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In this paper we discuss the recent expansiontefark connectivity within the
Siyakhula Living Lab. This is part of an ICT-forxdgdopment project located in
a rural area on the Wild Coast of South Africa. Tfarsfive schools in the area
have been the primary points of access to the mktfar the surrounding
communities. Thanks to external funding, eleven enachools will be
connected. Consistent with the Living Lab approable, expansion needs to
take into account technical as well as social asp@echnical challenges relate
mainly to the constraints of working in a ruggedyumtainous terrain with poor
road and electricity infrastructure and harsh enminental conditions such as
dust and temperature variances. Social challergjaterto obtaining the buy-in
of the local community and to reaching consensusthan criteria for the
expansion. In this paper we account for the prelany work which led to the
implementation plan. We hope our experience withiim similar interventions
in other parts of Africa.
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1 Introduction

Internet penetration in Africa is low compared tbey parts of the World. Despite its
strong economy and first-World infrastructure intropolitan areas, South Africa
only averages an Internet penetration of 10% [HisTs largely due to poor ICT
infrastructure in rural areas where a vast portibrthe population (approximately
42.5% according to the 2001 census [2]) lives. fited-line teledensity in rural areas
is less than 5% [3] and the high cost of deployang maintaining copper and fibre
plants make it risky for telecommunication operattw roll out traditional wired
technology into these rural areas [4]. For thessans wireless technologies appear
to be a more viable solution [5].

Access to the Internet has recently been recogihigeédde UN as a human right [6].
Information and knowledge are key strategic researfor social and economic
development. Rural communities could be empowergd phrticipating in the



knowledge society through the use of ICTs. In orfier ICT interventions to be
effective and sustainable, the local community obspective users needs to be
involved in shaping and supporting the intervenfiln

In this paper we discuss the current (Aug — Nov13Gdxpansion of an existing
ICT-for-development (ICT4D) project with a stronglecommunication focus. The
expansion is funded by a company who specialise $ecommunications solution
provider [8] as an exploration of possible techhamad social challenges in network
provision in rural communities. We couple the udewireless technologies like
WIMAX, WiFi with a focus on social integration with the framework of the
Siyakhula Living Lab (SLL) based in Dwesa/Cwebeyal area of South Africa.

The work covered in this paper is part of an owding project, the SLL. For
more information on the project as a whole, or fmecifics on the wireless
technologies that are used, refer to [7] and [d$gectively). This paper differs from
past publications as it focuses on the planningmaf expansion of the infrastructure
in the SLL as well as the integral participatioonfr local community within the SLL,
while still covering some necessary background rmfttion from our previous
interventions. The paper starts by providing baskgd on the SLL, describing the
location and a brief history of the project. lethdetails the expansion of the
footprint of the SLL, including discussions on tewfal, logistical and social
considerations. The paper then finishes with soomeluding remarks.

2 The Siyakhula Living Lab

2.1 Dwesa/Cwebe

The SLL includes several villages in the Mbashe igipality adjacent to the Dwesa-
Cwebe nature reserve. The natural environmensistimg of the nature reserve and
the adjacent coastline are assets for the comreanitihe unspoiled natural beauty
and wild beaches have the potential to signifigamitomote eco-tourism in the
region. Furthermore, the high levels of rainfaldarch soil in a typically dry area of
the country, has potential for controlled agricratuintensification and commercial
forestry [9].

Despite the distinctive features mentioned abohwe, Mbashe municipality is
representative of many rural realities in Southidsfrand in other parts of Africa. It is
characterised by a lack of electricity, telecommation infrastructure and poor road
conditions. Dwesa/Cwebe can be reached only vieegr@ads (which vary between
40 and 50km in length and quality) and becomescimsgible after heavy rain as a
result of flooding in the Mbashe and Ngabara rivémsmany villages, schools and
clinics are the only buildings connected to thecteieity grid, although electrification
efforts are underway to connect community membkeoshes (having begun in mid
2010). Fixed-line telecommunications are non-eristend members of the local
communities rely mainly on mobile phones.

Service delivery in the area is poor and limited#&sic education and health care.
People have to travel to the nearest urban ceamgr¢ximately 40km away) to buy
groceries and electricity, withdraw money at theMA\&@nd reach the police station,



hospital and local administrative offices. The amistravelling to and from town adds
to the burden of communities, which are charaadriy endemic poverty and
heavily reliant on government grants, subsisterarenihg and cattle-raising. The
Mbashe municipality has recently been the site arfous developmental projects.
ICT can support rural development initiatives byatding communication and access
to relevant information and services over the mér

2.2 Project history

The Dwesa/Cwebe area has been the site of ethrograpsearch by the
Anthropology Department at Rhodes University fanuamber of years [9]. Together
with its potential for economic and social devel@minand its representativeness of
many African rural realities, this is one of th@sens why it was chosen for an ICT-
for-development intervention. What is now knowrtlse Siyakhula Living lab started
as a joint venture of the Telkom Centres of Excelée (CoE) at Rhodes University
and the University of Fort Hare to explore the ptitd of marginalised areas through
the introduction of ICT. The collaboration providés level of resources necessary to
run an ICT project in a remote rural area. Othemdamic departments such as
Anthropology, Education, Information Systems, Comination and African
Languages have also joined the project.

Since 2005, a multi-disciplinary team of young sgskers from the two
universities has been visiting the Dwesa/Cwebe fmeapproximately one week of
every month. The initial deployment of infrastrugtuwas preceded by extensive
consultation with the communities and the local powtructures (e.g. headman,
nature reserve trust etc.). Schools were choseheapoints of presence because of
their role as centres of knowledge in communitg,lds well as for the availability of
electricity and secure building infrastructure. Téevelopment of the project was
based on the premise that the local communitiesldvtake responsibility for the
safety and use of the equipment, and that the $ehesould become centres that
provide access to computers and the Internet. Eowcwith an interest in the project
identified themselves as ICT-champions [10], i.e. the primary drivers of the
implementation at the local level.

Informed by the principles of social informaticsl[Lour intervention has always
coupled technological development with skills depehent and social integration.
Following this holistic approach, the project hasvgn into the Siyakhula Living Lab,
which currently connects five schools in the ared provides access and training for
the respective communities. The living lab approectefined as "an approach that
deals with user driven innovation of products aer/ises that are introduced, tested
and validated in real life environments" [12. p8lhe community is an active
participant in the project, and the impact of |@Tthe area has been documented by a
number of publications [7, 13] focusing on differdmultidisciplinary), changing
aspects within the project that has now been rgnfon almost 6 years (November
2005 to November 2011). The SLL has attracted denable interest by the media
and by government officials at the local, provih@ad national levels. An excellent
collaboration with the local offices of the Depaetmh of Education resulted in the
funding of an Advanced Certificate in Education @Gpecialising in ICT. This is a



part-time qualification for educators in the area,aas shown below, is instrumental
to the expansion project. A wide array of Industnyd Government parties are
participating in funding the SLL. Funding by oneckundustry partner spear-headed
the expansion described in this paper.

2.3 Current network configuration

From a technical point of view, the primary objeetiof the SLL is to develop and
field-test a distributed, multifunctional communitpmmunication platform, using

localization through innovation, to deploy in man@lized rural communities in South
Africa. These communities, by sheer size and becafisurrent political dynamics,

represent a strategic emergent market. A reliabéallloop access network was
required; we decided to make use of wireless tdolgies as there was no fixed line
infrastructure in the region onto which we coulggy-back. WiMAX technologies

were chosen to build a wireless local access lompraore specifically the Alvarion

BreezeMAX technology.
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Figure 1: Network diagram of the SLL

The communities access the SLL infrastructure ardnsunications platform via
the distributed access nodes (DANSs) at the schatisre the DANs are hosted.
Currently five schools house DANs, namely, Mpum&, JBgwane School (both a
primary and a secondary school), Mthokwane JSS,dblom JSS and Ngabara SS
[see Figure 1]. Each DAN is equipped with a thited computer lab running



Edubuntu Linux and approximately 5 to 20 thin df&grdepending on the size of the
classroom made available and the level of secudty.each DAN there is a
community access point (CAP) which provides acdesshe local loop WIMAX
network for all the clients at each site. The CAPa FreeBSD router that is
configured to manage and monitor the DAN throughuanber of services such as
SMTP and Netflow to name a few.

The CAP acts as a gateway between the local atesomes (LAN) within each
school and the bigger local loop network. The CARsra Point-to-Point Protocol
(PPP) client, specifically PPP over Ethernet (PBPelich contains the school's
username and password for authenticating with twess concentrator housed at
Mpume. Once authenticated and the link has beabledted the router will route all
outgoing traffic, intended for one of the other@als (such as local VolIP traffic) or
the Internet, onto the next hop which is the accessentrator.

The WIMAX micro base station is housed at the Ngsv&thool because of the
schools currently involved it is situated at thgHast point within the geographical
area. WIiMAX technologies do not require a cleae liof sight (LOS) like WiFi,
however large obstructions will still affect thgsal path and either disrupt or prevent
communication. Thus a high site is still requirex that the best possible path is
available for wireless communication between thecrmibase station and the
customer premises equipment (CPE) at the variousl©At Mpume, Mthokwane,
Nondobo and Ngabara there is a CPE unit that césiack to the micro base station
at Ngwane to allow network traffic to flow betwettre schools.

The local loop access network connects to the netervia a Telkom VSAT
connection. This equipment is however not housetieatNgwane School (where the
micro base station is installed). The VSAT unit viestalled at the Mpume School.
The reasons for this are both historical and gifatd’he Mpume School was the first
school to join the SLL project and so was the lablocation (at the time) for VSAT
installation. The Ngwane School only joined thejgcb a year after the VSAT link
had been installed and so its status as the gdugadly highest school in the SLL
was only determined post VSAT installation. Howewewas decided that the VSAT
unit should not be moved retrospectively to the Hge/School in order to ensure that
no one school was responsible for all the netwadilifies. Rather, the schools and
communities need to work together, pooling thesotgces and collective capacities
to jointly run and operate the network for the Herad all.

Mpume thus houses the Access Concentrator (AC)hw@mminates all incoming
PPPoE connections from the DANs (school sites)him $LL local loop network.
Traffic from the other schools is switched at theenm base station and sent to the
Mpume School where the AC terminates the PPPokosss®ach router at each of
the other schools runs a PPPoE client and autlaesgiavith a PPPOE service running
on the AC. These four schools (Ngwane, Mthokwanenddébo and Ngabara) are
reliant on the AC in order to reach the InternédtjleeMpume is reliant on access to
the base station in order to make use of othel Em&ices such as VolP and access
to shared resources (off-line content) that aresbduat the other schools. In the
interest of collaboration and organic developm#m, principles informing the initial
deployment will be maintained as far as possiblenduthe expansion phase.



3 The expansion

3.1 Technical/logistic aspects

There are three aspects to the network expansmeqr These include: upgrading
the existing networking infrastructure from the (fixed WIMAX) technology
to the 802.16e (mobile WiIMAX) technology; addingdinew clients to the new
mobile WIMAX base station at Ngwane; and creatingeav second “cell” (using the
old 802.16d base station equipment) that peers Wgtvane. The upgrade of the
WIMAX technology at Ngwane from a fixed wireless MAX base station to the
mobile 802.16e WIMAX base station allows the SLLeixperiment with the use of
nomadic stations through the use of USB WIMAX dasgtogether with laptop
computers or WiMAX enable mobile handsets that camity members can use from
their homes. Badi SSS is a secondary school wrdcapproximately 10km from
Ngwane. It was chosen as the host of the secohtiexsduse the school infrastructure
has recently been renovated as part of the Dinateifative to create centres of
excellence in mathematics and Science Educatiomasé secure and fully furnished
30-seater computer lab. The school also has a watesr, which can be used to
mount antennas onto in order to ensure links wétinate schools. The second cell
allows the network to expand to more sites.

In order to identify potential schools for inclusiom the expansion of the network,
two methods were employed: a desktop survey aritk aisit. The desktop survey
produced visual representation of potential schaolsa topographical map, using
Radio Mobile and Google Earth, based on a compstenist of the possible
schools in the area and their GPS coordinates.s€hef potential schools had to be
narrowed down to ten due to limitations in fundargl prospective technical support.

Numerous factors played a role in selecting schtwlbe included in the newly
expanded SLL. One of the key technical considenatiwas the location of the
schools; we needed to connect schools that wetenadt 20km radius of Ngwane to
firstly ensure that the Ngwane and the new bad@sthost school would peer and
secondly, because of logical constraints of movargund and supporting the
numerous schools. Furthermore, the area arounBwesa-Cwebe nature reserve is
mountainous and there are many zones hidden ishhdows of higher mountain
tops. We were able to make use of Radio Mobilelétermine the likelihood of
connecting schools to either Ngwane or Badi.

Even when considering schools within a 20km radingl not located in dead
zones, we still needed to shorten the list furthét this point we considered the
schools with at least one educator enrolled in AGQE ICT course mentioned in
section 2.2, This yielded a list of nine scho@adi Senior Secondary School (SSS);
Lurwayizo SSS; Zwelidumile SSS; Lurwayizo Juniorc&edary School (JSS);
Ngoma JSS; Ntubeni JSS; Nggeza JSS; Lower Nduky d8& Kunene Senior
Primary School (SPS). While the desktop surveyitsamerits in narrowing down
the list of possible schools, we still needed tadiat a physical site survey in order
to confirm that the schools could in fact connecthte base stations at either of the



two schools (Badi or Ngwane) and to ensure that sbleool had no physical
constraints, such as a lack of power, preventieg thclusion in the expansion.

Our site survey revealed that one of the nine dehbad no electricity with no
time frame for connection. A further three scho@larwayizo SS, Lurwayizo JSS
and Ngoma, JSS) were soon to be connected to thermpid (end of July 2011). In
addition, the school principal of Ngwane, a keweriwithin the adoption of ICTs in
the community, suggested a further three new sshiddévana JSS, Nquba JSS and
Hlabizulu JSS) all of which are connected to thevgogrid.

Another significant finding during the site survegs the need for a 12m mast at
Ngwane in order to connect some of the new schited &nd in order to peer with
Badi. Furthermore, in order to support the linkviegn Badi and Ngwane, we will
need to make use of the water tower on the Badiddgbroperty to achieve enough
ground clearance to facilitate the link betweentthe schools.

Combining the findings from the desktop and siteveys we found that the
following five new schools could be connected towsdge: Lurwayizo JSS,
Lurwayizo SS, Ngoma JSS, Ntubeni JSS and Nggeza Y88le, the following five
schools can be connected to Badi: Kunene SPS, dwslie SS, Nquba JSS,
Hlabizulu JSS and Mevana JSS (see Figure 2 foraphigpal representation of the
expansion network, created using Radio Mobile).thildithe group of new schools
we have a combination of schools that are closetobthe original communities
(expanding the facilities there) as well as som®ets much further away, such as
Zwelidumile and Lurwayizo, allowing new communitie® have access to
technologies. In addition, the schools that arthér away allow the project to test to
the capabilities of the equipment of greater distan(up to 16km hops).

i g

igure 2: LL network’s physical/geogaphical layout; original network sites in red and
black with new sites in white and black.

After the site visit, a meeting was organised I/ résearchers involved in the SLL
to discuss which schools to prioritise and the reatf the intervention at each school.
As mentioned previously there are three aspeatxpansion, the network upgrade at
the existing network sites, the creation of a neacénd) cell within the network and
the inclusion of the new distributed access noddbkeaidentified schools (of which
there are 10 in total). Each aspect of the expanand upgrade will be tackled at
different stages:
 Phase 1 Upgrade existing network and deploy new cell. l[dge: Install the

mast and replace the base station with the newlendBiMAX unit. Mpume,
Mthokwane, Nondobo and Ngabara: Replace the CPEgh® new mobile



WIMAX units. Badi: Install the old base stationtaath a pole to the water tower
to house the omni-directional antenna.

» Phase 2 Connect seven new schools. Ntubeni and Nggezail&®WiMAX
CPE. Zwelidumile: Old fixed wireless CPE. KuneiNguba, Hlabizulu and
Mevana: Old fixed wireless CPE

» Phase 3 When electricity is available, connect remainsahools. Lurwayizo
JSS, Lurwayizo SS and Ngoma: Mobile WiMAX CPE.

3.2 Social aspects

The expansion of the SLL network was the topic skasion of the ACE ICT group
(refer to Section 2.2. for details on this certfie). Twenty educators from the area
discussed issues of inclusion/exclusion of schqmisyity of connection and criteria
to use. The purpose of this exercise was to maleesiucators in the area are aware
of the expansion and have a chance to contributehaping it. It was also an
opportunity for us to gauge the opinions of infochetakeholders, many of whom
work in the schools we intend to connect. The sasgias structured in three parts.
The first part consisted of preparation. Educategge invited to work in groups on a
list of schools in the Dwesa/Cwebe area they fadiutd be connected to the Internet
and provide some motivation. No further details evprovided, not to influence the
educators’ responses.

The second part consisted of an explanation ofdtienale for expansion and of
some of its constraints, such as number of schoeled for electricity and line of
sight with either Ngwane or Badi. Educators werenthnvited to fill in a four-
guestion questionnaire. Question 1 provided theth wilist of schools (based on our
proposed list, but with no particular order) anéleasthem to rank them in order of
connection priority. The list excluded Badi whichs was explained, had to be
connected as a matter of priority. Question 2 askedh to motivate their ranking.
Questions 3 and 4 asked if there were any schbelsfelt should have been included
or excluded from the list (respectively).

The third part consisted of a class discussiontefai were summarised,
propositions were matched and reconciled with owoppsed list and ranking,
constraints to the inclusion were reiterated aadgifedd. This activity highlighted the
need to prioritise: schools near the ones alreamynected; secondary schools;
schools with identified ICT champions; new schosdsving far-away communities;
and schools of good quality and readiness. Theséharsame criteria which emerged
from the analysis of the questionnaire responsdsrasulted in the following order:
1) Ntubeni, Mevana, Nggeza (close to schools ayreamhnected); Zwelidumile (a
faraway secondary school); 3) Lurwayizo (JSS an&)S&d Ngoma (faraway
schools with identified ICT champions; and KuneNguba and Hlabizulu (schools
with identified ICT champions). The input of locaducators also provided us with a
list of additional candidates: Ngwane, Ngabara lamdundu Primary School (close to
more senior connected schools); Mpozolo and Duital{secondary schools); and
Lower Mbancolo and Lower Nduku (schools with id&at ICT champions).

The first criterion was to connect schools near dhes already connected. This
was often mentioned as a first or second criteriogether with the presence of ICT



champions. It was mentioned by roughly half thesglia relation to both ranking (10)
and inclusion (12). Educators commented both onetlenical advantages and on the
possibility for collaboration (e.g. “Ntubeni, Ngonmand Lurwayizo are nearer to
Mpume so connection may be easier and also ACE tkzithers can help each
other”). The use of proximity as a criterion clgaihformed the proposed ranking,
with Mevana and Ntubeni (close to Badi and Ngwaespectively in the first and
third positions. Ngabara Primary School, whichl@se to Ngabara Secondary School
which is already connected, was suggested by &#srmag candidate for inclusion. In
similar cases (e.g. Ngabara and Ngwane Primaryyadshwill be connected in the
foreseeable future to a school included in the psjoa via WIFI.

The second criterion was the choice of seconddngdas as a priority. This was
mentioned by an equal number of educators in respdo the ranking (7) and
inclusion (6) questions. Making space for secondahools was also mentioned by 2
educators as a reason to exclude some primary Iscfiom the list (e.g. “Nquba and
Kunene could be removed to give chance to two Bigjiools”). The fact that some
primary schools are feeder schools for secondahpdas was mentioned as an
explanation for high ranking (e.g. “Ngoma and Luyza JSS are the feeder schools
of Lurwayizo SS”). The only two secondary schoatsthe list (Lurwayizo and
Zwelidumile) were in fifth and seventh position.c8adary schools like Mpozolo and
Dumalisile were suggested by 4 for inclusion, wioitdy 1 suggested primary schools
(in combination with a secondary). These considamat suggest that prioritising
secondary schools was more important for inclugham ranking.

The third criterion was the presence of an ICT ghiam often a participant in the
ACE ICT course. This was mentioned as a criteriamenoften in relation to ranking
(11, often after proximity to connected schoolsyrihinclusion (4). Most schools in
the list had educators who were part of the ACE I®lrse. The presence of two
educators from Ngoma is consistent with its secpasition, while the absence of
educators from Nquba JSS and Hlabizulu JSS migtiaexwhy they were placed in
the two lowest positions and were mentioned by fao exclusion. 5 educators
mentioned the presence of ICT champions to motifatéhe inclusion of schools not
originally on the list, such as Lower Mbangcolo X8 Lower Nduku JSS.

The fourth criteria was providing connectivity fechools and communities far
away from the ones already connected in order tmpte a sense of sharing of
resources and social cohesion (e.g. “ConnectiVibukl be spread evenly in order to
sustain the project’). In terms of ranking, this swmentioned by 6 educators,
invariably as the first criteria. The idea of forgia cluster with neighbouring schools
and providing access for the surrounding commufieigured very strongly. In terms
of inclusion, this criterion was mentioned by 1Qeators. An educator indicated that
some schools could be excluded because they wese db the ones already
connected in order to “give a chance” to farawalyosts (e.g. “I feel that Mevana
should be excluded as is closer to Badi whereritaizcess Internet easily*). On the
one hand, the use of this criterion led to somer&dting discoveries, such as
Luvundu JSS which already has a computer lab and lma connected via
Zwelidumile SSS). On the other hand, two educaddss suggested schools which
are too far away to be considered because of temhoonstraints (e.g. Ngxunyana
JSS, which is more than 40Km away in Willowvalehe$e unrealistic expectations
had to be managed.



Educators also commented on the perceived qualdyr@adiness of schools. Good
performance seemed to have more bearing on inclySpthan ranking. Perceived
readiness of the school management and neighbouaangnunity were mentioned
(e.g. “The principal is so interested for this aif and “There will be motivation in
the community members”). Lack of electricity wasntiened by 6 educators as a
reason not to connect some of the schools. Inagks, this referred to schools which,
according to our site visit, have actually beenrnemted to the electricity grid in
recent times. Not surprisingly, the general congeneas that, if possible “All schools
should benefit”). The presence of technical andislig constraints gave some
grounding to the exercise and teased out the ratestant criteria. These criteria will
be probed at a meeting involving the whole comnyunit

4 Conclusions

In this paper we discussed the framework for thieresion of the Siyakhula Living
Lab, an ICT4D project based in a rural area in BoMfrica. Consistent with the
Living lab approach, we took both technical andaagspects into consideration. The
framework we proposed in this paper relies on gan@inciples, key dimensions and
two sets of operational criteria (technical andiadc General principles such as
interdependence of the schools and system redupderich had informed the initial
deployment were upheld during the expansion.

The expansion presented two dimensions: inclusiah @iority. With respect to
inclusion, a decision had to be made on which sishibavas possible and advisable
to connect. The possibility of inclusion was dietatby technical and logistic
constraints. The advisability was dictated by nsweial aspects, such as the presence
of a potential ICT champion. A technical/logistionstrain was the creation of a
second cell, required by the funder. Once this irequent was satisfied, the priority
was dictated by social considerations.

Two sets of criteria emerged relating to technarad social aspects respectively.
The criteria relating to technical and logistic esfs were proximity to the
Dwesa/Cwebe area, presence of electricity and dihsight with one of the two
proposed nodes. The criteria relating to socialeesp were proximity and
collaboration with schools already connected, lewél school (i.e. secondary),
presence of an ICT champion and providing acces®etw clusters of schools and
communities. It is important to note that both sHtsriteria were considered by both
the technical survey team and the group of edusatahe ACE ICT course.

The framework presented in this paper is by no meathaustive and will be
revised once the expansion is completed (SepterRb&i). We also realise the
limitations of our methodology due to possible kaasl lack of knowledge of some of
the participants. However, we believe this papprasents a meaningful contribution
to modelling ICT penetration in Africa and a possitreference for similar
experiences.
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