided the message prior to the start of the
conversation was not too long, once it was explained that this could be done without additional costs to
them.

Design Phase After collecting and defining the system requirements during the investigative phase,
a model was designed and a prototype based on Scenarios 2 and 3 was implemented. Two Asterisk Gate-
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Figure 6.6: Design for Scenario 2 considered in the billing system.

Figure 6.7: Design for Scenario 3 considered in the billing system.

way Interface (AGI) configurations were created within A2Billing, one for each scenario. Additionally,
a test customer account was created and its VoIP credentials introduced in a MP01 for testing. Rates
from the VoIP provider for the different destinations were included in the system (see section 6.3.1.2.2
for more details). To prevent abuse, the main assumption was that VoIP accounts would only reflect a
positive credit during the calling process and zero once a call was completed.

Scenario 2 is not complex (see Figure 6.6). Its AGI configuration file was edited to play an audio clip
asking the user for the voucher number once a given extension was dialled. After the voucher number is
introduced successfully, the credit on the voucher is read out and the user is then prompted to enter the
number he/she wants to call. The maximum duration of the call is read out to the user before the call is
processed. A2Billing deals with vouchers in the standard way, i.e. once the call is completed the credit
in the voucher remains associated with the VoIP account setup in the Asterisk server where the voucher
was loaded, so that the voucher is zero after the call. This procedure was modified in order to transfer the
remaining credit back onto the voucher. For money collection purposes, the initial credit of the voucher
is associated with the VoIP account where the voucher was purchased. From then on, every call made
from the voucher is registered as having no cost. For this to be possible, operators are asked to activate
the voucher (introducing the voucher number, but not making a call) before handing it to the user. As
described below for Scenario 3, an extension can be used to listen to the cost of the last call made and
the remaining credit in the voucher.

Although users did not specifically require the functionality of being prompted with the credit before
making a call, it was introduced as a mechanism to foster trust in both the system and the operators.
The extension to determine the remaining credit on a voucher can be used as often as necessary by the
operator or the user to check the remaining amount available on a voucher.

For Scenario 3, three extensions had to be entered consecutively (see Figure 6.7). The first extension,
used by the operators, was implemented to enter the amount the user intends to spend for the call, which
is read back to the operator to confirm that the amount has been entered correctly. The phone is then
handed to the user to dial the next extension. The maximum duration of the call is read out to the user
before he/she can dial the number he/she wants to call. On completion of the call, the remaining credit is
stored as an internal variable and the credit on the VoIP account is set to zero. To determine the cost of
the call, a third extension can be entered, and the cost of the last call made and the change to be received
is then read out.

Additional codes for checking the amount to be paid to the VoIP provider for a given month and
the money collected for a specific period were also created. For this to be possible, an extra extension
was created for guiding the user to enter the collection period using Dual-Tone Multifrequency (DTMF)
signalling. These extensions are referred to as administrative extensions.



74 CHAPTER 6. ACCEPTABILITY STUDY

Figure 6.8: Design for the revision of Scenario 3 in the billing system..

The prompts for all the extensions were recorded in isiXhosa and included in the central Asterisk
server (where A2Billing is hosted) and the Asterisk servers in the routers.

Implementation Phase After testing it with the stakeholders, it became obvious that the imple-
mentation of Scenario 3 involved too many steps, and both operators and users found it too complex. It
was therefore redesigned to only use a single extension. Then, after entering the amount the user wants
to spend on a call, it is read out to the operator for confirmation. In order to allow for privacy, a period of
silence is introduced between the step when the operator confirms the credit and the one when the user
can dial a number. Once finished, the user can use the same extension and he/she is prompted with the
option to either use the remaining credit - which is previously read out together with the cost of the last
call - or to ask for the change (see Figure 6.8).

The operators requested that the option to enter credit be protected by a Personal Identification Num-
ber (PIN) code and be reserved for their use only. An existing extension in the MP01 that allows a user to
modify the PIN number was adapted so that it is read out in isiXhosa to allow each household to modify
the PIN if necessary. This PIN is also used for the other administrative tasks previously described.

Older operators were satisfied with the messages and the fact that it was possible for them to listen to
a message more than once, whereas younger participants were keen to explore ways of speeding up the
process. This was satisfied by using the Read() application provided by Asterisk, which plays an audio
file while waiting for input from the user. Once the input is completed, it moves to the next priority in the
dial plan, stopping the audio if necessary and thereby allowing for shorter interactions with the system.
Although some of the older people testing the system struggled with the last implementation of Scenario
3, others were able to complete it successfully. They stated that “it was A,B,C”, as a way of explaining
that they just needed to follow the prompts. Those who struggled mentioned positively that they were
not required to remember the procedure, because it was repeated every time, so they would improve
with practice. In some workshops some participants, especially younger ones, refused to engage with
the testing process because they thought the audio files played were in English and they did not want to
show in public that they could not interact with them.

The slower pace of older operators also highlighted the need to increase the timeouts allowed for
A2Billing to enter the voucher number or the number to dial. The billing system automatically hangs up
the call if a given time elapses, resulting in confusion because users did not understand what they had
done wrong. Another source of confusion came from either not entering all the numbers of a voucher
or destination number, or entering them incorrectly. Some struggled to identify the representation of a
given number on the keypad.

Rather than the design of the billing system, the billing process was the main concern for both users
and operators. The former were worried that the informative messages would add to the total cost of a
call. It was demonstrated to them that this was not the case. The operators were concerned that the money
collected might not match the amounts billed. When it was explained that this could only happen due to
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human error, the issue became who should be the person(s) in the house responsible for knowing the PIN.
In households where several candidates were available, those who were considered more trustworthy and
knowledgeable were appointed. This was also linked to demands for employment, especially from the
youth. The co-operative agreed to accept these demands if the system generated enough revenue.

In summary, the system incorporates their oral culture and is sensitive to their literacy level, their
financial situation, the economy of the community, and community members’ trust in the structures al-
ready in place. Thus, most of the local factors that shape appropriation and uptake were considered,
factors that “would not have emerged without co-generating methods and interpreting data with commu-
nity members” [30, p.117].

6.2.2.2 Local installation, maintenance and operation of the network

6.2.2.2.1 Installation

The approach followed was to build capacity during the installation of the entire network, and of all
the other subsystems required. Thus, it was proposed that the TA call for and appoint members of the
community who were interested in the training sessions, provided that transportation and food were
offered during the proceedings. The TA agreed on this approach and appointed community members to
the support team. A team of 5-6 people was waiting to be picked up every morning at 7:00am (Mon-Fri)
for one month, although the number varied each day depending on responsibilities, as reported in [19].

No prior knowledge about electricity was assumed, and the training started by providing theoretical
background using analogies. It soon became apparent that some members of the team had experience
with electricity via solar energy, although they lacked some crucial knowledge. For example, none of
their homemade solar systems used regulators, and if a fuse blew they would simply reconnect the two
sides with wire. After discussing the structure and components of the proposed solar system, the hands-
on part of the training took place. A sample solar panel frame like the one shown in Figure 6.4 was first
built and mounted on the initial homestead’s roof. Then, building the boxes to hold the batteries like the
one show in Figure 6.5 and wiring the top panel of the box was done second. Only one sample of each
of these tasks was done by a trainer, thoroughly explaining every step. Then trainees used the sample as
a model to build and adapt the rest. By using this approach, it was hoped to pass on the necessary skills
to the local support team and encourage them to take responsibility for fixing the system, and to be able
to build one from scratch if needed without an outsider’s help.

Then, this support team became the trainers of the users, who gained confidence in the support team,
while team members also learnt by teaching others. The training provided in-depth details about how the
system worked, how to troubleshoot, how to change fuses and how to take good care of the system. The
trainers explained the concepts regarding daily usage of battery power and security, and they emphasised
that the solar system belonged to the community. With this approach, it was hoped to build the capacity
of a wider cadre of users, so they could troubleshoot and fix basic problems themselves, reducing their
dependency on the support team.

6.2.2.2.2 Maintenance

Once the installation was done, the network has been maintained locally. The maintenance team leader
fixed two solar trolleys deployed as part of a previous research project [27] and has been funded by UWC
during the period under study as the lead LR. During training, he had already demonstrated good techni-
cal understanding, although he recognised that this project is more advanced in terms of maintenance.

For the maintenance of the network, he has developed his own methods for troubleshooting, both
remotely (using the network’s phones when possible) and on site. The method consists of asking users,
when a problem happens: what is working and what is not? If the router’s lights are on, and the user can
obtain a good voltage reading when pressing the doorbell but can not use the cigarette plug lighter, then
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2012 2013 2014 2015
(from 15 August) (until 30 April)

a) Damaged router 2 3
b) “Salty cables” 1 9 9 1
c) Fuse blown 8 16 13 3
d) Problem in socket 5 1
e) Loose cable 1
f) Damaged Regulator 2
g) Router no sound 3 4 2
h) Battery down 4 3
TOTAL 9 38 34 9

Table 6.5: Problems reported in the system.

the problem is quickly located in the 10A fuse. If the lights are on, but the user can not make a phone
call, then he hard reboots the router. If both the lights are off and the multimeter does not provide any
reading, he visits the site and first checks the 20A. This has two purposes: reboot the regulator (which
halts in the appearance of a short-circuit) and to verify it has not blown. If the problem is not related to
the network, people call to the phone in his house to report a problem that his sister reports to him when
he arrives home in the evening. Rather than using a sophisticated graphical user interface for network
monitoring, in this CN, a problem gets solved by a user contacting the person in charge of maintenance
directly on a mobile phone, or via an intermediary.

Table 6.5 shows the problems reported and solved thus far. Problems (c, d, e) were solved by renew-
ing the item. For a), the router and RJ22 were substituted (it causes c). The first two occurrences of a)
happened due to the use of electrician tape, rather than self-amalgamating tape when replacing the first
set of outdoor antennas. This caused water to go inside the routers. Once the problem was identified and
prevented in the other nodes, this has not happened again. The other three occurrences of a) were related
to the exposure to rough weather conditions of non-UV-rated cabling which causes its degradation. This
damaged the wire in almost all stations (described by the lead LR as “salty cables”, problem b)) and
in some cases it created a short-circuit which caused those three occurrences of a) and two occurrences
of f). All instances of b) created a similar number of occurrences of c), and brought the regulator to
a halt. To prevent this from happening again, new joints were protected with insulation tape and the
wire exposed to the weather was introduced in a thick PVC pipe. When g) is not due to b), the problem
was solved by hard rebooting the router. This requires further research, but it seems to be related to
overloading the processing capacity of the router, as it happened especially when conducting the tests
described in Sections 6.2.1.1 and 6.2.1.2. Where the router is powered using a BB12, h) is common since
the BB12 turns off after two days without direct sun, and a button needs to be pressed for the system to
start providing power again.

It is worth noting that one household (the only one selected by the research team) has been off for
long periods due to the replacement of the roof first and then due to “salty cables” that damaged the
regulator inside the BB12. As the system could not be used for charging phones and the person in charge
of the household was widowed and had to mourn for 12 months, fixing the station did not become a
priority until the breakout calls were a reality.

The node in the school has also suffered specific problems. Five times the system was down due to
different staff members inadvertently unplugging the equipment. After a meeting with the principal this
has not happened again. Moreover, a fault in the battery that was purchased to power the system over the
periods when there was not grid electricity caused the system to be down for three weeks before a new
battery was purchased in Mthatha.

Response time varies depending on how busy the LR is with another job, the size of the problem
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and the availability of a vehicle to travel. When the problem is small, e.g., changing a fuse, and he is
“answering emails or writing reports” he goes the next day. When the problem is bigger, or he has
“meetings or teaching” the next day, he can take 2 days to visit. One exceptional response time for a)
was 2 months due to unavailability of stock and issues with the postal service. When the cars from the
doctoral student or the local NGO were not available, response times could be longer.

So, almost all maintenance tasks have been related to the energy system:

• The substitution of fuses that get damaged when faulty phone chargers, or other metal pieces, are
introduced into the sockets.

• Repairing the cable from the solar panel to the regulator. The exposure to rough weather conditions
of non-UV-rated cabling has damaged the wire in almost all stations. This can cause the regulator
to halt.

The possibility of calling any number outside the network complicated the location of the problem,
e.g. local router, server, gateway, ISP or VoIP provider. The way the user interacts with the service,
described in detail in Section 6.2.2.1.2, via an IVR service with different voice messages either stored on
the MP01 or in the VoIP gateway, allowed for a first triage of the problem. If all the IVRs can be listened
to but still the breakout service is not working, he checks whether the bundles have expired or not, or
whether they have been depleted. If that is in order, he goes to check if there is a problem with the power
or the electricity in the school.

6.2.2.2.3 Operation

The network does not require major operation at the moment. Apart from the maintenance described
above, the network operation only requires printing and distributing the vouchers for the breakout calls.
From a higher level of operation, collecting the money and allocating it to the different expenses is also
required, but this is discussed in detail in section 6.3.2.1.

Notwithstanding, the co-operative has shown high levels of dependency with regards to upgrading
the services, from updating the firmware in the nodes and the implementation of the breakout service and
the billing system, to the request of providing the same services on mobile phones.

6.3 Financial acceptability

In this section the results presented aim at answering the research question: “can the costs of maintaining
the telecommunications operator be covered by the revenue obtained during its operation, while reducing
the cost to access telecommunication services using a business model created by the community?”. To
do so, data about the price of communicating before and after the intervention is presented first. Then,
the cost of maintaining the operator are compared with the revenues obtained by the service.

6.3.1 Reduce the cost of communication

During the period of operation of Zenzeleni Networks Ltd. covered in this PhD dissertation, two services
were provided: charging mobile phones and making phone calls. Below the prices offered are compared
with those of existing alternatives prior to the intervention.

6.3.1.1 Charging phones

As shown in Chapter 4, one of the biggest factors contributing to the communication expenditures in
Mankosi is charging the battery of their mobile phones. So, in order to reduce this cost, the first idea
coming from the co-operative’s board members, based on experience from a previous project in the
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Offer Installation Monthly Cost Monthly Cost Monthly Cost
(1 Year) Mbps (2 Years) Mbps (3 Years) Mbps

MNO A
R9,500.00 R5,103.76 R5,103.76

1 Mbps
MNO A

R9,500.00 R7,525.21 R3,762.60
2 Mbps
MNO A

R9,500.00 R13,162.99 R2,632.59
5 Mbps
MNO B

R738.00 R29,008.80 R5,875.20 R26,978.18 R5,463.93 R24,947.56 R5,052.67
5 Mbps
MNO A

R9,500.00 R18,555.87 R1,855.58
10 Mbps
MNO B

R738.00 R55,080.00 R5,508.00 R51,224.40 R5,122.44 R47,368.80 R4,736.88
10 Mbps

Table 6.6: Pricing provided by MNOs in the area for dedicated Internet backhaul (14% VAT excluded).

community [27], was to use the cigarette plug lighters to charge mobile phones, provided there was
spare power generated by the solar system. The price decided upon was the same as in [27], 60% of the
cost of using other local alternatives (R3.00 vs R5.00 [27]).

6.3.1.2 Phone calls

Data from Chapter 4 also shows that people in Mankosi mainly use their airtime to make phone calls.
Thus, phone call services from the public phones installed in each of the houses (each MP01 in the
network has a POTS handset attached; so, each is essentially a public phone) were offered. Initially,
the calls were limited to within the network, i.e. public phones could call each other, for avoiding any
running expenditure related to the provision of the service. This service has been provided for “free”.
Then, once the cooperative decided to go ahead with the breakout calls service, an Internet connection
was required that incurs recurrent costs. Below the description of the selection of the Internet gateway is
presented first, and then the actual data about the cost of the breakout phone calls is provided.

6.3.1.2.1 Techno-economic decisions for choosing the Internet gateway

The first approach that was followed was to obtain wholesale pricing from the existing providers in the
area, i.e. the two incumbent MNOs (Vodacom and MTN) and Telkom. Telkom cannot provide wholesale
pricing until the institution requesting it becomes a Telkom Wholesale client and Zenzeleni Networks is
not yet one (see Section 5.4 for more details on this).

The two MNOs provided the offers shown in Table 6.6, with the following conditions:

• MNO A: Dedicated Internet (3:1 contention ratio for international traffic and no contention
for local traffic), microwave access connectivity, management, Service Level Agreement (SLA)
(98.33% for the access and 99.8% for the Internet connection, 120 to 140 ms delay for Internet
traffic) and the router.

• MNO B: Dedicated Internet (1:1 contention ration for both national and international, no other
specifications were given about the technology used for connectivity or the SLA).

Because the prices offered were considerably beyond the resources of the co-operative, the option
was discarded. Instead, bundled solutions from the MNOs and satellite providers were considered. The
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30 days Monthly cost Monthly cost
Once-off 1 Year 2 Years

Bundle Price Cost Price Cost Price Cost
size per MB per MB per MB
15 MB R9.00 R0.60 (R1.00) * * * *
30 MB R12.00 R0.40 (R1.00) * * * *
100 MB R29.00 R0.29 (R1.00) * * * *
250 MB R59.00 R0.24 (R1.00) * * * *
500 MB R99.00 R0.20 (R1.00) R55.00 R0.11 (R1.00) R39.00 R0.078 (R1.00)
1 GB R149.00 R0.15 (R1.00) R85.00 R0.083 (R1.00) R69.00 R0.067 (R1.00)
2 GB R249.00 R0.12 (R1.00) R149.00 R0.073 (R1.00) R99.00 R0.048 (R1.00)
3 GB R299.00 R0.10 (R0.50) R189.00 R0.062 (R0.50) R169.00 R0.055 (R0.50)
5 GB R399.00 R0.078 (R0.50) R289.00 R0.056 (R0.50) R259.00 R0.051 (R0.50)

Table 6.7: Pricing provided by Vodacom (VAT included). Out-of-bundle rates shown in parentheses.

prices available are provided in Tables 6.7, 6.8 and 6.96. Over an 18 month period, some variation could
be observed:

• For Vodacom prices have remained constant (with minor increases)7.

• For MTN prices have dropped in the last 18 months for both once-off bundles8 and 24 month
contracts9. This is especially true when 100% and 55% Data Giveback promos are obtained when
purchasing once-off bundles. Because it is not possible to know with certainty when these dis-
counts apply, it has been decided to not include them.

• For the satellite provider consulted, Yahclick, it is worth noting that the Downlink limit has quadru-
pled and the cost per MB has doubled10.

With one of the MNOs, the option of obtaining a private Access Point Name (APN) was considered
and budgeted. However, considering the monthly management fees, the cost per MB offered was not
cheaper than the data bundles.

Due to the high costs of installation, and the high monthly fee for the two voice channels required
for the breakout calls11 (for details on how this number of channels was obtained see Section A.1), the
satellite provider was discarded. Additionally, 3G could be used with once-off bundles, that, although
increasing the cost per MB, allowed the co-operative to adapt incrementally with the demand and learn
during the process. Then, among the MNO’s, Vodacom was chosen because of the better pricing and
data coverage in Mankosi. For reference purposes, the price of once-off 1 GB entails an overhead of
R0.066 per minute of call using G.729 (the codec requested by the VoIP provider chosen).

6Installation fees based on worst case scenario, as mentioned by businesses in the area using their services.
7Voice and Data plans:http://www.vodacom.co.za/vodacom/shopping/plans/plans. Last accessed 6 Au-

gust 2015.
8Surf and Save with Data Bundles: https://www.mtninternet.co.za/getit/Pages/InternetBundles.

aspx. Last accessed 6 August 2015.
9Find the right Internet Package: https://www.mtninternet.co.za/getit/pages/InternetPackages.

aspx. Last accessed 6 August 2015.
10Yahclick Packages: https://www.voxtelecom.co.za/yahclick-packages. Last accessed 6 August 2015.
11Due to the round-trip delay of traditional satellite connections, special arrangements are required to keep the delay within

the acceptable limits of VoIP.

http://www.vodacom.co.za/vodacom/shopping/plans/plans
https://www.mtninternet.co.za/getit/Pages/InternetBundles.aspx
https://www.mtninternet.co.za/getit/Pages/InternetBundles.aspx
https://www.mtninternet.co.za/getit/pages/InternetPackages.aspx
https://www.mtninternet.co.za/getit/pages/InternetPackages.aspx
https://www.voxtelecom.co.za/yahclick-packages
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30 days Monthly cost Monthly cost
Once-off 1 Year 2 Years

Bundle Price Cost Price Cost Price Cost
size per MB per MB per MB
5 MB R4.00 R0.800 (R0.99) * * * *
20 MB R12.00 R0.600 (R0.99) * * * *
50 MB R25.00 R0.500 (R0.99) * * * *
100 MB R35.00 R0.350 (R0.99) * * * *
300 MB R85.00 R0.283 (R0.99) * * * *
500 MB R105.00 R0.210 (R0.99) * * R62.00 R0.124 (R0.99)
1 GB R160.00 R0.156 (R0.99) * * R83.00 R0.081 (R0.99)
2 GB R260.00 R0.127 (R0.99) * * R125.00 R0.061 (R0.99)
3 GB R330.00 R0.107 (R0.99) * * * *
5 GB R430.00 R0.084 (R0.99) * * R314.00 R0.061 (R0.99)

Table 6.8: Pricing provided by MTN (VAT included). Out-of-bundle rates shown in parentheses.

Offer Download Upload Limit Monthly Cost Set up & Voice
limit limit (GB) Price per MB Install Fee Channels

Data 2 GB 2048 Kbps 256 Kbps 2 R199.00 R0.097 R17,200.00 0
Data 5 GB 2048 Kbps 256 Kbps 5 R499.00 R0.097 R17,200.00 0
Data 10 GB 2048 Kbps 512 Kbps 10 R999.00 0.098 R17,200.00 0
Data & Voice 2 GB 2048 Kbps 256 Kbps 2 R425.00 R0.208 R17,200.00 1
Data & Voice 5 GB 2048 Kbps 256 Kbps 5 R725.00 R0.142 R17,200.00 1
Data & Voice 10 GB 2048 Kbps 512 Kbps 10 R1,225.00 R0.12 R17,200.00 1
Data & Voice 20 GB 2048 Kbps 256 Kbps 2 R2,425.00 R0.119 R17,200.00 2
Data & Voice 30 GB 2048 Kbps 256 Kbps 5 R3,650.00 R0.118 R17,200.00 3
Data & Voice 50 GB 2048 Kbps 512 Kbps 10 R6,100.00 R0.118 R17,200.00 5

Table 6.9: Pricing offered by satellite provider in the area (VAT included).

6.3.1.2.2 Breakout calls cost

The competition existing in the upstream VoIP market in South Africa12, together with the possibility
of reaching wholesale agreements with them, have allowed the co-operative to purchase minutes at as
little as R0.20 per minute for calls to MTN from one provider. The minutes to all the other providers are
purchased from another provider. The prices paid are shown in Table 6.10. All prices include billing per
second.

The co-operative has decided to resell them at R0.60, regardless of destination and time of the day
(see Section 6.3.2.1 for more details about how the decision was taken).

Using the parameters from the OECD (40 calls/75.12 minutes) [125], the cost for the low-usage
basket with the prices offered by Zenzeleni Networks is R45.07 for the calls. Although, according to the

12For this research more than 10 different providers were consulted

MTN Vodacom Cell-C 8-ta Landline
Cost per minute R0.20/min R0.40/min R0.60/min R0.60/min R0.33/min

Table 6.10: Prices for the minutes bought by the co-operative.
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data shown in Chapter 4 the number of calls is considerably lower in Mankosi (18/month), the number
of minutes is very similar (77minutes/month). Thus, prices offered by Zenzeleni are 50% cheaper than
the cost of the cheapest product offered by the main provider used in Mankosi, MTN, for the OECD
low-usage basket (R90.00); and 63% cheaper than the estimated price by RIA (R167.00) for the MTN
product mostly used in Mankosi, MTN Zone (see Section 1.4.2.1 for more details about these products).

6.3.2 Locally created business model

6.3.2.1 Financial management

The financial management of the co-operative has mainly taken place during the monthly meetings.
At the beginning of each one, each family member hands in the money that has been collected in the
household for that month for the lead LR to count it. Once the money from each member has been
counted, both the individual and collective amount are written down in the books kept by each household.
Additionally, the amount collected collectively is written down in the minutes, together with any debt
outstanding from any of the members (a R100.00 minimum was established per household per month,
see Section 5.2.1 for more details).

Once the bank account was opened, a discussion about the amount to keep for cash flow and the
amount to keep in the bank followed. If any deposit in the bank is agreed upon in the previous meeting, its
receipt is circulated as a proof. Purchases, such as chargers or other equipment, are discussed depending
on the budget available and their priority, and if purchased, the invoice is shown and archived. All the
revenues and expenses are kept in a digital format by the lead LR (see Section 6.3.2.2 for a detailed
overview of the ledger).

For deciding the price of services, different procedures were followed. For the mobile phone charging
they continued with the pricing that had being established in [27]. For the breakout calls, due to the lack
of awareness of the price they pay when calling with their own mobile phone, one co-operative meeting
facilitated by the doctoral student was used to discuss the topic. By the time the co-operative started
providing the breakout calls, a consistent amount of money from charging phones had been collected
monthly during the previous 15 months. As this money had been proven enough to cover the operational
costs, the price of the calls could be set in a way that allowed reducing the cost to communicate, while
recovering the cost of providing the service. This could allow gathering information for a better pricing
model13. Thus, the costs per minute paid by the cooperative shown in Table 6.10 were considered,
assuming an overhead for the Internet connection of R0.066 per minute14, and that most of the calls
were going to be terminated in the MTN network15. The price of R0.60 was decided as meeting all the
constraints above and being half of the price per minute that the doctoral student was paying at that time.
Then, after considering different pricing schemes, it was decided that a flat rate to all destinations would
be more appealing for users for its simplicity. A more robust business model has started to be worked
out as part of the incubation provided by the ICT Incubator (for more details consult Section 5.4).

The low use of the breakout calls (see Section 6.3.2.2 for the numbers and Section 8.2.3 for a dis-
cussion on the reasons) has prevented a further analysis of how the billing system presented in Sec-
tion 6.2.2.1.2 has assisted with the collection and reporting of the money from the phone calls.

6.3.2.2 An overview of the co-operative’s ledger

A summary of the cooperative’s ledgers during the period under study is presented in Figure 6.9.

13By using a bundled Internet service, the overhead introduced by the Internet connection in the cost per minute of a call
depends on the size of the bundle purchased.

14Calculated for a once-off 1 GB bundle with Vodacom from Table 6.7 and using G.729 as the voice codec.
1594% of users are MTN as described in Section 4.2
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Figure 6.9: Yearly summary of the co-operative’s ledger.

Among the two services provided, R10,842.00 have been collected. This is similar to the money spent
R10,765,00. The lack of a surplus has prevented the co-operative from discussing how to contribute to
other development projects in the community as stated in its constitution (see Section 6.1.2.1 for more
details in this regard). However, a closer look at the expenses show that it might be possible in the future.
A breakdown of the expenses is presented in Figure 6.10. From this breakdown, two figures standout:

• The amount of money used for transport and food (33% in total). It is worth noting that UWC cov-
ered all the petrol costs for 2012 and 2013. This has been used to go to Mthatha, the closest city,
to, mainly, do paperwork (open bank account, obtain tax certificate, etc.) and for maintenance pur-
poses. Once the transport used for maintenance is deducted, more than 26% of the money collected
has been used for the institutionalisation of the initiative. This amount would have been higher if
the license-exemption had not been granted by ICASA, which saved an additional R20,800.00 (see
Section 6.1 for more details). Additionally, Zenzeleni would have had to pay an annual percentage
of its revenue obtained to the USAF and for an audit to calculate that fee.

• The amount of money used (not considering equipment) for making the breakout calls possible
provided their minimal use. Adding up the monthly fees paid to the VoIP provider to allow the
service and the data bundles required for the Internet connection (which expire after 30 days)
R670.00 have been spent. This could have been much higher if a long-term contract with a monthly
fee had been used.

Equipment represents the biggest percentage, but that is understandable provided that equipment for
the 3G gateway and maintenance had to be purchased. It is worth noting that the battery purchased
for the school was faulty and a new one had to be bought for R1,200.00, while the vendor of the first
one assessed the causes of the fault. The assessment resulted in a new battery being delivered, so the
co-op now has a spare. The equipment costs would have been higher if most of the spares used to
replace elements damaged (MP01, cables, regulator) had not been included as part of the CAPEX (see
Section 6.3.2.4 for details). Although it is expected that with the preventive actions taken these elements
will not need to be replaced again in the short term, this raises the point of the co-operative requiring a
higher margin to cover the long-term amortisation of the equipment. It is worth noting that not a single
item of the infrastructure has been stolen during the timeframe of this PhD research16. According to local
people, it is believed that having worked through the TA may have provided a higher degree of security.
That a household is perceived to be never alone has also been mentioned as a reason17.

16In one of household two chargers and two phones were stolen. After the data covered in this PhD dissertation, the BB12
installed in the household selected by the researchers was stolen.

17The two houses from which equipment was stolen did not have people in them for extended periods of time.
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Figure 6.10: Distribution of the co-operative expenses.

The money collected from the two services is described below18:

• R10,464.00 has been collected from charging phones.

• Despite the reduced cost, the public phones, now with breakout, have not had the uptake expected
and only R112.00 has been collected this way after 6 months of operation. The causes for this
minimal use are further analysed in Section 8.2.3.

Other revenue streams that have been considered (but not yet implemented) include:

• Using the Internet Banking account of the co-operative to top-up mobile phones, by-passing the
up to 17.19% mark-up community members have to pay when purchasing airtime locally [151]

• Providing cheaper rates to international tourists coming to the backpackers’ lodge

• Activating the rebate on incoming calls that VoIP providers offer (R0.07 per minute) when a call
is made to one of the numbers within the network - Although a fee is required (R10.00), this could
be generated from 140 minutes of incoming calls in a phone per month.

• Offering the voice services to WiFi-enabled phones - The co-operative has asked the doctoral
student for assistance to study the feasibility to provide the service directly to people’s mobile
phones, as opposed to the public phones only.

• Internet service provision to businesses and WiFi-enabled phones

6.3.2.3 Next steps for the financial acceptability

The public phone experience presented in this dissertation has not yet been able to contribute to the busi-
ness model. Still, the impact of Zenzeleni Networks, provided its legal status, could be much higher if
they manage to provide the discounted prices offered in the public phones to mobile phone devices. This
could be possible by using WiFi-enabled phones that allow installation of a Session Initiation Protocol
(SIP) client on it. At least 28% of the phones in Mankosi are WiFi capable and allow installing appli-
cations like a SIP client, which will likely increase, judging from the trend of smart phone uptake in the
region [92].

18R266.00 extra have been collected without knowing its source.
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Percentage of calls20 Rate Bought21 Rate Sold
Landline 6.3% R0.33
MTN 16.44% R0.20 R0.60
Vodacom 28.35% R0.40 R0.60
8ta 1.13 % R0.60 R0.60
Cell-C 10.77% R0.60 R0.60
Internal 37%22 R0.00 R0.2023

Table 6.11: Assumed destinations of the calls and cost per minute for the user and the co-operative.

Below different calculations to estimate the Operational Expenditure (OPEX)19 for an extended set
of services (a higher percentage of the voice market and capturing part of the data market) are provided.

If not expressed otherwise, calculations in this section use the data presented in Chapter 4, and the
costs per minute paid by the co-operative and the users described in Section 6.3.1.2.2.

With the numbers presented in Table 6.11, the average cost per minute for the co-operative is R0.238,
and the average cost per minute for the user is R0.435. Using the numbers presented in Chapter 424, the
current average cost per minute that people pay in Mankosi is R0.897. Therefore these prices would
allow community members to communicate 48.44% more cheaply.

Considering the numbers about usage presented in Chapter 4, (1,800 people 15 years old or older
using mobile phone services on a weekly basis, calling on average 77 minutes a month), more than
138,500 minutes of calling time are used within Mankosi every month. However, considering the average
expenditure per month on calling time, R68.81, and using the average cost that Zenzeleni could offer
(0.435/min), more than 284,000 minutes of calling time could be used within Mankosi every month.
With these figures the co-operative could have a margin of up to R27,250.00/month in the first case and
R55,972.00/month in the second. These figures are likely to grow provided the correlation with age and
years owning a phone presented in Chapter 4, that is reinforced when compared with the data from 2010
presented in [30] which shows an increase of 11% per year. If this 11% increase is considered, the margin
for the co-operative could rise up to R62,129.00/month. Table 6.12 summarises these calculations. Note
that VoIP providers are likely to offer a cheaper cost per minute if the volume of minutes goes up, thus
increasing the margins shown in Table 6.12.

The use of VoIP for the voice calls requires connecting the network(s) to an Internet backhaul. This
Internet connection could be used as an additional revenue stream for the local co-operative. Following
the foreseen increased penetration of WiFi-enabled devices, they could be used to run other applications
requiring the Internet. Additionally, PtP fixed wireless connections could be installed in anchor tenants
premises (school, small and medium business like the backpackers’ lodge, etc.) to further benefit from
this revenue stream [117]. Just by capturing the current level of expenditure on Internet services by
individual users, an additional R5,500.00 could be collected. It is expected that Internet use will increase

19The CAPEX is expected to be covered by mechanisms such as the Co-operative Incentive Scheme (CIS) (see Sec-
tion 6.3.2.4) for more information.

20Data from: http://mybroadband.co.za/news/cellular/108358-mtns-massive-market-share-
loss-to-cell-c-telkom-mobile.html. Last accessed 7 July 2015

21The cost for SIP trunking are based on the ones received by Zenzeleni Networks Ltd.
22Data from the variable “calls made to people in Mankosi” have been used. Assumed relation between categories and

percentage of calls is the following: None=0%, Few=25%, Half=50%, Most=75%, All=100%.
23A cost for the user has been assumed here as in the case that local calls are provided to mobile phones at no cost, the

network could become easily saturated with unintended traffic.
24The expenditures on charging, sending SMS and using airtime for bundles have been discounted from the total value

provided in Chapter 4. 58.3% of the people send on average 1.75 SMS a week. These costs can be found in [169]. Peak cost
have been used based on the experience of the researcher in the community. 22% of the community uses Internet and the data
shows R12.15 expenditure of airtime on data bundles. In both cases, the overhead people pay for airtime has been added to the
resultant totals.

http://mybroadband.co.za/news/cellular/108358-mtns-massive-market-share-loss-to-cell-c-telkom-mobile.html
http://mybroadband.co.za/news/cellular/108358-mtns-massive-market-share-loss-to-cell-c-telkom-mobile.html
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Average Number of Average cost Number of Maximum
expenditure calling minutes per minute calling minutes margin to sell
on calls per user per user in Mankosi those minutes

Current numbers R68.81 77.01 0.894 R138,695.00 -
Current numbers with

R76.38 85.07 R0.894 R153,202.00 -11% increase
on expenditure

Current calling time
R33.5 77.01 R0.435 R138,695.00 27,250

and new cost per minute
Current expenditure

R69.14 158.19 R0.435 R284,887.00 55,972
and new cost per minute
11% increase on current

R76.75 175.59 R0.435 316,225
R62,129.00

expenditure and new cost
per minute

Table 6.12: Number of minutes and margin for the co-operative for different scenarios every month.

Average Number Average cost Number of MB Maximum
expenditure of MB per MB used margin to sell
on Internet per user per user in Mankosi those MB

Current numbers 13.9 30 0.46 11,886 5,500

Table 6.13: Current figures for Internet use in Mankosi.

in the community, as it is doing elsewhere in South Africa [52], and so more margin can be obtained.
However those calculations, as well as the pricing for anchor tenants which would further increase the
margin, are outside the scope of this doctoral thesis. It seems obvious, from the data shown in Table 6.13,
that the cost per MB for rural dwellers could be considerably reduced.

Thus, the maximum margin could be close to R70,000.00/month in the best scenario presented in this
section. This margin needs to be enough to cover the local expenses incurred by the co-operative (salary
of the persons maintaining the network and other operational expenses such as petrol and replacement of
damaged equipment) and the payments to the providers. This would include the rental of space in towers
to/from which to establish a WiFi link to the CN and the Internet bandwidth required for the calls (see
Table A.2 for more details). It is worth noting that there is fibre optic cable less than 5 km from Mankosi
and there are a minimum of five telecommunication towers with LoS with at least one of the nodes in the
mesh. Resources that are nearly unused, and so, not reporting any revenue to their owners. Cost for the
VoIP minutes have been already discounted from the calculations above.

6.3.2.4 A note on the CAPEX

As mentioned in Chapter 5, the initial CAPEX of all the infrastructure deployed in Mankosi including
telecommunications (routers and server), solar and storage systems, was provided by UWC as part of
the partnership. The CAPEX amounted to R75,827.5125, and the breakdown of the costs is provided
in Figure 6.11. As in similar initiatives [192], the biggest percentage of the CAPEX is dedicated to
the power infrastructure equipment (59%). In places where electricity is available (89.2% of South

25The cost of tools has not been included since they have been reused from previous projects. Transport and staff costs have
been also been excluded because they are context specific.
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Figure 6.11: Capital expenditure distribution for the Mankosi CN.

African households have electricity [77]), the cost of the CAPEX would be below R25,000.0026, although
additional operational expenses to cover the electricity bill would have to be considered.

The amount and the percentages presented included spares that would allow adding one more node
to the network. In the case of the networking devices, five additional spare devices (including pigtails
and antennas) were included.

Finding mechanisms to cover this CAPEX are key for the financial acceptability of CNs in rural South
Africa. One of these mechanisms could be the CIS by the DTI [55], which offers up to R300,000.00 to
co-operatives with a sound business model. This could be used not only to cover the expenses described
above, but to purchase the tools borrowed from the research team or the local NGO.

6.4 Socio-cultural acceptability

This section provides the data collected in order to answer the research question: can a sense of own-
ership be nurtured in village members, so that an externally originated telecommunications operator is
considered as theirs and operated it as such?. To do so, first, Section 6.4.1 describes how a sense of
ownership manifested among the different stakeholders, and then, Section 6.4.2 studies how this sense
of ownership was nurtured.

6.4.1 Manifestations of ownership in Mankosi

This section focuses on understanding to what extent ownership has been developed by community
members directly involved in the project, what forms ownership takes, and the relations established, on
the one hand between ownership and its mechanisms (especially knowledge and the exercise of power
or control), and on the other between ownership and its outcomes (responsibility and commitment). The
findings are organised around five areas, for which one or more themes are outlined and explained.

26The devices considered for the next phase of network and described in Section 6.2.1.2.1 have a similar price to the one
included in this calculations for the first version. However, this does not consider the additional USB radios and their antennas.
Approximately R8,000.00 more should be considered for this.
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6.4.1.1 Dimensions of ownership

A sense of collective ownership prevails over manifestations of personal ownership of the commu-
nity network

The strongest emerging theme is the development of a strong sense of collective ownership, prevailing
over that of personal ownership. All the people interviewed acknowledged that the network belonged to
the people of Mankosi. This form of ownership was described in all accounts, irrespective of the role in
the community or in the project that the interviewee held. For example, a young LR commented: “It has
been handed clearly to the community to decide, to make plans”, while a member of the TA commented:
“I can’t call it mine, it’s been given to the community, the people.”

Most interviewees acknowledged that the project belonged to the community at present, despite the
fact that UWC researchers were still involved in its management and provided technical support, and
that the knowledge transfer was not yet completed. A member of the TA commented: “It is ours, we
are deciding for it, we own it now.” Yet some others, fewer, deemed that ownership would only be fully
theirs when the community would be left to manage the network autonomously. This point is further
discussed in Section 6.4.1.3.

Personal ownership is restricted to limited areas of the project or tasks, and never acknowledged
as covering the entire project

Some respondents acknowledged a specific sphere of the project as their own, corresponding to tasks or
areas where they have had an important role and developed sufficient knowledge and skills to be able to
handle it on their own. Examples are maintenance, charging phones and collecting money. People could
refer to these areas as “their own” as they could decide over these matters without having to consult the
others, and were able to manage them autonomously. For example, the LR in charge of maintenance,
mentioned:

“(F)or a task like maintenance it is more my work, and I decide when I go to fix. It is more
up to me. But some decisions that are made in the meetings, for example with the dates that
they chose (...) I can’t tell them when to go.”

These respondents referred back to collective ownership when tasks fell outside those they could
manage alone, and which required consultation or joint work.

6.4.1.2 Collective ownership and its mechanisms

Despite the acknowledgement of a sense of collective ownership, the exercise of power is entrusted
to a local co-operative board

Although there seems to be general consensus about the collective ownership of the Mankosi CN, its
management and control have been entrusted to a local co-operative board: those hosting the stations.
These people were not voluntarily committed, but selected by the TA, and validated by the community
in a meeting where 150 members were present. As a former member of the TA puts it:

“They have been given the responsibility to look after these systems, and their profit. We, as
the community, as Mankosi, we have said ’look after this’, but if we are not satisfied with the
way that they control it, we are going to take it to someone else.”

This is acknowledged by a board member and an access point host: “‘It’s the people’s and Mankosi’s,
we just do the work”. These board members are the ones that registered Zenzeleni Networks Ltd., the
legal structure that is taking the executive decisions in the project. Since May 2013, its board members
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meet “‘near the end of the month”, or when issues arise they “‘set a special date to deal with it”. Whereas
there was a period in the early months of the project when some of them failed to attend, participation
reached on average 8 of the 10 people, specially because it is becoming more common to send delegates
when members are unable to attend, as one of them explains: “‘In the last meeting I sent my son to go to
the meeting because I couldn’t attend.”

Recognition of local leadership and the exercise of power on terms compatible with collective own-
ership is done for selected members on the basis of: status and education, knowledge and skills, as
well as acknowledged personal contribution to the project and participation in decision-making.

There was wide agreement among the board members about the recognition of three of them as key
actors in the development of the project due to their contribution and participation in decision-making.
A board member and an access point host expressed this feeling with regards to their participation: “X,
Y, and Z (...) are able to think clearly, have ideas and make means to resolve problems”, and another one
refers to their contribution: “The project can’t proceed well without X, N, Y and Z, They are active and
always bring a lot of money in the meeting”.

This is also acknowledged by people external to the board, as a TA member explains:

“When X and Y are not around things do not progress properly, others don’t always partici-
pate or ask things in the meetings, they always agree with what other people say.”

There was, moreover, a LR who was recognised by everybody as the one with the highest power
within the board, as one board member and an access point host summarises: “Z knows most things and
gives us direction, Z can fix things, and when we have problems we tell Z”. Or, as a former member
of the TA mentions “Z is the life giver in this project.” Z’s crucial role in the project is commensurate
with his education level, his previous experience with technology-oriented projects [27] as well as the
knowledge he developed for project matters. Apart from being one of the few educated members in the
community, Z acted as a mediator and entrance point for the external researchers, in which capacity he
was best positioned to learn about technical and managerial areas of the project. Although he is aware of
his power: “I have a lot of power to influence if I wanted my things to go on my own way”, he reinforces
the collective ownership with his actions “I usually open up some options but I don’t think I take the final
decision.”

6.4.1.3 Collective ownership, knowledge and capacity-building

The impetus for knowledge and capacity building are in a relation of mutual determination with
the development of a sense of ownership

It was found that the higher the sense of ownership demonstrated, the more local stakeholders acknowl-
edged the need to learn and build capacity, so that they could manage the project on their own as a
community. However, their sense of ownership did not make them blind to the many aspects of the
project that they did not know or understand, and their reliance on UWC expertise. Therefore, while they
felt the network belonged to them, they also realised that for full ownership to be developed, capacity-
building needed to be completed, or in the words of a former TA member: “It is not ours 100% yet,
as we are still working with UWC and we are still getting information from them”. Most of the people
interviewed, and especially those that were part of the board, proved to be aware of these aspects and
eager to learn more, as one board member and an access point host expressed: “I would like that when
the UWC team leaves we will be at the level where we know everything”. However, some acknowledged
that capacity building might never be completed to a level that can enable them to run it autonomously.
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6.4.1.4 Ownership, responsibility and commitment

Collective ownership engendered different forms of responsibility, the first related to direct stew-
ardship and the second to collective support

Two forms of responsibility emerged from the analysis, both of which could be assumed by individual
stakeholders, or delegated by respondents to other members of the community.

The first was related to the exercise of power on behalf of the entire community, a form of responsi-
bility that can be equated with the concept of “stewardship”, the management of the resources entrusted
to the care of someone. The members entrusted with responsibility would acquiesce that the benefits
continued to be reaped by the entire community. With respect to stakeholders, most respondents en-
trusted responsibility with the entire board, or selected members of the board. These selected members
corresponded in general to the people who exercised power and control as discussed in the themes in Sec-
tion 6.4.1.2. Several reasons were mentioned for this choice: having valid opinions, steady attendance
and contribution to meetings, demonstrated love and devotion to the project, thinking clearly, having
ideas, and demonstrated ability to solve problems, fix things, and give guidance and direction. Some re-
spondents insisted that the people in charge should be the ones with better education, who could absorb
the knowledge and skills imparted by the external researchers. For example an access point host and
board member commented:

“We trust people who have education because they are the ones who can see things differ-
ently. I would turn the responsibility to Z, because he is the one from the team who is much
better in terms of education.”

This viewpoint is shared by a former member of the TA: “We should consider giving opportunities
to our young educated kids who will have the relevant skills, not us elders.” This responsibility is
already being given to their children when are asked to represent board members in the board meetings,
a responsibility which is expected to grow with time: “I am looking at those children that are now at
school, I’m looking at them to come at some point and help the project to go further.” (Access point host
and board member)

The second form of responsibility was a rather indirect form of stewardship, manifested as an impetus
to provide support and protection. This form of responsibility was found to be closely related to the idea
of collective ownership: since the entire community owned the network, members were equally held
responsible to protect it, care for it and ensure that no harm was being done to components crucial to its
functioning. For example, one local woman, an access point host and board member, commented:

“I believe that as people of Mankosi we should work together and maintain the existing
project for the future. If that [failure] can happen, for me it will mean that we have failed to
work together to develop our community.”

Developing a sense of ownership is positively correlated with engagement and commitment

The project did not generate a high level of commitment in its early months. People could be found to
forget about meetings, intervene little, and shy away from assuming responsibility. Yet, two years after
its inception, much higher levels of engagement and commitment were noticed. The lead LR, board
member and an access point host noticed how in time members of the board became more proactive, had
more initiative during the meetings and became more reliable:

“I think that now that everyone is committed to the project at this stage, everyone wants to
use it for a good thing. Because there are plans, like with the school, the maintenance [that
they will pay for it], the bank account... The plans are there to use the money for every
effective stuff.”
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The levels of commitment manifested by people interviewed were very high. A few quotes provide
an indication of commitment:

“I have hope that this project will never end, that it will exist in this community forever. And
that I am part of it forever, and that it becomes a legacy for later generations.” (TA member)

“I would be here till I’m old and have to retire because of old age illnesses.” (Male board
member and an access point host)

“I’d be involved until the end, I don’t really have a reason, we don’t really get any financial
compensation.” (Female board member and host of an access point)

“I like how the project is made, to put the community together and I have been through it
from the beginning so it is like a son that is growing on me.” (LR, board member and host
of an access point)

These high levels of commitment can be traced to a combination of two factors: Firstly, the internali-
sation of a sense of ownership, the perception that the network belongs to the people of Mankosi. Second,
the fact that the project delivered on its promises, realised the goals it had set for itself, and some local
people were directly involved in making it a success. For instance, a TA member commented:

“I am proud because we work well together, as a community we need to work to uplift the
community. If we do that there are many things that the community can achieve.”

6.4.1.5 Contextual determinants: Local forms of organisation, values and norms

Local forms of organisation, values and norms influenced the way the project was received, and
also determined localised management forms and accountability mechanisms

The reception of the project and the way it was organised and managed locally were influenced by struc-
tural factors as well as by socio-cultural values and norms. With respect to structural factors, the most
important to mention is the political form of organisation having a headman and a TA as the leading
authority. It was this authority that named the board entrusted with the local coordination of the project,
which ensured that nominations were accepted and endorsed by the entire community. With respect to
socio-cultural factors, the project reception was influenced by local values, as well as norms and unwrit-
ten rules. Local values such as honesty, trust, respect and delivering on one’s promises were found to be
important determinants of the acceptance and appropriation of the network. One important aspect that
encouraged local appropriation is the fact that the project delivered on its promises. This strengthened
feelings of trust towards the external researchers and also made local people directly involved feel proud
about having attained goals they had set, through their own efforts:

“I’m filled with great pride and have great hopes for its future success (...) I am confident
because most goals we set have been achieved.” (Board member, former TA member and
host of an access point)

Another strong value of the Mankosi community is its collective ethos [28]. People are used to
working together to collectively sustain their livelihoods. In this context, the project had given them the
opportunity to realise that they can work together to create something new, something better. The project
offered an occasion and goals around which people could unite and mobilise themselves to imagine
and work towards creating a better future, to the extent that people’s hopes for the future were partially
embodied in the project.
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“The most important thing that I have learnt is that I didn’t know that you could still get a
little bit of money without having to go outside of the community to work hard. Just slowly,
talking to people to set up the rules, getting a bit of money, starting a business that can help
people in the future locally. So that’s a very big skill to me, as I didn’t know that we could
start from a small thing and grow up.” (Board member and host of an access point)

The strong collective ethos also drove the creation of local forms of accountability, shared decision-
making and mechanisms for keeping the community informed about the project progress. Local actors
with decision-making power felt they could act only after consultation:

“(W)hat always concerns me, whenever I’m going to do something on the project is if I do it
without consulting them. Because if I do too many things on my own, this is when they are
going to think that I am the one leading it.” (Lead LR, board member and host of an access
point)

Members of the board also felt accountable towards the larger community, to the extent that they
considered the project’s failure a form of failure to deliver upon the expectations of the larger community:

“It would be an embarrassment if we fail. No, we cannot allow that. People would talk, talk,
talk, we cannot allow that.” (Board member, TA member and host of an access point)

At the same time, the network reception and forms of local organisation were influenced by local
norms. Gender issues, also highlighted in other research in the community [31], can be mentioned, in
this respect. As one LR commented:

“How often do you see women contributing in the meetings? They are not contributing that
much, and it is because the females are not really used to stand in front of the man and say
their opinions.”

Age issues were also recognised as influential. Youth is not only acknowledged to imply a better ed-
ucation as discussed in Section 6.4.1.4, but also better familiarity with the use of technology, confirming
observations from other authors doing research in Mankosi [30, 28]. For example, an elderly member
of the board says: “(T)he [children] are more knowledgeable about these things”. While the lead LR
corroborated this view, he acknowledged as well a counterpart generational gap:

“In the approach to old school people, you need to be slow and follow their way of talking.
No matter how in a hurry I am, I have to be more slow. That’s unusual for us as young
ones.”

6.4.1.6 Core and expanded sense of ownership

A review of the studies of ownership (see Appendix B.1 for more details) against the model used in this
dissertation (represented in Figure 3.2) reveals that operational definitions of ownership tend to use as
indicators of ownership both mechanisms, such as control, as well as outcomes, such as responsibility
(e.g. [17]). One of the merits of the model and the approach proposed to understand how ownership
manifested in Mankosi resides in clarifying the limits of the concept, as well as the relations established
with core determinants and outcomes of ownership. The analysis confirmed that there is a positive
correlation between ownership and elements such as control and responsibility. Most importantly, it
confirmed that the sense of ownership is also distinct from these. This distinction made it possible,
for example, for all stakeholders to manifest a collective sense of ownership, even in cases when they
exercised personal decision-making power. In the same vein, it was possible to see that some respondents
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manifested a strong sense of ownership, without exercising power, or could delegate the responsibility
to other members of the community. These examples point to clear distinctions between the sense of
ownership and constructs such as responsibility, power, and control. At the same time, data showed
positive correlations between ownership and its mechanisms (in particular knowledge and power/control)
and between ownership and its outcomes (responsibility and commitment). Given these strong relations,
it is acknowledged that both the mechanisms and the outcomes of ownership can be used as indicators
of ownership (e.g. a stakeholder with a high sense of commitment can be supposed to have developed
a high sense of ownership). Nonetheless, a distinction between these elements should be maintained in
rigorous analysis. Based on these results, it is sensible to distinguish between a core and an expanded
sense of ownership, as outlined in Figure 3.2.

6.4.2 Fostering collective ownership: Key drivers and processes

This section contains the results of examining the factors that appeared to significantly drive the gradual
development and exercise of local ownership or be related to it. Guided by the initial model of owner-
ship (represented in Figure 3.2), a series of processes and factors are considered, focusing on the clusters
evidenced in the model as conducive to or impacting upon ownership (behavioural determinants, mech-
anisms, relational dynamics, and the bearing of the local context). The relations between ownership and
what has been considered to be outcomes or effects of ownership (responsibility and commitment) are
treated in-depth in the previous section. Herein the focus is on the factors that foster collective ownership.

The bearing of the local context (Emulating local structures and articulating new ones)

In the Mankosi CN, the development of ownership was a process that unfolded gradually, highly influ-
enced by the local structures and environment, but also serving to challenge these. At the beginning,
the exercise of ownership followed existing power structures as shown in Section 6.4.1.2. As the project
progressed, alternative patterns started to emerge and then crystallise. Rather than contributing to retain
power for the powerful, the project appeared to enable the emergence of local cells for decision making
and taking action, based on capacity and commitment. This process was not without tensions. Although
the role of the youth was acknowledged as pivotal due to their skills, when the youth were present in the
meetings, their contribution was minimal. “(W)e’ll ask when your mother/father is here” was a typical
phrase. On the other hand, the development of a sense of ownership may challenge pre-existing local
ways of thinking and doing. As a member of the board explained:

“I didn’t know that you could still getting a little bit of money without having to go outside
of the community to work hard. Just slowly, talking to people to set up the rules getting a bit
of money, starting a business that can help people in the future locally.”

When participation matters

During the initial stages of analysing ownership, the importance of local participation was acknowledged,
as amply described in the literature [126]). The first hypothesis was that participation would be positively
related with the development of ownership to a greater extent if participation (patterns of involvement)
would be doubled by the three mechanisms – exercise of power, knowledge and self-investment (see
Figure 3.2).Participation in a position of power, for instance, was thought to have a higher likelihood to
influence the development of ownership. The qualitative analysis done did not allow precise mapping
of the extent to which these three factors determined patterns of relatedness between participation and
ownership building. Yet, it was apparent that expressions of ownership displayed differences in relation
to the role one held in the project and the type of involvement associated. Of the three mechanisms
– power, knowledge and self-investment – the ones appearing to influence ownership development and
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its outcomes (responsibility, commitment) most strongly were power and knowledge. Moreover, people
whose knowledge was perceived to be greater were deemed by peers as most fit to take decisions and act
on behalf of others.

Knowledge, power and empowerment

Capacity building and empowered action and control are all factors linked to ownership building and
the exercise of ownership in the literature. In the Mankosi CN, the most important factor positively
related to the manifestation of a sense of ownership was local empowerment. It was found that the
more local people felt empowered to take independent action, the more they felt entitled to the CN and
acknowledged that it belonged to them. In the project’s early days, people were reluctant to decide and
take autonomous action, as they over-relied on external expertise (for instance, they expected to be paid
to continue operating the network). Empowerment proved to be more important than the knowledge or
capacity built, as it acted as a driver for people to consciously and actively seek to garner the know-how
needed to perform. In the latter stages, for instance, it was found that people had forgotten the knowledge
imparted in the first, network setup, cycle. Yet this was not a set back, as people were motivated to
engage in continuous training. In the long term, however, people appeared to be aware that knowledge
and capability to manage the network were required for becoming the only owners of the network and
ending the reliance on the external researchers (see Section 6.4.1.3).

Building self-efficacy and self-identity

These were two of the most elusive concepts, yet the later developments of the project, especially dur-
ing the third cycle, proved that self-efficacy and self-identity were some of the most important factors
positively related to the development and exercise of ownership. During early stages, self-efficacy was
encouraged by involving people in the setup of the network, so that every landmark in the project was
perceived as an achievement afforded by community action, rather than purely a result of external inter-
vention. Self-identity, on the other hand, was cultivated indirectly, by giving local people reasons to take
pride and joy in the external recognition of the initiative. Later, such occasions were created through
local agency. When outside parties demonstrated interest in the project, having a LR act as interface and
representative of the community was a further reason of pride and contributed to increasing both self-
efficacy and self-identity. Finally, these two states were manifested when people took autonomous action
during the certification activities and in all encounters with administration bodies and other institutions,
in which they acted as community representatives.

Perceived usefulness

Initially reckoned to be a key condition for people to feel inclined towards ownership (i.e. I want it to be
mine because it is useful), this factor proved to have a more complex role. Researchers later learned that
the project was not fully understood at the onset, and that its benefits were not readily apparent. Merely
acknowledging usefulness was in itself a development, the result of a process, and required knowledge
of the project, exposure to its outcomes and awareness of its future developments. When the project
was seen as beneficial on these terms, positive spill-over effects into ownership outcomes (particularly
commitment), were noticed. For example:

“I think that now that everyone is committed to the project at this stage, everyone wants
to use it for a good thing. Because there are plans, like with the school, the maintenance
(that they will pay for it), the bank account... The plans are there to use the money for every
effective stuff.” (Lead LR).

It is interesting to note here that there was also a strong sense of perceived usefulness in collective
terms.
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Chapter 7

Results of the Impact Analysis

7.1 Expected impacts

This section reports on the impacts on the community members that were expected from the intervention.
As explained in Section 3.3.4, these data were captured in the form of questionnaires delivered by LRs
and focus on ICT ownership, expenditures and communication patterns. The first section reports on the
attributable impacts unveiled during the data analysis presented in Chapter 4. The second describes the
analysis, comparing those results with a follow-up questionnaire conducted 12 months later. Finally, a
section is included containing results from new questions introduced in the follow-up questionnaire that
contribute to understanding the expected impacts.

7.1.1 Attributable impacts during the first 18 months

The fact that the first round of questionnaires, conducted in 2012, could not be used for individual data
prevented a more precise analysis of the impact of the first 18 months of the intervention. Still, the data
show impacts that could be attributable to the intervention.

A percentage of the total expenditure in communications reported in Chapter 4 was used for keeping
the mobile phones charged. Considering the data reported in [30], people’s expenditure on charging
has decreased over the past 3 years. In December 2010 they were expending R5.50 a week on average
(R23.57 a month), while in December 2013 they reported to be expending R10.36 a month. This is a
56% reduction that can be explained by a combination of two factors: a) the installation by Zenzeleni
Networks Ltd. of cheaper and closer charging stations (R3.00 per charge instead of R5.50 [30]); and b)
more community members installing their own solar energy solutions to charge phones. Although there
is no data to prove this as yet, qualitative findings suggest that the charging stations deployed as part
of this project have also contributed to reducing the number of days without battery power per month.
Before the installation of the charging stations, a phone could go a week without being charged [27]. The
importance of people having their phones charged should not be disregarded, as shown by the number of
days a month people report not having a charged battery compared to those not having airtime. Mobile
phones are not only used to make calls; they are also used as a torch at night, for listening to the radio and
music, and, provided they do not stay long periods of time without airtime, receiving urgent information
from their relatives (news, job offers, etc). Thus, it is no surprise that the feature people want their phones
to have is a longer battery life. A qualitative analysis of this is provided in the next section.

Expenditure on airtime has increased by 33.05% when compared to the data collected by [30] three
years prior to the research presented in Chapter 4. This corroborates the results obtained with regards to
the correlation between years owning a phone and expenditure in mobile phone services, a trend which is
expected to continue in the future due to the even higher uptake in the past few years. Provided there is a
negative correlation between the number of days without battery a month and the airtime expenditure in
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a week, the installation of the charging stations (which has reduced the number of days without battery)
may have contributed to the increased airtime expenditure.

7.1.2 Comparing results one year later

The comparisons between the baseline and follow-up study results of the 75 people that voluntary agreed
to participate are presented herein. Data from the baseline is presented in detail in Chapter 4. Although
not significant, mobile ownership increased by 5% from the baseline (79%) to the follow-up (84%)
surveys (p=0.2850; McNemar=1.14). Similarly, more people have bought their mobile phones from the
baseline survey (76%) to the follow-up (83%) as opposed to using one given by someone else (p=0.2482;
McNemar=1.3333). This trend is confirmed by the increased number of people who want to buy a new
phone from the baseline (36%) to the follow-up (47%) surveys (p=0.1701; McNemar=1.8824). In both
surveys, longer battery life was singled out as the most important feature a mobile phone should have.
It is worth noting that the percentage of people preferring a phone able to navigate the Internet has
increased from 14% to 21% in between the two surveys.

Although not significant, ownership of SIM cards has increased from 81% to 85% (p=0.3657; Mc-
Nemar=0.8182). MTN was mentioned as the main service provider (91%) in both surveys. Although not
significant, network problems were experienced by 43% at the time of the baseline study, whereas this
was slightly less (35%) during the follow-up study. Meanwhile, the number of people using someone
else’s phone has decreased considerably from 11% to 1% (p=0.0196; McNemar=5.4444).

There was no difference in the reported monthly amounts paid for charging the mobile phone in
the two surveys (p=0.9029; Wilcoxon Signed Ranks (WSR) test=5.5). The number of days (in the last
month) without a charged battery was similar in both surveys (p=0.8252; WSR=-18.5). No difference
was found in the number of times per month people charged their phones in the two surveys (p=0.3587;
WSR=-51.5).

Weekly airtime top-up patterns did not change significantly from the baseline to the follow-up study
(p=0.2827; WSR=-68.5). Although not significant, slightly more money (mean=R3.32) was paid for the
same airtime in the baseline study compared to the follow-up (p=0.2743; WSR=-92). There was also
no change in the weekly upload of airtime on other people’s SIM cards in the two studies (p=0.8799;
WSR=-9). The number of whole days without airtime was not different in the two surveys (p=0.7591;
WSR=33). Social calling prevails as the main reason why people buy airtime (68.75%) in both studies.
An increase in using airtime also for social Internet (from 4.17% to 10.42%) and a decrease on using
it for SMS (from to 12.50% to 2.08%) from the baseline to the follow-up survey has been observed.
Despite the similar expenditure patterns, there has been a significant decrease in the number of people
acknowledging sacrificing other things to buy airtime from the baseline (59%) to the follow-up (26%)
(p=0.0002; McNemar=13.5). Still, from those answering positively, the item people forgo the most to
buy airtime is the same in both questionnaires: essential food (44.4%).

The total duration of calls made in the week prior to the baseline survey was on average 6.6 minutes
longer than that reported during the follow-up study (p=0.0428; WSR=-88). Although not significant, the
total number of calls in the week prior to the survey was slightly more (mean=-0.07) during the baseline
study when compared to the follow-up study (p=0.8604; T-test=-7.5); and the average duration of each
call was also slightly longer during the baseline study (mean=0.46) (p=0.3842; T-test=-39). During the
baseline study, 25% indicated that none of the phone calls they made were to people living in Mankosi,
whereas this increased to 42% in the follow-up study. Although not significant; there were slightly more
“PleaseCallMe” messages sent (mean=0.90) (p=0.5404; WSR=-68) and slightly more SMS messages
sent (mean=0.45) (p=0.3309; WSR=-65) in the week prior to the baseline study when compared to the
follow-up study. Together this may explain the higher airtime reported to be spent in the baseline study.
The use of Internet applications on their mobile phones remained constant, at 28%, in both studies.

Although not significant, during the follow-up study more people (96%) were aware of the solar
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charging stations compared to the baseline study (89%). In both studies, 62% indicated that they had
used the solar charging stations. At the time of the baseline study, 87% agreed that the presence of the
charging stations changed mobile phone usage patterns, whereas only 27% in the follow-up study still
held this opinion (p=0.0004; McNemar=18). Perhaps many were at the time of the follow-up study more
accustomed to using the solar charging stations and did not see it as a change in usage patterns anymore.
Although not a significant change and given that only 21 people responded to this question, public
phone usage increased considerably from the baseline -(19%) to the follow-up study (24%)(p=0.5637,
McNemar=0.33).

In summary, access increased via both a larger ownership of devices and SIM cards and better cover-
age. Expenditures and usage patterns have remained mainly constant between the two surveys, although
a reduction in total expenditures has been observed. Although there seems to be an increased awareness
of the services provided by Zenzeleni Networks Ltd., it has had a negligible quantifiable impact so far. It
is interesting to highlight the increased interest in the Internet, both in the preference among features for
their next mobile phone and in the reason why airtime is purchased.

7.1.3 Additional results from the follow-up questionnaire

The follow-up questionnaire was also used to obtain additional data about the impact, or lack thereof, of
the public phones. In addition, some of these answers contribute to the steps being taken within the fourth
cycle of the initiative (see Section 5.4 for more details). For this, the answers from 125 respondents were
used.

Only 36.8% of the respondents knew that they could call mobile phones at R0.60 from the public
phones. Of those, 53.66% answered that they would use the public phone now that they knew about
the service. This figure contrasts with the 90.91% of respondents from the first questionnaire who an-
swered that they would walk to the public phones if calls were cheaper than with mobile phones. From
those willing to use the system, most of them (81.25%) responded they would use it for being cheaper
and/or not having money to charge their mobile phone or purchase airtime. Preferring using their mobile
phone which included the use of free minutes was the reason mentioned by most (54.55%) of those not
interested in using the system.

Only 10.87% (5 respondents) of those who knew about the discounted breakout service had used the
service, and all of them reported a satisfactory or very satisfactory service provision, and a quality better
than or similar to the one obtained with the mobile phone.

Among the suggestions given for implementation to promote wider use of the service, increasing the
number of stations (including installing station in all houses) was the most common answer (21.13%)
other than not having to change anything (42.25%). The data from the first questionnaire show that
50.91% of the respondents have a public phone less than 10 minutes from their house.

Additional questions were asked in order to corroborate some of the findings obtained during the
design of the billing system described in Section 6.2.2.1.2. Only 1% of the respondents knew the cost
he/she was paying per minute to call a MTN number. A considerably higher number of people knew
their Price Plan (37%), with 91.89% of them using MTN Zone. When asked about their interest in going
to town to change the company of their SIM card if a company offered them half of the cost per minute
they paid on the day they answered the questionnaire, only a 40% of them responded affirmatively.

Finally, the data about owning a bank account at the household level (presented in Section 4.1) were
refined to include the individual level. Forty-one of the respondents owned a bank account. This shows
an increased potential for Internet banking, however, only 6.4% of those owning a bank account use
Internet on their phones. The increased interest in the Internet shown in Section 7.1.2 could change this
trend, especially due to the high rate at which people change their phones: in the last year 44% of the
respondents changed phones. According to the interpretation of the LRs, 47.47% of the respondent’s
phones were capable of navigating the Internet and 28.28% had a WiFi radio.
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7.2 Spill-over effects

This section reports on all the other effects of the intervention captured over the duration of the project. It
focuses primarily on the main stakeholders of the project with whom more interactions have taken place.

The possibility of using the spare electricity from the solar system that is not used to power the
telecommunications infrastructure has been one of the main non-expected effects of this CN. The impact
on the communications patterns derived from a closer and more reliable source for charging phones
highlighted in the previous section is reinforced by the main stakeholders:

“Before my phone would be off for days. But now it is hardly off, so people can now access
me at any time (...) so now I can better fulfill my commitments because my phone is on. I
therefore do not miss opportunities any more like before. For example I am a professional
athlete and I am at times required to go run for various teams in various locations. And they
would need to call me and give me relevant information about the races.”

Additionally, it has contributed notably to the financial model highlighted in Section 6.3.2, and as the
incentive for the continued participation of the board of members of the co-operative. It was agreed with
the community that in return for operating the charging stations and the CN for the community’s benefit,
board members and their families could charge their mobile phones for free and light their homesteads
using LED lights, provided they paid for the installation. Seven of the 8 houses where stations were
installed belong to the 97.9% of the houses in Mankosi which do not have electricity, so they used this
opportunity to light their houses and save on candles. The savings on charging and candles might be
considered irrelevant in other cases but was valuable to them, and this was highlighted when they were
asked about how they benefited from the initiative. As the chairperson of the co-operative put it:

“Now, I am saving money, from charging phones for free and not buying candles and I can
now have some money to buy things I need, like cabbage to make the food nicer. Now I am
in no pressure to get electricity, because I have the lights. That makes me feel proud.”

Although there are other personal reasons that may have influenced their availability to attend the
cooperative meetings, the members from the two houses that do not host a charging station have attended
considerably fewer meetings.

The role of electricity is not the only factor in the intervention affecting the degree of involvement
of the board members. With increasing experience in decision-making and in internalising the potential
usefulness of the network, some of them have acknowledged that integrating the youth would be very
helpful for taking the project forward due to their better understanding of technology. In a society where
most decisions are made by the elders, the mere consideration of involving the youth is a considerable
change of mindset. Although an increase in the attendance to the co-operative meetings board members’
children has been observed, their opinions, seldom voiced, have scarcely been considered. Their par-
ticipation is in many cases related to their parents not being able to attend, but a considerable increase
was seen after the introduction of the breakout calls, when employment opportunities for those assisting
with the process were discussed. However, as the use of the service never reached the levels expected,
the youth interest, and so their involvement, decreased. The aspirations of the youth in relation of em-
ployment opportunities cannot be underestimated. Most of the LRs hired to assist collecting data for
this research project currently live in urban areas, either because employment opportunities are higher in
general or in particular, as a result of another Action Research intervention from the CONFINE project
aiming at using the network to assist the youth to enroll in Higher Education Institutions (HEI). This
intervention, making use of the Internet connectivity provided by the co-operative, enabled 12 young
community members to gain admission, and they are currently enrolled in HEI. All the students that
gained admission qualified for bursary and accommodation [161].



7.2 Spill-over effects 99

Other unexpected effects observed go beyond the factors influencing the degree of involvement. The
lead LR who assisted with this research is a major development actor in Mankosi. He has been working
for the local NGO since 2008, and has been involved in other independent development and research
initiatives taking place in the community. These were the main reasons behind his house being selected
for hosting a charging station, and, so, his addition to the board of members of the co-operative. In
addition, he is the only member of the co-operative who speaks English, and who has some previous
knowledge about IT, so most discussions about the present and the future of the CN, and the transition
in between, have been held with him. For all these reasons, other co-operative members have delegated
to him the responsibility of arranging and facilitating the discussions and the decisions at the monthly
co-operative meetings. He has done so in an inclusive way, which is something new to the community in
relation to an externally initiated project, and it is allowing new interactions:

“It is something that we are learning through this project. (...) In the project we are getting to
know each other more deeply, like for example how I thought about W, and now my opinion
has changed a lot positively. Something that we are achieving it that, people are working
together.”

The CN is supposed to have gained better acceptance among the board of members because its
values and approach resonated with local ways of being and thinking, such as respect, honesty and trust,
and could seamlessly be emulated on local socio-political structures (see Section 6.4 for more details).
It appears, therefore, that there was a localisation of ownership through local structures, values and
norms pre-existing the project. These structures and norms eased the use and operation of collective
infrastructures like a CN, as they already provided an unwritten basis for its “license”. A license in a CN
is an agreement among the members that defines the way of using and operating the network, and has
proven to be a key factor of success in Guifi.net, the biggest CN in the world [122].

The lessons learned on this process have been applied to other development initiatives in the com-
munity. For instance, in the first stages of the project, some of the committee members failed to attend
the meetings. When asked for the reason they all mentioned that they had forgotten about them, and it
was agreed that the lead LR would remind them two days and one day prior to the meetings. The LR
has experienced similar situations in other projects (students attending after class courses, people failing
to attend the meetings of other committees, etc.) where the same solution has been applied successfully
after the impact shown in this project. Similarly, the practices of taking notes and reminding members
of the decisions made in previous meetings have been applied to other committees where decisions have
been consciously made to prevent inclusive participation benefiting a few selected individuals when the
project is aimed to be community owned.

The local NGO has also approached the doctoral student to replicate the process of nurturing and
exercising community ownership developed around the CN (described in detail in Chapter 5). De-
spite having been working in the community for more than 10 years, and trying to include locals in
the decision-making process, the management remains in the hands of workers and volunteers who are
not from the community or do not share the same cultural background. In the last months, steps have
been taken to use the experience presented in this dissertation to redress this situation.

The impact of these spill-over effects is difficult to quantify, and they might have had negative im-
plications in the short term (like some committees having to restart their work from scratch). However,
the fact that since the partnership between the community and the researchers was established, the co-
operative has met 25 times to coordinate its operation, demonstrates the community’s commitment to
the project, a commitment that has not been achieved with any other initiative before. In the project’s
early days, people were reluctant to decide and take autonomous action, as they over-relied on external
expertise (for instance, they expected to be paid to continue operating the network). This reluctance to ex-
ercise control over the course of events manifested in many other development projects in the community
and might be related to the historical process of disempowerment that South African rural communities
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have been subjected to both during pre- and post- apartheid periods [104]. Politicians in South Africa
continue to gain power through promises of work, homes and pensions for those who were previously
marginalised, arbitrating “people’s ability to cooperate in production and their confidence to create”[28].
Thus, empowerment proved to be more important than the knowledge or capacity built, as it acted as a
driver for people to consciously and actively seek to garner the know-how needed to perform. The
process from passive to active entitlement of a historically disempowered community takes time, but it
seems that this project has contributed to it, as shown by how the development of a sense of ownership
has evolved in Mankosi (see Section 6.4.2 for more details).



Chapter 8

Discussion

8.1 Answering the acceptability question

This section answers the first research question that this dissertation aimed to answer:

Is it acceptable for rural villages to become sustainable telecommunications operators so
they can provide affordable universal access to voice and data services to their dwellers?

To do so, the data presented in Chapter 6 will be used. For each dimension of the framework pre-
sented in Section 3.3.3 a particular discussion is included below. Then, a section discussing the interre-
lationships between the dimensions is included. The last section answers the question above.

8.1.1 Legal acceptability

In the legal dimension, the research question considered was:

Does the telecommunications operator and the network required to provide voice and data
services fit into the current policy regulatory framework of the country where services will
be provided?.

Zenzeleni Networks Ltd. has been legally sanctioned by the national regulator by obtaining the first
CECS/CECNS exemption in South Africa. This not only makes its activities fit into the current regulatory
framework of South Africa, but has set a precedent for others to replicate. Considering that similar
initiatives in the past had their equipment confiscated for not complying with the regulations [209],
obtaining these exemptions is an important accomplishment. In addition, it has many positive effects for
social and financial acceptability, as described in Section 8.1.5. Still, Zenzeleni is not complying with
two of the requirements for operating in license-exempted bands:

• No modification of type-approved devices. The MP01 is type-approved but in order to extend the
range of each router, an external antenna was attached to them, which is not type-approved.

• Maximum EIRP. Combined, the MP01 and the antenna use a EIRP of 28 dBm instead of the 20
dBm allowed for the 2.4 GHz band.

Existing technical solutions to meet these requirements are discussed in Section 8.1.5, so full compliance
with these items will not become a problem in the future.

The novelty of the approach created delays for obtaining this legal status. It is believed that once the
precedent has been set, similar cases should not experience the same delays. It is important to highlight
here the important role played both by ERS and the doctoral student. The complex vocabulary and
expressions in the Acts and the regulations requires a high level of English literacy and expertise on
dealing with similar processes and applications, which did not exist in Mankosi.
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8.1.2 Technical acceptability

In the technical dimension, the research question considered was:

Is the network proposed able to provide voice and data services with an acceptable QoS,
while being maintained by village members?.

It is easier to attempt to answer this question if broken into its two parts. With regards to the ac-
ceptable QoS, the mid-range single radio mesh architecture proposed was able to meet the throughput
requirements specified for the main two telecommunication services offered by the network so far: inter-
nal and breakout calls from the public phones. This is despite the computing limitations observed in the
hardware chosen. Other QoS parameters were not assessed, as the mechanisms to control them could not
be implemented in this type of architecture, but quality of experience proved that they were met as well
(see Section 7.1.3 for details). However, the devices will need to be upgraded if additional services are to
be provided in the network. Preliminary tests done with new versions of the hardware, together with the
appearance of new software to control the other QoS parameters, hold promises that more demanding
traffic requirements will be met by an architecture similar to the one proposed. Still, the implementation
of QoS and a new dimensioning of the traffic requirements of those services is recommended prior to
offering them to the community members.

The choice of the architecture and the hardware was made in order to facilitate the maintenance
and operation of the infrastructure by people with little technical skills. This was complemented with
the co-design of two solutions: the solar infrastructure and the billing system; and a training whereby
installation of the network was done by local people. This has resulted in a network which requires little
maintenance (despite issues related with not having chosen UV rated cables and inevitable blown fuses)
and the maintenance that is required is performed locally (as also reported by external observers [68]).

It is worth noting that most communication amongst local people is still mostly oral, as proven by
the local process of “network monitoring”, so the billing system attempted to replicate oral communi-
cation by using IVRs. IVRs are considered to be a limited form of communication, since they do not
capture the extra linguistic features of the orality of the Xhosa culture [33]. This may explain why some
participants struggle to follow audio prompts, although challenges with IVR have been documented in
other scenarios [101]. Nevertheless, the use of local voices emulating the flow of a conversation (and the
functionality for repeating messages) has been reported as being very valuable by users of the system.
Even those who consider themselves less literate could interact easily with both billing system scenar-
ios. These findings are of wider application than to network infrastructures similar to the ones described
here - VoIP-oriented wireless mesh - because they could inform other efforts to provide affordable voice
services through bottom-up CCN [83]. After being adapted to their corresponding localities, similar so-
lutions to those presented here could be easily incorporated into their VoIP servers. It would be worth
exploring IVR-based systems for other maintenance and operation tasks in similar initiatives

Despite the benefits of using oral communication in the billing system, some sort of written support
mechanism could improve the user experience. The inability to see the numbers dialled in the public
phones led to many mistakes during testing. Also, users have to carry a charged mobile phone with
them to access the numbers they want to call, because very few people can remember them. Thus, in
similar initiatives an analogue phone with a screen would be worth exploring. It may contain numbers
in memory as well, although this needs to be considered carefully because it may cause some privacy
concerns. Alternatively, this could be solved by the likely arrival of WiFi-enabled phones in the mid-
term. If this is the case, the two payment systems could be reused straightaway with WiFi-enabled
phones, but they might not be very practical. A solution would be to implement individual accounts.
Although this idea was originally rejected, it may become more acceptable with time as users become
better acquainted with personal accounts while using the Internet.

Notwithstanding, the co-operative has shown high levels of dependency in the doctoral student and
the external research team with regards to upgrading the services: from adjusting the network parameters
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and the implementation of the breakout service and the billing system, to the request of providing the
same services on mobile phones. Potential solutions for this are described in Section 8.1.6.

8.1.3 Financial acceptability

In the financial dimension, the research question considered was:

Can the costs of maintaining the telecommunications operator be covered by the revenue
obtained during its operation, while reducing the cost to access telecommunication services
using a business model created by the community?.

The cost of the services provided by the co-operative are cheaper than the ones available locally:

• People can charge their phones at a 60% of the cost of using other local alternatives (R3.00 vs.
R5.00 [27]).

• People can make calls from the public phones at R0.60/min (regardless the time of the day and the
destination), which is 50% of the cost of the cheapest product offered by the main provider used
in Mankosi, MTN.

With the money collected from these services, the co-operative has managed to cover its operational
costs, despite the many once-off costs incurred when setting up the institutional structure required from
a legal telecommunications operator. In the following years these savings can help covering the amor-
tisation of the equipment. Additionally, while the incentives for the voluntary work carried out by the
household members (charging phones for free and using LED lights) generate savings on the family
budget that have been valued enough to reach this point, a more direct economic reward needs to be
considered in the future as it is, at best, unfamiliar and at worst uncomfortable, in the local culture to do
unpaid work.

Covering the operational costs has been possible because many business good practices, such as
keeping the ledgers up to date, transparency in accounting, deciding how much money to deposit and
how much to spend, etc. were already in place or developed without any participation from the doctoral
student or any member of the research team.

Although the cost of the services was decided by the co-operative members, the doctoral student as-
sisted with the collection of the different offers, their comparison and the choice of the cheapest options.
Although this is a skill that might be developed with knowledge, time and practice, the gap between
the daily realities of the people in Mankosi and those expected from the different providers is too big to
expect them to be able to do so independently from start. The same goes for the provision of additional
services that could be provided by the network (such as international calls for tourists at the backpack-
ers’ lodge), or its upgrade. As discussed in Section 6.4.2, knowledge comes from experience. So, it
is expected that by continuing the operation of the network, an increasing number of services will be
available in the future.

However, the reduction of the cost of a given service, like the breakout calls, has not been enough to
spur its usage. Although an in-depth analysis of the factors influencing this is provided in Section 8.2.3,
it appears that better marketing skills need to be developed to change the consumer dynamics that con-
tribute to increasing the costs of communicating for the people in Mankosi. This suggests that the
financial acceptability dimension needs to be widened to account not only for the financial acceptability
at the operational level, but at the user level as well.

Similarly, the scope of the services to be provided by the co-operative might be seriously limited
by the higher level providers in the area. As it has been shown, they can provide pricing based on
value rather than on cost to block the entry of competitors, or simply ignore them if they do not see
enough benefit from making a deal with a community telco. Thus, extending the financial acceptability
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dimension to include the acceptability from higher tier providers is also required. If obtained, cheaper
services could be provided that not only reduce the cost of communications, but increase the margin of
the co-operative to provide employment opportunities or to generate some surplus to be used in other
development projects chosen by the community, as stated in the co-operative’s constitution.

8.1.4 Socio-cultural acceptability

In the socio-cultural dimension, the research question considered was:

Can a sense of ownership be nurtured in village members, so that an externally originated
telecommunications operator is considered as theirs and operated it as such?.

Due to ownership being a concept very difficult to operationalise [100], a conceptual model to study
the process, mechanisms and factors that influence the development of ownership was outlined in Ap-
pendix B and used to answer the question above.

One of the key themes emerging from the analysis was that all stakeholders involved in the initiative
had developed a sense of ownership that reinforced the idea of collective possession: no one assumed or
assigned personal possession of the network, rather the network belonged to the entire community. This
form of ownership had a counterpart in the development of local structures for managing the network
that were chosen by the TA, the one single structure that exists within and connects across all villages in
Mankosi, and is validated by the community. Thus, it recognises that the TA attempted to ensure that the
infrastructure was available to all. However, as in all communities, perspectives about who is privileged
by decisions differ. Certainly, it is necessary to proceed cautiously in assuming the TA can enable
broad community “involvement” and access, and still argue that understanding the meaning of “fairness”
within a close-knit rural African community that does not prioritise democracy over consensus emerges
by engaging with the local governing structures.

One hypothesis put forward in the analysis is that the predominance of collective ownership is likely
to be rooted in the strong collective ethos detected in the community during the study. For instance,
people were aware that their ownership of network equipment was only a form by which something that
belonged to the community was entrusted to them for safekeeping. As the case of the person stepping out
of the co-operative showcased, a station could change hands and still belong to the community. This dif-
fers from a more common understanding of CN, where each participant “owns the part of infrastructure
it has contributed” [16].

While collective ownership of the network was agreed upon unanimously, the power to manage and
maintain the network was entrusted with, i.e. delegated to, a selected group of people due to the lack of
any other local structure that could be entrusted with such an endeavour. The mandate given from the
community to board members was replicated within the co-operative, where a handful of people were
given the responsibility of exercising the ownership on behalf of the others based on their skills and
their commitment to public service. The people entrusted with the management of the network, who
actively exercised power, derived a unique sense of ownership. Although the qualitative study could not
lead to definitive measurements, it appeared that the greater the exercise of power and involvement in
the project, the stronger the sense of ownership, and with this, the greater commitment to its success.
This became evident during the design process of the billing system, when users and operators showed
different degrees of involvement, particularly during the testing of the prototype. Whereas, similarly
to what happened in other projects [7], only some potential users attended the workshop, but operators
were very involved in the second workshop. This could be explained by the different type of relationship
established with each group and their level of understanding [53]. While meetings with the operators are
held at least monthly, the first interaction with users was only during the investigative phase. Equally,
operators had been taking strategic decisions about the project for more than two years, while users were
much less involved and may not have developed the confidence needed to contribute more extensively.
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The forms of local delegation and management were influenced by local norms. Gender issues can
be mentioned, in this respect, as only 3 out of the 10 board members are women, compared to the 70%
share of the local demographics. Age issues were also recognised as influential. Youth is not only
acknowledged to imply a better education, but also better familiarity to the use of technology, as reported
in earlier studies in the area [30]. Youth is also acknowledged to be more experienced while designing
the billing system (see Section 6.2.2.1.2). Although the inclusion of both groups has been sought, the
community has a very strong elder men authority protocol, which may have prevented the benefits that
their involvement would have brought to the initiative [68]. However, it could also be that the exercise
of ownership is following a path through local existing power structures: from the Headman, to the TA,
to the elderly, to the youth.

Another layer of collective ownership focused on the relation with the external team of researchers.
Due to the trust and harmonious collaboration between the board members and the external team, the
exercise of ownership could be partially delegated to the latter without jeopardising the local sense of
ownership. This resonates with Kaplan’s idea of the possibility of the external team being considered as
part of the community [97].

This new understanding of local ownership has been used to refine the model to measure its devel-
opment, associating it with taking steps from passive to active entitlement, with a particular interest in
shedding light on the way external interventions are received in local communities. Specifically, active
entitlement denotes willingness and capacity to manage/run or make the target work for locally defined
goals in locally defined terms. In other words, active entitlement means “owning the next decision”, and
being prepared and able to act upon it. Details about the new model are included in Appendix D.

8.1.5 Interrelationships among the categories in the model

The dimensions presented in Figure 3.1 are not hermetic boxes and it is important to analyse the interre-
lationships among them, i.e. to what extent a different solution in one of them may impact the others.

Compliance with the regulatory framework has had many positive effects apart from the obvious
one of adhering to the South African regulatory framework and thereby avoiding prosecution. License
exemption holders need not pay the registration fee, thus saving R20,800.00 in initial license fees (for
CECS and CECNS) which is twice the money collected thus far by the co-operative. Additionally, Zen-
zeleni Networks does not need to pay an annual percentage of the revenue obtained or pay for the audit
to calculate the fee. Avoiding these fees has direct economic benefits and also reduces the management
burden as the holder does not have to produce additional documentation. This benefits the exemption
holder and the regulator, too [201]. When registering the co-operative, Zenzeleni was argued to belong to
Category A. Although specifications are still not in place, if this argument is accepted, the co-operative
need not audit accounts, thus saving the cost of auditors. This is not preventing the co-operative from
keeping a clear register in its ledger, as discussed in Section 6.3.2.1. Furthermore, obtaining the license
exemption has opened up potential agreements with other providers as they could not offer services
such as wholesale rates or co-location of equipment in their towers until a license exemption had been
achieved1. The fact that the co-operative registered as not-for-profit means that all the profit (if any)
after the costs of operating and maintaining the network (salaries included, if any) does not go to the
shareholders, but is invested back into the community to achieve the co-operative’s goals. The institu-
tional arrangement followed, i.e. non-profit co-operative, is not necessarily the only one able to obtain
the CECS/CECNS exemptions and other options could be explored that match better with the social
structures in place in other cases. If the budget allows, even normal CECS/CECNS can be obtained.
Although this might allow the possibility of partnering with private social investors looking for a return
on funding for this type of initiatives, it may pose additional administrative burdens on the community

1Despite the isolation of Mankosi for South African standards, different nodes in the network have LoS to at least five
telecommunication towers.
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telco that may jeopardise its operation.
The use of ISM bands, although license exempt and very flexible, imposes some restrictions not only

on the technology to be used, but, additionally, on how it can be used. The only two requirements not met
in the current network could be met by upgrading the hardware and deploying the mesh in the 5 GHz
band instead of at 2.4 GHz. Operating in higher frequencies increases the attenuation that the signal
suffers when travelling through open space. In the bands allowed for WiFi, the path loss is 7 dBm higher
in 5 GHz than in 2.4 GHz. As operation of PtMP links in the band 5725-5850 MHz allows for 36 dBm,
type-approved devices allowing such an EIRP would have a similar effect to the ones currently installed
(28 dBm + 7 dBm), yet be able to adhere to the regulatory framework. This can be done either via a type
approved USB WiFi radio connected to the MP02, or via an additional type-approved router operating
in 5 GHz connected via Ethernet with the router operating in 2.4 GHz. The latter is already available
in the South African market2 and would allow better Tx and Rx characteristics, but it would come with
increased power consumption. This architecture would also increase the resources in the network by
doing the mesh in 5 GHz and the access in 2.4 GHz. However, providing blanket coverage using this
band would require a higher density of nodes than current one provided that: the EIRP will have to be
reduced by 8 dB to comply with the regulatory framework above, and the lower specifications of the end-
user devices on the other side will further limit the link budget. Additionally, ISM bands could also be
used to access a much faster and cheaper Internet connection than the one available in Mankosi. Given
the 200 Watts EIRP allowed in the 5725-5850 MHz band for PtP links, relays could be co-located in
towers in LoS with nodes in the network to reach those gateways. The CECS/CECNS exemptions do not
require the use of ISM bands, and are, basically, technology agnostic. Thus, if regulations about TVWS,
or the more recent GSM White Spaces [80], include license exemption to use additional radio spectrum
on a secondary basis, they could use the model presented here in a straightforward manner.

Another example is how the choice of mid-range single radio mesh as the architecture for the CN
has impacted the socio-cultural dimension, as the members of the community hosting a router have
had to collaborate to co-design, manage and maintain the infrastructure and the services offered on
it. This supports Harris’ belief that “through community involvement comes understanding, and with
understanding comes public support and commitment” (Harris et al. cited in [48, p.9]). Operators’
commitment during the testing of the system is also expected to increase their sense of ownership of an
externally initiated project. However, the development of ownership is a highly specific, locally-bound
process, likely to grow and expand following local ways of being, social hierarchies and emulating local
channels of communication and interaction. This process is, however, not controlled fully on local terms,
nor shaped purely by local structures. An external intervention is bound to leave its mark, especially if
it is enduring and if it delivers on its promises, so that a community starts to benefit from its results.
Ownership grows and is shaped in a space configured at the encounter between the local environment
and the elements of outside intervention, and in so doing it creates its own hybrid ecology. This ecology
comprises and is dynamically configured by a complex and evolving set of factors, actors and processes.
Thus, local ownership can take manifold forms depending on different nuances acquired by either the
sense or the exercise of ownership in different social settings.

In the case of rural South Africa, minimal communication between neighbouring communities, and
even ancestral rivalry, may hinder local control when scaling the network, thus, it is considered that local
ownership will be easier to foster in a single community whose social ties are historically bound together.
So, the large-scale nature of other exiting CNs might not apply in this context and the interconnection
of smaller islands (individual communities) could be considered instead. Building the network around a
community that already exists might be more amenable for its acceptability and long-term sustainability
than having to create the community once the network is already designed and operational. However, as
mentioned above, the development of ownership will be different in each situated context.

The architecture chosen, in turn, influences the services that the CN is able to provide and its QoS. In

2Airmax Omni: http://www.ubnt.com/airmax/airmax-omni-antenna. Last accessed 1 September 2015

http://www.ubnt.com/airmax/airmax-omni-antenna
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this sense, other architectures or technical solutions could easily be used instead, and their requirements
in terms of financial resources, the technical capacity required from the community to be able to maintain
it and whether it resonates with the local ethos and local ways of being and thinking would need to be
ascertained. Even using the same architecture, the constrained economy existing in communities like
Mankosi, together with the lack of electrical infrastructure, make it unlikely that local people would
purchase their own routers and the infrastructure required to power them (in this case, solar). Thus,
the decentralised model followed in more traditional CNs is unlikely to apply here. A more centralised
model with a minimum set of routers providing blanket coverage to the community is more likely to take
root and flourish.

8.1.6 Then, are community telcos acceptable?

In the previous section, the acceptability for rural villages to become sustainable telecommunications
operators so they can provide affordable universal access to voice and data services to their dwellers was
discussed. The analysis shows that major steps have been made in all four dimensions to the point that
the community continues to be actively engaged with the initiative more than three years after it started.

The analysis also showed some new considerations that are important to consider for the long-term
sustainability of this, and similar, initiatives. Concretely, the participation of external researchers, espe-
cially the doctoral student, in high level facilitation tasks over and after an extended period of time needs
to be considered. The creation of a second level organisation to provide support and services to the CN
in question, similar to the work done by Rhizomatica in Mexico [206], or K-Net in Canada [111], is
recommended as the way forward.

Apart from facilitating the high level tasks that still need to be carried out in the Mankosi CN, this
organisation could assist other CNs with training, not only technical but also including marketing and
other financial knowledge, as well as other support tasks identified to have to be carried out by people
external to the rural community, or simply by creating the necessary materials and documentation for
other more independent communities to do it autonomously. Additionally, this organisation could lobby
to get better pricing from the upstream providers by aggregating capacity from multiple CNs, reducing
further the communications costs. As seen in Section 6.1.1.3, a federation of co-operatives is possible
within the South African regulatory framework, and if created in a non-profit fashion, a similar license
exemption scheme could be obtained for such a federation.

This organisation could also try to secure economic resources to assist interested communities with
the CAPEX. Although the CAPEX was not considered part of the research question, the low income
levels in rural communities make it unlikely that they can pay for the infrastructure required, despite its
low cost. Traditional communities do not have allocated funding from the government for this, or any
other type of project, but other governmental structures could be engaged in the funding. Additionally, if
a sound business model is in place, other members of the industry would consider it acceptable to partner
with community telcos, and social investors may see benefits from contributing to similar initiatives. The
second layer organisation could act as the bridge to leverage the interest of the different stakeholders, as
has been done thus far by the doctoral student for Zenzeleni Networks.

However, this possibility has resulted from a long-term engagement in a rural community, where
the doctoral student has facilitated several processes over three years nurturing a deep sense of trust
with the co-operative board of members. Obtaining that trust in communities that have been subject
to many incidents of fraud and abuse by external people is not an easy process. It is believed that, as
with the process followed in other CNs [46], if the locally operated CN continues to provide affordable
communications and their members are the ones who communicate the results to other communities,
trust in an external team can be easily built up and the period for external facilitation reduced. Due
to the importance of face-to-face communication, it is unlikely that it could be eliminated completely.
Additionally, partnering with institutions that have already obtained that trust could further ease this
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process.

8.2 Unpacking the impact question

Provided that the community telcos can be considered acceptable to a large extent, in this section the
second question is covered:

What are the unexpected effects and the short-term impacts on the communication expendi-
tures and usage patterns of the people?

The answer to that question is provided in Chapter 7, where the actual impacts of the intervention
are detailed. In this section, the scope of those impacts is described. The richer understanding of the
communication expenditures and usage patterns of people in Mankosi provided in Chapter 4 is used as a
reference for this discussion.

8.2.1 Networks and dynamics within the users

Access to mobile services in rural South Africa is very high, with almost all households (97.7%) in
Mankosi owning a mobile phone. Individual ownership is 84% which is a considerable increase from
the 66.6% reported in [30] four years earlier, with increasing penetration of Internet enabled devices
(47.7%, 60% of those WiFi enabled). Furthermore, people change phones very often with 44% of the
people participating in the follow-up study having changed their phone in the last year. Other community
members access mobile phones either using a SIM card on someone else’s phone or by directly topping-
up someone else’s SIM card, for a total of 86.6% of people older than 15 accessing mobile phone services
on a weekly basis. Although a higher shared use of devices, consistent with other findings in rural areas
of South Africa [30, 78], was found during the baseline study, it seems like it is declining in favour of a
more individual access. Access to mobile phones contrasts with the low or non-existent penetration of
other devices, such as landlines and computers.

People in Mankosi report spending disproportionate amounts of their disposable income (21.97%) on
communications compared with the national average (2%) [189]. As acknowledged by the respondents,
this forces them, especially older people, to sacrifice basic food and household items to use mobile phone
services. Other studies concerning poor people in South Africa [61] and elsewhere in Africa [57, 75] have
shown similar results.

A significant percentage of the total expenditure on communications is used to keep the mobile phone
charged. This was quantified as R10.36 a month during the baseline study. Airtime, like other products
resold in rural areas [56], includes a mark-up. This mark-up, which was previously identified by [30], has
also been quantified in this research and increases communication costs by 17.19%. This mark-up and
the payment required to charge a mobile phone are not incurred in urban areas and account for 23.24%
of the total expenditure in mobile phone services in Mankosi.

Considering the correlations shown in 7.1.1 between time owning a phone and expenditure on mobile
phone services, it was expected that the latter would grow, but no significant difference was observed
when the data in the baseline was compared with the data obtained during the follow-up. This suggests
that expenditure may have reached its peak. Another possibility that could not be confirmed in this
research is that family members staying outside the community are calling more often, thus indirectly
reducing the expenditures of community dwellers.

The high proportion of disposable income dedicated to communications is not correlated with high
usage. On the contrary, as shown in Section 4.4, with this expenditure people are, on average, able to send
7.49 SMS and make 18.6 calls a month. Similarly, the monthly expenditure on Internet services (R12.50)
provides very constrained use: 30 MB with Vodacom, and 20 MB with MTN3. Usage patterns have also

3See Tables 6.7 and 6.8, respectively for more details



8.2 Unpacking the impact question 109

shown no significant difference when compared with the data obtained in the follow-up study one year
later. In this regard, cost appears as the main factor limiting people’s ability to communicate, similar
to the results reported in other studies [62], followed by lack of battery power and bad signal. This
constrained use of communications may serve to explain the high number of PleaseCallMe messages
sent, which do not require having airtime to send, and can be personalised [30]. However, use is further
limited by levels of literacy, which results in older people not benefiting from those services that require
reading and writing skills. A similar occurrence happens with the Internet services, where mostly young
people use them due to the increased level of literacy required. This explains the age differences in
features desired for their mobile phones; while younger people prefer a phone with Internet capabilities,
older ones prefer a longer battery life.

8.2.2 Inefficient interactions of players within the ICT ecosystem

To understand the high percentage of income (21.97%) used for mobile phone use, the huge income
inequality existing in the country and the high prices of mobile services need to be considered [74].
This value is considerably higher than the 5% that the government is targeting [144]. In addition, usage
numbers are considerably below both the low-usage basket created by the OECD, which is 40 calls a
month [74], and the total length of these calls in the government targets, for people to be able to afford
with 5% of their total income, which is 90 minutes a month [144]. Results presented in this PhD reveal
an average duration of only 76.82 minutes per month.

Existing products that may reduce these costs are not reaching the people in Mankosi. For instance,
all people reported using pay-as-you-go services due to the informal economy, and so they are not able to
benefit from the discounts available when using contracts [62]. Additionally, they top-up small quantities
that do not qualify for the free airtime that MNOs randomly give when topping-up in larger amounts.
Finally, the small number of big discounts might also be explained by the fact that most of the calls are
made during peak-time4 when it is not profitable for the operators to provide discounts. Products using
dynamic pricing, like MTN Zone, with high uptake in rural areas, could provide some relief, but still the
percentages of discount observed are not in line with the existent inequality.

Due to the high cost of communications in South Africa, the regulator introduced a reduction of
the MTR (this reduction was announced after the data presented in this chapter were collected, see
Section 1.4.2.2). Although this initiative has already had an effect on cheaper packages available na-
tionwide [74] with smaller operators offering bigger discounts, the effect of these changes in rural areas
is still to be seen; and several factors may hinder this endeavour. The lack of price transparency from
incumbent MNOs reported elsewhere [169] has been corroborated and shows that very few community
members are aware of the price they pay per minute (1%) or the price plan they use (37%). This, together
with the low levels of numeracy and literacy reported in other research conducted in Mankosi [56] affects
consumers’ perceptions of price, which may explain not only 93.9% ownership of SIM cards from the
most expensive provider in the country at the moment this study took place [74], but also why they prefer
one of their most expensive products, namely, MTN Zone [150]5. Additionally, it has been reported that
low-income consumers in Mankosi do not base their purchases purely on price. Habit and perception
of quality are deeply entrenched in consumers’ choices [56]. Finally, the possibility of interacting and
accessing these discounted prices by MNOs is advertised via channels accessible to very few, mainly
because they are in English, and mostly in written format. It became especially apparent during the
design of the billing system that this practice is experienced negatively by the mostly isiXhosa speaking
users. As an example, Cell C offered the possibility to call for 50 cents to any network, but it was only
advertised via their website [41]. In the event of someone being aware of these options, he or she must

4Most rural activities take place during day light.
5From those knowing their price plan 92% of them use MTN Zone. More details about MTN Zone can be found in

Section 1.4.2.1



110 CHAPTER 8. DISCUSSION

go to the nearest city to change to a different provider. When asked whether they would go to town to
benefit from such an offer, only 40% answered affirmatively. This may explain the high proportion of
users from the same company, which make that; as a result, airtime resellers mainly sell airtime from
MTN, and people with SIM cards from the other companies struggle to find airtime locally.

The lack of airtime from a given provider and the mark-up problems could be solved simultaneously
if people used Internet banking, as most people do in urban areas. There is no mark-up associated with
it, and it allows topping-up a number from any MNO. However, this method has several requirements: a)
being aware of the service; b) having a bank account and c) having access to the Internet. Data collected
show that only 6.4% of the participants in the follow-up questionnaire have a bank account and use the
Internet on a monthly basis.

Similarly, the literature has reported using PleaseCallMe [30] or using missed calls [59] to avoid the
costs associated with communications. One would expect that the same might happen with the use of
mobile data. In South Africa, airtime can be used to purchase data bundles that, depending on their size,
can be up to 1200% cheaper6. However, only 42.9% of the people using Internet use this mechanism.

8.2.3 Influence of this context in the impact results

As described in Section 6.3.1.2.2, despite their benefits, the usage of breakout calls has been lower than
expected. Using the numbers obtained in Section 6.3.2.3, people pay around R0.90/min, which is 50%
greater than the price offered from the public phones. Additionally, it is further felt that the payment
methods implemented for the billing system would target other challenges experienced by users while
using the services provided by the MNOs. Specifically, the prepaid system targets those users who find it
difficult to gather the money necessary to purchase top-up vouchers. Unlike the rest of the groceries and
household items that can be purchased in the community, top-up vouchers are one of the few items that
can not be purchased with the credit line that local shops allow clients based on their monthly government
grants. Additionally, users can purchase vouchers that will not expire before the purchased amount has
been used. Furthermore, providing the user with the maximum time to call (once the destination and the
maximum credit are known) has been also found to help the economically poor to make more informed
decisions to plan their conversations.

Still, when the topic of not using the public phones was discussed with the board of members of the
co-operative most of them mentioned that people were getting big discounts and minutes for free from
MTN, so they did not see the value of using the service. This point was further corroborated by 9%
of the respondents to the follow-up questionnaire, who despite knowing about the service preferred not
to use it for this reason. However, the combination of low levels of numeracy and literacy reported in
other research conducted in Mankosi [56] and the fact that only 1% of the people know how much they
pay for calling one minute to a MTN number makes it difficult for community member to effectively
evaluate the true value of those discounts. Estimations by RIA, as explained in Section 1.4.2.1, place
MTN Zone among the most expensive products from MTN, which points at the effectiveness of the
marketing strategy used by MTN with its dynamic pricing and discounts when targeting illiterate users.

However, the fact that even the people in the households, despite reporting similar or even better
quality than with their mobile phones, do not use the system requires looking for additional reasons.
Habit and perception of quality are deeply entrenched in consumer’s choices [56] and are not easy to
modify. This was corroborated by the low number of respondents (40%) who would go to nearest town
to change to a provider that offered them half price on all their calls, and by conversations with spaza
shop owners training to introduce cheaper white brands in the community.

Most of the marketing strategy for the breakout calls has been based on using the village meetings
to communicate the new service. The follow-up questionnaires have also been used to remind people

6For instance Vodacom out of bundle costs are R1.00 per MB compared to the R0.083 per MB in-bundle. See Table 6.7 for
more details
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about it. However, large segments of the population were not aware of the availability of the service
(only 36.8% of those participating in the follow-up study). This contrasts with the number of people
using the mobile phone charging service (96%), despite using the same communication strategy. It is
believed that the solar panels act as a daily reminder for the charging service, whereas it is more difficult
to relate to the invisible radio waves. Yet, if the service were of true value for the population, a “word of
mouth effect” should have been enough for its dissemination. However, the lack of a constant reminder
of the potential benefits of the service to overcome pre-established consumer dynamics prevents its wider
utilisation. This constant reminder has been key for establishing the successful management process at
the co-operative level. Low-cost mechanisms to remind the people of the discounted rates they obtain by
using the public phones should be explored.

The decline of the use of public phones throughout the country is undeniable [77]. However, they
still present many benefits to the people in Mankosi, where people not only pay mark-up for airtime that
is considerably more expensive than the one offered at the public phones, but also expend long periods of
time without airtime, either because of money constraints, or because airtime vouchers are not available
when they want to purchase them. It is worth noting that due to the negligible use of Internet banking
to top-up their phones, people have to walk long distances to buy airtime (and for many other daily
activities [27]), so it is likely that once a marketing strategy is in place, public phone will be increasingly
used. However, due to the preference for using a personal handset over the public phones reported in [77],
and corroborated here, the request from the co-operative board seems reasonable, and ways to offer the
discounted rates on mobile phones should be explored.

Due to regulatory constraints, voice provision over WiFi-enabled phones seems to be the only option
available. A more direct way would be to offer the discounted services on the mobile phones that are
currently used in Mankosi, i.e. using GSM spectrum. This would have the advantage of using phones that
people, especially those who are illiterate, are used to operating. Additionally, these phones consume
less power than low-end smart phones. Several CNs are operating their own cellular infrastructure,
with notable examples like Rhizomatica and K-Net, based on low-cost open-source base stations (see
Section 2.4 for more details). In South Africa there are four companies with a license to operate the
GSM spectrum (see Section 1.4.2.1 for more details) but mainly one, MTN, is present in Mankosi.
Therefore, the margins shown in Section 6.3.2.3 could invite the rest to partner with communities.

8.2.4 So, what about the impact?

The impact of the intervention might have been limited with regards to modifying the communication
expenditure and usage patterns of the people from Mankosi, but the acceptability of the intervention
described above, and reflected in some of the unexpected effects, sheds a different light on the future.

As shown in the previous section, the context is far more complex than originally expected. The
mere fact of having unveiled those factors allows for continuing to explore ways of designing more
locally acceptable solutions that may have a positive impact in the communication expenditures and
usage patterns of the people from Mankosi.

The results obtained are key to persuading other members of the industry with key resources to part-
ner to make it possible. Although the project is geared to benefit rural communities, the data collected
shows that many other members from industry could benefit: VoIP providers, ISPs and even MNOs with
an increase in the MTRs (due to a higher volume of calls). Additionally, it is key to influence policy by
showing the government alternatives to meet their universal service and access plans by at the same time
leveraging the use of the social grants received by the economically poor. Currently, a big portion of these
grants is being used to pay one single operator for a very limited set of telecommunication services. One
solution could be setting aside specific funding mechanisms for telecommunication co-operatives which
have been proved successful in other countries to bring affordable communications to rural areas [105].
Most importantly, these results have been used to raise awareness about community telcos, which, com-
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bined with all the above, may have a multiplying effect when civil society organisations engage in their
creation in other communities.



Chapter 9

Conclusion and Future Research

9.1 Conclusion

In an increasingly interconnected world, it is easy to forget that many people, mainly those living in rural
areas of low-income economies, do not have access to affordable communications. The contribution
made by mobile phones and mobile network operators in increasing access to communications in rural
areas of developing countries is undeniable, yet it may prevent a deeper analysis of the types of access
this is allowing.

This PhD dissertation has helped shed light on this question, describing the situation of Mankosi, a
rural community in South Africa. Results show that while a high ratio of people have access to mobile
phone services weekly, they spend a high proportion of their disposable income on a very constrained set
of services. Apart from the high costs of airtime, factors like mobile phone charging and the mark-up of
products in rural areas account for a considerable part of the total expenditure.

In this context, the acceptability for rural villages to become sustainable telecommunications oper-
ators to reduce these costs of communication has been assessed as a potential solution. The initiative,
which has been implemented along the guidelines to create sustainable ICT4D projects, has been as-
sessed by means of Ethnographic Action Research, by using a multidimensional framework developed
by the doctoral student. The analysis shows that major steps have been made in all four dimensions to
the point that the community continues to be actively engaged with the initiative more than three years
after it started. In particular:

• Legal: The non-profit co-operative created in the community to manage the initiative, Zenze-
leni Networks Ltd., has been legally sanctioned by the national regulator by obtaining the first
CECS/CECNS exemption in South Africa.

• Technical: The mid-range single radio mesh architecture proposed has been able to meet the
throughput requirements specified for the main two telecommunication services offered by the
network so far: internal and breakout calls from the public phones. Additionally, the network
requires little maintenance and what is required is performed locally.

• Financial: The cost of the services provided by the co-operative are 50% cheaper than the ones
available locally before the project arrived, using a business model designed locally that covers the
operational costs of the project.

• Socio-cultural: A sense of collective ownership of the externally initiated initiative has been de-
veloped in the community, and their members selected to manage Zenzeleni Networks Ltd. feel
actively entitled to reap the benefits of the operator for the community’s benefit.
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Still, for the long-term sustainability of this and similar initiatives, the creation of a second-level
organisation is proposed as a way forward, to provide similar support and services to the ones provided
by the doctoral student to Mankosi.

The impact of the intervention might have been limited with regards to modifying the communica-
tion expenditures and usage patterns of the people from Mankosi, but the acceptability of the intervention
described above, and reflected in some of the unexpected effects, sheds a different light on the future.
Having unveiled the complexities behind this limited impact enables continued exploration of ways of
designing more locally acceptable solutions that may have a positive impact on the communication ex-
penditures and usage patterns of the people from Mankosi. Additionally, the results obtained are key to
influencing industry, government and civil society to partner in making this a reality in other communi-
ties.

This research has used a case study methodology. That means that methods and results are specific to
the case. However, the conclusions may also extend the validity of the results to different scenarios under
certain circumstances. The framework proposed should be generally valid for projects beyond CNs and
in other regional contexts, but the specific development of each dimension has very different implications
depending on the type of project and on the geographical context. For instance, the VoIP and backhaul
infrastructure existing in South Africa might not be present elsewhere in Africa. On the other hand,
the South African regulatory framework is very similar to the one in Namibia [138]. The social fabric is
expected to be similar in many other parts of the continent, with tight-knit societies disempowered during
colonial times. Identifying and implementing mechanisms that allow such communities to develop their
own CNs according to their needs might be the biggest challenge ahead. Fostering local ownership can
yield the main value of CNs for rural Africa, as it remains unlikely that commercial operators will risk
navigating the challenges of deploying infrastructure there on a cost recovery basis. Such challenges
have until now prevented these communities from having affordable communications. CNs which are
designed according to the framework described herein offer a solution to overcome this situation.

9.2 Future Research

Over the course of this project, new research questions have appeared that should be tackled by other
studies that follow this one.

The most important one is to follow-up on the process started with this project in order to close
partnerships with providers and upgrade the network in order to provide services that, with the proper
marketing strategy in place, effectively reduce the cost of communications in rural areas. With the
infrastructure upgrade, research on mechanisms to optimise its performance and provide an acceptable
QoS to the services should follow. Additionally, evaluating how the co-operative model used here (all
users must become members of the co-operative) evolves with time should be studied. Exploring the
creation of the second-layer organisation in a way that follows a similar acceptability framework to the
one presented here should also be considered. In this case, nurturing trust instead of ownership should
also be considered.

Finally, evaluating the replication of the initiative in different contexts will serve to validate the
acceptability framework presented here. In particular, future research on local ownership could engage
with better understandings of how local structures, values, customs and norms can shape contextualised
forms of ownership.



Appendix A: Additional Methods for Technical Acceptability

A.1 Dimensioning the traffic requirements of the network

The CN in Mankosi was initially set up to reduce the costs incurred in voice communications by its
inhabitants. In this sense the requirements presented here have been calculated for VoIP traffic only.
Standard QoS parameters were considered:

• Throughput: minimum (less cannot be accepted), average.

• Delay: maximum (longer delays are not accepted and packets must then be discarded), average
(average delay that indicates an acceptable quality).

• Jitter: maximum and average.

• Packet loss (%): average.

The recommendations from the ITU suggest certain end-to-end values for the performance of VoIP
service [93]:

• 150 ms is a maximum limit for the one-way delay.

• 2% is a maximum packet loss.

Provided the short distances among the nodes shown in Figure 3.3 and Figure 3.4, the propagation
delay will be negligible in these circumstances. Additionally, low delays and negligible packet loss
probability have been reported when using WiFi for long-distances provided the links operate below
its saturation point (less than 70% of its capacity) [178]. To prevent this from happening traffic con-
trol strategies are required, including admission control and traffic management mechanisms. When the
rate used in each link is known, policies can be implemented to keep these parameters below a thresh-
old [179]. However, current mechanisms to determine the rate used with each neighbour in a MPtMP
network are far from being exact [87]. In this scenario, and acknowledging that CN are not expected to
provide a “commercial reliable and quality service” [122], only the minimum throughput that needs to
be supported by the network has been characterised and measured.

A.1.1 Throughput estimation

For estimating the throughput for VoIP, the Erlang B model from classic Queuing Theory has been
used [160]. Two scenarios (which have appeared as the initiative evolved) have been considered:

1. Case 1. Calls among the public phones in the network

2. Case 2. Breakout calls from the public phones

In the first case all calls are internal, so all the traffic is supported in the intranet. In the second the
traffic has to be supported both by the CN and by the gateway. In the second scenario, the traffic from the
first one needs to be considered as well. To calculate the traffic intensity we used the following values
from Chapter 4:

• Average number of minutes per month: 17.95.

• Average number of calls per week: 4.35.

• Population with access to mobile phone communications: 1,800.
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Traffic Intensity Blocking Number Required link
for the potential market Probability of channels capacity (Kbps)

Internal calls (Case 1) 0.012944456 5.00% 1 82.86
Breakout calls 0.0220405602 5.00% 1 82.86
Combined (Case 2) 0.0349850162 5.00% 1 82.86

Table A.1: Number of channels per station using the Erlang B model.

Traffic Intensity Blocking Number Required backhaul
for the potential market Probability of channels capacity (Kbps)

Gateway Case 2 0.2424461625 5.00% 2 137.14
Gateway for all calls 7.6967035714 5.00% 12 822.85

Table A.2: Number of channels for the Internet gateway using the Erlang B model.

• Ratio of calls to people in or out of the community: 37/631.

Other assumptions used are listed below:

• Number of stations: 11.

• Users evenly distributed around each station.

• Expected usage share from the public phones 5% (both for internal and breakout calls).

• Most calls happen during 7 A.M. an 17 P.M.: 10 hours. It is considered that the Busy Hour (BH)
is evenly distributed, so 10% of the traffic would happen during any of these hours.

• Blocking Probability: 5%. However, as no admission control mechanisms have been implemented,
this parameter cannot be guaranteed.

• The use of the codec in the intranet comes imposed by the lower processing capacity of the mesh
routers, so GSM-FR was chosen. The codec rate is 13 Kbps at the application layer, 29 at the IP
layer.

• The link should not get over 70% of its capacity.

Using these values, Table A.1 shows the number of channels per station required, and the traffic
required per link.

For characterising the traffic requirements for the gateway, G.729 has been considered instead, as it
is a requirement imposed by most of the VoIP providers in South Africa. In this case, the requirement
has not been considered as it is expected that the backhaul provider deals with the delay, jitter and packet
loss. Taking this into account, Table A.2 presents the number of channels for Case 2. Additionally, it
includes those values for the case of the gateway handling all the breakout calls happening in Mankosi
during the peak hour.

A.2 Background on 802.11 and mesh networks

A.2.1 802.11 Fundamentals

When mesh network nodes use a single radio, it is important to understand how that radio wins access
to the wireless channel. For 802.11 this access is based on Carrier Sense Multiple Access/Collision

1Data from the variable “calls made to people in Mankosi” have been used. Assumed relation between categories and
percentage of calls is the following: None=0%, Few=25%, Half=50%, Most=75%, All=100%.
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PHY layers in 802.11b/g DSSS HR/DSSS OFDM
SIFS 10 µs 10 µs 16 µs
SlotTime 20 µs 20/9 µs 9 µs
DIFS (= SIFS + 2*SlotTime) 50 µs 50/28 µs 34 µs
CWmin 31 31/15 15
CWmax 1023 1023 1023

Table A.3: Standard values for parameters involved in the 802.11 multiple access mechanism.

Avoidance (CSMA/CA). To provide this mechanism, the MAC layers of all nodes make use of two
different timers or, as the standard calls them, Inter Frame Spaces (IFS), as follows:

• When a station has a packet to transmit, it first senses the channel. If idle, it waits a period called
Distributed Coordination Function IFS (DIFS) before considering transmitting. Once the station
has waited DIFS, it waits a random time before transmitting. The time is defined by an integer
number of slots. The integer number is between 0 and the minimum Contention Window (CWmin)
parameter. The length of each slot is called SlotTime.

• If before the CW finishes, a frame is detected, the CW countdown freezes. Once the channel is
idle again, it waits again DIFS and restarts the countdown where the CW was frozen. When the
CW arrives at zero, the frame is transmitted.

• In 802.11 unicast frames need to be acknowledged by the receiver, unlike broadcast and multicast
frames. So if the transmitted frame was unicast, the transmitter starts a timer, called ACKTimeout,
during which it waits for the Ack.

– If the receiver receives the frame and the check of its Cyclic Redundancy Check (CRC) is
acceptable, it waits a period called Short IFS (SIFS, smaller than DIFS to avoid collisions),
and once it is finished sends the ACK.

– If the transmitter receives the ACK correctly, before the ACKTimeout expires, the process is
completed.

• If the ACK does not arrive or arrives late, the CWmin is doubled (until it reaches CWmax), a new
CW is obtained and the process restarts. If the maximum number of ReTx is reached (7 by default,
4 in RTS/CTS mode), the frame is discarded and the process starts again with CWmin.

Regarding the Physical layer (PHY), the 802.11 standard offers several options (see [88] for more
details). In this dissertation, we will consider only the main PHY layers present in 802.11b/g compliant
devices: the Direct Sequence Spread Spectrum (DSSS) defined in IEEE 802.11b, the High Rate version
of DSSS defined in IEEE 802.11g (HR-DSSS), and the Orthogonal Frequency-Division Multiplexing
(OFDM) defined initially in IEEE 802.11a in the 5 GHz band and adopted later by IEEE 802.11g in the
2.4 GHz band. The standard values of the aforementioned parameters for the different PHY layers for
802.11b/g are contained in Table A.3. The presence of two alternate values for several parameters in
HR-DSSS is due to the compatibility mode of 802.11g: the second values are selected only if there is not
an 802.11b-only station in the network.

The ACKTimeout is not given a closed value in the standard, but it is defined as ACKTimeout =
aSIFSTime + aSlotTime + aPHY-RX-START-Delay, being aSIFSTime and aSlotTime from the parame-
ters in Table A.3. The third value is the time required for the PHY layer to realise it is receiving a frame
and generates the alarm that a frame is being received. Its value is PHY-dependent, and practical imple-
mentations, like the one made for madwifi, account for this parameter internally. Tests done using athctrl
for different PHYs set the same value for ACKTimeout. Then when madwifi refers to ACKTimeout, it
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does not refer to its complete definition in the standard, but only to the sum of the first two parameters
shown above, plus some extra calculations to take into account the distance. In this dissertation, we will
refer to the ACKTimeout similarly.

The timing structure in the standard is built considering that the propagation delay is always shorter
than 1 µs. For distances longer than 300m this is no longer true2, and then the CSMA/CA mechanism
described above does not operate as expected and collisions may appear with higher probability. Fur-
thermore, if the ACKTimeout is not adjusted accordingly, the available throughput gets severely reduced
since the ACK may arrive but get discarded since it does so late. Then the same packet is transmitted
until the maximum number of retransmissions is reached. As mentioned below, the driver used in the
network allows the modification of these two parameters.

Detailed descriptions of other standard mechanisms in the operation of mesh networks, like deter-
mining IBSS and time synchronisation, are skipped for simplicity since as discussed below, the use of
ahdemo bypasses these mechanisms.

A.2.2 Practical implementation of mesh networks

There are several wireless chipsets that allow the creation of real mesh networks, but one manufacturer,
Atheros, is considered to be the standard for wireless mesh networks. Its chipsets have been supported
for a long time for the madwifi [194] driver (now evolved to the ath5k and ath9k drivers). The madwifi
driver allows creating the MAC using two modes:

• adhoc: The implementation of the mesh mode in the 802.11 standard.

• ahdemo: A non-standard implementation that does not transmit beacons to form the mesh network
in order to avoid the appearance of the well-reported Cell Split problem that causes the ‘stuck
beacon’ problem, both being major stoppers for proper functioning of the mesh. While sending
no beacons solves these problems, it requires the routers to individually configure the shared cell
identification and to use their internal timers instead of the one provided by the network [39].

Additionally, the madwifi driver allows the modification of the ACKTimeout and the SlotTime either
individually or using the athctrl tool that sets them automatically when a given distance (in metres) is
provided as an argument. When the second option is used, the SlotTime value is fixed to 9 plus the
propagation delay for that distance, and ACKTimeout to SlotTime * 2 + 3.

The driver allows using different transmission rates with each neighbour (unicast rate) when config-
uring the transmission rate to auto. Several algorithms are allowed, but, again, one is considered to be
standard: Minstrel. It records the statistics of all packets transmitted (successfully or not) towards each
neighbour and the rate used for each one. This should be enough for selecting the optimum for static
channels. However, the wireless channel changes, so it is required to try other rates. Minstrel uses a
percentage (10% by default) of the unicast packets that are sent at a rate other than optimal to adapt to
the channel changes [212].

The broadcast rate is fixed using the parameter mcast_rate, which by default is 1 Mbps. Even if
the standard suggests that this rate should be the minimum rate supported for all neighbours, tests have
shown that when configuring all nodes to 802.11g with minimum operating rate at 6 Mbps, mcast_rate
remains 1 Mbps and so requires manual modification.

A.2.3 Batman-adv

A dynamic routing protocol is a key component of a mesh network since it is the one in charge of
the self-recovery of the mesh in case a node goes down. Many protocols have been used in real mesh

2The AirPropagationDelay parameter in the standard is said to be << 1 µs but, in fact, in most of 802.11 hardware imple-
mentations, the electronics are faster than required by the standard and it works properly for longer distances, up to almost 1.4
km in 802.11a/g and up to almost 3 km in 802.11b.
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networks in the past: OSPF [22, 176], OLSR [94, 107], and SCRR [26]. A dynamic routing protocol
that is attracting a lot of attention in recent years is B.A.T.M.A.N. (better approach to mobile ad-hoc
networking), since it was developed specifically for multi-hop ad-hoc mesh networks. The protocol was
originally conceived as a user space daemon (batmand) which operates on Layer 3 (IP layer) of the
OSI model by altering the routing table, and has evolved towards a kernel module operating on Layer
2 (batman-adv) which provides a virtual network interface and transparently transports packets on its
own. Batman-adv operates entirely on OSI Layer 2, both the routing information, which is transported
using raw Ethernet frames, and the data traffic. It encapsulates and forwards all traffic until it reaches
the destination, hence emulating a virtual network switch of all participating nodes. Therefore all nodes
appear to be link local and are unaware of the network’s topology as well as unaffected by any network
changes. The approach is to divide the knowledge about the best end-to-end paths between nodes in the
mesh to all participating nodes. Each node perceives and maintains only the information about the best
next hop towards all other nodes. It introduces negligible packet processing overhead even under a high
load3.

An event-based flooding mechanism prevents the accruement of contradictory topology information
and limits the amount of topology messages flooding the mesh. Each node transmits OGMs on a pe-
riodic basis (1 per second by default) to inform neighbouring nodes about its existence. Neighbours
re-broadcast the OGMs according to specific rules to inform neighbours about the existence of the orig-
inal initiator of the message and so on. Therefore, each receiving node maintains a list of every direct
neighbour over which the originator is reachable. In order to make a routing decision for a specific des-
tination, the node performs a ranking of its direct neighbours based on the Transmission Quality (TQ) of
the path to a given node. The TQ of a link with a neighbour is calculated comparing the OGMs origi-
nated by the neighbour received (RQ) with those originated by itself received after being re-broadcasted
by that neighbour (EQ). A sliding window is used when calculating the TQ so as to account for the fate
of past OGMs, too. OGMs are generated with a TQ value of 255 (100%), so when nodes rebroadcast
them, they multiply the TQ value in the message for their own TQ towards the neighbour from which the
OGM (originated or rebroadcasted) was received. Another two operations are applied on the TQ before
rebroadcasting: a hop penalty (to account for the additional resources used when an extra hop is included
in the path) and an asymmetry penalty (if there is noise in the surrounds of the transmitter the TQ will
be high due to similar and low RQ and EQ).

A.3 Measuring the network performance for the internal calls via adjust-
ment of the SlotTime for mid-range single radio mesh networks

Once the network was fully operational (after the principal LR set-up the antennas, see Section 5.1 for
more details), the network still did not perform as expected, and the quality of the calls was not as good
as expected. So, an initial network performance optimisation was carried out in June 2013.

Drawing on the background provided in Appendix A.2, the data collection methodology was de-
signed. When possible, a fixed value will be provided for the described parameters. For the SlotTime,
where no previous work exists on how it affects the performance in a mid-range mesh network, traffic
was generated on the network to assess the effect of varying its value. The relevant parameters were
configured as follows:

• Radios used 802.11g PHY.

• Broadcast messages sent at 6 Mbps. This value was used only for the last set, as explained below;
in the two other ones. broadcast messages were sent at 1 Mbps.

3B.A.T.M.A.N. advanced: http://www.open-mesh.org/projects/batman-adv/wiki/Wiki. Last Ac-
cessed 13 September 2015.

http://www.open-mesh.org/projects/batman-adv/wiki/Wiki
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• Unicast messages sent at rate chosen by Minstrel.

• Radios operated in basic mode, not using RTS/CTS.

• ACKTimeout fixed to 57 µs.

In [177] it is recommended that the value of ACKTimeout be set to the default used on the chipset plus
round trip propagation delay for the longest link in the network, for all nodes. Thus, considering a link
in which two nodes receive signal from each other, the longest link that is present in the Mankosi mesh
network is 5.05 km (in between nodes 21 and 29). For madwifi the default value for the ACKTimeout
is 23 µs, to which 34 µs of the round trip delay on the 5.05 km link have been added, for a final value
of 57 µs. Further analysis has shown that this link is never used by batman-adv for unicast traffic due to
its low RSSI. The longest active link in the network is 4.65 km (in between the nodes 23 and 29). Thus,
an ACKTimeout of 54 µs could have been used for further optimisation. However, the difference would
have been negligible (3 µs less waiting for the ACK when collision occurs), and it was preferred to cover
all potential single-hops in the network.

To find the optimum SlotTime, all links were saturated to get the maximum achievable throughput in
between every pair of nodes. To do so, UDP traffic was generated using iperf for 20 seconds in between
two pairs of nodes consecutively. UDP traffic was chosen since the network is intended to be used mainly
for VoIP traffic. The amount of traffic that saturated every pair of nodes was not straightforward. Initially
20 Mbps were generated in each direction, but iperf failed to handle such an amount of traffic and some
links that allowed real calls presented 0 bps capacity. The maximum value of total throughput (sum of
both directions) obtained in each per link, after having tested all the SlotTimes in the first set (from 9 µs
to 54 µs), was multiplied by 0.75 and injected in each direction instead of 20 Mbps.

The results were far more “real” with this setup, with almost all links providing some bps for all the
SlotTime tested values (second set, from 24 µs to 119 µs). In this set values of SlotTime from 39 µs to 84
µs were not valid since one node shut down during the night thus changing the topology of the network.
Again, some of the links were able to handle all the traffic injected for some of the SlotTime values
tested. So for those links a similar procedure like the one described above was repeated. In addition,
during this second set, it was discovered that the broadcast rate was not being updated as mandated in
the standard. So for the next set it was manually configured to 6 Mbps. With these two changes, a third
set of results was produced with different SlotTime values ranging from 9 µs to 999 µs. In this third set,
a total of 49 values were tested, and it is for these values that results are discussed below.

A.4 Measuring the network performance for the breakout calls

Once the gateway was installed a new round of traffic performance was conducted. Prior to it, the
firmware in the nodes was updated. This process is described below.

A.4.1 Upgrading the firmware

Before carrying out the new network performance tests, the firmware running on the routers was updated.
The firmware used in the traffic characterisation above have considerably improved over the last few
years. In particular, the WiFi driver used, madwifi, has not evolved since 2008 and all the efforts to
improve open source drivers for Atheros chipsets since then have been focused on the ath5k and ath9k
projects [194]. As the new releases of the VT-SECN firmware for the MP01 included ath5k, all nodes
were upgraded. See Table A.4 for a comparison among the firmware.

After the update, the nodes were configured with the following parameters:

• Radios were configures to use 802.11g PHY only.
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Current Firmware New Firmware
Name SECN 1.1 RC3 SECN 2.0
WiFi driver madwifi ath5k

OS OpenWRT Kamikaze
OpenWRT Attitude
Adjustment 12.09.1

Routing Protocol (batman-adv) 2011.2.0 2013.4
Asterisk version 1.4 1.4

Table A.4: Differences between the firmware versions.

• Unicast messages were sent at a rate chosen by Minstrel.

• Radios operated in basic mode, not using RTS/CTS.

• Coverage Class set at 12 (5400 m). With the new driver, tweaking this parameter is the best way
to modify this parameter (which modifies the ACKTimeout and the SlotTime accordingly)4.

• TxPower 20 dBm.

• Virtual AP off (it is expected to add a 2nd radio in the future for the AP, so in here the focus was
on understanding better the behaviour of the MPtMP links).

A.4.2 Performance tests

Using similar tools and methods to those described in Appendix A.3, a more detailed characterisation of
the network performance was expected to be carried out. However, after the preliminary tests limitations
in the hardware were found and it was decided to stop conducting tests until the hardware was upgraded.

A.4.2.1 Selecting the VoIP gateway technology

The requirements for the gateway presented in Appendix A.1 for the breakout calls could be met by
many ISPs, including service providers using low orbit satellites, so the decision for the technology to
use for the gateway was more an economic decision, justified in Section 6.3.1.2.1, than a technical one.

The codec to use for the VoIP trunk brought more difficulties, as almost all VoIP providers requested
G.729. Operation of the G.729 codec requires a license per voice channel to be used. Although ex-
perimental licenses were purchased by the university, they were not supported by the architecture of
the server purchased to act as a VoIP gateway (responsible for transcoding, billing, etc). Only x86 and
x86_64 architectures are supported and the server purchased was based on ARM technology. Thus, an
open source version of the codec had to be adapted to run in the server. This version allowed for an
unlimited number of channels at no cost.

A.5 Methods for the co-designed billing system

For co-designing the billing system Participatory Design (PD) was used. PD involves multiple partic-
ipants (i.e. both the designers and users of the system) collectively investigating, understanding and
reflecting on establishing, developing and supporting a system. The designers learn about the users’ sit-
uation while the users try to articulate their requirements to the designers [180]. PD “is thought to result
in higher quality of system requirements, higher system quality, a better fit between the system and users,

4It was expected to modify this parameters in the future, to see if similar optimisation as the one presented in Section 6.2.1.1
could be achieved.



122 APPENDIX A. ADDITIONAL METHODS FOR TECHNICAL ACCEPTABILITY

and higher user or customer satisfaction” (Kaza, cited in [48, p.6]), which leads to sustainability where
PD is taking place [48].

When applying PD concepts to ICT4D projects, Dearden and Rizvi recommend that researchers “
recognise participation as going beyond simply engaging people as informants in design. Instead, par-
ticipation must be framed as an ongoing engagement that supports learning and development of a wide
range of knowledge and transferable skills” [53, p.4]. Bidwell et al., who worked in the same commu-
nity, recommend that technical solutions should match local practices and should involve accounting for
factors that shape appropriation [30]. In order to apply these recommendations, the researcher has spent
long periods in the community to establish a relationship with its members before embarking on the PD
of the system. Additionally, the LRs participated in the process (as described in Section 3.3).

Figure A.1: Phased PD process.

For this project the researcher used a phased PD process (see FigureA.1) that consisted in three
phases:

A.5.1 Investigative phase

First, billing systems relevant to this research were considered:

1. The Foli Kodjo Gaba system was designed as a student project. The system billed VoIP services
using A2Billing on SWITZERNETTM - a network that allows calls to anywhere in the world at
low cost [69]. The billing system used A2Billing open-source software to charge Internet calls in
a post-paid scenario.

2. Sen et al.’s system billed VoIP services made on long distance WiFi links in remote rural areas.
Public calling offices (PCO) were built in villages to provide the service. For breakout calls to the
public switched telephone network (PSTN), an external PCO was required. It had its own billing
machine that metered outgoing calls based on the call destination. Once the call was concluded,
the billing machine printed the bill and the operator communicated the bill to the operator at the
village site, who would then collect the cash from the caller [173]. In this project the community
was not involved in the design of the system.

3. Soto et al.’s model was designed to collect revenue for solar electricity delivery in Kenya and
Malawi. It is based on a voucher system where users use a voucher code to interact with the server
via SMS [186].

Some aspects of these systems informed the design of the billing system presented in this dissertation:
the voucher system of Soto et al. [186] and the billing mechanisms (post-paid system of Gaba [69] and
the printed bill of Sen et al. [173]) reported were used in discussions with the users.
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To explore and integrate the needs, perspectives and financial capacities of the community, five sce-
narios - each with a different payment method - were explored:

• Scenario 1 was based on a prepaid payment system where each user would have a personal calling
account and a password to use as authentication before each call.

• Scenario 2 was based on a calling-card system. The user purchases a calling card or voucher of a
certain value. The code on the voucher is entered before dialling a number.

• Scenario 3 is similar to a public phone shop and involves a prepaid payment system where the
user pays the operator the amount she/he wants to spend when using the system. Once the call is
terminated the call is charged and change is returned to the caller if applicable.

• Scenario 4 is similar to a public phone booth. The user can submit an initial amount, but can add
an additional amount to extend the call.

• Scenario 5 is a post-paid payment system where the user uses the system and the cost is calculated
once the call is completed.

In order to allow stakeholders to make an informed decision about each payment scenario, the same
acceptability criteria that were considered throughout the initiative were discussed with them with regards
to the billing system:

• Legal acceptability: In South Africa a license is needed for the deployment of a telecommuni-
cations infrastructure. A license exemption can be obtained if the infrastructure is only used by
members of the same organisation (see Section 6.1.1.1 for more details). Thus, for the chosen sce-
nario proof should be provided that all network users are members of a co-operative established to
provide the telephone services.

• Technical acceptability: The technical challenges when implementing, operating and maintaining
each scenario locally had to be considered.

• Financial acceptability: The costs of each scenario had to be calculated, e.g. the costs of an
operator if one was needed, a call meter, and a printer, ink and paper for the voucher system.

• Socio-cultural acceptability: The complexity of the money collection system, whether local in-
habitants understood the call-making process and the system’s sensitivity to local practices had to
be considered for each scenario.

A workshop and interviews were organised with stakeholders (i.e. the local network’s operators and
its future users) to discuss how the different scenarios would operate and ascertain their preferences about
which would best suit their needs in light of the acceptability dimensions mentioned above. The basis for
choosing a scenario was that the user should be able to make a call from any of the 11 node stations on the
network. Furthermore, the interaction between the user, the operator and the billing system preferably
had to be done via DTMF using the phone’s keypad. Under exceptional circumstances operators should
be able to interact with the web interface of the billing system using a laptop.

A.5.1.1 Focus group meeting with local operators

The owners of the houses where the station nodes are housed, were actively involved in the design of the
business model, because they would be responsible for collecting the money for the network services.
The focus group meeting where the payment schemes were discussed was held at the Headman’s house.
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A.5.1.2 Interaction with users of the network

A member of the research group visited villages in the community to meet with community members
and future users of the system so that when they were interviewed they would feel comfortable in the
researchers’ company and would be able to speak freely. Twenty five people (four males and 21 fe-
males) from four villages were interviewed using unstructured interviews. Probes were used to start the
conversation and further questions that arose during the course of the interviews were based on the inter-
viewees’ responses to aspects of the design. To avoid creating unrealistic expectations or confusing the
interviewees, the probes emanated from the scenarios and were familiar to the interviewees, since most
of them are mobile phone users. Judgemental sampling was used to select interviewees. The number of
men and women interviewed was dependent on respondents’ availability at the time of the interviews.

A.5.2 Design phase

The design phase applied the outcomes of the investigative phase using the various scenarios. Only two
of the five scenarios were included in the initial prototype. Three billing applications were explored to
determine the one most suitable for the network: ASTTP, VBilling, and A2Billing. The A2Billing open-
source system was eventually chosen because it is widely used in similar implementations and integrates
seamlessly with Asterisk via the AGI. It is also well documented and supported online by an active forum
of users and developers.

A2Billing provides telecoms customer management with flexible inline rating and billing of calls and
services in real time [187]. It allows both prepaid and post-paid payment schemes, with the possibility
of topping-up the latter manually or via vouchers. Additionally, it provides optional built-in interactive
messages to inform the user about his/her remaining credit, the rate for a given destination, and the max-
imum duration of the call for a given credit and destination. Various payment schemes and combinations
of audio files using different AGI configuration files per extension dialled can be used. The A2Billing
back-end consists of a series of MySQL tables that contain information about customers and interactions
with each other during a call.

Before presenting the community with a prototype of the billing system, it was tested in a laboratory
off site. This involved functionality and usability testing. The designed prototype was then demonstrated,
discussed, refined and tested in workshops with interested members of the community.

As already described, each of the 11 access points in people’s houses is a MP01 and contains an
Asterisk server that is responsible for routing from an analogue phone attached to it via an ATA, see
Figure A.2. For internal calls between analogue phones, calls are routed independently. When the desti-
nation of the call is external to the network, the local Asterisk server registers with the central Asterisk
server, which is responsible for dealing with the simultaneous calls that may occur in the network and
then routes the call via the Internet to a VoIP provider. The VoIP provider routes the call to the final
destination which can be a mobile phone or landline anywhere in the world. The central Asterisk server
hands the call to A2Billing to start the billing timers in order to bill the call before handing it back to As-
terisk for routing to the VoIP provider. During the call A2Billing keeps track of the relevant parameters.
For instance, in the case of a prepaid customer, it will automatically hang up the call when the credit
reaches zero.

A.5.3 Implementation phase

A.5.3.1 First iteration

Once the system was designed, two focus group meetings with the local operators were held at the
Headman’s house to test whether the design met with their approval according to their requirements.
One of the results was a request that similar workshops should be held in each household to allow other,
especially younger, family members to interact with the system. An additional workshop was organised
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Figure A.2: Description of the hardware of the system.

for users interviewed during the investigative phase at which point they were invited to test the prototypes
for the billing system. Only five of the ten community members who were invited actually attended.

When consensus could not be reached, the opinions of operators weighed more than those of users,
since operators had a better understanding of the system due to their extensive involvement in the process.

A.5.3.2 Second iteration

As requested, workshops were held in each of the households that hosts an access point. In total, 40 peo-
ple attended and participated in these workshops, which included ten of the co-operative board members
and younger members of the households.
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Appendix B: Additional Methods for Socio-cultural Accept-
ability

B.1 Local ownership: an interdisciplinary exploration

Ownership is an extensively studied concept, covered by scholarship not only in psychology, but
in other disciplines as well, such as workplace studies and organisational and management studies
(e.g. [12, 86, 131, 134, 133, 132, 200]. In this review, the interest is in a particular facet or type of
ownership: the subjective state developed by an individual in relation to a collective, an organisation,
a company, or a project. This conceptualisation of ownership has significant advancements in organi-
sational studies, and integrates insights and approaches from sociology, psychology, business and law
studies. In organisational studies, formal ownership is distinguished from psychological ownership. For-
mal ownership is legalised by formal arrangements and is generally understood to cover 1) the right to
possession of some form of share or revenues; 2) the right to exercise influence or control; and 3) the
right to information about what is owned [134]. Psychological ownership refers to “that state where an
individual feels as though the target of ownership or a piece of that target is ’theirs”’ [133, p.86].

Just as in other social science disciplines, ownership attracted scholarly attention not only for the
importance of the concept per se, but moreover for the way it has been shown to influence subjective
attitudes and behaviour, such as job satisfaction and commitment to the organisation [200]. For instance,
ownership has been shown to be positively related with self-identity [98] and employee involvement and
commitment to a company [131].

Several models have been proposed in organisational studies for conceptualising the genesis, mecha-
nisms and effects of psychological ownership and its relation to formal ownership. In our study, we draw
upon an adaptation and interpretation of the model of psychological ownership advanced by Pierce et
al. [133], used and validated in several empirical studies (e.g. [132, 200]), and further extended by [12].
The model conceptualises the roots, mechanisms, and outcomes or effects of psychological ownership.
At its core, psychological ownership is treated as a psychological state, a blend of cognition and affect
expressing a sense of possession towards a target or object, be it material (such as a house), immaterial
(such as an idea) or human (e.g. one’s daughter, one’s pupil).

The authors identify three roots or motives that act as facilitators for developing psychological own-
ership:

• Efficacy. By using objects effectively, agents develop a sense of efficacy and effective interaction
with the environment, which reinforces the drive for possession.

• Self-identity. The possession of objects, roles or functions supports the definition of an individual’s
identity, for instance the way a person may identify herself/himself as an antique collector [12].

• Having a place and experiencing belonging. Possessing satisfies the human need to belong.

The sense of ownership is reinforced by three routes or mechanisms:

• Control. The more an agent experiences a sense of control over an object, the greater the sense of
ownership.

• Intimate knowledge. The more an agent engages with and becomes familiar with the target, the
greater the feeling of ownership developed.

• Self-investment. An agent is likely to feel that s/he owns that which is created or shaped by her-
self/himself Creations or products of one’s labour (e.g. ideas, artworks) are equally representations
of the self [133].

127



128 APPENDIX B. ADDITIONAL METHODS FOR SOCIO-CULTURAL ACCEPTABILITY

Figure B.1: Conceptual model for examining the determinants, mechanisms and effects associated with
the development of a sense of ownership.

The dimensions of “responsibility”, “commitment” or behavioural components such as effective ac-
tion or performance (central to developmental definitions of ownership) are treated as effects of own-
ership, or manifestations thereof in the model advanced by [133]. For instance, it is considered that
responsibility or stewardship are likely effects of psychological ownership, as the agent tends to care for
and nurture the object possessed [133]. Organisational commitment and work performance are likely to
be positively influenced by a high sense of employee ownership [132]. Avey et al. expand the model
in [12] and propose a multidimensional concept of psychological ownership comprising territoriality,
self-efficacy, accountability, sense of place (belongingness) and self-identity.

In community informatics, the concept emerged and gained importance in close relation with prac-
tice, in particular depicted as a critical factor conditioning the success or failure of CI or ICT4D initiatives
(Pade et al., 2008). Given the focus on practice, the definitions of ownership currently circulated in CI
and related ICT4D literatures betray their articulation in specific empirical contexts and a feeble theoret-
ical engagement, so that ownership is defined variably as:

• “processes where local stakeholders take control and responsibility for the design, implementation,
and monitoring of an activity.” [17].

• “the exercise of control and command over development activities.”(Molund cited in [208]).

• “the control over a project or program and commitment to its success.” [208].

B.2 Conceptual model for operationalising ownership

Most authors agree that “local ownership” is a crucial, yet difficult to operationalise, even fuzzy con-
cept, which makes rigorous assessment difficult [100, p.13] and [96, p.2]. So, the assessment of local
ownership has been designed following the conceptual model shown in Figure B.1 that hypothesises the
key factors, processes and mechanisms that influence the development of a sense of ownership. The
model has been created based on a literature review on psychological ownership, drawing in particular
on the conceptualisation of psychological ownership in the writings of Pierce, Kostova and Dirks [133];
Pierce, Jussila and Cummings [132]; Van Dyne and Pierce [200] and Avey, Avolio and Crossley [12].
As described in Appendix B.1, these studies put forward essential processes and factors associated with
the development of psychological ownership. These constructs have been modelled in this dissertation
to shed light on the process of developing ownership and its outcomes.

Central to the model is the concept ‘sense of ownership’, which is treated as a psychological con-
struct (a state inclusive of cognition and affect), multidimensional, evolving and dynamic (cf. [200]).
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The model captures the key elements that come into play in the development of a sense of ownership
(behavioural determinants, the mechanisms of developing ownership, the relations between the agent
and the target of ownership, and contextual factors) and singles out two likely outcomes or effects (re-
sponsibility and commitment). These constructs are further described below. The hypothesised relations
between them are presented in Appendix B.3.

The conceptual model bears five categories, explained below with examples from the Mankosi CN:

1. Behavioural determinants of ownership. The category covers patterns of activities conducted for
the development, maintenance and use of the network that can be related to the development of
a sense of ownership. The patterns of involvement have been operationalised in relation to the
agent’s degree of autonomy (autonomous individual, autonomous in group, assisted by UWC re-
searchers, under the direction of UWC researchers) for specific project tasks

2. Mechanisms or direct routes to ownership. This category covers the most important mechanisms
for cultivating ownership, which can be treated as direct predictors or indicators of ownership of
the entire initiative or parts thereof. Three mechanisms are singled out:

• Power and control refers to the perceived or actual control an agent has over directing the
course of events by direct or indirect action and decision-making.

• Knowledge captures the extent to which stakeholders are informed about the project (e.g. its
goal, milestones, etc.) and operational knowledge or skills covering certain areas vital for
the advancement of the project (e.g. being able to assist with the maintenance of solar power
and energy storage solution).

• Self-investment is treated as a subjective perception of and attitude towards the outcomes or
fruits of one’s involvement in the project.

3. Relational dynamics (relation target-agent).This category captures the patterns of relatedness be-
tween the agent and the target for which a sense of ownership can be developed. It answers the
question: what role, function, or need does the target fulfil or help to fulfil, for the agent? Three
components are identified:

• Perceived usefulness: the degree to which the network is perceived to meet collective and/or
individual needs and goals of local stakeholders (e.g. helping people save on calls).

• Self-efficacy: the degree to which the agent perceives s/he is able to perform effectively to
achieve set goals in relation to or through the mediation of the target.

• Self-identity: the degree to which the agent uses the initiative or a component thereof (e.g.
one’s role, one’s achievements) to define himself/herself or express her/his identity to oth-
ers (e.g. “When I meet new people, I describe myself as a LR for the Mankosi community
network”) and the associated feelings (e.g. “I am proud of being a local researcher”).

4. Sense of ownership. This captures the degree to which the network is perceived as one’s own, indi-
vidually and/or collectively. The components within the categories Mechanisms and Outcomes of
ownership can be treated as strong predictors or indicators of a sense of ownership (for instance, a
high degree of ownership is likely to couple with a high degree of control and high assumed respon-
sibility). While other ICT4D models choose to treat these elements as dimensions of ownership
(e.g. ownership as responsibility and control), this model emphasises the relations of determination
among these elements, while acknowledging at the same time that they are distinct. To mark this
distinction, the model designates a core sense of ownership (capturing the degree to which an agent
feels that target is her/his own) and an expanded sense of ownership (inclusive of the mechanisms
that determine the development of ownership - power and control, knowledge and self-investment;
and the outcomes of ownership – responsibility and stewardship, and commitment).
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5. Outcomes or effects of ownership. These are attitudes, states and behaviours developed as a con-
sequence of developing a sense of ownership. The focus here is on two such constructs:

• Responsibility and stewardship. Responsibility refers to the degree to which an agent feels
responsible and accountable for the network and/or for outcomes of one’s own work. Stew-
ardship refers to the care and custodianship of resources on behalf of someone. It may
equally capture attitudes and behaviours of care and protection over the network, directly or
indirectly (e.g. making sure all measures are taken against risks of technical disruptions or
theft; intervening in case of attempted theft).

• Commitment. Commitment covers the attachment for the initiative and the rationale for main-
taining one’s involvement in the project (answering the question “Should I maintain my mem-
bership in this organisation and why?”, cf. [200]).

Finally, [133] group those determinants that are likely to have an impact upon the project and peo-
ple’s relation to the project fall under contextual factors. Factors can be structural, such as the legislative
infrastructure (e.g. physical barriers to participation in project activities due to distance; low formalisa-
tion of property rights), and socio-cultural, such as mores, customs, socialisation practices and traditions
(e.g. culturally validated hierarchical decision-making patterns; socially constructed collective types of
ownership).

B.3 Relations in the ownership conceptual model

The model has been built to expose relationships between the determinants, mechanisms and outcomes
of ownership, as well as the bearing of contextual factors. Two types of relationships have been hypoth-
esised:

• One-sided relations of influence and causality (one-sided arrows) hypothesised between on the
one hand Behavioural determinants and the Mechanisms of ownership; and between Contextual
factors and all constructs pertaining to the Core and Expanded sense of ownership.

• Mutual determination (double sided arrows) between the Core and the Expanded sense of owner-
ship - the latter corresponding to its mechanisms (e.g. a high degree of control influences positively
a high sense of ownership, while a high degree of possession in turns determines a stronger feeling
of control) and its outcomes (e.g. high sense of ownership determines high responsibility, and also
the more one feels responsible for the network, the more s/he feels it as her own).

In addition, it has been hypothesised that the Mechanisms category acts as mediator for Behavioural
determinants. It is proposed that behavioural determinants on their own cannot be used as factors for
increased ownership, if not through the mediation of mechanisms (for instance, one may make heavy
use of services, or have been involved in many project tasks, but s/he is not likely to develop a sense of
ownership unless s/he has sufficient control, knowledge and/or self-investment).

Contextual factors can act as barriers or facilitators for developing ownership (e.g. a hierarchical
model of decision-making can limit one’s sense of ownership by excluding her from decision-making),
or can drive orientation towards certain forms of ownership, such as individual or collective.



Appendix C: Results from the Adjustment of the SlotTime
Value
In this Appendix the results obtained from the third set of traffic generation as described in Appendix A.3
are shown. Figure C.1 shows the aggregated end-to-end traffic between each pair of nodes in the network
per value of SlotTime. It is acknowledged that this indicator does not show the maximum traffic the
network can handle simultaneously, since several internal links are counted more than once as they are
part of longer routes and the effect of the exposed node is neglected. However, it does offer a single
figure that can be compared among different SlotTime values.

As can be seen in Figure C.1, aggregated traffic peaks for SlotTime at 199µs, for which 92.75 Mbps
are obtained. Although a single repetition was carried out for every SlotTime value, a similar trend is
confirmed by the curve shown, and other values around the peak exhibit similar performance.

These values contrast heavily with the value for SlotTime of 9µs (standard for 802.11g), for which
43.11 Mbps are obtained, i.e. for the optimum value found, an increase of 115% is obtained over the
standard value. Madwifi’s athctrl sets the SlotTime value to that of the standard plus the propagation
delay of the longest active link for PtP links. For that value of the SlotTime, 24 µs, 74.87 Mbps are
obtained, showing a considerable improvement (57%) over the standard value. However, the maximum
obtained for SlotTime 199 µs is still 23.9% higher.

For this value, end-to-end traffic has on average 1.40 Mbps, with the route between 22 and 26 being
the one handling the most traffic, 4.49 Mbps, and the route between 1 and 27 being the one carrying the
least, 0.142 Mbps.

Since the value of SlotTime providing the better throughput is much higher than the one expected,
a much higher ACKTimeout, 300 µs, was tested in combination with SlotTime 199 µs in order to find
out if a longer active link was present in the network that could be blocked by an ACKTimeout issue.
However, the results were slightly smaller than the ones obtained before, thus confirming that no such
link existed.

Using batman-adv with a short hop penalty, routes are likely to have changed from test to test and
even within tests. However, by looking at the next best hop in each of the nodes to reach the other nodes
in the network at the end of every test, Table C.1 shows the most probable number of hops between every
pair of nodes.

Using this table, the total throughput per number of hops was obtained for each of the values of
SlotTime tested. Values obtained were normalised in order to compare the result for each number of
hops, and these are shown in Figure C.2.

It can be seen how the total throughput increases with the SlotTime value in two phases. First, it
gets a local maximum for all cases in 24 µs, a value that considers the one-way propagation delay in
the network. Secondly, the total throughput for each case continues to increase up to a global maximum
that happens in a strict order of number of hops. Then, oscillations occur around the maximum value,
which peaks at different individual experiments. This shows that the optimal SlotTime value must be

Figure C.1: Variation of the aggregated throughput with SlotTime.
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1 20 21 22 23 24 25 26 27 28 29 31
1 4 2 3 3 3 4 3 5 3 4 1
20 3 4 2 2 2 3 2 2 1 4
21 1 1 1 2 1 3 1 2 1
22 1 3 2 1 4 2 3 3
23 1 2 1 2 2 1 2
24 2 1 2 1 1 3
25 1 2 1 1 3
26 3 1 2 2
27 2 1 4
28 1 2
29 3
31

Table C.1: Number of hops for potential routes among the 12 nodes in the network.

Figure C.2: Variation of the normalised aggregated throughput with the SlotTime per number of hops.

chosen according to the entire network topology and not only based on the one-hop propagation delays.
In the values obtained per number of hops, there seems to be a very strong correlation between the final
throughput obtained in each route and the throughput of the slowest hop in the route divided by the
number of hops.

This maximum average throughput is obtained using a value for SlotTime 22 times bigger than the
one defined in the standard. Understanding the SlotTime as the time interval during which the transmis-
sion of a given node is vulnerable to collide with a transmission from a neighbouring node, in PtP, and in
PtMP networks, a relation between the value of SlotTime that optimises the performance of the network
and the distance of the longest link has been established theoretically as well as practically [177]. There
are two factors that appear to have an influence on increasing the throughput: 1) increasing the SlotTime
taking into account the propagation delay of the longest active link in the network, 24 µs for 4.65 km,
when passing from 9 µs to 24 µs, a noticeable increase can be seen; and 2) for values much higher
than 24 µs, one can get a sense of how the throughput for routes longer than one hop also experience a
noticeable increase; the longer the route, the bigger the SlotTime value that produces such an increase.

A tentative explanation for this behaviour may arise from the exposed node problem provided that the
interference range for a node is much larger than its transmission/reception range. A node that receives
signal under such sensitivity does not use the received information as a received packet, but rather that
reception activates the Clear Channel Assessment (CCA) and effectively freezes the contention window.
Hence, there is a part of the MAC that should consider the interference range, instead of the transmission
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range, for the case of multi-hop networks, causing severe lose of transmission opportunities. Possibly,
the longer the SlotTime is, the smaller the impact of the exposed-node problem results. However, the
distance between the furthest nodes in the network able to cause this problem is not enough to justify
the SlotTime value that maximises traffic in this network. Cross-interference between non-contiguous
links could also play a role when the number of hops is bigger than two, but would not explain the steady
increase in available throughput for two-hop routes up to SlotTime 114 µs.

The processing limitations in the MP01 shown in Section 6.2.1.2 are likely to have also contributed
to the results presented here. Thus, more research is needed with devices with no limitations to justify
these positive empirical results.
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Appendix D: Local Ownership: A Definition and Conceptual
Model
The empirical analysis was used to scope and shape the characteristic features of ownership that can
be developed around a technology intervention in a local community. It also served to better probe
the constructs and relations initially hypothesised in the model of ownership illustrated in Figure 3.2.
On this basis, an operational definition of ownership and an analytical model for shedding light on the
development of ownership, and the different forms it may take, are provided below.

D.1 Definition

Local ownership is defined with reference to a local community or a closely-knit group, and a target of
ownership that requires active care if it is to provide benefits and usefulness for the community/group
(e.g. a technology project, a CN, a co-operative). In this sense, local ownership is devised as a con-
struct that bears a dual cognitive-affective and behavioural dimension, comprising a (collective) sense of
ownership and the exercise of ownership.

(Collective) sense of ownership refers to a psychological state comprising beliefs and feelings of
(collective) possessiveness and entitlement towards a target. This state is manifested by individual com-
munity members, and can blend elements of individual possessiveness (It belongs to me) and collective
possessiveness (It belongs to us). In the empirical study presented in Chapter 5, a collective sense of
ownership prevailed over individual ownership. Yet, this can be attributed to the existence of a strong
collective ethos characteristic of Mankosi (see Section 6.4.1.5 for more details), which may not be man-
ifest in other contexts. It is likely a great variety of combinations of individual and collective ownership
would be demonstrated by individual actors and communities in various situated cases.

Exercise of ownership comprises decision-making and activities that can range from strategic plan-
ning to hands-on actions that serve to run, manage, or care for the target in ways that ensure its continuity
and/or maximise its usefulness for the community or individual members. The exercise of ownership can
be enacted locally (either collectively or through representative members), entrusted to/assumed by other
parties, or take mixed forms. The case of Mankosi is an example of a mixed exercise of ownership, with
a local component (a board of members were given the power to decide and act on behalf of the commu-
nity) and an outsourced component (undertaken by an external research team).

As a blended construct, local ownership can take manifold forms depending on different nuances
acquired by either the sense or the exercise of ownership. For instance, full local ownership implies that
a (collective) sense of ownership has been developed, and that ownership is exercised as well locally in
an autonomous manner. The interest is on understanding what forms of local ownership are significant
in externally initiated ICT4D projects, and how they can be cultivated. To this purpose, the following
section introduces a model that relates different manifestations of ownership with a scale from passive
to active entitlement.

D.2 Conceptual model

D.2.1 Premises

As in any conceptual model, the one proposed below for the development of local ownership resides on
both a given perspective and a simplification or reduction of reality. The perspective employed seeks to
evidence how the development of local ownership is associated with taking steps from passive to active
entitlement, with a particular interest in shedding light on the way external interventions are received in
local communities.
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136 APPENDIX D. LOCAL OWNERSHIP: A DEFINITION AND CONCEPTUAL MODEL

Figure D.1: Conceptual model for examining the components and factors of local ownership, inclusive
of (collective) sense of ownership and local exercise of ownership.

The model focuses on the community as the main unit of analysis, the intent being to understand how
local ownership is manifested and can be developed at the collective level. This implies that the analysis
is not geared towards finding replicated patterns in individual members, but rather complementarity and
consistency in the development of a sense of ownership and the exercise of ownership, either collec-
tively or through representative members. However, the collective dimension does not preclude focused
analysis based on multiple units of observation, including individual members and relations between
them.

D.2.2 Overview and components

The model interprets the development of local ownership in relation to the likelihood of bringing about
passive or active entitlement. In both constructs, entitlement denotes that the community has developed
a sense of owning the target and being entitled to reap its benefits. Passive entitlement implies that the
agency of an external party is required to make the target work and provide benefits for the community
(e.g. educational facilities managed entirely by an external agent), analogously to a service, product or
resource that requires minimum or no action on behalf of the community and is self-sustaining (e.g. local
woods or rivers). Active entitlement denotes willingness and capacity to manage/run or make the target
work for locally defined goals in locally defined terms. In other words, active entitlement means “owning
the next decision”, and being prepared and able to act upon it.

To understand under what conditions a sense of ownership can be associated positively or conducive
to either passive or active entitlement, the study focused its attention on a series of pathways (or routes,
mechanisms) for the development of ownership, starting from two behavioural drivers: involvement and
use (as described in Section B.2). From the two behavioural drivers, six main pathways for developing
a sense of ownership are identified. These are associated with involvement (power and control, knowl-
edge, self-investment), use (perceived usefulness), or both (self-efficacy, self-identity). The constructs
are defined in Section B.2, where these were marked as either mechanisms for the development of own-
ership, or constructs characterising the relation between the agent and the target. In Figure D.1, these
are treated like pathways conducive to different forms of local ownership, by reinforcing either or both
the exercise of ownership or the sense of ownership. In particular, the constructs power and control,
knowledge, self-investment, and self-efficacy are regarded as conditions for the exercise of ownership and
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essential components in cultivating local ownership that eventually leads to active entitlement. For this
to be reached, it is necessary that the community as a whole or key members in the community will have
developed the will and capacity to manage and care for the target. The sense of ownership developed
through these routes has a higher likelihood to take forms close to responsibility and commitment, either
collectively, or through representative members. Mankosi is an example where collective responsibility
for the network was developed, in association with delegated forms of responsibility for those members
that were actively involved in its management and maintenance. The case of Mankosi also displays some
unique features, as the exercise of ownership blended local and external agency.

Forms of local ownership with a more feeble or nonexistent presence of the exercise of local own-
ership can be developed, which lead to passive entitlement, where the community does not support or
manage actively the target that satisfies a need. For instance, a sense of ownership can be developed
in time from a high appreciation of usefulness and/or by identifying with the target, without engaging
actively in its management or care. Territoriality is an example of the way ownership may be manifested
by taking these routes, referring to attitudes and behaviour of protection for the target and their rights
over it or defence when an external agency jeopardises it.

In sum, a feeble or nonexistent presence of the exercise of ownership mediated by the four pathways
- power and control, knowledge, self-investment, and self-efficacy – is likely to lead to a sense of passive
entitlement. On the contrary, active exercise of ownership is likely to lead to a sense of active entitlement,
where the community has developed the resources (behavioural and psychological) to make the target
work for their own defined ends in their own defined terms.

D.2.3 Model use and limits

The model does not attempt to exhaust the manifold forms of local ownership or sense of ownership that
can be developed in a community, but point to the essential coordinates that are likely to be conducive to
such forms that are connected either with active or passive entitlement. It has been specifically devised to
shed light on 1) the elements to be taken into account for contributing to developing forms of ownership
that relate to community autonomous action and management of interventions; and 2) the bearing of
ownership in explaining such processes as community participation, local action, or sustainability in the
evaluation stages of a project. To this purpose, the model dwells on a simplification of complex processes.
It is intended as a tool for capturing snapshots in highly dynamic processes, without exhausting their
intricacy. Limits are associated as well with its being tested in a unique empirical context and against
extant literature. Testing in other empirical contexts is necessary for probing, in particular, the role of the
local context in determining peculiar forms of ownership and the processes leading to their development.
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Appendix F

Questionnaires and Interviews Used During the
Data Collection
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MODULE H: HOUSEHOLD ATTRIBUTES
H.1 How many times have you bought bread or flour (1), milk (2), 

rice (3), meat (4), parafine (5) in the last month?
1 2 3 4 5

H.2 Does this house have electricity? 
If multiple, chose the one used 
mostly)

[0] No               [1] Main 
electricity grid
[2] Generator   [3] Solar
[4] Batteries     [5] Gas      
[6] Other

If no, jump
to question
h.13. 
(water)

H.3 Does your 
household 
have a 
working...?

Refrigerator [1] Yes     [0] No

H.4 Electric or gas cooker /stove [1] Yes     [0] No

H.5 Radio [1] Yes     [0] No

H.6 Tv [1] Yes     [0] No

H.7 Lights [1] Yes     [0] No

H.8 Computer (desktop/laptop) [1] Yes     [0] No

H.9 How is the main method this house get 
water?

[0] River
[1] Public water 
points
[2] Jojo tanks in 
the house

H.10 Does anybody in this household have a 
bank account or has access to one in any 
other way? 

[0] No
[1] At least one 
household member
has one 
[2] Through work
[3] Through 
someone else
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INDIVIDUAL QUESTIONNAIRE FOR THE BASELINE 

Demographic and educational information

Q1 How old are you?

Q2 Gender [0] Female
[1] Male

Q3 Can you read a letter or newspaper in Xhosa? [0] easily  
[1] with difficulty   
[2] not at all 

Q4 Can you write a letter in Xhosa? [0] easily  
[1] with difficulty   
[2] not at all 

Q5 Can you read a letter or newspaper in English? [0] easily  
[1] with difficulty   
[2] not at all 

Q6 Can you write a letter in English? [0] easily  
[1] with difficulty   
[2] not at all 

Q7 Which Village do you belong to? [0] Mathokazini
[1] Manangeni
[2] Mtyubeni
[3] Ngoyini
[4] Nidikimbeni
[5] Nkumandeni
[6] Sikhululweni
[7] Ngogo
[8] Ngcobo
[9] Mbotho
[10] Mqhekezweni
[11[ Manfeneni

Mobile Phone Ownership
In this section I want to capture the uptake of mobile phones in the community, the features of the 
mobile phone (specially if the phone is WiFi enabled), and test the correlation between number of 
years owning a mobile phone and expenditure. Additionally, I want to know additional costs of 
owning a phone (expenditure in charging), and limitations of using the phone within this context 
(days without battery), which can be additionally correlated with airtime and expenditure.

Q8 How many people live in your household?

Q9 How many are older than 15?

Q10 How many operative mobile phones are in your 
household?

Q11 Do you have a mobile phone? [0] Yes 
[1] No

Q12 How did you get this mobile phone [0] Bought
[1] Given
[2] Other, specify

Skip if Q11
is No
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Q13 Which model it is? (take a picture if possible)

Q14 When did you get your first mobile phone?

Q15 When did you start using a mobile phone?

Q16 In the last month, how much have you paid for 
charging your mobile phone?

Q17 In the last week, how often have you charged your 
mobile phone?

[0] Once
[1] Twice
[2] Three times
[3] More

Q18 In the last month, how many days have you been 
without a charged mobile phone battery?

Q19 What are the reasons for not having a phone? [0] I can't afford it
[1] I am not 
interested
[2] Other, specify

Skip if 
answer to 
Q9 is Yes

Q20 Do you plan to get a (another) mobile phone in the 
next 6 months?

[0] Yes 
[1] No

Q21 What is the main feature you would like your phone
to have?

[0] Big(ger) 
storage capacity
[1] Long(ger) 
lasting battery
[2] Colour screen
[3] Good (better) 
camera
[4] Music 
reproduction
[5] Internet 
capabilities
[6] Other, specify

SIM card ownership and airtime expenditure
In this section I want to know about SIM card ownership (there are people without phones but with
a SIM card), and there are people without phone or SIM card using other people’s phone. 
Additionally, I want to know how much airtime have they bought, the money they have paid for it 
(as in rural areas the middleman includes a mark up)

Q22 Do you have a SIM card? [0] Yes 
[1] No

Q23 Which cell phone company’s SIM card do you 
mostly use?

[0] MTN 
[1] Vodacom
[2] Cell C
[4] 8ta

Skip if 
answer to 
Q22 is No

Q24 In the last week, how much airtime did you top-up 
for your SIM cards?

Q25 How much money did you pay for that airtime? 

Q26 In the last week, how much airtime did you receive 
in your SIM cards from other people?
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Q27 In the last week, how much airtime did you receive 
in promotions?

Q28 In the last week, how many days were you without 
airtime?

Q29 In the last week, have you used someone else's 
phone?

[0] Yes 
[1] No

Q30 In the last week, have you topped-up someone 
else’s’ SIM card for your own use? 

[0] Yes 
[1] No

Skip if 
answer to 
Q29 is No

Q31 How much money did you spend to do so? Skip if 
answer to 
Q30 is No

Q32 For what purpose do you buy airtime? Open question (to be 
recorded)

Q33 Do you sacrifice on other things to buy airtime? [0] Yes 
[1] No
[2] Do not know

 

Q34 Give examples Open question (to be 
recorded)

Skip if
answer to
Q33 is No
or Don't
Know

Mobile phone use
In this section I want to know how people uses the phone for, with special attention to calls made 
and receive (as it is the main service out intervention is providing so far). Within the calls, I would 
like to know whether they call people that are currently in the community (local calls) or are 
outside. 

Q35 In the last week, how many calls did you make? Skip if Q22
and Q30
are No

Q36 What is the total duration of those calls? Open question (to be 
recorded). The answer 
will include if the call was
made in peak times (from 
7:00 to 17:00)

Q37 From the calls you made, how many were to people 
who you knew were Mankosi?

[0] All
[1] Most
[2] Half
[3] Few
[4] None

Q38 In the last week, how many “Please call me” did 
you send?

Q39 In the last week, how many sms messages did you 
send?

Q40  In the last week, have you experienced network 
problems?

[0] Yes
[1] No

Q41 Do you use Internet on your mobile phone [0] Yes 
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(Facebook, whatsApp, Mxit, web browsing…)? [1] No

Q42 Do you buy data bundles? [0] Yes 
[1] No

Skip if 
answer to 
Q41 is No

Q43 In the last month, how much did you spend on data 
bundles?

Skip if 
answer to 
Q42 is No

Q44 Is there something that prevents you from using 
your mobile phone for communications more often?

[0] Yes 
[1] No

Skip if Q22
and Q30 
are No

Q45 Give examples Open question (to be 
recorded)

Skip if 
answer to 
Q44 is No

Use and impact of our intervention
In this section I want to learn about the use and impact of out intervention. It has mainly two 
components, the phone charging (which is the one that has been used for most people) and the 
phone calls among the local phones. For the second one I want to know what is preventing people 
from using them. 

Q46 Do you know about the solar charging stations? [0] Yes 
[1] No

Q47 How do you think it is used the money you pay for 
charging your phone?

[0] To pay the 
households
[1] To maintain the 
station and make 
other community 
projects
[2] Both
[3] Don't know

Skip if 
answer to 
Q46 is No

Q48 Have you ever used charging stations? [0] Yes 
[1] No

Q49 How many times have you used charging stations in
the last month? Skip if 

answer to 
Q48 is No

Q50 How would you rate your experience compared to 
other places where you normally charge?

[0] Better
[1] Similar 
[2] Worse

Q51 Have the availability of the charging stations 
changed your use of your mobile phone?

[0] Agree
[1] Disagree
[2] Do not know

Q52 How has it changed? Open question (to be 
recorded)

Skip if 
answer to 
Q51 is 
Disagree 
Don't Know

Q53 Do you know there are Public Phones in the 
community? 

[0] Yes 
[1] No

Q54 What is the walking distance to the nearest Public [0] less than 10 Skip if 
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Phone from your home? minutes
[1] 10 to 20 min
[2] 20 to 30 min
[3] 30 to 60 min
[4] 1 to 2 hours
[5] too far to walk

answer to 
Q53 is No

Q55 Have you ever used the Public Phones? [0] Yes 
[1] No

Q56 How often do you use the Public Phones existing in 
the community?

[0] More than once
a day
[1] Every day or 
almost every day    
[2] At least once a 
week  
[3] At least once a 
month 
[4] Less than once 
a month 
[5] Never

Skip if 
answer to 
Q55 is No

Q57 How would you rate your overall experience of 
using the Public Phones?

[0] Very 
satisfactory
[1] Satisfactory
[2] Neutral
[3] Unsatisfactory
[4] Very 
Unsatisfactory

Q58 How would you rate the voice quality of the Public 
Phones compared to that of a call on a mobile 
phone?

[0] Better 
[1] Similar
[2] Worse

Q59 What are the reasons for you to use the Public 
Phones?

Open question (to be 
recorded)

Q60 How would you improve the Public Phones? Open question (to be 
recorded)

Skip if 
answer to 
Q53 is NoQ61 What prevents you from using the Public Phones 

more?
Open question (to be 
recorded)

Q62 Would you walk to the Public Phones if you could 
make the same calls than with a mobile phone but 
cheaper?

[0] Yes 
[1] No

Q63 Would you be willing to be interviewed in 6 months 
about the same topic? 

[0] Yes 
[1] No

Q64 What is your name? Skip if Q63
is NoQ65 In what mobile phone number you can be 

contacted?
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INDIVIDUAL QUESTIONNAIRE FOR THE FOLLOW-UP

Q1 How old are you?

Q2 What is the last grade you passed in school?

Q3 Are you still studying? [0] Yes 
[1] No

Mobile Phone Ownership
In this section I want to capture the uptake of mobile phones in the community, the features of the 
mobile phone (specially if the phone is WiFi enabled), and test the correlation between number of 
years owning a mobile phone and expenditure. Additionally, I want to know additional costs of 
owning a phone (expenditure in charging), and limitations of using the phone within this context 
(days without battery), which can be additionally correlated with airtime and expenditure.

Q8 How many people live in your household?

Q9 How many are older than 15?

Q10 How many operative mobile phones are in 
your household?

Q11 Do you have a mobile phone? [0] Yes 
[1] No

Q11a Is it the same than 1 year ago? [0] Yes 
[1] No

Skip if Q11
is No

Q12 How did you get this mobile phone [0] Bought
[1] Given
[2] Other, specify

Q13 Which model it is?

Q13a Is it capable to navigate the Internet? [0] Yes 
[1] No

Q13b Is it capable to use WiFi? [0] Yes 
[1] No

Q13c Does your mobile allows you to install 
applications?

[0] Yes 
[1] No

Q17 In the last week, how often have you charged 
the battery of your mobile phone?

[0] Once
[1] Twice
[2] Three times
[3] More

Q18 In the last month, how many days have you 
been without a charged mobile phone battery?

Q16a Do you pay to charge the battery of your 
mobile phone?

[0] Yes 
[1] No

Q16b How much do you pay on average for one 
charge of the battery of your mobile phone?

Skip if 
answer to 
Q16a is NoQ16c In the last month, how much have you paid for 

charging the battery of your mobile phone?

Q16d Do you think you spend more in charging than 
what you did one year ago?

[0] Yes 
[1] No
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Q19 What are the reasons for not having a phone? [0] I can't afford it
[1] I am not 
interested
[2] Other, specify

Skip if 
answer to 
Q9 is Yes

Q20 Do you plan to get a (another) mobile phone in
the next 6 months?

[0] Yes 
[1] No

Q21 What is the main feature you would like your 
phone to have?

[0] Big(ger) storage 
capacity
[1] Long(ger) lasting
battery
[2] Colour screen
[3] Good (better) 
camera
[4] Music 
reproduction
[5] Internet 
capabilities
[6] Other, specify

SIM card ownership and airtime expenditure
In this section I want to know about SIM card ownership (there are people without phones but 
with a SIM card), and there are people without phone or SIM card using other people’s phone. 
Additionally, I want to know how much airtime have they bought, the money they have paid for it 
(as in rural areas the middleman includes a mark up)

Q22a Do you have a SIM card? [0] Yes 
[1] No

Q22b How many SIM cards do you have?
Skip if 
answer to 
Q22a is No

Q23 Which cell phone company’s SIM card do you 
mostly use?

[0] MTN 
[1] Vodacom
[2] Cell C
[4] 8ta
[5] Other

Q23aa Do you use a different company for your SIM 
card than the one you used one year ago?

[0] Yes 
[1] No

Q23ab Why have you changed? Open question to be 
recorded

Skip if 
answer to 
Q23aa is 
No

Q23a Do you use a contract plan for your calls? [0] Yes 
[1] No

Skip if 
answer to 
Q22a is No

Q23b How much do you pay monthly? Skip if 
answer to 
Q23a is No

Q24 In the last week, how much airtime did you 
top-up for your SIM cards?

Skip if 
answer to 
Q23a is 
Yes

Q25 How much money did you pay for that 
airtime? 
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Q25a Do you think you spend more in airtime than 
what you did one year ago?

[0] Yes 
[1] No

Q26 In the last week, how much airtime did you 
receive in your SIM cards from other people?

Q27 In the last week, how much airtime did you 
receive in promotions?

Q28 In the last week, how many days were you 
without airtime?

Q28a What is your estimated expenditure in top-up 
per month?

Q29 In the last week, have you used someone else's 
phone?

[0] Yes 
[1] No

Q30 In the last week, have you topped-up someone 
else’s’ SIM card for your own use? 

[0] Yes 
[1] No

Skip if 
answer to 
Q29 is No

Q31a In the last week, how much airtime did you 
top-up for someone else’s’ SIM card for your 
own use?

Skip if 
answer to 
Q30 is No

Q31b How much money did you pay for that 
airtime? 

Q31c What is your estimated expenditure in topping-
up someone else’s’ SIM card for your own use 
per month?

Q32 For what purpose do you buy airtime? Open question (to be 
recorded)

Q33 Do you sacrifice on other things to buy 
airtime? 

[0] Yes 
[1] No
[2] Do not know

 

Q34 Give examples Open question (to be 
recorded)

Skip if 
answer to 
Q33 is No 

Mobile phone use
In this section I want to know how people uses the phone for, with special attention to calls made 
and receive (as it is the main service out intervention is providing so far). Within the calls, I would 
like to know whether they call people that are currently in the community (local calls) or are 
outside. 

Q35 In the last week, how many calls did you 
make?

Skip if Q22
and Q30
are No

Q36 What is the total duration of those calls? Open question (to be 
recorded). 

Q37 From the calls you made, how many were to 
people who you knew were Mankosi?

[0] All
[1] Most
[2] Half
[3] Few
[4] None
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Q38 In the last week, how many “Please call me” 
did you send?

Q39 In the last week, how many sms messages did 
you send?

Q40 In the last week, have you experienced 
network problems?

[0] Yes
[1] No

Q41 Do you use Internet on your mobile phone 
(Facebook, whatsApp, Mxit, web 
browsing…)?

[0] Yes 
[1] No

Q42[ Do you buy data bundles? [0] Yes 
[1] No

Skip if 
answer to 
Q41 is No

Q43 In the last month, how much did you spend on 
data bundles?

Skip if 
answer to 
Q42 is No

Q44 Is there something that prevents you from 
using your mobile phone for communications 
more often?

[0] Yes 
[1] No

Skip if Q22
and Q30 
are No

Q45 Give examples Open question (to be 
recorded)

Skip if Q44
is No

Use and impact of our intervention
In this section I want to learn about the use and impact of out intervention. It has mainly two 
components, the phone charging (which is the one that has been used for most people) and the 
phone calls among the local phones. For the second one I want to know what is preventing people 
from using them. 

Q46 Do you know about the solar charging 
stations?

[0] Yes 
[1] No

Q47 How do you think it is used the money you pay
for charging your phone?

[0] To pay the 
households
[1] To maintain the 
station and make 
other community 
projects
[2] Both
[3] Don't know

Skip if 
answer to 
Q46 is No

Q48 Have you ever used charging stations? [0] Yes 
[1] No

Q49 How many times have you used charging 
stations in the last month?

Skip if 
answer to 
Q48 is NoQ50 Why do you use them? Open question (to be 

recorded)

Q51 Have the presence of the charging stations 
changed your use of your mobile phone?

[0] Agree
[1] Disagree
[2] Do not know

Q52 How do you use your phone differently now? Open question (to be 
recorded)

Skip if 
answer to 

156



Q51 is 
Disagree 
Don't 
Know

Q53 Do you know there are Public Phones in the 
community from where  you can call mobile 
phones for 60 cents? 

[0] Yes 
[1] No

Q55 Have you ever used the Public Phones? [0] Yes 
[1] No

Skip if 
answer to 
Q53 is No

Q55a Have you them for internal calls, to call mobile
phones, or both?

[0] Internal Calls
[1] Call mobile 
phones
[2] Both

Skip if 
answer to 
Q55 is No

Q56 How many times have o you used the Public 
Phones in the  for internal calls?

[0] Once
[1] Twice
[2] Three times
[3] More than three 
times

Skip if 
answer to 
Q55a is 
“Call 
mobile 
phones”

Q56a How many times have you used the Public 
Phones for calling mobile phones?

[0] Once
[1] Twice
[2] Three times
[3] More than three 
times

Skip if 
answer to 
Q55a is 
“Internal 
Calls”

Q56b Do you prefer using vouchers or prepaid? [0] Vouchers
[1] Prepaid

Q56c How much money have you spent for calling 
on the Public Phones?

Q57 How would you rate your overall experience of
using the Public Phones?

[0] Very satisfactory
[1] Satisfactory
[2] Neutral
[3] Unsatisfactory
[4] Very 
Unsatisfactory

Skip if 
answer to 
Q55 is No

Q58 How would you rate the voice quality of the 
Public Phones compared to that of a call on a 
mobile phone?

[0] Better 
[1] Similar
[2] Worse

Q59  Why do you use the Public Phones? Open question (to be 
recorded)

Q60 Now that you know that there are Public 
Phones in the community from where you can 
call mobile phones for 60 cents, would you use
them?

[0] Yes 
[1] No

Q61 Why? Open question (to be 

157



recorded)

Q62 What would you change in the Public Phones 
for you to use them more often?

Open question (to be 
recorded)

Q63 Would you be willing to be interviewed in 6 
months about the same topic?

[0] Yes 
[1] No

 

Q64 What is your name? Skip if Q63
is No

Q65 In what mobile phone number you can be 
contacted?
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Annex 1. Semi-structured interview guide (direct stakeholders) 

To be filled by data collector. 

ID:
Respondent: 
Date: 
Stakeholder category attributes (check all that apply):
□ Member of tribal authority (mention role) ___________________
□ Local researcher 
□ Host of access point 
Gender: □ Male □ Female

QUESTIONS 

A. Socio-demographic data 

1. How old are you?

2. In which village do you live?

3. How many people live in your household?

4. How many are older than 15?

5. Can you read a letter or newspaper in Xhosa?

6. Can you write a letter in Xhosa?

7. Can you read a letter or newspaper in English?

8. Can you write a letter in English?

B. Behavioural determinants of ownership 

1. Why did you become involved in the Mankosi community network and how? 

2. Think about activities that were done until now when UWC researchers were not around. 
Can you describe some? 

3. Who initiated these actions? 
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4. What was your role? 

5. What tasks did you carry out in the Mankosi community network? Please mention your 
contribution to all tasks that apply, from the below, and for each answer the associated 
questions. 

□ Running interviews or distributing questionnaire for data collection. 
• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 

• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

□ Communication and information sharing (for example introducing UWC researchers around, 
informing other community members about the project, etc.)

• Tell us what exact activities for communication and information sharing you were involved 
in. 

• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 
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• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

□ Design of the wireless system and/or design of the data storage and solar solution
• Tell us what exact design activities you were involved in. 

• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 

• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

□ Installation of the wireless system, and/or installation of the data storage and solar solution
• Tell us what exact technical installation activities you were involved in. 

• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 
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• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

□ Maintenance of the wireless system, and/or maintenance of the data storage and solar 
solution

• Tell us what exact technical maintenance activities you were involved in. 

• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 

• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

• Do you continue to assist with the systems maintenance at present? 

□ Management and decision-making tasks (for instance take executive decisions about the 
project, the money and the cooperative; negotiation with providers; fill paperwork required for legal
processes)

• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 
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• How much effort and time did you invest? 

• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

□ Financial management (for example  collect revenue from charging phones; put together 
revenue from charging phones) 

• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 

• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 

□ Organization of activities (for example organizing meetings, ..) 
• How often did you have to handle these tasks? 

• With whom did you cooperate in these tasks? Tell us how. 

• What (if any) are the most important parts of these tasks that you handled alone? 

• How much effort and time did you invest? 

• Are there any particular difficulties that you encountered? If yes, tell us about some 
important episodes. 
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Usage – general 
(skip for hosts of access points)

1. Did you already use the solar charging stations?

2. How often did you use them in the last month? 

3. How satisfied are you with the services?

4. Do you use your mobile phone differently, as a result of charging availability? 

5. Are you satisfied with how much you pay for charging?

6. Did you already use the public phones?

7. How often did you use them in the last month?

8. How satisfied were you with the experience? 

Usage – hosts of access points 
(ask only for hosts of access points)

1. How do you use the solar charging stations?
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2. How often did you use them in the last month? 

3. How satisfied are you with the experience of hosting the station?

4. Do you use your mobile phone and other home appliances differently, as a result of charging
availability? 

5. Did you already use the public phones?

6. How often did you use them in the last month?

7. How satisfied were you with the experience? 

Participation in trainings 

1. Did you participate in any of the trainings for the installation and maintenance of the 
wireless systems and solar charging stations? If yes, why did you chose to participate? 

2. In how many meetings did you participate? (if some were skipped) Why? 

3. How satisfied were you with the experience? 
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4. What are the most important things you learned to do, that you did not know before? 

C. Mechanisms 

Perceived control
1. Who do you think has the greatest power to influence the course of action in the Mankosi 

community network? 

2. From all your fellow community members, who are the ones that have the most important 
role, in your opinion? 

3. To what extent do you believe you can influence the decisions taken for the Mankosi 
community network? 

4. How much freedom to decide and act do you have in this project? List some aspects that 
depend entirely on you. 

5. How satisfied are you with the degree of influence that you exercise? 

Knowledge 
1. How much do you know about how the project started and its goals? 

2. How much do you know about the future plans for developing and maintaining the network?
Tell us the most important aspects. 
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3. How much information do you have about how the project is coordinated and the activities 
planned? 

4. What are your chief sources for keeping yourself informed about the project? 

5. In the last month, in how many occasions did you purposefully seek more information about
the project? 

6. What particular skills have you developed by becoming involved? List actions and activities
that you can do now, and were not able to do before. 

Self-investment 

1. What do you consider to be your most important personal contributions during your 
involvement in the initiative? 

2. How important are, in your opinion, these contributions to the project ? 

3. How do they make you feel? 

D. Relational dynamics 

Perceived usefulness 
1. How important is this project for you? 
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2. How do you personally benefit from this project? 

3. How do you think your community benefits from this project? 

4. List some aspects that were not possible or were difficult before for people in Mankosi, and 
now are becoming attainable through the network. 

5. What changed in your life after you became involved in the project? 

Self-efficacy 
1. How confident are you that you are able to achieve the goals you have set for your future 

involvement in the Mankosi network? 

2. Was there any moment when you faced difficulties with your tasks? How did you react? 

3. How does your involvement in this project enable you to achieve outcomes that are 
important for yourself? 

4. Do you recall facing any particular challenges in the project? How did you react? 
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Self-identity 
1. In what occasions do you speak to friends about your role and activities in the Mankosi 

network? 

2. If meeting new people, could you present yourself as a promoter or associate of the Mankosi
community network? Why?

3. Did your involvement help you discover new sides and abilities you did not know you 
possess? If yes, comment how. 

4. To what extent do you take pride in the success of the network?

5. Suppose this project fails to continue after the UWC team leaves. How would you feel? 

E. Sense of ownership 

Think about your house, and recall the feelings and thoughts you trigger when thinking “This is MY
house! Or OUR house!” Compare these feelings with what you may feel for the Mankosi 
community network, and comment upon how much you agree and resonate with the following: 
(break for and solicit comments, after each statement, asking “Why?”) 

1. I strongly feel that the Mankosi community network is MY own.

2. I sense that the Mankosi community network is OURS, it belongs to the people of Mankosi.

3. I feel the Mankosi community network may not be ours now, but it will become OURS in 
the future. 
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4. Most of the people that are involved in the Mankosi community network feel as though they 
own it.

5. It is hard for me to think about the Mankosi community network as MINE.

(Break, regular question) 

6. Is there any activity or function in the Mankosi community network that you feel as your 
own? If yes, which one, and why? 

F. Outcomes 

Responsibility and stewardship
1. In 12 months UWC will finish its involvement. Who do you deem responsible to carry the 

project forward? Why? 

2. Is there any area of the project you feel personally responsible for? Which one, and why? 

3. Suppose you find out equipment got stolen from a house when you are around. How would 
you react? 

4. Suppose some stations got broken and there were no money for immediate repair. What do 
you think should be done? What would you do? 
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Commitment 
1. For how long are you eager to continue to cooperate in this project? What would make you 

continue? What would drive you back?

2. In 12 months UWC will finish its involvement. Think about how the project will evolve 
after, picture its evolution. What will your role be? How do you feel about this? 

3. How important is it for you personally that you invest time and efforts in this initiative 
rather than other activities? 

4. Suppose this project fails to continue after the UWC team leaves. What would you do? 
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