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for change and what is needed is a mindset thabeens communities at the local
level to embrace technology and create communitgeaivetworks enabling and
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series of projects in Sub-Saharan Africa explorthg technological and social
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1. Introduction

Access to Information and Communication Technole@i€Ts) remains one of the biggest
challenges to Africa in leapfrogging the developtrdrasm. The African digital divide can
be attributed to a number of factors including padrastructure, lack of skills, high
telecommunication costs and restrictive regulafmlicy that entrenches the monopolistic
power base of the local Telco.

Many African countries are dominated by a singliedommunications provider and
this monopoly has had the effect of denying peoateess to telecommunications
particularly in rural areas. This is primarily dieetwo reasons; high cost of services and the
fact that the “first mile” of the telecommunicat®imfrastructure is the most expensive and
least desirable for the Telco to manage and maintai

Innovation is a key driver for change and whahnegded is a mindset that empowers
communities at the local level to embrace technplagd create community owned
networks enabling and supporting local economic ettgwment. The regulatory
environment should support innovation and provide & “bottom up” approach to
community owned networks.

First Mile, First Inch (FMFI), funded by the Cananl IDRC, is a multi-disciplinary
series of projects that seeks to innovate diffeveayts of providing connectivity to the user
(First Mile) and streamlining the interface betwebka user and the computer (First Inch).
This will include a range of First mile technologiancluding WiFi, power line
communications (PLCs) and mesh networks and Fdt tachnologies such as IVR, Voice
messaging and HLT.



1. Objectives

The aim of this paper is to give an interim regmrta study of a multi-disciplinary series of
projects in Sub-Saharan Africa exploring the tedébgical and social consequences of low-
cost telecommunications implemented in remote dshabnics, NGOs and telecentres. In
addition to development and application, reseagemt are exploring how people interact
with the new technologies and how their daily livesy be changed through such
interaction.

In order to understand and assess the contributiordevelopment made by the
interventions created by this project, the follogvimbjectives were identified and a
methodology called Outcome Mapping was used to,plaonitor and evaluate the
programme.

» To develop innovative information and communicatiechnology (ICT)
technologies

* To implement “first mile” solutions

* Changed behaviour in the use of ICTs — how theofi$€Ts has changed
community life,

» Cost and benefits of solutions — to quantify wisaneant by low cost connectivity,

» Scalability and replicability of technologies — tiability of rolling out the solution

» Influence on policy and regulation — demonstratbproject benefits to the
regulator.

2. Background

In most developing countries the telecommunicatiaonsenopoly has inhibited the
development and use of innovative technologies,iamas been proven in other parts of the
world, such as Indonesia that innovation can creqtel access to all.

This needs to be done through a change in mindsetthat suggests a different view of
the way infrastructure is rolled out by putting twed user first. Research has shown that
such an approach that focuses on the end usereate @ bottom up momentum whereby
communities are empowered and have a sense of swpesf their own communications
infrastructure. Through the use of innovative 1Gsl a “just do it” approach communities
can create networks that in turn create new derf@ankCTs on shoestring budgets. This is
the philosophy of the First Mile First Inch (FMHRjoject.

3. The project

This study is based on current and new work to supthe use of ICTs in various
communities in Southern Africa, in particular noovgrnmental agency (NGO) networks,
rural schools, primary health care facilities, aodmmunity telecentres in Angola,
Mozambique, Namibia, Zimbabwe and the emerging usdeviced area license holders in
South Africa.



It was a condition of selection for each of thpsaects that upstream connectivity i.e.
the link between the local access provider andntegnet or PSTN, already existed and the
focus would be on how to provide broader accedsinvithe community.

In Angola, Namibia, Zimbabwe, Mozambique and Soéfthica, technical innovation
coupled with social research is creating affordadobel sustainable connectivity in rural
communities. The main emphasis of the researchnis'fiost mile" and "first inch"
technologies, which departs significantly from ttraditional "last mile" thinking. The
project's title (First Mile First Inch) reflectsitnnovative approach.

The "First Mile" refers to connectivity betweercass devices and access providers but
represents a more bottom-up analysis focusing eretid user. The rapid development in
recent years of wireless technologies and operceapplications show dramatic potential
for this approach. The "First Inch" component o tproject addresses the fact that it is
often not enough to place technology in the harfdgsers and that technology must be
adapted to the local environment in order to meet needs.

The research demonstrates how the first mile iorlgcserved rural and marginalized
communities can be bridged with WiFi and innovasidike powerline communications as
well as other off-the-shelf or DIY technologies. €Tliirst inch project leaders have
developed voice and video applications, as wellopen source software solutions to
provide voice-based and local language scriptppsogriate interfaces with computers.

4. Technology Description

The definitions of “first mile” and “first inch” aabe summarised as:
“First Mile” — the links between access devices Hmlocal access providers.
“First Inch” — the applications and access devimesrated by the end-user.

The Upstream Backbone is defined as the link batvibe local access provider and the
rest of the internet or PSTN. The diagram beloustliates this conceptual model:
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Figure 1: Model of the Connectivity Chain

The “first mile” comprises connectivity technolegi such as WiFi, wired Ethernet,
powerline technologies, bluetooth, narrowband HAABHF and mesh networks
employing any of these technologies.

The “first Inch” focus on access devices suchraditional PCs, recycled PCs, thin
clients, handheld PDAs and cellular devices. Thet fInch includes the applications
running on these devices (open source softwaraitirgy with basic internet access and
email, and embracing VolIP telephony, voice-maiktamt messaging or chat and more
specialised applications and interfaces designeahalrthe specific needs of the end-user.

5. Resultsand L essons L earned

This project seeks to demonstrate how rural comtimsnican overcome failures in
regulatory policy by implementing innovative, lowst connectivity solutions and
applications in order to promote sustainable dealent. This is the viewpoint of the
“FMFI project”.

At the local level, FMFI focused on a variety déntified needs which was important in
terms of creating the demand for ICTs. It has, deample, improved communication
between doctors, health workers and clinic sisierthe Eastern Cape and Mpumalanga
provinces of South Africa; given students in remdiezambique villages access to
curriculum for distance education and regular ccintaith their university tutors; and
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provided Internet access through a wireless teraéstonnection to the war-affected town
of Huambo in Angola.
The lessons learned are grouped under the folloalectives:
* To develop innovative information and communicatiechnology (ICT)
technologies
* To implement “first mile” solutions
* Changed behaviour in the use of ICTs — how theofi$€Ts has changed
community life,
» Cost and benefits of solutions — to quantify wisaneant by low cost connectivity,
» Scalability and replicability of technologies — tiability of rolling out the solution

» Influence on policy and regulation — demonstratbproject benefits to the
regulator.

To develop innovative information and communicatemhnology (ICT) technologies

It is vital to ensure that all the connectivity qooments, both backbone and first
mile, are in place in order to be able to provitte £nd user with useful tools and
applications.

In order to create access in deep rural, undécszhareas VSAT has commonly been
used in combination with wirless (wifi) technology{.his overcomes many of the
infrastructure challenges such as no fixed linecimunication networks. In support of
the “just do it” philosophy of FMFI home-brew cant®s have been developed using a
coffee tin in place of an expensive antenna.

A further innovative use of wifi was the deploymemd testing of mesh network in a
rural context. By using community connection poistisictured as a mesh network, all the
project participants are able to enjoy interconmégtand access to communications and
the Internet either directly or indirectly throughpplications running on the mesh.

Other innovations include the use of power linmowinications to transmit the internet
signal into people’s homes. A modem fixed to thegpboint in the home is connected
through the power line grid to the municipal filmetic network thereby creating broadband
access.

To implement “first inch” solutions

A number of “first inch” applications have been dmped that address the challenges of
connectivity in remote rural areas.

In order to overcome the problem of constant poagages a “store and forward”
technologies have been developed in the health iorfhis provides semi-synchronous
(synchronous when available, asynchronous whewitlotstore and forward) text, voice &
video exchange between the doctor and the sistenwie network is down and even when
the power is out.

Messages with images, videos, text and voice at@atically sent to the other party
when the network connection is regained. This mélaaisthe sister can still create patient
messages to send to the doctor and that the doetorrespond to these cases in an
asynchronous manner, when he has the time.



The primary community-oriented goal was to prevennecessary travel by sick
patients from the clinic to the hospital, as tramtion in these poverty-stricken and
geographically dispersed areas is difficult andeggive for the local inhabitants.

Changed behaviour in the use of ICTs — how theoti8€Ts has changed community life

Development in the use of ICTs will be furtheredéyetter understanding of community
cultures and languages and the interface betweeplgp@and technology. A methodology
called Outcome Mapping was used to monitor changdsehaviour of key users. The
Tsilitwa, Eastern Cape telehealth project, for eplndemonstrates how a rural clinic
sister with no prior PC or typing skills can beirtied in the use of ICTs for delivering
healthcare in a rural community.

The clinic sister has been involved in the Teléhearoject at Tsilitwa since its
inception in 2002. Throughout our interaction walster Patricia there has been a steady
development in her skills as a healthworker as aglher personal development. The sister
is proficient in the use of the internet and e-m@ie knows how to use the digital camera
and can e-mail images to specialists in East Lon8aier Patricia has become a champion
for rural telehealth, she has developed self-cenfi@ illustrated by talking at conferences,
motivating others, advocacy and training.

Cost and benefits of solutions — to quantify whaheant by low cost connectivity,

One of the main obstacles to universal access inicafis the high cost of
telecommunications. Costs vary across the contiaedt are largely dependent on the
regulatory and policy framework within a particutasuntry. Such frameworks, such as in
Angola, Mozambique and South Africa, typically lgtitompetition and contribute to the
high costs of telecommunications.

The connectivity in the Huambo telecentre, Angslaia VSAT with local distribution
through WiFi and dial-up links. The telecentreHnambo is the hub for the distribution
and serves 8 wireless as well as 24 dial-up cus®mevering government, NGO’s, banks,
business and educational institutions. The curest for the satellite connection is $2250
per month. An attempt is being made to share td® of the connectivity between the
customers on a cost recovery basis.

The clinic in Peebles Valley, Mpumalanga, Southie¥ has always wanted cheaper
connectivity, but its remote location precludes sk@ply of ADSL and other connectivity
such as leased lines would be too expensive. Tihe’sl IT support company has just
begun working on a community mesh in the town ofité/IRiver, about 20km from the
clinic. This has a number of benefits. It crea@sal skills in mesh networking thus
eliminating the need for the project staff to maintthe system. It creates the opportunity
to link White River to Peebles and thus share lostcADSL with the clinic and mesh,
probably at no cost.

At the Catholic University, UCM, Pemba, Mozambigthe connectivity solution was a

VSAT connection located at the Pemba Beach Hotak Was discontinued as UCM could
no longer afford the $5 000 per month satellite e needed to get their own VSAT
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terminal with a cheaper link. The VSAT was ingdlland connected to a French provider
for $750 per month. It has an uplink 256K and 1M&wn. To limit costs, the shared
bandwidth option was used, but it tends to slowmld4AM to 10 PM as other users come
on line.

There is a wired ethernet network at UCM in PenMazambique two labs, desktop
workstations and laptops. This is linked to an @rtiwvireless connection to two schools
with capped bandwidth. The schools are within #rege of cantennas, but the commercial
option was exercised. The potential to expand #tevork further exists and the cantenna
option will then be considered for connections 8Ms and other users.

Scalability and replicability of technologies — thi@bility of rolling out the solution

A major developmental challenge is how to takeléssons learnt out of a pilot project in
order to achieve scalability and replicability. &snce of how this can be done successfully
has been shown by the telecentre model develop&dgnla, and by the distance education
projects implemented by SchoolNet Mozambique.

The Angolan telecentre is running on a cost regobasis and through the effective use
of wifi has increased the reach of access to ad@eross-section of the community. The
SchoolNet project in Mozambique has developed aipe@l funding model whereby
schools are clustered and served by a single etterccess point. The Province pays for
one internet cost shared amongst a number of ssh&@ipport is rendered by a
neighbouring telecentre who manage the networkpaodide services to the schools.

The opportunity exists in Mozambique to extend riedel further for health so that a
common communications platform is created linkirghaols clinics and telecentres.
Infrastructure can be easily extended in remotasausing wifi attached to existing cellular
towers.

Influence on policy and regulation — demonstratdiproject benefits to the regulator.

In light of the limited information and communiaatis technology (ICT) coverage in rural
Africa, rollout of WiFi networks provides great potial to stimulate further ICT
connectivity. This is due to its relatively low ¢®swhich enables community based, or
bottom up, deployment. While at the national les@dial objectives inform ICT policy and
regulation such as universal access strategiesutinent regulatory framework in Southern
Africa poses significant challenges to deploymdnd/d=i community networks.

A key objective of the FMFI is to use evidencedzhsesearch results to influence and
inform policy in the telecommunications domain.dmer to do this, it was first necessary
to understand the regulatory framework in each trgun order to know what needs to be
influenced.

The FMFI projects have shown that unlicensed spectand the low-cost wireless
technologies that operate on these bands are ofmens value to the developing world
with poor telecommunications and Internet infrastinoes. Moreover, license-exempt
regulations should provide a friendly environmenmtdntrepreneurship, reducing barriers to
entry and the risk of regulatory capture. By lowgricosts and reducing entry barriers,



unlicensed wireless potentially enables a larget mmore diverse set of actors who can
provide internet access [1].

There is significant diversity in the regulatiohtieese bands across Africa. Not only do
licensing requirements and conditions change widiedyn country to country, but so do
power, range and service restrictions as well aspetent certification requirements.
Indeed, we find that as the burden of licensingtfansmission on these bands is relaxed,
there is often an increase in restrictions on powaerge, or type of service. Furthermore,
we find that regulation is still not in place innse countries, e.g. Angola and is changing in
others, South Africa, while enforcement is oftem l;m countries where regulations do
exist.

The significant diversity in regulations in thegi@n inhibits economies of scale and
may discourage large entrants. Furthermore, thé lat clarity and enforcement
discourages innovation and small entrepreneurrdier to address these concerns, we
propose that the FMFI partners, working with regioreconomic communities and
international players, work to harmonize spectruegufations in the region and build
personnel and enforcement capacity. These harnwmegulations should accommodate
and encourage license-exempt transmission ovestémelard 2.4 and 5 GHz bands.

The variety of regulations within regions or coetits discourage investment by
regional operators as they impede economies ot dcalequipment supply and service
strategies, that depend on license restrictiongp@®ia, 2005; Neto et al., 2005). Hence, de-
licensing of WiFi deployment is recommended by ¢haathors. Chetty, Blake, & McPhie
(2006) second this finding for South Africa, anegose this to be done in combination
with de-licensing of VoIP - the sending of voiceeoypacket switched networks, which
traditionally was the domain of Internet traffids@ known as Internet telephony — which
could further increase the value of wireless nek&omheir argument is based on the need
for further opening up of the market, which wils they argue, lead to new opportunities
for business development in rural regions.

6. Conclusions

Innovation is the key to providing access to Infatibn and Communication Technologies
(ICTs) in Africa. This paper describes some oftd@hnological innovations that have been
implemented in a variety of projects but what isiaty important is the innovation in
thinking. This requires a change in mindset, o thkes the viewpoint of the end user and
shapes regulatory policy that empowers communitied,allows them to build demand for
ICTs through community owned networks.

Decision makers need to adopt regulatory poli¢lest support community owned
networks as opposed to protecting the commerdiaiests of a few. That is not to say there
should be an open market for spectrum but ratheelacted distribution for health,
education and community development. Technologwtshe problem - it is the regulatory
environment that prevents Africa bridging the digdivide.

Equally as important in innovating new technology understanding how people
interact with these new technologies and how tii@illy lives may be changed through such
interaction. This requires developing qualitatiesearch methods in order to get behind
user needs and truly understand the relationshipdas the user and technology.



All of these projects are being implemented inpdaeal areas and under very difficult
conditions. To say there has been immediate susteskl be premature as many of the
technical challenges still need to be ironed ouisTis the nature of implementing
technology in rural environments. Ongoing reseavdhcontinue to monitor the journey
taken by each project partner and seek to underskemnassociated behavioural changes of
project partners and their resulting influence aojgrt outcomes.

Equally important outcomes are the creation armvtr of new partnerships with
government, private sector, international aid agen@nd organizations involved in
technology research and development, and the pirdif reference book for “first mile”
and “first inch” implementation in a rural Africaitext due mid-2007.

Further research is necessary if we are to fullyeustand the opportunities in using
wireless technology and license-exempt bands iicédifn order to achieve socio-economic
objectives. There is a need to develop approppateies and regulatory environments in
order to achieve harmonisation in the region anthemfrican continent.

Some specific areas for future research include:

* Research the opportunity for allocating licenserepiebands for health, education
and community access

» Develop case studies and “good practices” fromaatsjon the continent

* Investigate business models and exploring innogatnlutions in order to achieve
scalability and sustainability

Creating access to the Information Society iskigne challenge facing Africa. The cost
of access including telecommunication costs, lizensegime, and international bandwidth
costs need to be drastically reduced in orderdrease African participation.
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