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PART 1:
FOREWORD

The Annual Conference of the UbuntuNet Alliance, UbuntuNet-Connect, started in 2008 in
Lilongwe Malawi. The annual themes since then tell the story of the Alliance.
In 2008 in Lilongwe, the theme was the dream of the Alliance, then a very young organisation:
“Driving Effective Research and Education Networking in Africa”.
In 2009, in Kampala, we started seeing reality on the horizon as we created credibility with the
support of our many friends, both organisations and individuals, around the world. We could now
talk with confidence about “Opening New Frontiers for Research and Education Networking in
Africa”. It was actually beginning to happen, with more NRENs becoming members, and the
Alliance mutual support network growing. The Alliance was here to stay and grow. No more infant
mortality.
Johannesburg, 2010, saw us talking with a lot more assurance: the dreams were beginning to come
true. An increasing number of our member NRENs was now getting international bandwidth and
prices well below commercial; and the Alliance network, UbuntuNet, had global reach via our
European friends, GÉANT. We were researching into and documenting exploitation of einfrastructures – existing, nascent, and potential – in Africa. We were reaching out to regional as
well as global content and application networks. We stated confidently that we had moved “From
dreams to achievement”.
We have always said that access to data network was not the end: it is the success of Africa based
researchers and educators in their different endeavours that we focus on. 2011 in Nairobi saw us
talking about “Access for Success”, quoting Mrs Brenda Vera Ngosi who used the phrase when she
closed UbuntuNet-Connect 2010.
And in Dar es Salaam 2012, we thought we should highlight the value of research and education
networks, not just cheap access or access to online resource, but the exploitation of the network
opportunities for collaboration especially beyond national borders. We chose the theme:
“UbuntuNet: Promoting Regional Research and Education Collaboration”.
The papers selected for publication in these proceedings are what emerged, based on blind peer
review by an international panel. What is interesting is that UbuntuNet-Connect has grown beyond a
conference for engineers and techies, to a conference that provides opportunity for multiple
disciplines – both the arts and the sciences – to present their research and show case how einfrastructures have enabled them. The large number of abstracts submitted, but not accepted in
many cases because of limited presentation slots, points to the acute lack of opportunity for the
growing number of especially young Africa-based researchers to present at conferences. The
Alliance has noted this and will do everything possible, working with NRENs and content networks,
to increase such opportunities.
We thank the many authors whose papers appear in these proceedings, and we look forward to
seeing both increasing quality and quantity during UbuntuNet-Connect 2012.

Eng. Dr F F Tusubira (“Tusu”)
CEO
UbuntuNet Alliance
iv

PART 2:
PAPERS

Group photo of participants at the UbuntuNet-Connect 2012 at Kundichi Beach Hotel,
Dar es Salaam, Tanzania

1

2

Using NREN capacities
to extend and enhance UbuntuNet
Duncan H MARTIN, B.Sc.(Hons), Ph.D, MBL
CEO and Director of TENET
Non-Executive Director of the UbuntuNet Alliance
TENET, P.O. Box 18094, Wynberg 7824, South Africa
Tel: + 27 21 763 7141, Fax: + 27 21 763 7227, Email: ceo@tenet.ac.za

Abstract
As the regional REN for Eastern and Southern Africa, the primary purpose of the UbuntuNet
Alliance is to provide its member NRENs with regional and global interconnectivity with other
NRENs and with the Internet generally. However, fulfilment of the task can be greatly facilitated
and its cost significantly reduced if the member NRENs, each within its own country, provide
network capacities and services to the Alliance.
Although this insight is present in the “patchwork backbone”concept that can be found in early
strategy documents of the Alliance, its first practical realisation is the connection of the Zambian
NREN, ZAMREN, to the UbuntuNet network not in London, but in South Africa.
The paper tells how ZAMREN connects to UbuntuNet and uses this as an example to explore and
illustrate three of four ways in which NRENs can extend the reach and enhance the effectiveness of
the UbuntuNet Network. These three have NRENs providing capacities of different sorts within
their local infrastructures for use as part of the UbuntuNet network. The fourth has NRENs
arranging UbuntuNet’s peering interconnections with local commodity networks in their countries.
The UbuntuNet Alliance is willing to contract formally with NRENs for the provision of such
services at specified service levels and to pay for such services at negotiated rates that compensate
the NREN for any additional costs incurred or that are based on the cost-recovering service charges
that the NREN’s own member institutions pay.

Keywords
NREN, regional REN, UbuntuNet, local commodity peering

1. Opening remarks
This paper concerns the organisation named the UbuntuNet Alliance for Research and Education
Networking, referred to in the sequel as “the Alliance” (UbuntuNet Alliance, 2012); the network
operated by the Alliance, which is known as “the UbuntuNet network” or just as “UbuntuNet”; and
the national research and education networks, or “NRENs” that are members of the Alliance
(‘member NRENs”). The paper explores ways in which the member NRENs, besides using and
benefitting from the Alliance’s Internet services, can assist the Alliance to extend the reach and
enhance the effectiveness of the UbuntuNet network.
ZAMREN is the NREN of Zambia. Some aspects of ZAMREN’s connection to UbuntuNet are
described and used to introduce and illustrate the main points of this paper. However the author does
not presume to tell the full ZAMREN story – how the Zambian universities overcame the
institutional independence and other difficulties that bedevil attempts to build NRENs; how the
universities came to trust ZAMREN and how they govern ZAMREN; how ZAMREN set about
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getting connected. But ZAMREN’s story is one that should be documented and told, for it speaks of
willingnessto collaborate and of the initiative, leadership and courage of ZAMREN’s CEO, Mr
Bonny Khunga and ZAMREN’s Board.
The South African NREN, TENET (TENET, 2012) also plays a role in the story of ZAMREN’s
connection to UbuntuNet.
This is not a research paper. It is not even a learned article. It is perhaps something of a practice
note of interest to research and education networkingpractitioners in Africa.

2. UbuntuNet as a network
The Alliance was founded in 2006 as a non-profit association of the NRENs of countries in Eastern
and Southern Africa to serve them as their regional REN. Its first services were available only to
member NRENs that had their own intercontinental circuits to London. There, the Alliance could
provide those NRENs with global Internet transit, including both REN transit via the famous
European research network, GÉANT, and commodity Internet transit via interconnections with
commercial networks at LINX (the London Internet Exchange) (LINX, 2012).
Thus UbuntuNet, the network operated by the Alliance, launched not in Africa but in London. Its
beginning in 2008 was a router kindly donated by Cisco Systems and co-located free of charge
within the Telecity Exchange, and with interconnects to GÉANT, LINX and certain commodity
transit providers. Both the European Commission’s GÉANT Policy Committee and operator of
GÉANT, DANTE (Delivery of Advanced Networking Technology to Europe) (DANTE, 2012), were
and have continued to be very supportive of the Alliance’s efforts.
Today, the Alliance has a second routing hub in Amsterdam, where it peers at the Amsterdam
Internet Exchange (AMS-IX) (AMS-IX, 2012) and purchases alternative commodity transit. Five
member NRENs connect to one or both of the Amsterdam and London UbuntuNet hubs (“U-HUBs”)
and rely on UbuntuNet as their major upstream REN and commodity transit provider. They are
KENET (Kenya), TENET (South Africa), TERNET (Tanzania), MoRENet (Mozambique) and
SudREN (Sudan).
Note that the above-mentioned five NRENs are all maritime NRENs that connect to the Alliance’s
European U-HUBs using submarine cable capacities that they have purchased or rented individually.
The founders of the Alliance envisaged that someday, too, UbuntuNet would include high speed
circuits to London and other major centres, and would deliver affordable, high speed regional and
global connectivity services to a local hub of each member NREN via a high speed regional
backbone network within Africa. The AfricaConnect Project (AfricaConnect, 2012) is a great first
step towards realising this dream.

3. The first African U-HUB at Mtunzini
In late 2007 TENET executed an agreement with SEACOM Ltd (SEACOM, 2012) for the purchase
of an indefeasible right of use of an STM-64 (almost 10 Gbps) circuit between the SEACOM Cable
Station at Mtunzini, South Africa and Telecity, London. TENET secured a backhaul link from the
Cable Station to the Durban node on the 10 Gbps SANReN national backbone network. SANReN
(South African National Research Network) (SANReN, 2012) is being deployed by the Meraka
Institute of the CSIR (“Meraka”), under contract to the South African Department of Science and
Technology. TENET’s SEACOM circuit and the SANReN national backbone came into use in
January 2010, both being operated by TENET, which began the dramatic and continuing propulsion
of South African research and education networking into the era of affordable gigabits.
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Some months later the Alliance and TENET agreed in principle that NRENs of other countries could
purchase capacity within TENET’s SEACOM circuit at the same cost-recovering tariff that TENET
charges its own participating institutions. To facilitate this and enable such NRENs to exchange
BGP route announcements directly with UbuntuNet, it was agreed that TENET’s routing hub within
the SEACOM Cable Station would be configured as part of the UbuntuNet network. In this way, the
Alliance secured its first U-HUB in Africa within the SEACOM Cable Station at Mtunzini.
Importantly, Meraka agreed that TENET might further facilitate connections by allowing other
NRENs to connect to any SANReN node and using transport capacity within SANReN to extend the
connection to the SEACOM Cable Station.

4. ZAMREN’s connection to UbuntuNet
4.1 Description of the connection
The Zambian NREN, ZAMREN was first (and is still the only) land-locked NREN to connect to
UbuntuNet. It did so by consciously and courageously deciding to adopt the TENET-UbuntuNet
scheme described in the previous section, and accordingly to arrange a link from Lusaka, not to
London or Amsterdam, but to the U-HUB at Mtunzini. This fact that Zambia and South Africa are
not direct neighbours makes this even more remarkable.
To achieve this ZAMREN rented an STM-1 circuit between its main hub in Lusaka and a SANReN
node in Johannesburg. The circuit passes right through Zimbabwe, crossing Zimbabwe’s borders
with Zambia and South Africa on the way.
TENET regards the port at which ZAMREN connects in Johannesburg as effectively being an
UbuntuNet point-of-presence (“U-POP”) and has provisioned layer 2 capacity within the SANReN
network to interconnect that U-POP with the Mtunzini U-HUB. Via this extended layer 2 circuit
ZAMREN’s router exchanges route announcements and traffic directly with the Mtunzini U-HUB.
Finally, the Alliance orders from TENET such bandwidth on the SEACOM circuit to London as it
requires for use by ZAMREN.
4.2 The contractual position
These arrangements permit the Alliance, as befits a regional REN, to function fully as ZAMREN’s
upstream provider of worldwide REN and commodity transit. They ensure that TENET is in no
sense an upstream service provider to ZAMREN, and no contract exists between TENET and
ZAMREN.
TENET provides the services described above at cost-recovering tariffs to the Alliance, which, in
turn, provides its services to ZAMREN at cost-recovering tariffs.
4.3 The cost of the long access circuit
Of course ZAMREN bears the rental cost of the access circuit all the way from Lusaka into South
Africa. ZAMREN’s provider is Econet Liquid Telecom (“Liquid”), which is based in Zimbabwe,
and is systematically rolling out an important regional optical fibre network in Southern Africa.
Currently Liquid’s fibre does not extend further south than Musina, and Liquid subcontracts the
South African company Broadband Infraco to provide the ZAMREN circuit between Musina and
Johannesburg.
However, Liquid is steadily trenching its way further south, and Meraka is extending the SANReN
into rural areas. Early in 2013 both Liquid and SANReN will have reached Makhado, which will
enable ZAMREN to connect to a (new) U-POP in Makhado. This shortening of the circuit will
eliminate the need for the sub-contracted segment into Johannesburg and so substantially reduce
ZAMREN’s costs.
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5. NRENs as capacity providers to UbuntuNet
5.1 The idea
The membership region of the UbuntuNet Alliance includes, apart from Madagascar and other island
countries in the western reaches of the Indian Ocean, no fewer than 20 countries on the African
continent. Each country subjects telecommunication operators to its own unique set of laws,
regulations and practices regarding the roles of the regulator, the roles of the historically advantaged
incumbent, and the construction and use of border-crossing circuits.
Not surprisingly, from an early stage the Alliance encouraged the emerging NRENs to seek
international gateway licenses from their national regulators and conceived the strategy of realising
its regional backbone as a “patchwork backbone” comprised to some extent of segments provided by
its member NRENs (see, for example, (Kyalo, 2006)). Thus the Alliance has long entertained the
idea that its member NRENs would not only receive services from the Alliance, but would use their
own capacities to enable and assist the Alliance to extend its reach and enhance its services to the
NRENs.
The realisation of ZAMREN’s connection provides examples of the types of services by NRENs to
the Alliance that are identified in the following subsections.
5.2 NRENs can host U-HUBs and U-POPs
A U-HUB is a router that is operated by UbuntuNet or its appointed UbuntuNet Operator as part of
the UbuntuNet network. At the time of writing there are U-HUBs in Amsterdam, London and
Mtunzini, as described above. However, within a year, the AfricaConnect Project will deploy at
least five new U-HUBs in Africa, and more will follow in subsequent years.
The Alliance can contract to host a U-HUB in a commercial exchange (as it did in Amsterdam); or in
an upstream provider’s rack (as for the London U-HUB in DANTE’s rack within Telecity); or in a
member NREN’s rack (as for the Mtunzini U-HUB in TENET’s rack within the SEACOM Cable
Station).
Depending on the requirements and the circumstances attending the deployment of each new UHUB, the Alliance may well want to contract with other member NRENs to accept the co-location of
further U-HUBs within their facilities.
A U-POP is a layer 2 port on an NREN’s router or switch that the NREN makes available to the
Alliance, together with layer 2 backhaul capacity to some U-HUB, for use by the Alliance and
operation by the UbuntuNet Operator as part of the UbuntuNet network. This concept allows one
NREN to facilitate and enable the connection of another NREN to the UbuntuNet Network, as the
case of ZAMREN illustrates.
Hosting U-HUBs and U-POPs within their facilities is a key way that an NREN may assist the
Alliance, and many member NRENs will have opportunities to do so.
5.3 Provision of point-to-point capacity
The ZAMREN story illustrates that an NREN can provide UbuntuNet with point-to-point capacity at
layer 2 for operation and use as part of the UbuntuNet Network to interconnect U-HUBs and UPOPs within the NREN’s country.
The provision of layer 2 point-to-point bandwidth within its network is another key way that an
NREN may assist the Alliance to extend its reach and benefits new-comers.
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5.4 Provision of submarine cable capacity
NRENs that have access to submarine cable capacity may well be in a position to contract to provide
the Alliance with specified bandwidths on specified circuits on a cost-recovery basis, for use by the
Alliance as it sees fit and for the benefit of one or more other member NRENs.
This sharing model has potential not only for enabling the Alliance to provision a new NREN with
its primary intercontinental connection capacity, but also to enable the Alliance to offer a restoration
service to member NRENs that provides alternative intercontinental connectivity when primary
submarine cable circuits fail.
5.5 Peering with local commodity networks
The fourth way in which a member NREN can empower the Alliance is to arrange direct peering
between UbuntuNet at a local U-HUB and local commodity networks. Traffic in either direction that
flows across such a local peering link is traffic that would otherwise flow from Africa to a U-HUB in
Europe and back to Africa. Consequently local peering links will dramatically reduce latencies and
so enhance the Alliance’s commodity peering service to every Member NREN.
The member NREN’s role is to use its knowledge of the local Internet industry and its relationships
with local ISPs, industry associations and Internet exchange operators to facilitate and enable
UbuntuNet to peer with local commodity networks as envisaged above.
In South Africa, TENET peers with many commodity networks at Internet exchanges in Cape Town
and Johannesburg, which are operated by the local Internet Service Providers Association (ISPA), of
which TENET is a member. With ISPA’s and the Alliance’s permission, TENET will negotiate the
replacement of each of these peering interconnections with TENET by peering with UbuntuNet.
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On Improvement of the Weather Information
Management in Uganda
1
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Abstract
Weather forecasts are used to make important decisions (e.g. reduce crop damage, reduce property
damage, save lives, safety in the aviation industry) that can enhance a country's economy. This paper
presents the challenges faced in managing Uganda's weather information which are: a sparse
meteorology network, manual data processing and lack of access to the weather information by most
stakeholders. This paper then goes ahead to propose an integrated approach that combines off-theshelf (cheap) wireless sensor technology, free satellite data, earth science grid infrastructure and
mobile computing to address the identified challenges. It is anticipated that these efforts will improve
accessibility and accuracy of weather information to all that need it and hence have a positive impact
on the economy.

Keywords:Weather forecasts, Earth science grids, weather information dissemination, Uganda
1. Introduction
The World Meteorological Organization (WMO) recommends that each country have a National
Meteorology Service (NMS), to provide weather, hydrologic, and climate forecasts and warnings
that are locally relevant. In addition each NMS sends some of its collected data to the World
Meteorological Centres (WMCs). The WMCs then process the data by analysing it, drawing maps
and charts, and running computer models to produce globally important weather / climate
information, which is sent back to the NMSs. This work is part of the AGLaRBRI (Pehrson, 2012)
initiative with partners from Uganda, Kenya and Sweden. Also recently funds are being sought to
include partners from South Sudan and Norway.

2. Uganda’s Status
The NMS in Uganda is the Department of Meteorology (DOM), which is a government department
in the Ministry of Water and Environment. The weather stations operated by the DOM can be
categorized into two broad classifications based on (i) the mode of operation, or (ii) the purpose of
weather data collection. Considering the mode of operation, there are two types of weather stations
namely; the manual (sometimes referred to as manned)1 and the automatic weather stations (AWS
also called unmanned)2. Considering the purpose of weather data collection, there are four types of

1

The manual stations are manned 24 hours a day by trained employees of the DOM who record the weather data and
update the DOM headquarters accordingly.
2
In the unmanned stations weather data is recorded automatically, however, the transmission of the data to the DOM
involves a human in differing ways determined by the model of the AWS.
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weather stations namely; the synoptic3, rainfall4, agromet5 and hydromet6 weather stations. These
stations are spread throughout the country as shown in Figure 1. It is clear from Figure 1 that the
weather station distribution is uneven with some regions especially the north being sparser than
others.

Figure 1: The Distribution of Established Weather stations in Uganda (source: DOM)

It should also be noted that of all the established weather stations, the operational stations that report
their observations regularly are much fewer as summarised in Table 1. Table 1 indicates that less
than 50% of the established stations are currently operational. This implies that the operational
weather station map is even sparser than shown in Figure 1 above.

3

Collects weather data of several parameters (wind, atmospheric pressure, temperature, clouds, humidity and
precipitation) for purpose of global weather forecasting thus it must be transmitted to the regional and world meteorology
centres
4

Records only rainfall data and these are mainly manual stations & depend on volunteers to report the observations

5

Records weather parameters that affect agricultural productivity e.g soil temperature, soil moisture and evapotranspiration
6
Measures water levels, ground & water temperatures in addition to the six weather elements measured by the synoptic
stations
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Table 1: Established Vs Operational Weather Stations in Uganda (source: DOM)

Weather station
Synoptic
Agroment
Hydromet
Rainfall
Total

No.
12
16
14
300

Established

No.
12
8
5
35

Operational

% Operational
100
50
36
12
49.5

Following data collection at the weather stations, it is reported to the DOM headquarters for
processing. The data flow from the various weather stations showing the method and regularity of
reporting is shown in Figure 2.

Figure 2: Data Flow from Weather stations in Uganda (source: DOM)

Figure 2 shows that the methods of reporting the collected data include: by person, post, fax, radio,
telephone and Internet download. Timely processing of weather information requires that the amount
of time taken between the observation of the weather data and the arrival of the observed data at the
DOM is minimal. This therefore means that some methods of reporting weather data such as by
person and post are inappropriate since they are very slow. Data received at the DOM by fax, radio
or telephone needs to be digitized before storage and processing in the digital bank. This creates a
loophole for errors as the data may be altered during digitisation. In addition extra delay is
experienced before digital data is available for processing useful weather products. The data received
through Internet download is already digital thus it is passed to the digital bank directly.
Transmission of data through the Internet is therefore the most efficient. Accurate weather
information is important to several stakeholders. The accuracy of this information is further
determined by the distribution of weather stations across a given area as well as the regularity with
which these stations provide information for processing at the NMS. It is a reasonable assumption
that each district in Uganda should have an operational station in order to ensure that the weather
information is representative. The current coverage is 40 out of the 114 districts; therefore the
distribution of weather stations in Uganda is short by 65 %.
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3. The Problem
The challenges faced by Uganda's DOM in executing its mandate of managing weather information
are:
1. A sparse Meteorology Network (the coverage of weather stations is at 35% of which only
49.5 % are operational) yet the cost of standard weather stations is prohibitive (10,000 50,000 USD per station)
2. Manual data processing therefore delayed analysis
3. The few Automatic Weather Stations (AWS) are not fully automated i.e. require a person to
switch on/off a computer for weather date to be reported back to the DOM headquarters.
4. The available weather information is neither properly packaged nor readily accessible to the
various stakeholders
The above have led to the following problems:
1. Failure to provide sufficient advise to some stakeholders especially the farming communities
who then have no choice but deal with unpredictable farming seasons leading to food
insecurity and financial losses.
2. Inappropriate response to weather related disasters e.g. Mudslides, floods etc… that have
been on the increase in recent times.

4. Approach
We are following the outlined approach in order to improve the timeliness, accuracy and access of
weather information in Uganda:
1. Field study & Brainstorming sessions so as to include several stakeholders' concerns.
2. Experimental research:


Design, program, deploy and test the appropriate weather off-the-shelf (cheap) wireless
sensor nodes, including uplinks from remote wireless sensor networks in areas without
other connectivity. Wireless Sensors have been shown to improve operations in several
applications including Agriculture production (Burrel, 2004), Habitat Monitoring
([Mainwaring, 2002), Volcano activity observation,(Werner-Allen, 2006) etc…



Integrate the data from the existing weather stations and the wireless sensor stations with
weather relevant satellite data especially for places where there is no weather station
coverage.

3. Implementation:


Setting up of an operational numerical weather prediction model thus automatic
processing of the weather data through a national or international earth science grid
infrastructure such as highlighted in Mallikarjuna,(2007) and [Quiruelas, (2011).



Develop the weather information dissemination tool through requirements solicitation,
design and implementation of appropriate software for packaging, and providing the
different stakeholders with access to the relevant (appropriate) weather information,
particularly though mobile phones since they readily accessible to the target group.

4. Deployment: Test and deploy the weather information system in an incremental manner.
5. Dissemination & Sensitization: Workshops and publications.
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5. Expected Output
5.1 The proposed System
An improved weather information management system is the expected output of this study. The
operation of this proposed system is illustrated in Figure 3. Figure 3 shows that the proposed system
consists of combined data collection through the use of custom-made weather sensors7, cheap of-theshelf sensors8 and satellite data. For the custom-made weather sensor station, our contribution will be
the full automation of the data transmission so the challenge of turning the computer on and off for
each transmission is addressed especially in the remote places. For the cheap off-the-shelf sensors
our contribution will be programming and calibrating them to return weather data that is comparable
to that from the standard weather stations. The data from these two types of weather stations will
combined together with the satellite data in a national and /or international grid infrastructure, in
which a numerical weather prediction model will reside for appropriate weather forecasts and
analysis. The analysed weather information will then be displayed at DOM stations 9 and/or mobile
phones10 depending on how critical the situation is.

Figure 3: The proposed Weather Information Management System

7

Indicated as 1a in Figure 3
Indicated as 1b in Figure 3
9
Indicated as 3a in Figure 3
10
Indicated as 3b in Figure 3
8
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5.2 The resulting outcome
It is anticipated that the following will be the results of this improved weather information
management system:
1. More accurate and conveniently processed weather predictions based on a numerical Weather
Prediction model. This will ensure timely processing of the weather data and result into
appropriate weather information packages based on earth science grid infrastructures particularly
WRF or the Earth System Grid.
2. Affordable and sustainable Technology based on off-the-shelf (cheap) wireless sensors and free
satellite data since it designed in such a way that it provides for full automation and is selfsustainable on renewable energy.
3. Improved access to weather information by the different stakeholders especially the farming
communities.
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Abstract
The future Square Kilometre Array (SKA) radio telescope will present some of the most significant
technical challenges faced by the global radio astronomy community in its attempt to construct the
largest terrestrial observing instrument conceived to date. The science goals for the array call for
high resolution over a wide frequency range (70 MHz to 10 GHz) with antennas concentrated in a
core region, and more sparsely distributed antennas in outer regions. The high-frequency dish array
will be installed in the Karoo region of South Africa. A low-frequency aperture array, operating at up
to 1 GHz and distributed over a few hundred kilometres, will be installed in Western Australia.
Signals from each of the antennas in both the dish and aperture arrays will be fed back to a central
correlator for processing.
The engineering challenges associated with this project are significant, including antenna design for
short wavelengths, high resolution, wideband analogue-to-digital conversion and advanced signal
processing to generate results from the recovered data. This paper concentrates on the highfrequency dish array to be constructed in South Africa, and the challenges associated with data
transport between antennas and the central correlator. It discusses the expected requirements for
bandwidth, and the potential architectures and transmission technologies that could be used to meet
these requirements.

Keywords
Square Kilometre Array, SKA, Optical Transport, Network Applications, High Capacity Networks,
DWDM, 100 Gb/s

1. Introduction
Radio telescopes have been gathering information about the formation and structure of the universe
for many decades, taking advantage of the transparency of our atmosphere to radio waves, and the
fact that celestial sources can be observed both day and night. Early measurements were made on
single antennas, until it was realized that, to probe further into the sky, instruments with enhanced
resolution would be required.

2. Resolution of radio antennas
One of the major considerations in the design of radio telescopes is that of resolution. This is one of
the fundamental drivers in the development of the Square Kilometre Array, so it is helpful to take a
step back and look at a comparison of the resolution of typical observing instruments.
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Observing Instrument
Human eye (20/20 vision)
Hubble Telescope
72 m Parabolic Radio Antenna (500 MHz)

Resolution
1 arc minute
0.06 arc seconds
28 arc minutes

We can convert the angular resolution numbers we see above into a more understandable frame of
reference. For the human eye with perfect 20/20 vision, a resolution of 1 arc minute is equal to being
able to discern a 25-cent coin at a distance of 66 m. For the Hubble telescope, a resolution of 0.06 arc
seconds is equal to being able to resolve a 25-cent coin at a distance of 70 km.
Unfortunately, a single radio antenna has very poor resolution and the example shows that a
parabolic antenna that is 72 m in diameter (which is nonetheless a large structure) at 500 MHz would
only be able to recognize the coin if it was at a distance of less than 3 m.
If we were to build a radio antenna with the same angular resolution as the human eye at 500 MHz, it
would have to be 2 km in diameter.
If we were to construct a radio antenna with the same angular resolution as the Hubble telescope, it
would require a diameter of 2000 km.
It is obviously not feasible to build a single radio antenna with these dimensions, so the only
practical way to achieve this is to use smaller, less expensive antennas and connect them as an
interferometer array.[Spencer, 1989]The distance between two array elements is called the
‘baseline’.
The collecting area of two small antennas connected in a two-element array is still small compared to
a single antenna of equal size, and this has an impact on the sensitivity. However, if many small
antennas are connected together with many different baselines, the gaps in collecting area can
effectively be filled in and the sensitivity of the instrument improves, as shown in Figure 1, where 18
antennas can have 153 different baselines.

Figure 1: Antenna baselines connected to increase the collecting area of an array

3. The Square Kilometre Array
The Square Kilometre Array will be the largest, most sensitive terrestrial radio telescope in the world
with an aperture of up to one million square meters. The scientific goals of the project call for very
high resolution over a wide frequency range: from 70 M Hz up to 10 GHz split between a lowfrequency aperture array to be constructed in Western Australia, and a high-frequency antenna array
to be built in the Karoo region of South Africa.
The parabolic antenna array will be constructed in two phases, with completion targeted for 2020. By
the time the second phase is completed, there will be a total of 3000 15-m antennas distributed over a
circular region with a radius of 3000 km. 600 antennas will be located in a core region with a radius
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of 1 km. An additional 900 antennas will be positioned between 1 and 5 km from the centre, with a
further 900 antennas in an intermediate zone between 5 and 180 km. An additional 600 antennas will
be located within an outer zone between 180 and 3000 km from the centre. The layout of the
antennas in the array will ensure the most even distribution of measurement sensitivity across the full
scale of the aperture.
With a maximum baseline of 3000 km and a high-frequency range from 300 MHz to 10 GHz, the
antenna array will have a resolution at high frequencies that is an order of magnitude better than the
Hubble telescope. In fact, for the maximum baseline with the highest frequency, the resolution of the
array is equal to identifying a 25-cent coin over a distance of 2000 km. At the lowest frequency of
300 MHz, the array will have a resolution on par with the Hubble telescope.
The current proposals for the layout of the antennas would follow a circular Gaussian distribution for
the 1500 antennas within the core and inner regions, while the intermediate and outer regions would
follow five spiral arms, with clusters of antennas placed at uniform logarithmic intervals along each
path, as shown in Figure 2(Millinaar, 2010] All of the antenna data will be transported back to a
correlator near the centre of the core region.

Figure 2: Proposed layout of high frequency antennas

4. Data Transport
The intention is that all of the data from the antennas will be transmitted in real time back to the
central correlator for processing. The implication is that significant investment will be required in
optical fiber infrastructure to enable this. The region proposed in South Africa was chosen
specifically to minimize the amount of terrestrial radio frequency interference, thus the area is not
densely populated. For this reason, it is highly unlikely that any pre-installed dark fiber resources can
be employed.
The layout proposed (Figure 2) for the intermediate and outer regions is amenable to optical
transport of the antenna data via fiber installed along the spiral arms of the infrastructure. The core
and inner region connectivity will present a challenge for fiber routing due to the distribution of
antennas, but the distances are small. Work is underway to try and optimize the location of fiber
installations. (Garci, 2011)To understand how such an optical network might be architected, we need
to calculate the expected bandwidth requirements between the antennas and the central correlator.
The maximum bandwidth supported by each of the antennas to meet the science goals is 10 GHz per
polarisation. The analogue signal will need to be digitized using a sampling rate at least 2 times the
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maximum frequency. For many implementations of radio antenna technology, an analogue-to-digital
convertor with a resolution of 2 bits per sample is sufficient, but in cases such as these where more
tolerance to ground- and space-based RFI is required, a minimum of 4 bits per sample is being
proposed(Dewdney, 2009) The minimum data rate for each antenna per polarisation can be
calculated as:
= 10

Bandwidth

2 4 1.25 =

∕

Nyquist sampling rate

Resolution of A/D convertor

line coding

Each antenna must transmit data from two polarisations, so the total data rate for each antenna is 200
Gb/s. Given that the entire structure will have 3000 antennas by the time Phase 2 is complete,
suggests a total capacity requirement of 600 Tb/s.
Using recent forecast data, global internet traffic is predicted to reach 100 exabytes (1018) per month
by 2016. Assuming a CAGR (Compound Annual Growth Rate) of 25%, it is estimated that global
internet traffic will be 750 Tb/s by 2020.
The implication is that, by the time Phase 2 of the Square Kilometre Array is completed and
operational, it will be carrying the equivalent of 80% of the global internet traffic over the South
African based antenna array alone.

5. Transport Technology
Given the scale of the data transmission requirements, there is no doubt that DWDM will play a
central role in the configuration. Assuming that a single DWDM wavelength is used for each
polarisation per antenna, each wavelength will be required to transport a single serial 100-Gb/s signal
back to the correlator.
How many wavelengths will be required? If we look at a single spiral arm as an example, and focus
on the intermediate and outer regions from 5 to 3000 km from the core, a total of 1150 antennas will
be distributed along the five spiral arms of the array. Within the intermediate region, there will be 50
stations with 11 antennas being connected to each station. In the outer region, there will be 25
stations with 24 antennas connected to each station. The connection from each antenna to a station is
assumed to be less than a few kilometres as shown in Figure 3.

Figure 3: Potential configuration of stations and antennas in outer regions
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If we assume that the stations are equally distributed between the spiral arms, then each arm will
have 5 stations of 24 antennas in the outer region, and 10 stations of 11 antennas in the intermediate
region.
With 2 polarisations per antenna, the total number of wavelengths required along a single spiral arm
of the array will be 460. This is significantly more than a single fiber pair can carry with today’s
DWDM technology.
The best spectral efficiency available today is based on the ITU-T DWDM grid with 50-GHz
wavelength spacing. In the C-band, this allows up to 80 wavelengths to co-propagate on a single
fiber pair, so a single spiral arm will require a minimum of six fiber pairs to be trenched and installed
along the path between stations.

6. Advanced Modulation for 100 Gb/s
Today’s carrier networks are typically based on DWDM technology with either 100-GHz or 50-GHz
wavelength spacing. The standard data rate carried in most global networks is 10 Gb/s. For these
rates, simple on/off keying (OOK) modulation is acceptable to enable transmission through many
cascaded optical filter elements, without significant optical penalties. OOK encodes 1 bit per symbol,
so the symbol rate is equal to the bit rate i.e. 10 Gbaud.
For 100 Gb/s serial transmission, On/Off keying is not an option for the following reasons:


the spectral width of the 100G OOK signal is 10 times larger than that of an equivalent 10G
OOK signal, making it too wide to pass through DWDM network elements without excessive
optical penalties



the modulator, driver and receiver electronics required are difficult to fabricate, not readily
available, and would be excessively expensive



for OOK, the tolerance to noise, chromatic dispersion, polarisation mode dispersion and nonlinear impairments would limit the transmission reach to a few kilometres before
regeneration was required, rendering such a solution uneconomical

Dual Polarisation, Quadrature Phase Shift Keying (DP-QPSK) is the modulation format of choice for
100-Gb/s transmission because it codes 4 bits per symbol using in-phase and quadrature-phase
components of two polarisation states (see Figure 4). DP-QPSK reduces the spectral width by a
factor of 4, reducing a 127-Gb/s data rate to a symbol rate of 31 Gbaud. This enables transmission
through many cascaded DWDM network elements at 50- or 100-GHz spacing with minimal penalty.
DP-QPSK technology with coherent detection is capable of transmitting up to 1200 km without
regeneration.
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Figure 4: Comparison of modulation formats for 100 Gb/s DWDM transmission

7. Potential Network Architecture
The technology is available to allow transmission of serial 100 Gb/s over the distances required for
the Square Kilometre Array using a combination of DP-QPSK modulation with coherent detection
and standard 50-GHz DWDM infrastructure. From the discussion above, it is clear that the minimum
requirement would be six fiber pairs on each of the five spiral arms of the array, with each fiber pair
carrying up to 80 wavelengths. With this architecture, the traffic from each antenna at each station
can be distributed evenly across the 6 fiber pairs. Figure 5 shows the high level concept of a potential
architecture.
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Figure 5: Potential architecture for the (a) 5 stations in the outer region and (b) 10 stations in the intermediate region of
the spiral arm

Figure 5(a) considers the required layout of the fiber pairs servicing the outer region from 180 to
3000 km. It shows the five stations with an assumed separation of 560km. Intermediate locations
would be required between each of the stations to deploy optical amplifiers with optimal spacing.
The architecture shown assumes that each fiber pair at each station uses a Reconfigurable Optical
Add Drop Multiplexer (ROADM), and that each ROADM in the outer region allows for the addition
of 8 wavelengths. This covers the 48 wavelengths required at each of the five stations in the outer
region. A ROADM is a necessary element of the design. Each fiber pair will carry up to 80
wavelengths of 100-Gb/s traffic over a 3000 km distance. To achieve this optical reach with minimal
regeneration, accurate automatic power balancing at each add/drop location is required; a function
that can only be provided by ROADM elements.
Figure 5(b) shows the layout for the same fiber pairs but within the intermediate region of the spiral
arm between 5 and 180 km. It shows the 10 antenna stations with an assumed separation of 20 km.
The station locations would be a combination of ROADM and amplifier elements as needed to meet
the optical performance requirements. Again, the ROADM would be required at each of the station
locations to provide optimal spectral flatness across the 80 wavelengths, and ensure maximum unregenerated reach for each wavelength.

8. Antenna to Station Interconnect
Figure 3 showed the potential configuration of stations along each spiral arm of the array and how
the individual antenna elements may be connected to each station. The distance between each of the
antennas and the station is likely to be a maximum of 2 km. In this situation, it would be overkill to
deploy DWDM and more cost effective to deploy two fiber pairs (one pair per 100 Gb/s) between the
stations and each antenna. Assuming that a 100-GbE interface is available on the digitization and
packetization equipment at the antenna site, a simple, commercially available LR4 CFP (100G small
form factor pluggable transponder) device can be used to deliver the traffic to the station. An LR4
CFP converts a 100-GbE flow into 4 lanes of 28-Gb/s traffic that are then transported over a single
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fiber using an internal CWDM (Coarse Wave Division Multiplexer) configuration as shown in
Figure 6(a). Figure 6(b) shows the connection over the dual fiber spurs from the antenna to the
station and on to the DWDM ROADM interface for long-haul transmission to the correlator.

Figure 6: (a) Pluggable CFP technology for 100-GbE interfaces and (b) Connection between antenna site and station
using two fiber pairs

9. Conclusion
The Square Kilometre Array is shaping up to be a project of unprecedented scale that will drive the
development of new technology, but also push the capabilities of currently available technologies to
the limit. The signal and data transport architecture alone will present significant challenges
associated with optimal routing and bandwidth capabilities. At first glance, given the science goals, it
would seem that real-time optical interconnect within the array is feasible and indeed, can be
achieved using technology that is currently commercially available.
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Abstract
Despite the commendable efforts by African NRENs to interconnect universities and research
institutions, research capacity in Africa is still a major challenge. In particular African universities
and research institutions phases the challenges of training, retaining and attracting competent
researchers due to limited resources. Other limitations include cultural barriers, insecurity,
government bureaucracy and technological resource limitations among others. However the
introduction of modern communications techniques resulting from innovative information and
communication technological transformations will go a long way to address these challenges. It is
expected that improved connectivity will influence a paradigm shift in research approach in Africa.
In order to remain relevant in the current competitive knowledge economy, African researchers
ought to take advantage of the improved connectivity to reengineer their research approach by
embracing current information and communication technology innovations. This study investigates
how modern collaborative tools can be exploited to ensure effective brain circulation within Africa
and attract young talents into research careers so as to boost Africa’s research capacity. In the
context of the expected paradigm shift from traditional research methods to e-research, the study
examines the role of virtual research communities in addressing Africa’s research challenges and
hence accelerating research in Africa. The study takes into account the expected transformations of
the scientific communication and points out the virtual communities’ role in the current social
context. By scrutinizing existing collaborative research projects with specific emphasis on
application of ICTs, the study identifies specific approaches that can be exploited to establish virtual
organizations which can then form virtual research communities. Long term sustainability of Virtual
research communities is also addressed to ensure that established VRCs remain viable. By
conducting desktop/web review of grey and published literature and a systematic review of existing
well established virtual research communities, the study examines the key drivers and the critical
success factors of these communities relevant to the African continent. In particular the study
presents a review of the model used to establish virtual research communities within the European
grid infrastructure and attempts to propose one for Africa through the African NRENs. Taking into
consideration the drivers and the critical success factors, the study further proposes an adoption
conceptual model for the new ICT based research paradigm.

Keywords
E-research, critical success factors, research capacity, sustainability, virtual research communities
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1. Introduction
Increased visibility of NRENs and NREN activities in Africa indicate that African governments have
recognized the importance of Science and Technology (S&T) and ICT in bridging the scientific
divides, reducing poverty and ensuring socio-economic development so as to achieve the Millennium
Development Goals (MDGs). The rate at which ICT infrastructure initiatives are taking off either
through international funding or institutional initiatives is commendable and an indicator of
readiness of African universities and research institutions to embrace ICTs in their work. The
AfricaConnect Initiative for instance aims to support the establishment of the regional backbones
facilitating connection of the ready African NRENs to the global resources. It will also support
capacity building in the not yet ready communities and establish a few demonstrators illustrating the
value of the investment. There are other initiatives supporting the establishment of NRENs. These
initiatives have been catalyzed by the deployment of submarine cables along the African coast and
the rapid development of mobile phone networks. The effects of the ICT infrastructure projects are
quite visible one being the drastic change in the connectivity status of the African continent. This has
resulted to increased adoption of internet technology as a communication and information
dissemination tool. Dissemination of internet as a communications and information access system,
and increased use of other computer-based communications and information technologies,
transforms a society to a net society, generating a new culture referred to as cyberculture.
cyberculture refers exclusively to social relationships that are placed in virtual reality, or cyberspace,
using computers (Machando & Reis, 2007). As noted by Machando, 2002, cyberspace is an
immense network composed of computers, telecommunications, programs, interfaces and data,
forming an intricate base of dynamic and interactive information. It represents the maximum
expression of new forms of human communication, generated by the development of computation
technologies and data transmission (Machando, 2002, p.2). Cyberspace encourages a style of
independent relationship from geographic places. The virtual environment presented by the
cyberspace makes it possible for people to communicate simultaneously, independent of where they
are. This renders the distance and time between the information sources useless. According to Santos
(2004) people do not need to dislocate themselves because it is the data that travels. For the author,
these changes bring new requirements, strategies and actions on the part of institutions facing the
dissemination of information, opening up new possibilities for the performance of professionals and
users of the sector.

2. Background : Research capacity Challenge in Africa
Factors that constitute research capacity includes: individual skills developed in research work
quality of the research environment, funding, adequate infrastructure, research incentives and time
available to the researcher among others (Akilagpa, 2004). With regard to funding, expenditure on
research by African government remains relatively low compared to other parts of the world (Kiburi
et al, 2012) although policy development and discussions have focused on ST&I in the recent times.
As a result dependency on external donor funds for research activities is quite high. It is worth noting
that African governments are waking up to the fact that Science and Technology (S&T) and ICTs are
key drivers in bridging the scientific divides, reducing poverty and ensuring socio-economic
development so as to achieve the Millennium Development Goals (MDGs) however, the little efforts
they are making towards funding research in this direction are being outstripped by growth around
the world, leaving African research poorly funded by comparison as depicted in table 1(Nordling
2010, Kiburi et al, 2012).
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Table 1: Gross annual expenditure on research and development and proportionate number of
researchers in selected regions and countries. (PPP$: purchasing power parity in USD; SSA‡: SubSaharan countries excluding South Africa) (Nordling, op cit )

North America
European Union
Japan
China
SSA

GERD per researcher (thousand
PPP$)
2002
2007
204.8
251
176.1
194.7
167.3
207.9
48.7
73.7
57.1
64.1

Researchers per million in habitants
2002
4527.30
2,420.30
5,071.60
629.1
51.3

2007
4654.30
2,727.70
5,548.10
1,071.30
60.3

As can be seen from table 1 there is a relationship between resource allocation and number of
researchers. It is clear from the table that Africa lags behind in resource allocation and consequently
number of researchers. According to Nordling (op cit), majority of sub-Saharan African countries
spend an average of just 0.3% of their GDP on science and technology. This is far below the 1%
promised in 1980 and in 2005 by African governments. This scenario has resulted to African
dependence on foreign funders and aid agencies. The donor-driven research landscape is quite
fragmented and needs more domestic drivers.
As noted by Akilagpa (2004), every society needs to insure the existence of viable indigenous
knowledge systems, i.e. local institutions, structures, and cadres which, in combination, are able to
access knowledge from all sources including external and home-grown as well as traditional and
modern. The knowledge systems should then be able to synthesize accessed knowledge, adapt it, and
generally make it usable by local communities and agencies under local conditions. The inadequacy
of such systems in Africa is both cause and effect of the continent’s knowledge poverty and
deepening material deprivation.
Other than limited funding, brain drain as a result of lack of research incentives has cost Africa
valuable research personnel. Brain drain in the context of this paper refers to both internal and
external. According to the Merriam-Webster online dictionary ‘brain drain’ is the departure of
educated or professional people from one country, economic sector, or field for another usually for
better pay or living conditions. Where the departure of skilled persons involve emigration from one
country to another this is termed as external brain drain (Teferra, 2000) whereas departure of skilled
persons from one economic sector or field to another is termed as internal brain drain. Both types of
brain drain are quite prominent in Africa and have contributed to reduced research capacity in Africa
as depicted in figure 1
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Figure 1 number of researchers across the population (Nordling 2010)

3. Addressing Research capacity Challenge in Africa
Efforts to address research capacity challenge in Africa include: raising the capacity of individual
researchers so as to build a critical mass of competent researchers, improvements in the research
environment and research capacity development (Akilagpa, 2004).
Improving the Research Environment: Introducing Virtual Research Environments to support eResearch
According to Carusi & Reimer (2010) a virtual research environment (VRE) is an electronic webbased environment for: a) access to data, tools, resources; b) collaboration with other researchers or
institutions at intra- and inter-institutional levels as well as; c) preserving data and other outputs.
Similarly Jansen W. (2006) defines a Virtual Research Environment as a set of online tools, systems
and processes to enhance the research process. From both these definitions a VRE aims to provide
researchers with the tools and services they need to do research efficiently and effectively as well as
manage the increasingly complex range of tasks involved in doing research.
e-Research is the use of information and communication technologies to do better research and to do
research collaboration better. e-Research enables researchers to draw on perspectives and resources
from a range of participants, in order to develop new insights and new solutions to complex
problems. It involves the use of technology to draw people together, where technology is the
facilitator to researcher collaboration (Monash University, 2008).
To improve Africa’s research environment, African NRENs have come out strongly to uplift
connectivity of Universities and research institutions. This has facilitated connection of these
institutions to off-site research centres internationally. Quite outstanding is UbuntuNet Alliance’s
effort to interconnect all NRENs in eastern and southern Africa with other regional RENs of the
world. From these efforts the alliance is a notable participant in key EU FP7 e-infrastructure projects
including: GLOBAL, ERINA4Africa and CHAIN (Banda, 2011). The latest engagement of the
Alliance is the AfricaConnect project whose aim is to establish a high-capacity Internet network for
research and education in Southern and Eastern Africa to provide the region with a gateway to global
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research collaboration (AfricaConnect, 2012). By interconnection with its pan-European counterpart
GÉANT as depicted in figure 2, AfricaConnect will allow researchers, educators and students across
the region to collaborate among themselves and to engage in joint projects with their peers in Europe
and other parts of the world (AfricaConnect, 2012).

Figure 2: REN interconnection through UbuntuNet (Banda, 2011)

This approach to improving the research environment is gradually transforming the research
community to a net community, generating a new research cyberculture. As noted by Machando &
Reis (2007) cyber culture refers to social relationships that are placed in cyberspace, using
computers. This transformation is expected to result to a paradigm shift in research approach in
Africa.

4. Research Collaborations Through ICT enhanced Research Environment
Never has international collaboration been more important in all disciplines than in the 21st century.
The growth of Cyber-infrastructure projects reflects a trend towards scientific collaboration. Among
the factors that motivate research collaboration are high cost of conducting scientific research as a
result of expensive scientific equipment and the improved modes of communication. Collaboration
enables researchers to conduct scientific research cost effectively by making use of a pool of
resources from different organizations. Current e-Infrastructures activity efforts in Africa and
globally aim to empower researchers with an easy and controlled online access to facilities, resources
and collaboration tools, bringing to them the power of ICT for computing, connectivity, storage and
instrumentation (European Commission, 2012). This allows for instant access to data and remote
instruments for performing computer simulations. Access to online collaboration tools has enabled
research collaborations across geographical, disciplinary and organizational boundaries necessitating
formation of virtual research communities (VRC).
For a long time, researchers in Africa have not been well integrated into the social network of
scientists. Research networks are important for receiving criticism of one’s work, having access to
the most recent, unpublished work of other scientists in one’s field as well as having access to
resources and funding Wray(2002). To integrate the African researcher into the social network of
scientists, In the recent times there have been deliberate efforts to establish ICT supported research
collaboration. For instance the brain gain project and the HP catalyst projects put specific emphasis
on research projects utilizing distributed computing environment to collaborate. The HP catalyst
project global collaborator consortium of the year 2011 aimed to enable students to participate in
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collaborative problem-solving to address urgent social challenges using the power of collaborative
grid computing. The brain gain project purposed to promote experts collaboration in Africa and the
Arab with the help of advanced information and distributed computing technologies (grid and cloud
computing). Participating institutions from Africa in the two projects are summarized in Table 2
(Karume & Omieno, 2011).
Table 1: summary of number of higher education institutions and the number of e-research projects
involved in the UNESCO-HP brain gain and HP catalyst initiatives source: (Karume & Omieno 2011).
Country/Region
West Africa
Ghana
Nigeria
Senegal
Burkina Faso
Côte d'Ivoire
Sub total
North Africa
Morocco
Tunisia
Egypt
Algeria
Sub total
Central Africa
Cameroon
Sub total
East Africa
Ethiopia
Kenya
Uganda
Sub total
South Africa
Zimbabwe
South Africa
Sub total
Total

No of HEIs

No of projects
Brain Gain
HP- Catalyst

1
1
1
1
1
5

1
1
1
2
1
6

1
1
1
1
4

1
1
0
1
3

1

2
2

2
2

0
0

1
3
2
6

1
2
2
5

2
0
2

1
3
4
21

1
0
2
17

3
3
7

1
0
1

1

Collaboration analyses carried out by Adams et al (2010) using Research Performance Profiles data
in InCite reveals clusters of countries with the strongest partnerships. There is a Striking relationship
between Table 2 by Karume & Omieno (2011) and the Visual interpretation of collaboration diagram
by papers published (figure 3) in that all the participating countries in the Brain Gain and HP
distributed computing projects are represented in the collaboration profile by papers published.
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Figure 3: Visual interpretation of collaboration, by papers published: Source Adams et al (2010)

This observation reveals a trend towards research networking through ICT enhanced research
environments. It can be construed that where research networks are strong research output is
observable. ICT based collaborations result to emergence of research networks which are key to
addressing Africa’s research capacity. As noted by Akilagpa, 2004, collective or networked ongoing
research provides an irreplaceable opportunity for the experience of each member of a team or
network to complement and help raise the capacity of others. For young and mid-career researchers
such participation, especially under the mentorship of senior colleagues, constitutes the most
effective form of research capacity development.

5. From Informal Research Networks to Structured Virtual Research
Communities
From the observation in the previous section the power of research networking in uplifting research
capacity need not be overemphasized. It is clear from table 2 and figure 3 that active participants in
research networks generate a fair amount of intellectual property goods. This is the reason why the
author seeks to move the concept of research networks in Africa a notch higher to semi-structured
research communities. Existing research networks in Africa are quite informal most of them arising
out of opportunities. Often research networks spring from Calls for proposals by donors and the
constitutions of members in the network is defined by the constraints in the Calls for proposal
documents. Such networks evolve rather subconsciously and are likely to disintegrate once the
donors pull out resulting to a decline in the observed intellectual property output. With the recent
commitment by African governments to promote research in science and technology by increasing
funding (Nording 2010), there is need to be more conscious and inject some structure in the
formation of research networks. Donors attempt to put some structure in the emerging networks by
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placing specific constraints in the call for proposal documents. These constraints then serves to bring
together researchers with common interest.

6. Networks vs. Communities vs. Teams
The distinction between these types of social interactions between researchers can best be understood
by looking at how communication in each is structured. As noted in section 3.2 improved modes of
communication is one factor that have favoured research collaborations. Communication is a key
factor in collaboration. Efimova (2009) notes that communication in distributed teams can be viewed
in horizontal and vertical axis. The horizontal axis regards what triggers communication either a
common goal or an opportunity. The vertical axis regards the pre-arrangeness of communication
either informal or structured. Figure 4 illustrates how a distributed team communication differs from
a co-located team communication based on these two axes.

Figure 4: Communication in co-located and distributed teams

This concept can be used to explain the distinction between the different types of social constructions
in e-Research. As depicted in figure 5 (Efimova, 2010), social constructions in e-Research can be
put into three categories team, community and network. A team is about working together closely
and requires strong ties to get things done. It is goal oriented and structured. A community on the
other hand constitutes of a mix of stronger and weaker ties that help to open up and share local
practices is semi-structured but still has lots of connection where one uses an opportunity of being
together with other experts to ask for solutions for a problem. There is enough commonality and trust
to hold people together and enough diversity to support learning. A network is informal more
opportunity-based and there is not much in terms of shared goals and recurrent conversations, the
ties are weak or latent. However, there is enough connectivity and opportunities to communicate that
result in cross-fertilization and emergent ideas and practices.
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Figure 5: Core communication forms for teams, communities and networks source: (Efimova, op cit)

Many research networks in Africa are founded on donor fund opportunities and there is need to
transform them to research communities which are not entirely opportunity driven but have other
common factors that hold members together. As noted by Shih, J. L. et al. (2012), with appropriate
technologies, informal communication and formal idea exchange can be transformed into
collaborative knowledge creation. Collaborative activities such as sharing data and knowledge as
well as having discussions around the content create valuable asset for research groups.

7. Building a virtual research community
Innovative online collaborative tools are helping researchers work in harmony and learn together at a
distance (Krishna & Singh, 2008). Due to convenience, more and more researchers are choosing
virtual forms of collaboration. Collaborative tools range from text-based e-mail to complex online
meeting tools.
Virtual Research Communities (VRCs) are widely dispersed groups of researchers that potentially
span different disciplines in different organizations working together in“collaboratory”. The Dutch
SURFfoundation, defines a“collaboratory"as a virtual research environment that enables researchers
based in different locations to work together and share their knowledge and facilities, thus enriching
and speeding up both national and international research.
The process of forming virtual research community has been investigated by various scholars. In
their study to explore the factors that affect formation of an inter-professional Virtual Community of
Practice (VCoP) from which to promote clinical education research, Butson et al, (2012) notes that
members contribution during the initial phase of any pre-structured virtual community of practice is
crucial so as to overcome the consumption-construction dilemma. Members decide on the
community’s value during the initial phase. If the community cannot offer added value, members
who engage are likely to consume for a time and then leave. This observation concurs with Duggan
(2002) view of virtual community membership. According to Duggan, community membership is
not an event, but a process, that entails members transformation from stranger to passer-by to lurker
to participant and finally to regular. Since only a small percentage of people make the conversion
from step to step, it is important to hold on to as many as possible.
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Urquhart et al (2010) in their study to evaluate the development of virtual communities of practice
that support evidence based practice, notes that development of a community of practice is
characterized by the following four stages: (1) Building stage (Constructs communal memory and
context: learning about one another; building a common vocabulary; creating roles; beginning
repertoires); (2) Engaged stage (Promotes access and learning: building trust, loyalty, and
commitment; providing outreach; telling community stories; encouraging contribution to the
knowledge base); (3) Active stage (Supports collaboration: engaging members in work groups or
collaborative working with others; using analytical and decision making tools) (4) Adaptive stage
(Creates new products: founding of more communities; responding to environmental changes).
Boetcher et al (2002) while discussing the importance of a virtual community in the Full Circle
Associates website outlined the following five steps of building a virtual community: (1) identify
community purpose or goal; (2) identify the target audience; (3) think about the interaction tools to
serve the purpose and audience and how to structure the space ; (4) think about how to facilitate the
community; (5) build the community; (6) draw in the members; (7) nurture the community.
Butson et al, (2012), adopted the four stage cycle by Urquhart et al (2010) to investigate virtual
community of practice for clinical research. They attributed poor uptake in the early stages of the
project to lack of a clear purpose, incentives and benefits resulting to early-stage confusion. From
this conclusion and findings it is clear that in the process of forming a virtual community steps one
and two suggested by Boetcher et al (2002) are critical. It seems that in the clinical education virtual
community research the investigators began by identifying the tool i.e step 3 and proceeded to build
the community without clear purpose and some form of governance structure.

8. Lessons from EGI
An investigation of the EGI model of forming and integrating VRCs in the EGI ecosystem reveals a
blend of the four stage cycle by Urquhart et al (2010) and the seven steps by Boetcher et al (2002).
According to EGI.eu (2012) VRCs are self-organised research communities which give individuals
within their community a clear mandate to represent the interests of their research field within the
EGI ecosystem. They can include one or more virtual organisations and act as the main
communication channel between the researchers they represent and EGI. Virtual organizations
(VOs) are groups of researchers with similar scientific interests and requirements, who are able to
work collaboratively with other members and/or share geographically, dispersed computing
resources and expertise. In this arrangement virtual organization represent a unit within which the
issue of purpose and audience are addressed. This is a fundamental unit that understands the needs
of the constituent members and generates requirements which are given to EGI to incorporate in the
technology infrastructure. A clear governance structure is put in place through formation of user
community boards (UCB) which links VRCs to EGI. Partnerships with individual VRCs are
established through a Memorandum of Understanding (MoU). Following the accreditation process
and final agreement, VRCs can access the computing resources and data storage provided by the EGI
community through open source software solutions. VRC members can store, process and index
large datasets and can interact with partners using the secured services of EGI’s production
infrastructure. Figure 6 summarizes the process of forming new user communities in EGI and
integrating them in the system
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What makes up a Virtual
Research Community?

-

Virtual Organisations
Mailing lists
Workshops
Forums
Blogs
Projects
Shared stories
Best practices
Collaborations
Laboratories
Partnerships

VRCs provide EGI with:

UCB

-

EGI

Requirements
Applications and tools
Data collections
Training modules
Success stories
Experts
Users

EGI offers VRCs:
-

Easy to use infrastructure
Grid-ready applications
Training resources
Help and support
Involvement in open
development processes
- Workshops and forums

Figure 6: Forming new user communities: gathering new requirements adopted from Szabolcs (2011)

Further EGI user communities exist within an established operational policy framework. Policy
development within EGI is coordinated by policy groups. A policy group is an internal EGI.eu body
created to define policies and procedures within a specific functional area including: technology,
operations, user community, policy and administration. They are responsible for developing
EGI.eu’s strategic and operational policy framework and, thus, for ensuring the stability and
availability of a European generic e-Infrastructure (EGI.eu, 2012). The user community board
constitutes of representatives from virtual research communities and steers the policy matters
affecting the user community. Other policy groups focus on technology, security and management
among others.

9. Building Sustainable Virtual Research Communities: Critical Success factors
The concern of sustainability is long term existence of a product, a service or an entity. Long term
existence of virtual research communities is dependent on factors ranging from personal
characteristics of constituent members to technology related factors. For their survival VRCs need to
be founded on a firm technology base. As can be seen from the EGI case in section 4.3, the
technology base constitutes of an expert team that takes up emerging VRCs technical requirements
and integrates them in the existing infrastructure. EGI has established clear policy framework to steer
the entire e-infrastructure. As noted in the previous section the policy forming process is organized
into specific areas placed under policy groups. The user community policy is steered by the user
community board and user services advisory group. Clear governance structure is visible with a
Virtual organization being headed by a VO manager. VRC representatives form a user community
board which links VRC to the wider EGI. As noted by the EGI strategy and policy officer Holsinger
(2012) in the EGI blog there is no such thing as a free lunch - sustainability costs! Coordinating and
maintaining a quality infrastructure costs time and money. The seed money to fund EGI came from
the European Union but as the bloger puts it there is need to consider having the beneficiaries of the
EGI resources chip in financially for the infrastructure survival.
From the above observations, the following key success factors for VRCs can be identified: (1)
strong technology base; (2) Clear purpose and goals; (3) a clear policy framework; (4) a good
governance structure; (6) a clear mechanism for forming new VRCs or joining existing ones; (5)
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proper funding mechanisms. These factors other than funding are reflected in the empirical study of
the emergence of the Open Philosophies for Associative Autopoietic digital ecosystems (OPAALS)
as a virtual team and a community of practice by Bräuer et al (2009). The study highlights the
following factors to ensure a sustainable community building: (1) usage common of language; (2)
Choice of an effective media to facilitate the collaboration processes; (3) shared understanding
regarding particular concepts;(4) a well elaborated communication etiquette; (5) a governance
founded on a shared role understanding; (6) a concrete community enlargement strategy for research
partners; (7)· policies that concern the joining and leaving of the community and access to resources.
The issue of language does not arise in the EGI since all participating countries use English as the
common language media.

10.Establishing Sustainable Virtual Research Communities in Africa: A
Conceptual Framework
Through the lessons learnt from EGI community and the OPAALS research, this study proposes a
conceptual framework for: (1) upgrading existing research networks to virtual research communities
and; (2) forming new virtual research communities. The proposed framework is summarized in
figure 7. As depicted by the framework VRCs ought to be established on a strong technology base
and supported by two key pillars namely a clear policy framework and funding strategy. The other
supporting factors contribute to the establishment and the survival of the VRCs in the long run.

Policy Framework

Policy Framework

Community building
and collaborations
process: Selecting
collaborating toolsVRE’s

Capacity building
Strategy: Community
Support Workshops,
training and awareness
raisning

Communication
etiquette:
Negotiate
communication
channels and
protocols
Virtual
research
community

Technical
Support
Services

Coordination:
establish
governance
structure

Community
enlargement
strategy

Provide
technical team
with new
requirements:

Funding strategy

define goals/purpose
and Identify audience:
leverage existing
networks/collaborations
(VOs)

A Firm Technology base through NRENs
Figure 7: framework for VRC adoption

The policy frame work is critical as a pillar since it defines rules of engagement within and across
VRCs. It addresses all the factors responsible for building and maintaining the VRC including
technology and the funding strategy. The funding strategy is vital particularly to sustain a quality
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infrastructure. A firm technology base is crucial to provide computational resources for virtual
experiments, simulations and a means of communication and collaboration as noted by Bos et al
(2008), the technical infrastructure has to be scalable enough to accommodate new technologies.
Uniformity in the infrastructure is recommended. NRENs are doing a good job to this end though
coordinating bodies like UbuntuNet. Having clear purpose and goal to guide the VRCs is important
as it defines the reason for the existence of the VRC. A clear purpose/goal will help members to
know why they are there, how they can contribute, and what they can expect from the community. A
purpose helps to define the target audience of the community. Establishing communication etiquette
upfront will help shape a culture of good interaction among members as noted by Preece (2000),
participation policies in online communities vary from tacit assumptions and rituals to formal
protocols, rules, and laws that guide people’s interactions. The governance structure defines the
decision making process in the virtual research community it also provides leadership and
moderation mechanisms which are critical to the success of online communities (Gray, 2004). Once
the structures and the rules of engagement are clear the process of building the community need be
established. Wenger et al. (2009) suggest that for a community to be successful there is need to offer
a variety of opportunities for sharing knowledge and resources, for collaborating, and for
networking. The process of building the VRC will entail the choice of a suitable VRE that is rich
enough to promote an effective social presence that will encourage members to become more
engaged. This is very important in the early stages of community formation. A key enabler for
knowledge sharing in online communities is usable community software (Ardichvili, 2008) thus
usability should be taken into consideration when selecting a VRE. Once formed the community
requires a clear strategy to retain members and expand it so as to remain afloat. To effectively utilize
the technology infrastructure there is need to put in place proper training and awareness raising
mechanisms. Survival of the VRCs is dependent on a well informed technical team to provide
required technical services by the VRC members. User requirements for systems evolve over time
and new ones emerge there is need to have a requirement gathering strategy that will help identify
new user requirements and integrate them in the technology infrastructure.

11.Conclusion
The benefits of research networking have started to become visible on the African continent with
collaborating countries generating a proportionate amount of intellectual property goods. However
the sustainability of the collaborations hangs in the balance as most of them have arisen as a result of
donor fund opportunities. It is likely that after the donors pull out these networks will collapse due to
lack of strong ties. There is need to strengthen the research network ties and this can be achieved by
applying a virtual research community adoption framework to transform the networks to research
communities. Already groups of researchers working collaboratively on specific areas exist and these
can be perceived as virtual organizations. NRENs are pulling resources together within and without
countries through deployment of cloud services. To move VOs to VRC level there is need to map
existing networks which constitute VOs and identify VREs that can support the VRCs.
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Abstract
We describe the experience of RNP, the Brazilian NREN, in creating advanced Internet services in
partnership with the national research community in networks and distributed systems, how this
model was later adopted with adaptations by the RedCLARA (Latin American regional network)
community, and also some successful results in both of these domains.
The RNP Working Groups programme was launched in 2002 with the objective of developing
collaborative projects between RNP and research groups, to demonstrate the feasibility of using new
network protocols, services and applications. The development teams are called Working Groups
(WGs), formed by a coordinator, who is usually a researcher in a public or private university or
research institution, and a team of assistants. RNP staff members follow closely the activities of the
WG. The WG concept has been adopted at RNP both for developing new end-user application
service, and also for introducing new technologies into core areas such as security services,
performance monitoring and dynamic provisioning of virtual circuit services, in order to accompany
international trends to add such advanced features to the service offerings of research networks.
The paper also describes related work in theRedCLARA community to coordinate development
activities carried out by Latin American NRENs, to establish working groups to study and propose
new services for RedCLARA.

Keywords
Collaborative development of network services, NREN services, advanced Internet, Brazil, Latin
America.

1. Introduction
We describe the experience of RNP, the Brazilian research and education network, in creating
advanced Internet services in partnership with the national research community, how this model was
later adopted by the RedCLARA (Latin American regional network) community, and also some
successful results in both of these domains.
Nowadays the big challenge to Internet Service Providers (ISPs) is create new services to be
competitive at low costs in a very aggressive market. NRENs have to participate in the ISP
marketplace and must offer advanced Internet services in order to differentiate themselves from
commercial ISPs. How should an NREN deal with this challenge?
The RNP Working Groups programme was launched in 2002 with the objective of developing
collaborative projects between RNP and national research groups, which demonstrate the feasibility
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of using new network protocols, services and applications. Projects are proposed by national research
groups, in response to an open call for proposals published annually by RNP. The groups responsible
for the selected proposals are called Working Groups (WG). Each WG designs and develops a pilot
service, which is later evaluated and, if approved, will in the end be made available to RNP users.
Each Working Group has a coordinator, who is usually a researcher in a public or private university
or research institution, aided by a team of assistants. One or more RNP staff members interact
closely with the activities of the WG. RNP client institutions also participate in these activities,
providing user requirements and feedback to RNP about the service in development.
The WG concept has also been adopted at RNP for introducing new technologies into core areas
such as security services, performance monitoring and dynamic provisioning of virtual circuit
services, in order to accompany international trends to add such advanced features to the service
offerings of research networks. At RNP such developments contribute to the Advanced Internet
programme. In these cases, the theme of the working group is decided by RNP. However there are
great similarities between these two manifestations of WGs. In both cases, research groups from the
academic research community are the engines for the development of technology for RNP.
Since 2005 RedCLARA community created a programme to coordinate activities carried out by
Latin America NRENs, to establish working groups to study and propose new services for
RedCLARA. A second objective of this programme is to promote similar levels of knowledge and a
similar portfolio of services in all NRENs connected to the RedCLARA network.
Some examples of services originated from WGs at RNP include: the Cafe Identity Federation,
Fone@RNP (Internet telephony), ICPEdu (a Public Key Infrastructure), Video@RNP (video
streaming), MonIPÊ(perfSonar performance measurement) and Cipó (dynamic circuit provisioning),
and at RedCLARA: PITVoIP (Internet telephony interchange) and eduroam.
The remainder of this paper is structured as follows. In section 2, we describe the Working Groups
Programme for developing new services and products at RNP, in response to open calls for proposals
from the research community, and we present the results of this programme over more thn 10 years
of operation. In section 3, we present the use of the Working Group concept for developing RNP’s
Advanced Internet programme. In section 4, we turn attention to similar activities in RedCLARA,
which have used the term Working Group in a slightly different sense. The conclusions are presented
in section 5.

2. The Working Groups Programme (WG-RNP)
2.1 Objectives and the research and development process
As the Brazilian NREN, RNP is responsible for promoting the development of networks in Brazil,
including the development of innovative applications and services, especially for the benefit of its
user organisations, comprised almost entirely by research institutes and universities. In the
departments of computer science, information technology and telecommunications of many of these
user organisations there are research groups in areas related to networks,engineering and distributed
systems (middleware).
As a way of promoting greater interaction between RNP activities and such research groups, and also
continuous innovation of RNP products and services, the RNP Working Groups Programme (WGRNP)was created in 2002 within the Research and Development directorate (DPD). WG-RNP aims
to develop collaborative projects that can demonstrate the feasibility of using new protocols, services
and network applications to meet the needs of users from educational and research institutions
connected to the RNP network. Since then, this initiative has attracted, through an annual call for
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proposals, the interest of research groups from all over Brazil, challenged to build innovative
applications and tools. The proposals are examined by a selection committee with external
representatives and the development teams for the selected proposals became Working Groups
(WGs) at RNP.
The WGs receive funding to carry out their R&D activities, always closely monitored by staff
members from DPD. This monitoring has proved to be an excellent way to promote interaction
between RNP and the development teams, providing guidance and facilitating the delivery of results.
Each WG is coordinated by a researcher in public or private institution, and his/her team of
assistants. RNP may appoint one or more of its staff to participate in WG activities. RNP partner
institutions (other universities or companies) may also participate in the activities.
The WG process is organised in three consecutive stages, described as follows.In the first stage,
which lasts 12 months, each group develops and demonstrates a working prototype of a new product
or service, which is then evaluated for its functionality and performance by a committee including
members of the committee responsible for its initial selection as a WG. Most of these WGs are
usually approved for progress to the following stage. Here, the WGs refine their prototypes in order
to implement a pilot to be tested out on a small group of RNP user organisations. At the end of the
second stage the results are again evaluated, and the team may then be funded for a third year,
known as the experimental phase. If the end result is a service, and the result of the experimental
phase is judged to be satisfactory, the service is deployed in production andbecame part of the RNP
service catalogue. If the end result is a product (a software or hardware artifact), it is made available
for use by RNP user organisations. Figure 1 shows the WG-RNP development process borrowing the
concept of the innovation funnel of Open Innovation, where not all the results are used by RNP and
some may exit the funnel to be used for developing new business models.

Figure 1 WG-RNP Programme research and developmentprocess.
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Each stage of a WG is a 12 month development project, financed by RNP, carried out by a small
development team and costing about US$ 85K. If progress towards the prototype after one year is
judged promising, renewal for a second year may be conceded, in order to demonstrate the feasibility
of a limited product/service (pilot). Starting in 2002, RNP has supported 72 instances of WGs,
currently at the rate of 8 per year (see Table 2). The successful demonstration of a pilot by the end of
the second year means that the resulting product or service becomes a candidate for an experimental
phase the following year, and the final decision to deploy a product or service experimentally will be
taken by the board of directors of RNP. Normally a successful experimental phasewill lead to a
production product or service. This life cycle is summarised in Table 1. The management of the
programme, including the monitoring of the working groups has been carried out by a small but very
effective team at RNP.

WG year 1
(Prototype)

WG year 2
(Pilot)

 selection through
 selected through
annual Call For
evaluation at end
Proposals
of year 1
involving research  4 projects from
community
2012 selected for
 4 projects selected
2013
from 21 proposals  WG develops and
received in 2012
demonstrates a
 WG develops and
pilot
demonstrates a
prototype

Experimental
Phase

Production

 selected through
evaluation of
impact, relevance
and financial
disponibility at end
of year 2
 2 experimental
services/profducts
in 2012
 deployment
normally carried
out by RNP staff

 Service/product
generally
available

Table 1: Life cycle of development and deployment of new services.

The partial results of the WGs are presented to the network research community during the RNP
Workshop (WRNP), held in conjunction with the Brazilian Symposium on Computer Networks and
Distributed Systems (SBRC) [SBRC, 2012] promoted by the Brazilian Computer Society (SBC)
[SBC, 2012]. In 2013, the 14th edition of WRNP will be held in Brasilia, –the national capital, on
May 06 and 07. WRNP has been held annually since 1999 and is an opportunity where network
experts, researchers and users are invited to discuss innovations in Brazilian and worldwide
academic networks.
Since 2002, several themes have been pursued in the WG-RNP, including: Internet telephony,
wireless networks,network performance, identity management, collaborative systems, distance
learningand others. The table in Table 2 shows the projects that have participated in this programme.
On September 27th, 2012, the WG-RNP selection committee, formed by representatives from RNP,
the Brazilian Computing Society (SBC) and the National Laboratory for Computer Networks
(LARC) [LARC 2012], selected four new proposals from the 21 received. The list of the selected
WGs for the 2012-2013 cycle of the WG-RNP is available (only in Portuguese) in the RNP website
[RNP WG Programme, 2012].
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Table 2 Historical view of the topics studied in 10 years of the WG-RNP Programme.
2002-3

2003-4

2004-5

2005-6

2006-7

2007-8

2008-9

2009-10

2010-11

2011-12

2012-13

VCG

Virtual Worlds

Torrent Universe
Monitoring (Unit)

UniT

Accessibility as a
Service (AAAS)

AAAS

Digital TV

Virtual museums
(MV)

MV

Mixed Reality (RM)

Multi-Web
conference
(MConf)

MConf

Interactive Video on
Demand

ReMesh

High-speed
transport
(Travel)

Travel

Federated
Authentication
Credentials
Transposition
(STCFed)

STCFed

My Scientific Cloud
(mc2)

mc2

FEB

Wifi AP Controller
(SciFi)

SciFi

High-speed
transport in
dynamic circuits

Virtual
Advanced VoIP Advanced VoIP Network storage Community Grid
(VCG)

VoIP
Digital Video
(VD)

VD-II

Vídeoconf.
in education

Configuration

Diretories in
Higher
Education.

Diretories and
Applications

Quality of
Service (QoS)

QoS-II
Public Key
Infrastructure for
Education
(ICP-Edu)
Peer to Peer
(P2P)

Reliable
Multicast

Digital TV

Wireless Mesh
Pervasive grids
network
(ReMesh)

Middleware

Remote
Visualization

Distance
Learning
Infrastructure
(IEAD)

IEAD

Federation of
repositories of
Learning
Objects (FEB)

Measurements
(MED)

MED

MED

Distance
Learning
(EDAD)

EDAD

ICP-Edu

ICP-Edu

Automatic
Recovery
Network Fault
(ADReF)

ADReF

Flow-based
Monitoring
(BackstreamDB)

P2P

Management of
Video (GV)

GV

Overlay Service
Network
(Overlay)

Overlay
Digital Media
and the Arts
(MDA)

Production
Service

Experimental
Phase

802.11s mesh with
Cloud for Science
Linked Open Data
high scalability
(CNC)

CNC

Video collaboration
in Health (AVCS)

AVCS

Information-centric
networks

DP

Internet of Things
ecosystem

Monitoring Video
Applications
(IMAV)

IMAV

BackstreamDB

Software
components for Digital Preservation
Social Interaction &
(DP)
Collective Intell.
MDA

University Bus
Network

Candidate for future
service/product
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2.2 Some results of the WG-RNP programme
Services at RNP are usually deployed and managed by the Solutions and Services directorate
(DSS), and over the years an increasing number of production services have been generated as a
result of the WG-RNP programme, as already indicated in Table 2. In this section, a number of
these services are briefly described.
2.2.1

Fone@RNP (Internet telephony)

One of the first services to be deployed as a result of the programme was Fone@RNP, which
offers Internet telephony to RNP users, routing phone calls between users by means of the Ipê
network. This service not only supports voice communication using a VoIP enabled phone
(hardware or software) via the Internet, but also integrates telephone switchboards at client
institution, making possible VoIP calls from regular POTS terminals. For client institutions, this
means potential savings in long-distance calls. Theservice can also support dial-out to the
(usually local) public telephone network, when the destination institution completesVoIP calls
and is prepared to absorb the calling fees involved. Fone@RNP uses the SIP protocol for call
signalling and can also support H.323. Currently, the service connects about one hundred and
twenty (120) institutions.
2.2.2

CAFe (Identity Federation)

In 2002, RNP established a WG on directories, in order to evaluate how this technology could be
used in the context of academic networks. From this initial study another WG evaluated the
challenge of organising academic information in one harmonised and integrated directory, in
order to support digital identity, and developed a set of tools to enable an institution to build a
trusted Identity Provider. In 2007, work began on deploying anidentity federation for R&E
institutions in Brazil. Through this federation, a user keeps all identity information at the home
institution and can access services offered by other institutions participating in the federation.
Thus was born the service called CAFe – Federated Academic Community. Since the service
was launched in 2011, it now includes thirty-four (34) Identity Providers and four (4) Service
Providers, including the Periodicals Portal administered by the CAPES education agency, which
provides access to an extensive digital library of scientific periodicals and databases for
postgraduate and research users [CAPES 2012].
2.2.3

Video@RNP (CDN)

Another successful example of building a platform for community education and research in the
through WG-RNP was the project WG-Digital Video. Beginning in 2002 from the need to build
a low-cost Content Delivery Network platform, this WG developed a system to distributed
content using a set of distributed servers as an overlay network, routing the content from the
source to the destination using application layermulticast. Associated with this system another
WG developed a digital video portal that allows storage and retrieval of content. This platform is
also used to perform live video transmission as well as the exchange of digital content between
university TV stations. Video@RNP service is available to all users of RNP [Video@RNP
2012].
Since 2010 RNP has launched three different production services as results of previous R&D
cycles as working groups. The following three subsections highlight three services with different
periods of maturation: with durations of six years, three years and one year, respectively.
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2.2.4

ICPEdu (PKI for Education)

ICPEdu (Public Key Infrastructure for Education and Research) is a production infrastructure
that enables a trust chain of security for Brazilian R&E institutions. Being part of ICPEdu
enables an institution to issue its own digital certificates and security keys,used as identity
credentials or for issuing electronic signatures.
A remarkable milestone of the ICPEdu initiative was the adoption of its Hardware Security
Module (HSM)for use as the official HSM in the Brazilian government’s own PKI
(ICPBrasil).Today the HSM developed by RNP has been certified internationally. The two PKIs,
ICPEdu and ICPBrasil, complement each other:ICPEdu has been developed by RNP with the
collaboration of R&D institutions, and ICPBrasil is used by organisations that require legal
compliance and validity of their digital certificates.
The current ICPEdu production service is a consequence of thecombination of several R&D
results generated during a exceptionally long development cycle conducted by RNP with the
collaboration of researchers from UFSC, Unicamp, UFMG, UFF and LNCC. The mainstream
R&D was funded between 2003 and 2009,after which RNP provided training and guidance on
ICPEdu adoption to more than 25 different R&E institutions from all over the country.
Governance of the service is provided through a Steering Committee, that deals with policy and
clientrequirements,and a Technical Committee, that coordinates long-term technology
prospection and the Identity and Access Management (IAM) scientific community. Both
committees are maintained by RNP and include staff from both the service and R&D sectors of
RNP.
2.2.5

Videoaula@RNP

Videoaula@RNP provides an infrastructure to store and distribute interactive audio and video
content in the format of a video class using storage and communications infrastructure provided
by RNP in partnership with some PoPs (Points of Presence) distributed across the national
backbone network.
A video classuses a container and aggregator format, based on Flash technology, originally
created as a prototype of the earlier EDAD (Distance Education) working group in 2007. Its
main component is video, synchronized together with slides and some other components, that
may offer asynchronous interactions between professor and student during the course of a video
class. The EDAD project also developed a publishing tool that allows content providers to
upload their video classes to the service by putting together the different components from which
it is formed.
During its WG phase, EDAD evolved as a pilot project involving some RNP partners (UFRJ,
CEDERJ and UFJF) in 2009. Later, in 2010, EDAD had its was deployed as an experimental
service with the collaboration of a larger number of RNP clients (IFES, UTFPR, UFPR, UFVJM,
UFJF, UFAM, MAST, among others).
Finally, in July 2011 EDAD was transitioned to a production RNP service, renamed as
Videoaula@RNP.
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2.2.6

eduroam

The main goal of eduroam (Education Roaming) is to support a secure authentication service for
providing transparent and easy wireless access for academic users from any of the participating
institutions, even when they are visiting other collaborating institutions.
Between June 2011 and June 2012 RNP funded and managed a pilot project to setup eduroam
infrastructure, governance and an experimental service in Brazil. Several Brazilian institutions
(UFF, UFRJ, UFMS, UNICAMP, UFES, UFMG, UFRGS, UFPA, among others) collaborated
with RedCLARA-connected institutions from Peru, Chile, Costa Rica e Venezuela and with RNP
to define, setup, deliver and test eduroam security wireless technology.
The results of this R&D project were transferred to RNP’s portfolio and were launched as a
production service in August 2012.
2.2.7

MonIPÊ – perfSONAR multidomain end-to-end performance measurement

The MonIPÊ Service is the infrastructure for multidomain end-to-end monitoring deployed in
RNP’sIpêbackbone network, based on the perfSONAR ("Performance focused Service Oriented
Network monitoring ARchitecture") framework [perfSONAR 2012]. The MonIPÊ service offers
to RNP users a monitoring environment of network performance metrics that are collected,
processed and offered for user consumption by way of web-based tools that present performance
statistics and reports on demand. Any qualified user organization connected to any of the PoPs or
metropolitan networks can become a user of the service. The multidomain nature of the service
also allows use by end users from other NRENs, to request network performance information for
traffic that terminates in or passes through the RNP domain.
In the past many tools have been created to perform measurements in IP networks, but these
have usually focused on certain metrics. perfSONAR aims to bring together information in order
to provide a complete picture of a network.
The variability of network monitoring is an issue particularly in multi-domain environments. For
example, in the collaboration of research backbone networks, perfSONAR targets to hide the
differences among the domains to provide an end-to-end view (or at least an edge-to-edge view).
For instance, a researcher connected to a local area network (LAN) on a campus would like to
transfer data to another researcher connected to a LAN in another country. The connection
between these two usually makes use of both LANs, perhaps regional networks, national
research backbone networks, and international research networks, so that a lot of
administratively independent domains are involved. In case of a performance problem (e.g. low
throughput on the connection) it is difficult for the researchers to determine precisely where the
problem may be located in the network (assuming that it is not an application issue). perfSONAR
aims to collect information from the domains involved.
MonIPÊ aims to support the following user groups:




Network end users
Participants in such international projects as the Large Hadron Collider (LHC), Enabling
Grids for E-sciencE (EGEE), or Distributed European Infrastructure for Supercomputing
Applications (DEISA)
Members of Network Operation Centres (NOCs) and Performance Enhancement and
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Response Teams (PERTs)
 Administrative network staff
The MonIPÊ service infrastructure was deployed across all RNP backbone PoPs starting in 2008,
when the project distributed a hardware set containing a GPS synchronization hardware kit and
two servers for active measurements and data collection.
MonIPÊ is capable of offering a large set of monitoring data, including:




one way and round-trip latency, jitter and packet loss (using the OWAMP, ping and
powstream tools)
end-to-end achievable bandwidth for TCP and UDP
end-to-end Monitoring Measurement Point and Measurement Archive (E2EMon MP and
MA). These services collect data for multi-domain circuits which are composed out of
segments. For the segment an abstract status with the values up and down is determined
from hardware vendor-specific information. The status data are composed to derive endto-end status data.

3. RNP Advanced Internet Programme
This programme was established in 2008, firstly to carry out prospection, together with RNP's
more demanding users,of new services, especially those to be used in their international
collaborations, and also track the evolution of the service offerings of international academic
networks, to ensure that the RNP services offer similar degrees of innovation to those offered in
other countries. The results of this programme serve as a basis for the planning of the next
generations of the RNP network.
This programme takes a different approach to WG-RNP, and consists of collaboration projects
with research groups in specific themes selected by RNP, as a result of the prospection
activities.Initially the programme was named "Future RNP",however, in 2011, it was renamed
“Advanced Internet”.
The scope of the Advanced Internet Programme in 2012 includes four areas: user communities
and their application demands; network architecture and technologies; user applications support
(Middleware); and advanced applications. This separation reflects the relationship between the
results generated by projects each theme, of which there were several in 2011, from which we
can highlight:






Advanced Applications for Remote Visualisation
Dynamic Circuit Provisioning
Monitoring Technical Committee (CT-Mon)
Education Roaming (eduroambr)
Identity Management Technical Committee (CT-GId)

3.1 Advanced Applications for Remote Visualisation
In July 2009 RNP provided network support for a unprecedented demonstration at the FILE
(Electronic Language International Festival) event, where a 4K feature film was simultaneously
streamed from Brazil to the US and Japan [FILE 2009]. This was also accompanied by an HD
video-teleconference (VTC) between the three sites. This was the first time a feature length 4K
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film was streamed across three continents and the first uncompressed HD VTC between the
northern and southern hemispheres.
Since then RNP has continued to participate in and promote demonstrations related to streaming
very-high-definition content over networks. However, working with such a high-resolution
media requires the usage of specialized equipment, which, until recently, were not available for
the consumer market. Even today, only a few companies are able to manufacture 4K projectors
and players. Usually such equipment is very expensive and unavailable in developing markets
like Brazil.
In addition to high prices of equipment, shipping costs and import taxes in Brazil add to the
costs, doubling the price. This has led RNP to foster the development of a national technology
for 4K equipment. To do so, a new programme called "Advanced Applications for Remote
Visualization" was created in 2011 [VRAA 2012]. Three Working Groups were funded to
develop three complementary parts of a 4K-chain: WG1 (player and streamer), WG2 (exhibition
and collaboration) and WG3-(content production).
The WG1 was in charge of developing a low-cost 4K player and streamer, using consumer-based
equipments available in the market. WG2 had the mission to figure out other ways of displaying
4K content other then using projectors. This WG based their solution on tiled display walls
controlled by the SAGE middleware [SAGE 2012]. WG3 provided the last piece of the chain: a
very-high-resolution content to be streamed and displayed.
As a CineGrid member [CineGrid 2012], RNP could have borrowed some 4K content from the
CineGrid media repository in order to perform tests with our new 4K playerprototype. However,
it was decided to create our own content by producing and shooting a short 4K-3D movie.
Named "StereoEssays: Five or six stereoscopic essays in search of a narrative" [StereoEssays
2011], this 15-minutes movie was the first of its genre in Brazil. It was shot in Rio de Janeiro
using the latest RED Epic camera, rented from a company in Los Angeles. In addition to its use
to test the 4K player prototyped by WG1, the StereoEssays movie was invited to participate in
several exhibitions and film festivals worldwide.
In 2012 and 2013 the Remote Visualization working groups will continue to work on enhancing
the prototypes created in 2011. In particular, for what concerns WP1, the "low-cost" 4K player,
known as “Fogo”, is being prepared to go into production by equipping a dozen movie theatres
maintained by universities. Several experiments still need to be carried out, but we are confident
that this technology has the potential to be used in other world regions.
3.2 Network Architecture and Technology
In 2011 the deployment began of an experimental service for Dynamic Circuit Provisioning. This
activity would culminate in the launch of the Cipó Experimental Service (SE-Cipó) over the
RNP backbone, reaching 15 user institutions – including Points of Presence, metropolitan
networks, regional and campus networks. Five R&D groups from universities and research
centres participated in this project, in addition to the participating PoPs, which provided
collaboration support.
During the GLIF workshop held in Rio de Janeiro in September 2011, the SE-Cipó team carried
out a demonstration of dynamic circuit configuration between universities in Brazil and in the
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United States. A number of management, provisioning and monitoring tools, some of them
already available and some developed by the project team, were used in this demonstration.
Most of the planned results have so far been successfully achieved. A number of issues in the
documentation and the refinement of the software systems as well as with the operational
procedureswere identified and fixed. SE-Cipó has been deployed in five PoPs (Pará,Santa
Catarina, Rio Grande do Sul, São Paulo and Rio de Janeiro) and also in the metropolitan network
of Florianópolis, SC. Besides that, the service interoperated with the corresponding ION service
of Internet2 network in the US, and two of their user organizations participated in the
demonstrations. In 2012, SE-Cipó was extended to include three more PoPs (Espírito Santo,
Bahia and Ceará), four universities (UFPA, UFSC, UFRGS and USP) and also the MetroBel
metropolitan network at Belém, PA. Other activities to be developed will be the planning for the
production service model of operation and the handover to the internal areas of RNP that will be
responsible for the deployment and operation of the production service, as well as the marketing
and dissemination for end users.
In October 2012, SE-Cipó was also used in another international demonstration during the GENI
Engineering Conference (GEC15), connecting Emulab sites at the Universities of São Paulo and
of Utah, in Salt Lake City.
3.3 Support of User Applications
The main areas of interest are Identity Management and Monitoring. The first is due to
RNP’sinvolvement in the development of trust federations and digital certification, and the latter
due to involvement in the development and use of the perfSONAR framework.
Two Technical Committees were created, respectively,for Network Monitoring (CT-Mon) and
Identity Management (CT-GId), to follow further advances in the development of these
middlewares, and to ensure that RNP will be tracking developing standards being adopted by
other NRENs,guaranteeing that the services will interoperate at a global level.
CT-Mon has the objective of following and collaborating with the evolution of the perfSONAR
platform, to support RNP in the technological evolution of the Interdomain Monitoring Service
MonIPÊ deployed in the backbone.In addition, CT-Mon collaborates with the international effort
to standardise and develop this environment, through the prospection of networks monitoring
technologies and the alignment of Brazilian efforts with other international actors.

4. RedCLARA Working Groups Programme
In 2005, the RedCLARA technical community created a Working Groups (WGs) programme,
aimed at the exchange of knowledge between the participating networks, encouraging
collaborative R&D within the community and thecoordination and/or integration of ongoing
activities. Several challenges were encountered in building this collaboration, due toseveral
differences between the different national networks in the RedCLARA community, such as their
size and national penetration, number of institutions served, legislation (for instance, concerning
VoIP), culture, and network management development. Despite these difficulties, the result of
this work has been very positive.
The goal of these groups in the early years was limited to coordinating the discussion of
important issues in building academic networks in each country, where the more experienced
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networks assisted those with less experience in the creationof their services. Groups were created
on the following topics:Measurements, Routing, Security, IPv6, Multicast, VoIP and
Videoconferencing.
It is important to observe that all this work was done collaboratively, without any funding,except
for travel assistance from the ALICE and ALICE2 projectsto enable the participation of the WG
coordinators at twice yearly RedCLARA technical meetings. All collaborative work is carried
out through electronic mailing lists, wikis and Webconference.
In 2009, RedCLARA published a call for proposals, inviting researchers to collaborate with this
programme. The idea was to advance by introducing new services for the RedCLARA NRENs.
The groups established are listed in Table 3.
Table 3: RedCLARA working groups 2009-2011
Working Group
WG IPTV
WG Videoconference
WG eduroam
WG Security
WG Measurements
WG IPv6 services
WG Hybrid Networks
WG VoIP
WG Training

Coordinator
RENATA (Colombia)
RAAP (Peru)
RAAP (Peru)
RNP (Brazil)
RNP (Brazil)
CUDI (Mexico)
CUDI (Mexico)
RNP (Brazil)
RedCLARA

Table 4: New RedCLARA working groups selected in 2011
WG name
WG-SCIFI - Intelligent control
system wireless networks
GT- PIT VOIP | Internet
Exchange Point Voice over IP

GT-MOF | Mobility with
OpenFlow

GT - Measurements
GT - MCONF| Multiconference
system for the interoperable
access to Web and mobile
devices
GT-IPTV

GT-DEIM-IPV6

Objective
To develop an open platform for centralized
control of access points.
Modeling and implementing a traffic exchange
point of VoIP in RedCLARA through the
interconnection of the telephone networks of the
NRENs.
To promote research and development of a
solution capable of providing mobility to Wi-Fi
network users using technologies such as
Wireless OpenFlow and IPv6
Development of a monitoring infrastructure based
on perfSONAR
To provide a web conferencing system easy to
use, that integrates with mobile devices through
the creation of an application for Android and the
development of an integrated management system
on the web.
Implement and produce in the NRENs an IPTV
transmission platform that allows IPTV to provide
a multichannel IP-TV through RedCLARA with
multicast and IPv6 support.
and implementation of activities - projects that
enable the design, planning and finally the
establishment and implementation of IPv6 in the
network segments that are referred to RedCLARA

Coordinator
RNP/UFF (Brazil)
RNP (Brazil)

RNP/UFRGS (Brazil)

RNP/UFPE (Brazil)
RNP/UFRGS (Brazil)

RENATA/Unicauca
(Colombia)

CUDI/UNAM (Mexico)

Page 50

GT-CSIRT | Computer Security
Incident Response Team

GT-Movilidad | Mobility

services and applications, and also of the member
NRENs.
To implement a monitoring infrastructure for
RedCLARA with sensors to obtain data about
malicious activity and with this information
generate notifications of security incidents.
Promote agile and coordinated security incident
response. Create and disseminate security best
practices, focused on academic environments.
Apply middleware and mobile networks
technologies and to provide roaming services in
RedCLARA secure architectures.

RNP (Brazil)

RAAP/ INICTEL-UNI
(Peru)

As positive results of this cycle we can mention:
1. the creation of the service SIVIC Multiconference, the first service implemented by
RedCLARA in collaboration with Latin American NRENs, which provides a system to
organise multipoint videoconferences in different countries, allowing all participants to book
their own videoconference rooms in the region;
2. the WG Measurement created a pilot measurement network using perfSONAR among some
Latin American NRENs and GEANT;
3. RedCLARA now belongs to the eduroam community based on the work of the WG
Eduroam/Mobility;
4. the pilot service PIT-VOIP provides peering between VoIP networks;
5. the expansion of IPv6 services in Latin American academic networks was accomplished
through the dissemination carried out by WG IPv6.
In 2011 another call for proposals was published, and new groups were selected (see Table
4),even though some of the new groups are continuing the development of work begun in the
previous one.
These choice of these new working groups has demonstrated the maturity of the community in
the search for new services and advanced applications to offer their users through this
collaboration.We are closing a cycle of reviews in November, 2012, during the next semiannual
meeting of RedCLARA in Cuenca, Ecuador.

5. Conclusions
The motivation for the work described here has always been to improve the service offerings
provided by RNP, by capitalising on the capacity of the national network and distributed systems
research community to develop innovative solutions. Many of these have been motivated by the
desire to interoperate with new services and models continually introduced in leading R&E
networks throughout the world, and it is a tribute to our development teams that such
interoperation has greatly increased in recent years.
The situation is somewhat different within the RedCLARA community, as most of the
participating NRENs have neither the scale nor the human resources of their Brazilian
counterpart. This situation may explain the extensive involvement of RNP and its associated
researchers from academia in RedCLARA’s technical development.
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Perhaps the major message here is that RNP’s initiative of promoting local development of
Internet services has value, not only for Brazil, but also for R&E networks in other countries,
both in providing an example of what can be achieved, but also cooperating with such networks
in Latin America to contribute to their development.
This article has attempted to describe the results of close collaboration between the the Brazilian
NREN, RNP, and the network and distributed systems research community in Brazil, in the joint
development of advanced Internet services. This collaboration has a long history – several of the
community members involved in the recent development activities described here were already
actively involved in the deployment of the first academic networks in Brazil between 1988 and
1992. However, it must also be recognised that new generations of computer science researchers
continue to be drawn to the challenges of computer networking and its applications, and that is
also the case in Brazil, where most of the proposals received by RNP for new services now come
from younger generation scientists. This is indeed a good reason to be optimistic about the
future.
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Abstract
Starting in July 2012 the University of the Free State embarked on a topological network
redesign and implementation. This was in order to rectify performance issues on the network,
and to facilitate the deployment of technologies such as IPv6 and Multicast. The redesign also
had to cater for large scale innovation as well as network scalability. Once the planning had
been done, the implementation of the new design was performed over a period of 3 weeks, with
zero downtime to any member of staff or faculty. Today, to our knowledge, the university is
now the largest destination of IPv6 sourced content on the continent with significant percentages
of their traffic running over IPv6.
The paper explores the design process and the implementation process, as well as look at the
benefits gained from the implementation now that it is complete. It explores the benefits behind
some of the technologies that are now useable on the campus, with an emphasis on the multicast
deployments done in conjunction with TENET.

Keywords
IPV6,campus networks,multicast deployment,network design

1. Introduction
The University of the Free State has a large campus wide network, spanning approximately 160
buildings, and comprising of approximately 19000 wired network ports, 450+ CCTV Cameras,
500+ Switches and in excess of 400 wireless access points. At the start of the project described
in this paper, this network was a single flat network utilizing a single /16 worth of IPv4 address
space, in a single massive broadcast domain.
The single broadcast domain was causing significant issues, both in terms of stability and
performance of the network. This paper looks at the process whereby the network was
redesigned and subsequently redeployed to a more structured architecture. We will explore the
motivation behind each of the choices made during this process, and look at the issues
experienced during the course of the project.
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2. The Original Network:
As stated in the introduction, the network was originally flat with no segmentation. This meant
that there was no routing protocol in use on the network, no VLAN segmentation and no true IP
allocation planning. Because of the flat nature of the network, and the single large broadcast
domain, issues were being seen with overloaded ARP tables, regular broadcast storms and
excessive CPU utilization on the switching infrastructure. In addition, again due to the lack of
segmentation, spanning tree and topology loop issues were being experienced.
Apart from the stability and performance issues, the flat topology also limited what technologies
could be efficiently deployed on the network, and in order to properly deploy technologies
including, but not limited to, IPv6, Multicast and QoS, it was imperative that the network be
redesigned.

3. Project planning:
As with any project of this size and scope, it was critical to first define a set of objectives, and to
be clear on the intended outcomes of the project. This was important both for the design phase
and for a post implementation evaluation of the success of the project. Once the objectives were
clearly defined, as discussed later in this paper, a design was drawn up and analyzed for
prerequisites. When looking at the implementation prerequisites, we analyzed the following
things:
a) Was the hardware currently in place capable of performing the desired functions
b) Was the software utilized by routers/switches covered by sufficient licenses to enable the
necessary features
c) What were the time frames needed for implementation, and how would these affect the
users of the network during the implementation period
d) Did we have sufficient address space to cater for the new design
Once we had looked at each of these aspects, it was possible to rectify the areas where
prerequisites were not met, and then plan the implementation process in more detail.
The project planning phase was also divided into phases, since certain pre-implementation
project planning could only be done once other prerequisites highlighted by the first stage of
planning had been met. This was particularly relevant with regards to the detailed IP address
planning for the new design, which will be discussed further down in this paper.
Only once the planning had been completed did we proceed to the implementation phase, and it
was due to the careful planning done that the project was implemented in such a successful
manner with minimal disruption to the campus user base.

4. Design Objectives:
The design of the network was created to meet specific criteria, and while some of these criteria
were fairly generic, knowing exactly what the objectives of the design were helped to ensure an
optimized work flow in the design phase.
We used the following list of objectives as our design criteria:
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a) The design had to scale as the network grew, both in terms of traffic and in terms of the
number of edge devices connected to the network.
b) The design had to cater for IPv6, and this was intricately linked to scalability. It was
acknowledged by the design team that with the global depletion of IPv4 space, in order to
create a truly scalable network, it was critical to ensure that the design did not rely on IPv4.
c) The design had to cater for multicast. While multicast is still not commonly used on the
commodity internet, there is heavy use of it in the academic sector for academic video
content distribution. In addition, after conversations with commodity video content
providers, it was clear that multicast on campus would be advantageous.
d) The design had to cater for VoIP. This included ensuring that in the scenario where the
campus chose to outsource or virtualize their PABX, the design would allow for this. It also
meant that the ability to implement QoS where necessary had to be in place.
e) The design had to be flexible enough to support innovation and research, while at the same
time being structured enough to be stable and easy to maintain.
f) The design had to eliminate the use of network address translation. This decision was taken
due to the complexity involved in the concurrent use of network address translation and other
technologies described in the rest of the design criteria. The elimination of NAT was also
prompted by an analysis of security issues created by such translation.

5. The chosen design
Having looked at the objectives described above, the following decisions were taken:
a.) The network would be built on service provider principles, rather than standard LAN
network architecture principles. This was motivated by the fact that service provider
networks are typically more robust and more flexible than networks designed using LAN
architecture principles.
b.) The network would be a three layer network, consisting of a core, a distribution and an edge
layer. In addition, where necessary, there would be an additional L2 aggregation layer, this
additional layer would decrease the number of required distribution points and hence the
costs involved.
c.) OSPF was chosen as the underlying IGP for loopback distribution purposes. OSPF was
second prize for the design team, with IS-IS being the protocol of preference, however, due
to limitations in deployed network hardware, OSPF was found to be the only option.
d.) It was decided that OSPF would only carry loopback addresses and point to point addressing.
All other routing would be carried via BGP. The choice to use BGP was to allow for
scalability and flexibility. It also opened the option for more delayed analysis of traffic on
the network when using Netflow/IPFIX/SFlow.
e.) OSPFv3 was the protocol chosen for all IPv6 routing. Ideally, the design team would have
preferred to deploy the IPv6 in the same way the IPv4 was to be deployed, however due to
lack of support for IPv6 in BGP on the currently deployed hardware, this was not possible.
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f.) A decision was taken to ensure that no VLAN’s spanned between distributions. This was to
both keep broadcast domains small and manageable, and also to reduce the possibility of
potential topology loops. The functionality for point-to-point links between segments
separated by the distribution/core layer was also catered for in the future MPLS deployment.
g.) While ideally MSDP would have been utilized on the network for multicast session
distribution, the deployed hardware did not support this, hence all multicast in the design is
purely routed utilizing PIM (Sparse-Mode). It should be noted that there are plans to
implement MSDP once the core/distribution layer are upgraded.

6. Prerequisite planning phase
Once the design was completed, a full analysis of the prerequisites was done. (It should be noted
that during this phase, the design was modified when it became clear that certain prerequisites
could not be met, and this was particularly relevant with regards to the choice IGP and the
methods used to route IPv6 traffic).
In order to implement the proposed design, the following things were discovered and rectified
during this phase:
a) The core and distribution switches required license upgrades to enable the necessary routing
support. This caused a fairly lengthy delay in the project due to the vendor taking an
excessively long time to deliver the required licenses.
b) Further IPv4 address space had to be applied for in order to make implementation possible.
It was also clear that the already existent legacy /16 would be vastly insufficient for any of
the planned network expansion beyond this project, so such an application was also justified
in this manner.
As stated above, the decision to apply for further IPv4 space was, among other things, prompted
by the fact that implementation without additional IPv4 space would have been impractical. This
was due to the fact that in order to segment the network, there were two choices. Either it would
be necessary to insert more specific routes on each edge device for each newly segmented
segment of the network as we proceeded, or a renumbering process had to take place. Because
the network was flat post implementation, every device had the same /16 subnet mask. This
meant that the moment we segmented any area of the network without renumbering, the two
segments would be unable to communicate, as anything with the /16 subnet mask would assume
that the new segment was still “directly connected”, and routing would not take place. Since the
cyclic insertion of more specific routes across thousands of edge devices was considered
impractical in the extreme, the only real option left was to renumber to a completely separate
block of IP space divorced from the already implemented legacy /16 space.
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7. Detailed design phase:
Once the processes necessary to meet the prerequisites were in play, the detailed design planning
could commence. This was to take the high level design already discussed above, and turn it into
a concrete implementation plan. In order to achieve this, the following steps were performed:
a) Thirteen network distribution points were identified
b) A detailed VLAN planning exercise was performed
c) A detailed IP planning exercise was performed
The VLAN planning exercise was done in such a manner as to devise a VLAN plan that could be
duplicated across the distributions in a uniform fashion. To this end it was decided that each
building on the campus would be segmented into 6 distinct VLAN’s. This divided the networks
in each building into the following segments:
a) Wired ports
b) Wireless access
c) Access Control Systems
d) Building Management Systems
e) VoIP segments
f) CCTV systems
Once the VLAN planning exercise had been concluded, we were able to determine the exact
number of VLAN’s per distribution and the required total address space per each segment for
each distribution. This allowed us to allocate 6 supernet blocks to each distribution.
The supernet’s were then further broken down into subnet’s for each VLAN on each distribution.
The IP planning was all documented using opensource software known as IP Plan. The software
allowed us to easily track allocations as we went along.
Due to the number of VLAN’s and as a result, the number of subnet’s, the decision was taken to
only route the supernet’s beyond the distributions. The reachability of the subnet’s was taken
care of through the more specific connected routes on each distribution point.

8. The Implementation phase:
Since the network was flat pre-implementation, and everything was effectively in VLAN 1
which was spanned everywhere on the network, this was left untouched. Any changes to VLAN
1 on the network during the implementation phase would have resulted in downtime that we
wanted to avoid.
We created a series of point-to-point VLAN’s between the core and the various distributions, and
trunked those along with VLAN 1 between the core and the distributions. Then, on each pointto-point, we assigned a /30 IPv4 subnet and a /126 IPv6 subnet. We then created the various
building VLAN’s on each distribution point, and assigned the correct IPv4 and IPv6 space to
each VLAN. Again, we left all edge devices in VLAN 1 at this point, meaning the production
traffic was still live and untouched.
Page 58

Once the building VLAN’s had been created on the distributions, we enabled the OSPF, OSPFv3
and BGP between the core and the distribution layer, and ensured and the supernet routing to
each distribution layer was in place and functioning correctly. We also enabled PIM routing to
the distributions at this point.
The DHCP scopes for each building VLAN were created during this phase as well. We also
ensured that the DHCP relays were setup correctly on each distribution.
Since DHCPv6 has limited support, we chose to us RA(EUI-64) for IPv6 address assignment.
Once all of this had been verified, the building VLAN’s created on the distribution were trunked
down to the correct edge switches, again, still leaving VLAN 1 in place so as to not affect live
traffic.
Once all of this had been completed, a series of commands was issued to each edge switch to tag
the edge ports into the correct building VLAN’s and out of VLAN 1, directly followed by a
command to disable and then re-enable the ports that had just been retagged. The action of
disabling and re-enabling the ports forced the edge devices to request new DHCP leases inside
their new VLAN’s. This gave them the correct addresses against the already defined DHCP
scopes. As a result, the clients experienced 30 seconds or less of downtime during this process.
After ensuring that the edge devices were getting correct IPv4 and IPv6 addresses, and that the
edge devices still had correctly functioning access, technicians were dispatched to each
renumbered building to sort out devices (mainly printers) that did not utilize DHCP and required
static addressing. As each device that required static numbering was renumbered, the device was
moved into the correct VLAN.
At this point, the network was fully functional, segmented, and the IPv4 and IPv6 connectivity
had been verified. The next step was to enable IPv6 on the proxy and DNS servers. This was
done by simply adding the addresses to the servers, and then adding Quad-A DNS entries for
each server, in addition to their A records.

9. The End Result:
The redesign and redeployment of the network caused the CPU load on the switching
infrastructure to drop from an average 90% utilization to an average 3% utilization. We attribute
this largely to a far lower number of broadcast storms, and far smaller ARP tables on each
switch. The smaller ARP tables prevented a huge amount of ARP churn on the switches caused
by ARP table overflow.
Traffic throughput on the network increased by around 70%, and this was largely thanks to the
elimination of hundreds of thousands of broadcast packets flowing network wide.
The most surprising change we noticed however was the massive and noticeable move of
Internet traffic from IPv4 to IPv6. Approximately 60% of all Internet traffic switched to IPv6
within 90 minutes of the proxy servers being IPv6 enabled and the relevant Quad-A records
being inserted. The 60% figure was far higher than originally anticipated, however since the
network design was created in such a way that IPv4 and IPv6 are treated exactly equally, this
swing did not cause any significant problems.

10.Project costing / timing.
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The project was completed over a five-week timespan. The first three weeks were devoted to
planning, which was the most time intensive section of the project.
Since during the planning phase it was determined that we did not need to do any hardware
replacement, the costs on this project were kept low. It was however necessary to purchase
upgraded software licenses for the core and distribution equipment. These license’s we
necessary to enable Layer 3 routing (OSPF/OSPFv3/BGP).
The total cost of the project inclusive of the software licenses, consultant costs and other
miscellaneous costs amounted to approximately $50,000.00 (USD)
As a fun fact, approximately 1% of the project budget was spent on redbull and pizza to keep the
engineers going over the long nights as we implemented!

11.Next Steps / Where to from here.
On the hardware layer, a full core and distribution replacement is planned for Q1 2013. The new
core will be comprised of two routers, running in a virtual chassis mode, with 2 x 100G circuits
connecting them together. The new distribution layer will be comprised of 13 MPLS enabled L3
switches. Each distribution will have two 10G circuits back to the core, with one circuit into
each physical core device. The two 10G circuits between each distribution and the core will be
running LACP to form a 20gig trunk per distribution.
The purpose of the 20gig LACP trunking is to reduce the oversubscription between the core and
distribution layer. This design is also flexible enough to allow us to expand the capacity to any
distribution simply by extending the LACP trunks to include additional 10G circuits.
In addition to this, we will be implementing full BGP into the core, and then a limited table down
to the distribution layer. This will allow for full NetFlow analysis of traffic flowing through the
core. In addition, the implementation of full table BGP into the core and the border routers will
allow for easier multi-homing and more flexibility.
In January, once the core and distribution replacement is completed, the network will also be
MPLS enabled across the core and distribution layers. The purpose of implementing MPLS is to
allow for EoMPLS between the distributions and to allow for technologies such as MPLS-TE for
specific traffic pathing.
The multicast network, which we believe is critical too much of what we wish to accomplish on
the campus network, is not nearly as robust as it could be. Because of lack of support in the
current core/distribution hardware we cannot implement a full SSM or MSDP style rollout. This
will be changed in January after the core/distribution replacement when we will do a full MSDP
rollout.

12.Lessons Learnt.
Restructuring a network for IPv6, multicast and flexibility does not require anywhere near the
downtime or the finances most people expect. It can be done cheaply, effectively and with
minimal downtime. However, to achieve this, it is critical to have a vision of where exactly the
network needs to go. In addition to this, planning is critical, it is necessary to know exactly what
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is currently deployed and how the migration from the one network scenario to the other is going
to be achieved.
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Abstract
As National Research and Education Networks (NRENs) begin to deploy their own fibre
networks, network and data reliability and security are important considerations. Whether a
network is comprised buried or aerial fibre, damage to fibre plant can wreak havoc to a network.
Tapping a fibre-optic cable without being detected, and making sense of the information
collected, is not trivial but has certainly been done by intelligence agencies, in the past. Today, it
is well within the range of a well-funded hacker. Carriers have a multitude of experience with
fibre network outages that the research & education community can learn from. With respect to
data security, some enterprises are considering using encryption over all network connections
where the physical security of access to the network cannot be guaranteed.This paper examines
different levels of network protection and data encryption to meet different organizational
requirements and budgets.
Obligatory Abstract Elements:
Purpose – By writing this paper, I hope to provide emerging NRENs with information on how to
implement a private fiber network that is both reliable and secure. evaluate business case
parameters and practical experience findings involved in making a decision on migrating from
using carrier based bandwidth services to building, operating and maintaining a private fiber
network.
Design – I plan to provide information that has been collected from personal research and
developed from personal professional experience as well as data gathered from being part of the
research and education community for over ten years, both as a member and as a vendor serving
the community.
Findings – It is my intention to provide emerging NRENs with a beginner’s cookbook for
developing a reliable and secure private fiber network for research and education.
Value – This paper should provide emerging NRENs with a “lessons learned” document to refer
to when implementing a private fiber network.

Keywords
Fiber Optic Network Reliability, Network Security
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1. Background
1.1 Causes of Fibre Cuts (Lawler, 2011)
The most common cause of fibre cuts come from construction companies and excavators that
don’t call before they dig.
Squirrel chews accounted for a whopping 17% Level 3’s damages of so far this year. That it is
down from 28% just last year and it continues to decrease since they added cable guards to their
plant.
The next biggest offender would have to be Mother Nature and her extreme weather conditionshurricanes, mud slides and ice storms.
Vehicle damage such as cars running into telephone poles and truckers underestimating the
height of their rigs is another cause of fibre damage.
Phone cables and electrical cables on the same pole can contribute to a fibre outage. A dust
storm blew down a pole; stress on the cable pulled down more poles, until 19 poles were lying
on the ground.
Vandalism accounts for 7% of Level 3’s annual outages. People using fibre cable for gun
practice.
A small plane overshot the runway and clipped a pole that fibre was attached.
Ice storm caused limbs fall onto the electric utility primary power which crossed into the
communications space.The cable caught on fire in multiple places while suspended in the air and
surrounded by ice covered limbs
During the clean-up efforts after hurricane Katrina, one of Level 3’s field managers was about 2
miles inland when he spotted a three foot long shark in one of the trenches beside their fibre.
A landowner unhappy over a right-of-way dispute dug a 2 ft. by 10 ft. trench and cut the fibre
and ducts; when field techs got on scene, the landowner was waiting on them with his 12 gauge
shotgun.
1.2 Fibre Optic Network – Data Vulnerability(Miller, 2007)( Miller, 2006 )
Despite fibre optic networks' reputation for being more secure than standard wiring or airwaves,
the truth is that fibre cabling is just as vulnerable to hackers as wired networks using easily
obtained commercial hardware and software.
In 2000, three main trunk lines of Deutsche Telekom were breached at Frankfurt Airport in
Germany. In 2003, an illegal eavesdropping device was discovered hooked into Verizon's optical
network; it was believed someone was trying to access the quarterly statement of a mutual fund
company prior to its release—information that could have been worth millions. International
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incidents include optical taps found on police networks in the Netherlands and Germany, and on
the networks of pharmaceutical giants in the U.K. and France.
Those high-profile fibre intrusions offered few details. For the most part, these hacks often go
unreported as well as undetected.
Tapping into fibre optic cables originally fell into the realm of national intelligence. Take the
2005 christening of the USS Jimmy Carter, a $3.2 billion Seawolf-class submarine specifically
retrofitted to conduct "signal intelligence"—military-speak for monitoring communications by
tapping into undersea cables.
In 2003, John Pescatore, Gartner Vice President, distinguished analyst and a former NSA-trained
U.S. Secret Service security engineer, said that while fibre optic cable hacking had been taking
place for nearly a decade, avoiding detection and processing the stolen data was much more
difficult. Things have changed.
“We've seen large increases in the use of encryption over all network paths, including fibre
optics—and encryption defeats eavesdropping” said John Pescatore, Vice President, Gartner Inc.
The required equipment has become relatively inexpensive and commonplace and an
experienced hacker can easily pull off a successful attack.
"You can jump on the Internet right now and buy a tap for about $900," says Andy Solterbeck,
General Manager of the Data Protection Business Unit at SafeNet, an encryption company that
has been experimenting with hacking fibre optic cables. "We've done this in our labs. We've
demonstrated this at Interop. We've shown people that this kind of threat exists."

2. Acquiring / owning dark fiber4
A dark fiber network is a privately owned and operated optical fiber network that is run directly
by its operator over dark fiber leased or purchased from another supplier, rather than by
purchasing bandwidth or leased line capacity from a carrier, thereby avoiding outages caused by
carrier circuit grooming
Dark fiber networks may be used for private wide-area networking infrastructure or as Internet
access infrastructure.
Dark fiber networks may be point-to-point, point-to-multipoint, or use self-healing ring or mesh
topologies.
Because there is no resale of capacity, dark fiber networks can operate using the latest optical
protocols using wavelength division multiplexing to add capacity where needed and to provide
an upgrade path between technologies without removing the network from service.
Many dark fiber metropolitan area or regional networks use relatively inexpensive Gigabit
Ethernet equipment over WDM, rather than expensive SONET ring systems.
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Dark fiber networks offer very high price-performance for network users who require high
bandwidth for research collaboration, video, wireless or wish to operate their own network for
security reasons.

3. Physical layer protection
3.1 Fiber network design
The ideal network design features multiple fiber-optic providers connected via dual-entry with
self-healing optical network architecture. This redundant connectivity ensures network
resiliency.
Aerial fibre vs. underground fibre(Markoff, J, 2010)

When looking at physical security of fibre optic telecommunications backbones, whether it is
contractor errors, animals, vandalism or natural disasters both aerial and underground fibre
topologies are subject to outages.
It is a common misconception when considering fiber backbone security that underground fiber
is more secure than aerial. After all, underground fiber is covered by dirt, asphalt or concrete. In
contrast, aerial cable, being suspended in the air, seems an easy target for a weapon, an auto
accident or fallen tree limb.
However, aerial and underground installations are subject to fiber outages.
installations are lower cost and easily allow for alternate cable routes.

Yet aerial

The security strategy to minimize the disruption is to reroute data from damaged or destroyed
fibre optic cables to other fibre optic cables so that networks that remain intact.
According to most estimates, aerial construction is as much as 40 to 50 percent less expensive
than the underground alternative.
The optimal strategy for building a fibre network is the have a hybrid strategy that employs both
aerial and underground fibre in order to provide a cost effective reliable fibre plant.
3.2 Diverse fibre routes
A major factor in network reliability is to make sure the fibre backbone has redundant fibre
routing available.
3.3 Dual fibre entry
In order to ensure optimal network reliability and redundancy all buildings, data centres, wireless
sites and telecom hubs should have dual entries into the telecom equipment facility.
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4. Monitoring of optical performance
4.1 Optical link monitor (OLM)6
An Optical Link Monitor (OLM) is used for rapid fault isolation, typically in wholesale mobilebackhaul or edgeless service applications, where network operators are not permitted to deploy
active equipment at the remote facility, but must monitor the fibre to ensure connectivity and
service level agreement adherence.
An OLM non-intrusively monitors the quality of up to four fibre optic links. It measures and
reports round-trip link loss on the link as well as transmit and receive power levels. It generates
alarms when any of these measured values cross preset thresholds, pinpointing the location of a
fault without manual intervention.
An OLM used in conjunction with loopback module at the remote site is fully passive and
temperature hardened. It can loopback up to three monitor signals and is installed in LGX-style
mounting hardware.
4.2 Path protection module (PPM)(Carino, C, 2002?)
A Path Protection Module (PPM) provides automatic switching between primary and secondary
optical paths based on provisionable power thresholds.
Optical 1+1 protection is provided by redundant primary and secondary transmit paths. In the
receive direction, the optical power levels of the primary and secondary inputs are continuously
monitored. The switch back mode, from secondary to primary path, is configurable and can be
set to automatic or manual.
4.3 Optical Time Domain Reflectometer (OTDR)
A single mode optical time domain reflectometer (OTDR) is a device that can be used for
estimating a fiber's length and overall attenuation, including splice and mated-connector losses.
It can also be used to locate faults, such as breaks, and to measure optical return loss. An OTDR
can be a light weight, compact, hand-held unit that can save and transfer the measurement data to
a PC
It can also be an embedded OTDR solution as part of WDM system or an OTDR module as part
of an optical node shelf.

5. Encryption of transmitted data
5.1 Encryption Primer
The are several types of encryption and encryption standards. IP-based data method for
protection - MACsec is the IEEE 802.1AE standard for authenticating and encrypting packets
between two MACsec-capable devices. The Advanced Encryption Standards (AES) defined by
the U.S. National Institute for Standards and Technology (NIST) are the current de facto
standards for encryption in enterprise networks. AES-256, with a 256 bit key is most secure.
5.2 Encryption of Transmitted Data
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Data can be encrypted a layer-1, -2, or -3 by using external devices, encrypted pluggables or as
part of a WDM system.
5.3 DWDM Transmission with Encryption
Several WDM manufactures now offer encryption as an option on the client side inputs of
optical transponders.

6. Conclusion
With proper physical layer, optical network design and encryption, if required, a private fibre
optic network can provide the same or a better level of reliability and security as carrier provided
bandwidth.
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Abstract
By applying the cluster analysis (CA) method on the observation dataset produced by the climate
Research Unit (CRU) for the base period 1901-1940, four regions spread in five areas are
detected in West Africa. This CA method that has been applied to geophysical research during
these two last decades is among the methods more frequently used for the rainfall classification.
Clusters have been defined as relative constellations of contiguous points in space. For the four
regions identified in West Africa, the first one, R1, an arid land, covers essentially the north of
16.75°N from west to east of the study zone. The second region, R2, a semi-arid land with a
sahelian climate, less warm than the dry climate of R1, is centered on the Chad, with almost
regular extension to the west towards Mauritania, and to the east, including the north of the
Central African Republic. The region three, R3, a wet land, is centered on the Ivory Coast and
covers totally the Liberia, the south part of Ghana, Togo, Benin and the south-west of Nigeria.
The fourth region, R4 corresponding to the wet equatorial forest, covers a part of Senegal and a
part of the Central Africa towards the equator. When this zonation is superposed with the
regionalization for the African atlas (2000) that divides the African continent into six climate
types distributed symmetrically around the equator as equatorial, humid tropical, dry tropical,
sahelian, desert and Mediterranean climate types, it appears that except the Mediterranean, our
study area contains five of these six climate types. One of our zones contains the two tropical
climate types. In these regions, trends have a magnitude of up to 2 K per century, with a
decreasing of the precipitation since the year 1970. To observe and evaluate the spatiotemporal
variations of the climatic regions, a segment of 15 years is used, going from the base period P0,
to obtain P1, P2, P3 and P4 periods corresponding respectively to 1916–1955; 1931–1970;
1946–1985 and 1961–2000. The 15-year segment mean filters out inter-annual variability, which
is pronounced in the original time series. The application of a segment of 15 years with overlap
going from 1901 to 1940 (P0), and 1961 to 1998 (P4) throughout the periods P1, P2 and P3,
shows important spatiotemporal modifications of the climatic regions. From P0 to P4, the
surface of arid and semiarid lands doubles while wetlands are reduced to half. The progression of
arid and semi-arid land implied an impoverishment soil and the decrease of surface of lands
under cultivation
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1. Introduction
Climatic changes at the local/regional scale are probably among the most important issues within
the global change debate. These changes generally occur on rainfall and temperature as the
recent severe prolonged drought south of the Sahara, in the Sahel , with the maximum in 1972 –
1973 and 1982 – 1984 (Nicholson et al ., 2000). As a consequence of the drought, understanding
the interannual variability of rainfall in the Sahel has been a subject of a large number of studies
during the last 20 years (i.e. Fontaine and Janicot, 1992; Janicot, 1992; Ward et al ., 1999;
Nicholson et al., 2008). In some of these papers, rainfall data were used to determine the climatic
zones. Janicot (1992) performed regionalization of annual and monthly rainfall fields for the
period 1948 – 1978 and identiﬁed four coherent regions in West Africa. Ward et al . (1999) and
Nicholson et al . (2000) have analyzed climatic zonation of West Africa using different
approaches. Giorgi and Francisco (2000) investigated the climatic zonation of the globe. They
have divided all land areas in the world (except for the Antarctica) into 21 regions. Three of
these regions entirely cover West Africa.
However, all these works did not show the spatial variation of the climatic zones identified.
Therefore, we propose to revisit the climatic zonation over West and Central Africa and try to
make our contribution on how the spatial variation of the climatic zones could contribute to a
better illustration and understanding of climatic changes and how to evaluate the evolution the
surface of the climatic zones identified in this part of the African continent.
The main objective of this work is to detect climatic zones and to study their spatial variability
during the 20th century. Thus, in the next section, we describe the data and the methods used. In
the third section, we present the results of zonation, trends and spatial variability of the zones.

2. Data and methods
2.1 Data
We use the observation dataset produced by the Climatic Research Unit (CRU) of the University
of East Anglia, and described by New et al. (1999, 2000) in some details. The CRU dataset
includes a number of variables: surface air temperature and diurnal temperature range,
precipitation, surface vapour pressure, cloud cover, wet-day frequency and ground frost
frequency. For this study we use monthly surface air temperature and precipitation gridded on a
regular latitude- longitude 0.5° global grid for the period of 1901 to 2000. Only land areas are
included in the dataset. New et al. (1999, 2000) provided estimates of the uncertainty associated
with this climatology using both an internal cross-validation procedure and a comparison with
other available observed climatologies. They concluded that uncertainties in observed climatic
averages for multi-decadal periods are of the order of 0.5 to 1.3 K for temperature and up to 1025% for precipitation, and are largest over regions characterized by poor station coverage and
high spatial variability, which was the case for the African continent.
Moreover the uncertainty and variability for earlier periods of the century may be amplified by
the even lower number of available stations. However, broad regional averaging tends to
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generally reduce the uncertainties associated with individual stations or periods. Therefore to
reduce the uncertainties, we passed from a 0.5° x 0.5° grid of CRU to a 2.5° x 2.5° grid of
ECMWF or NCEP/NCAR by averaging the values on the CRU grid (fig1). We adopted the
ECMWF or the NCEP/NCAR grid. So a value in the ECMWF or NCEP/NCAR grid is a mean of
25 values of the CRU data.

Figure 1: The passage from a 0.5° x 0.5° grid of CRU (in black) to a 2.5° x 2.5° grid of ECMWF
or NCEP/NCAR (in red) by averaging the values on the CRU grid. The value of the grid point of
ECMWF or NCEP/CAR system in the centre (in red) is a mean of 25 values of the grid points of
CRU around (in black).
2.2 Methods
The Cluster Analysis (CA) is used to determine the climatic zones in West Africa. CA has been
applied to geophysical research during these two last decades (Gong and Richman, 1995). It is
among the methods more frequently used for the rainfall classification (Champeaux and
Tamburini, 1994). Clusters have been defined as relative constellations of contiguous points in
space (Punj and Stewart, 1983). Hierarchical algorithm performs the classification in five basic
steps: (1) the chosen distance measured between entities is calculated; (2) the two closet entities
are merged or split to form new clusters based on a defined criterion; (3) the distance between
all entities is recalculated; (4) steps 2 and 3 are repeated until all entities are merged into one
cluster (agglomerative); (5) a threshold is applied to the dendrogram, the deduction of different
clusters.
Ward’s method is one of the most used clustering methodologies. An earlier work done by
Blashﬁeld (1976) compared complete link-age, average linkage and Ward’s method. He found
that the last method groupings differ widely since it was designed to generate in such a way that
mergers at each stage were chosen so as to minimize the within-group sum of squares. In the
present work, the CA is used to determine rainfall regions on the base period 1901 – 1940 (P0).
To observe the spatiotemporal variations of the climatic regions, a segment of 15 years is used,
going from this base period P0, to obtain P1, P2, P3 and P4 periods corresponding respectively
to 1916 – 1955; 1931 – 1970; 1946 – 1985 and 1961 – 2000. The 15-year segment mean ﬁlters
out interannual variability, which is pronounced in the original time series (Von Storch and
Zwiers, 1999).
The standard least square method, as described by Edwards (1984), is used to calculate linear
trends for each variable and region for the whole 100-year period. Finally, statistical significance
throughout the work is assessed using a two-tailed t -test at the 99% confidence level.
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3. Results
3.1 Climatic zones
Figure 2 displays four regions on ﬁve areas obtained by applying the CA method on the July,
August and September (JAS) rainfall anomalies of the base period. As the rainfall data are very
erratic, the JAS months were chosen because they correspond to the rainy season in the studied
area and the rainfall data are more regular.

Figure 2: Climatic zones for the base period 1901 – 1940.
The ﬁrst region (GI) occupies mainly the Sahara, north of 15 ◦N. The second region (GII) is
centered on the Chad, with almost regular extension to the west towards Mauritania, and to the
east, including the north of the Central African Republic. The third region (GIII) is centered on
the Ivory Coast and covers one part of Nigeria. The fourth region (GIV) contains two areas
geographically different: the ﬁrst one is centered on the Senegal; the second area entirely covers
Central Africa.
For the fourth region (GIV) containing two areas geographically different with the ﬁrst one
centered on the Senegal and the second covering entirely the Central Africa, we can note that
similar results, where the analysis put two areas in the same cluster, were also obtained by
Penlap et al (2004) when they analyzed possible changes in precipitation in Cameroon.
This can be due to the topography of the region that could create a local circulation generating a
particular climate type in a limited area. Janicot (1992) considered the period 1948 – 1978 and
using another method also found four regions. Three of the four zones are very similar to GII,
GIII and GIV described above (Figure 1). This author did not extend his study area north of
20◦N, over the Sahara corresponding to GI here.
The comparison of our results with the works of Giorgi (2002) also shows good similarities.
Meanwhile, it would be better to superpose our zonation and the regionalization for the African
atlas (2000). In this atlas, the African continent is divided into six climate types distributed
symmetrically around the equator as equatorial, humid tropical, dry tropical, sahelian, desert and
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mediterranean climate types. Except the mediterranean, our study area contains ﬁve of these six
climate types. One of our zones contains the two tropical climate types.
It is, thus, very interesting to obtain the same result for the zonation compared to previous works
mentioned above, and to have very good correspondences between our climatic zones and the
climate types in West Africa. However, the main objective of this work is not necessarily the
improvement of climatic zonation in West Africa, but to examine the spatial variation of the
climatic zones through the relevant time, as a result of climatic changes. Thus, in the following
sections, we will analyze the trends in each region and we will also apply the CA method on the
four periods, 1916 – 1955 (P1), 1931 – 1970 (P2), 1946 – 1985 (P3) and 1961 – 2000 (P4)
obtained from the base period P0 (1901 – 1940) by the application of a segment of 15 years, to
study the spatiotemporal variability of these regions during the last century. For example P1 is
obtained from P0 as follow: P0[1901 – 1940] == > P1[1901+15 – 1940+15] = [1916 – 1955].
3.2 Trend analyses
For trend analyses, we computed the N-year running averages. N-year running averages are
calculated from the individual anomalies. In particular, results for N = 5, 9 and 29 years are
presented as representative of multi-year to multi-decadal periods ( ). The running average
at the year i is defined as:

The N-year running averages filter out low scales variability from the data series. For example,
5-year running mean ﬁlters out interannual vari ability, which is pronounced in the original time
series (Giorgi and Francisco, 2000). The anomalies are calculated with respect to the 100-year
average rather than the trend line in order to show trends throughout the century.
Figure 3 presents the time series of 5-year-running average observations of temperature and
rainfall anomalies over the four regions during the last century. The period 1901–2000 can be
divided into four subperiods: 1901–1938, 1938–1945, 1945–1976 and 1976–2000, corresponding
to positive, negative, constant and positive anomalies, respectively.
The rainfall graph shows that the region GI (Sahara) does not vary enough, whereas the other
regions, and particularly the equatorial (GIV) present ﬂuctuations during the last century where
the precipitations have decreased and the temperatures increased since the 1970s.
The linear trend values for the yearly average regional temperature and precipitation were
computed for the four regions. The results exhibit warming trends in the range of 0.5 – 2K per
century. We also found periods of warming in the ﬁrst 3 – 4 decades and the last 2 – 3 decades,
separated by cooling in the inter-mediate decades. Hence, the temperature trends are
characterized by pronounced interdecadal variability with the ﬁrst 3 – 4 and the last 2 – 3
decades of the century being the primary contributors to the average warming trends in many
cases where the trend is signiﬁcant. This result is generally consistent with the observed trend in
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global temperature (Jones et al., 1999; Giorgi, 2002). All these annual trends are statistically
signiﬁcant at the 99% conﬁdence level. The largest temperature trends are observed over the
wet-land (GIV). This could be linked to the deforestation. The precipitation trends are less
signiﬁcant than the temperature, with only 25% of the trends being statistically signiﬁcant at the
99% conﬁdence level. Statistically signiﬁcant positive trends are found in the zone GI. In the
other zones, the precipitation trends can be associated with African monsoon circulation.

Figure 3: Time series of 5-year-running average of the yearly average temperature ( T, at the
Top) and precipitation (P, at the bottom) anomalies
3.3 Spatial variability of t he climatic zones during the last century
The spatiotemporal evolution of the regions is clearly visible in Figure 4, presenting the zones
for the periods P1, P2, P3 and P4. On a time scale of 15 years, the modiﬁcations of rainfall
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regions between the base period and P1 (1916 – 1955) appear in Figure 4(a). There are 4 regions
distributed in 5 areas: region GI which overlaps North Africa up to 17.5 ◦N has been shifted 2.5◦
to the north. Region GII grows at the detriment of GI and GIV. GIII has a few extensions
through Senegal. GIV disappears from Senegal in favour of GII and GIII.
Between P1 and P2 (1931 – 1970), GI is unchanged and GII continues to grow. It extends to the
Ethiopian coast, whereas GIII is shrinking continuously in favour of GII and GIV. This last
region occupies two areas with the ﬁrst one between the east of Guinea Bissau and west of
Nigeria. The second space covers the Central African Republic and the south of Sudan.
During P3 (1946 – 1975), GI keeps the same configuration as the base period, with 2.5◦ growing
towards the south, thus occupying the north of Sudan, all of Libya and one wide part of Chad,
Niger and Mali. This growing of GI leads to a shrinking of GII. GIII grows towards Central
Africa by covering the northwest of Congo and a wide part of Nigeria and southern Cameroon.
GIV has still changed its conﬁguration and covers the south part of 10◦N, between 5◦E and 30◦E.
P4 (1961 – 2000) is characterized by predominance of GI and GII. GI moves south of 15 ◦N and
GII occupies the major part south of this latitude. GIII is restricted around the Ivory Coast and
GIV is conﬁned to the Gulf of Guinea.

Figure 4 : Climatic zones variation of JAS season during 1901 – 2000. The basic state P0 is
identical as the figure 2 and one can note the extension of GII during the last century, from P0.
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The Sehelian zone which is a semi-arid region (GII) grows continuously from P1 to P4 where it
is maximum. The wetlands GIII and GIV are rather minimum in P4. Compared to the base
period P0 (fig .2), finally, the last 40 years of the 20th century, West Africa is characterized by
two mean climatic zones: the desert (GI) and the Sahelian (GII). To confirm these results, we
computed the surfaces of the climatic zones for the four periods.
3.4 Computation of the Surfaces of the Climatic Zones from P0 to P4
For the computation of the surfaces, as we have considered the ECMWF and NCEP/NCAR
systems, each gird point is a square of 2.5°. The results of the computation of the surfaces of the
climatic regions are shown in Table I. On this table, there appears for each region and period the
surface and the mean rainfall per unit area (MRUA).
To obtain the MRUA in a zone, the mean rainfall is computed at each grid point for a given
period. Next, the sum is computed for all the grid points of the zone and the result is then divided
by the surface of the zone.
In general, the surfaces of region GIII and GIV decrease during the century. On the contrary, the
surfaces of GI and GII increase. In the base period, GI and GII occupy about 11.94 106 km2 (i.e.
8.32 + 3.62 in Table I). This corresponds to 71.11% of the total study area. GIII and GIV, about
4.85 106 km2 (1.69 + 3.16) occupy only 28.89%. At the end of the century, GI and GII occupy
about 14.48 106 km2 ( 8.78 + 5.70), while GIII and GIV cover only 2.31 106 km2 (0.92 + 1.39).
Hence, the percentage of GI and GII is now 86.24%, whereas that of GIII and GIV is 13.76%.
The time variation of MRUA is very weak in GI and its ﬂuctuations are also weak during the
century in agreement with the trend of the precipitation (Figure 3(b)). In GII, this quantity
slightly increases during the century and decreases in GIII and GIV.

4. Discussion
For the four regions, the downward trends began in the late 1960s. The region GII which
corresponds to the semiarid land, is the main area of squall line occurrence during northern
summer. It is located slightly north of 10 ◦N. The region GIII is located between 10◦N and the
Guinea coast. It is the region of monsoon rainfall during northern summer. This latitude of 10◦N
boundary between region GII and GIII was also noted by Nicholson et al . (2000) and Janicot
(1992).
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The last author analyzed the Sahelian rainfall for the period 1948 – 1978. He found that the
intertropical convergence zone (ITCZ) mean position was southern (10◦N) than the normal in
summer. Divergent meridional circulation (Hadley cells) extending into the mid-latitudes and
divergent zonal circulation (Walker cells) within low latitudes form the main part of the tropical
atmospheric circulation. The interannual variability of this divergent circulation is responsible of
the West Africa rainfall variability, and was examined by Fontaine and Janicot (1992).
The progression of the region GII during the period, P4, can be explained by the southern
position of the ITCZ that could be linked to a less vertical continuity of Hadley and Walker cells
over Sahel during the dry period 1968 – 1975 as was mentioned by Janicot (1992). The
application of a segment of 15 years with overlap going from the base period 1901 – 1940 (P0)
to 1961 – 2000 (P4) throughout the periods 1916 – 1955 (P1), 1931 – 1970 (P2) and 1946 – 1985
(P3), shows that the spatiotemporal modiﬁcations of rainfall regions are more marked south of
15◦N. For the region GI, the surface during P4 is greater than in P0. In P4, the surface of region
GII centered on the Chad, and including a large part of the semiarid land, is about double of P0,
while that of GIII and GIV covering the West African coast and the wetland, respectively, are
around half of P0. An analysis of observed temperature and precipitation variability and trends
throughout the twentieth century over these four regions shows that the trends have a magnitude
of up to 1.5K per century with a decrease in the precipitation since the 1970s.

5. Conclusion
Finally, the spatiotemporal evolution of the zones has been shown through the extension of
severe climate zones (Sahara and Sahelian zones) and the reduction of wet climate zones (
coastal and Equatorial zones). The precipitation decrease was associated with the temperature
increase mainly after the 1970s. Particularly, the region GI which corresponds to the desert
climate with weak precipitation has been subjected to a slight extension toward the south. This
situation contributes to desert extension.
For region GII which corresponds to the Sahelian climate which is less warm than the desert, its
extension was more marked during the last century. This extension to the west occurred to the
total disappearing of the characteristics corresponding to region GIV in the Senegal and Gambia.
In the Central Africa zone, its progression towards the south has overspread totally the north of
Cameroon, the whole of Central African Republic, and the entire south of Sudan and almost all
of the north of Democratic Republic of Congo.
Between the beginning (P0=1901 – 1940) and the end (P4=1961 – 2000) of the century, this
progression has substantially reduced regions GIII and GIV by about 50%. Finally, the semiarid
land has widely grown during the twentieth century.
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Abstract
The CHAIN project aims to provide a vision of a harmonized and optimized interaction model
for e-Infrastructures and specifically Grid interfaces between Europe and the rest of the world.
The project deals with elaborating a strategy and defining the instruments in order to ensure
coordination and interoperation of the European Grid Infrastructures with other external eInfrastructures. Moreover, the project produces technical and sustainability-related guidelines for
the Grid and wider Advanced Computing Services to support this coordination and
interoperation. The project draws on previous national and regional experiences and lessons
learned in other European eInfrastructure activities, consolidates them, and supports them.
This paper first gives a brief introduction and overview of the CHAIN project, and then focuses
on a few key areas of particular relevance for Sub-Saharan Africa.
First, guidelines how to set up National Grid Initiatives are presented – briefly covering the
operational, organizational and policy models on the national level. This is strongly based on the
SEE-GRID model which has been trailed and tested successfully. Due to size of the paper, not all
details can be provided and the reader is referred to supporting documentation.
Second, the paper also includes the case studies for regional organization of computational
resource sharing and joint operations of Advanced Computing Services, enabling international
research over a spectrum of scientific fields. The case study again is the South-East European
region, including both Grid Computing and High-Performance Computing.
Finally, the sustainability-oriented recommendations for Africa are given, based on the work in
the CHAIN project and the related sustainability study which has been carried out for Africa.

Keywords
Grid Computing, High-Performance Computing, Advanced Computing Services, National Grid
Initiatives, Virtual Research Communities, regional operations and resource sharing.

1. The CHAIN project
The CHAIN project (EC Grant Agreement n. 26011) aims to coordinate and leverage the efforts
made over the past years to extend the European e-Infrastructure (and particularly Grid)
operational and organisational principles to a number of regions in the world. CHAIN uses their
results with a vision of a harmonised and optimised interaction model for e-Infrastructure and
specifically Grid interfaces between Europe and the rest of the world. The project is elaborating a
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strategy and defining the instruments in order to ensure coordination and interoperation of the
European Grid Infrastructure with emerging e-Infrastructures in other regions of the world (Asia,
Mediterranean, Latin America and Sub-Saharan Africa). The CHAIN consortium consists of
leading organisations in all the regions addressed by the project and ensures global coverage, and
most efficient leveraging of results with respect to preceding regional initiatives. The project
started on the 1st of December 2010 and the achievements are briefly described here.
A questionnaire has been prepared to collect up to date information about the state of the art of eInfrastructures in all relevant regions, and the information obtained has been integrated with
other data in a Knowledge Base that has been made available on the project web site with an
attractive graphical interface. The information is further used for project analysis and design
activities. The project has assessed the current state of the art of Grid infrastructures in the
addressed regions and has produced a set of guidelines that will foster the continuity of eInfrastructures (CHAIN, 2011). The activity promoted the emergence of agreed solutions for
interoperation and interoperability across regions and middleware. The project has produced a
comprehensive set of recommendations regarding technologies and taking into account
organisational and regional specificities (CHAIN, 2011).At the same time, the consortium is
studying a coherent scheme of cooperation and interoperation of EGI.eu with external eInfrastructures taking into consideration the specificities of the different regions. CHAIN is also
leveraging on the cross-region communities and applications and promotes inter-regional, eInfrastructure based, research collaborations. A limited number of reference communities have
been chosen but the activity also aims to promote the continuity of support to the large spectrum
of other communities, mainly but not only, to those that are already supported by the existing
regional projects. The Virtual Research Communities work will be presented in another paper in
this conference. The world-wide interoperability demo has been given at the UGI Technical
Forum this September, involving Grid infrastructures across the world and a number of VRCs..

2. National-level guidelines
2.1 National Grid Initiatives and the stepwise process
The national-level guidelines supported by the CHAIN project are based on previous work
carried in a number of European initiatives, most notably the SEE-GRID series.
Full set of CHAIN guidelines is available at CHAIN website at the following link:
http://www.chain-project.eu/wiki/-/wiki/WIKI+Page/WP2
The staff of CHAIN project as well as the upcoming CHAIN-REDS project, are available to
provide support for setting up the NGIs in Sub-Saharan Africa, according to these guidelines,
and beyond.
During the 3 phases of the SEE-GRID project (ECproject002356, 2006) (ECproject031775,
2008) (ECproject211338, 2010) significant results have been achieved in South-East European
countries in the area of set up and development of National Grid Initiatives (NGIs). In
collaboration with pan-European Initiatives (eIRG, EGEE, EGI-DS), SEE-GRID has led the way
in adopting the NGI philosophy as the central component of long-term sustainability of
eInfrastructures. In all SEE-GRID countries NGI implementation was a priority on the agenda of
Grid infrastructure development at the national level, and has been applied in all 14 countries.

Page 83

At the SEE-GRID project level, a clear definition of the NGI concept has been adopted: "NGI is
an open consortium of legal entities or a legal entity acting on their behalf that, for the benefit of
research and education community, coordinates, promotes and implements Grid activities at the
National level, focusing on Grid deployment and operations, according to a National strategy /
research and deployment programme for this field."
The following requirements are attached to this definition:
It is officially recognized by the appropriate governmental entity responsible for research
eInfrastructure;
It should be unique in this position and its legitimacy should be enforced according to a
national level strategic document adopted at the governmental/ministerial levels;
Basic focus of NGI is on deployment and operations of the national research and
education Grid infrastructure (NREGI);
It represents a relevant part of the research community and is open to accept any qualified
research/educational entity as its member, according to its open character;
Both top-down and bottom-up approaches should be considered for the consortium
enlargement, the former one being specific to the initial phase of NGI development;
It closely collaborates and is mutually recognized with NREN;
It contributes and adheres to international standards and policies;
Sustainability is core long-term objective of NGI; achieving critical mass of interested
user communities should be a high priority target on the way towards sustainability.
Set up and consolidation of NGI in all partner countries in accordance with these requirements
was a central objective of all 3 phases of the SEE-GRID project, and has been done for 14
countries.
In this section we provide a summary of the step-to-step guide for setting up a sustainable
National Grid Initiative, based on SEE-GRID experience. In SEE-GRID-2 deliverable D2.2
(SEE-GRID OPCITE), three major area of interest for NGI implementation have been identified:
organizational, policy and operational activities. For each of them a brief overview of relevant
solutions was given, and recommendations have been formulated for each of the three areas. As
a summary, the following steps were proposed by the SEE-GRID project to set-up an NGI. The
steps have a form of a simple-to-use NGI cook-book.
1. Get in touch with diverse research institutes interested in scientific computing (i.e. HEP,
Biomedical, Computational Chemistry, etc.), large computing centres, and National
Research Network and get consensus towards common strategy for Grid development in
the country.
2. Sign a MoU (Memorandum of Understanding) within the consortium which would define
your common goal in setting up an NGI and developing the Grid infrastructure and
general Grid activities in the country.
3. Write together a national strategy document. This would state major objectives and
approach, and identify potential Grid resources and user groups in the country. This
document could also define structure of the NGI and its decision mechanisms and
internal organisation.
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4. Approach relevant ministries (e.g. Science and Technology, Development, Education,
Information Technology) with the national strategy document, and try to get a ministry to
support your work. This can have the form of an official letter of support for the NGI.
Also a ministry can officially appoint a task force.
5. Establish a legal entity or make sure an established legal entity represents NGI on behalf
of the consortium.
6. With the support letter from the Ministry you can have an official inauguration event of
the National Grid Initiative targeted at slightly wider public.
7. Seek national funding programme by proposing a national-level project. With support
letters from Ministry and with proof of EU funding you have more chance with the
national funding bodies to get some local funding for your Grid work.
8. Consider technical aspects: choice of middleware, establishing pilot resource centres
even with basic resources, aim to support core services for the pilot national VO, use the
VO to establish the sharing culture. Establish a web presence visible to a wider
community.
9. Define and adopt the national-level policies.
These 9 basic steps established in the course of these projects are further expanded and
categorized into three areas: organizational, policy, and operational.
The full set of recommendations can be found in (SEE-GRID OPCITE) and (Prnjat, 2008). In the
following section we highlight most important points, relevant for Africa.
2.2 Core guidelines for NGIs
There is no silver-bullet solution for optimal NGI set-up. A number of alternatives exist, and
they have been described in this document in considerable detail. Some key conclusions are as
follows:


Forming a Joint Research Unit (JRU) as a first step towards stable NGI creation is a
baseline for setting up a sustainable organization at the national level, and is strongly
recommended for all countries.



The approval of the NGI set-up document (Agreement or MoU) signed between the
initiating body and all members of NGI, at the governmental/ministerial level, is key for
national recognition requirement. All countries should identify the relevant Ministry.



The typical NGI membership would include the national infrastructure providers, the key
national user communities, and National Research and Education Network. In many
cases NGI can be embedded in NREN, especially in the Sub-Saharan Africa.



NGIs should be introduced to the all grid related communities (users, developers,
infrastructure providers, funding agencies, related public bodies, industry and etc.) via a
set-up event.



The main organizational forms of implementing NGI are task force, consortium, national
project, professional association and legal entity; of which consortium is the most
prevalent and is recommended.
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The juridical status significantly influences the efficiency of the NGI interaction with
legal entities at both national and international levels. In this sense, the professional
association and stand alone organization are the most stable, while the consortium has no
juridical status as such, which can be solved either by: (a) nominating one member
organization as its legal representative, or (b) migrating towards another form of
organization with a clear juridical status.



One of the core requirements for NGI sustainability is existence of funds: a balance
between national and international funds should be achieved.



Detailed assessment and planning of the national Grid should be done periodically.



Management of Grid eInfrastructure should encompass functionalities such as national
Certification Authority (CA), a network or Registration Authorities (RAs), core Grid and
VO services (information systems, workload management, file catalogues, authorisation
services), testing and monitoring of Grid services (Static information database; service
availability monitoring; Information system monitoring; accounting portal); national
helpdesk / ticketing system;



Depending on the size of the NGI and already existing tools on regional/continental level,
some of the management tools can be deployed on the regional instead of national level.



User, application and VO support is crucial for a stable NGI, supported by the National
helpdesk and National portal and/or user registration facility. The support should be
provided to multi-disciplinary communities



NGI should be defining/adopting and implementing a coherent configuration of policy
documents in several domains: including National strategy documents (stating major
objectives of NGI, and its activities towards achieving its mission); Policy documents
that deal with relations between the National Grid infrastructure administrated by NGI
and other entities involved in the efficient share and use of this infrastructure; and
Operational policy documents that deal with a wide range of operational aspects.



National strategy document should be initially written during the establishment of the
NGI, to facilitate achieving the support, national recognition and legitimacy of relevant
ministries/governmental bodies. Strategy document as other policy document has
continuous nature and could be subject of intermittent amendments/adoptions.



NGIs should review the policy and operational documents and evaluate their usage and
necessity at the national level.

3. Regional organizational examples
The previous section provided some insight in crucial issues regarding the organization and
operation of Advanced Computing Services on the national level, with focus on Grid computing,
with the main tool being that of the National Grid Initiatives. These national efforts then can, and
should, be combined at the regional level to allow for trans-national resources sharing and
operations. The following sections present case studies for Grid Computing and HighPerformance Computing organization on regional levels.
The staff of CHAIN project, as well as the upcoming CHAIN-REDS project, is available to
provide support for strengthening the existing Regional Operations Centre for Africa&Arabia,
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which provides the regional grid services for this region, and extend its operations to other
Advanced Computing models such as HPC and cloud.
3.1 Grid Computing
An example used here again is that of the SEE-GRID project series [2][3][4]. At the end of 6
years of cooperation, the following regional model was in place, bringing together the resources
shown below, from 14 countries of the region.

Figure 1 SEE-GRID regional Grid resources

The regional team operated regional Grid infrastructure, maintained deployed core services for
SEEGRID Virtual Organizations (VOs) and three discipline VOs, as well as core services for
ops.vo.egee-see.org VO used for testing of the infrastructure. The geographical distribution of
new core services is such that it provides fault tolerance and load balancing for regional users. A
set of operational and monitoring tools is maintained and used to manage and assess the status of
the infrastructure. The average availability of Grid sites is higher than 90%, the average number
of available CPUs above 3000 (only for dedicated regional collaborations), while the total
available storage around 510 TB.
The key to successful regional operation was the distribution of the regional operational tools
over a number of countries, as well as fail-over backup tool availability.
Within its final phase, the regional infrastructure supported three champion VOs. Seismology
VO has six applications ranging from Seismic Data Service to Earthquake Location Finding,
from Numerical Modeling of Mantle Convection to Seismic Risk Assessment. Meteorology VO,
with two large-scale applications, follows an innovative approach to weather forecasting that
uses a multitude of weather models and bases the final forecast on an ensemble of weather model
outputs. The other problem tackled within this VO is the reproduction/forecasting of the airflow
over complex terrain. Environmental (Protection) VO supports eight applications focusing on
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environmental protection/response and environment-oriented satellite image processing. These
applications typically involve a number of diverse research groups across the region. Moreover,
strong regional collaboration has been encouraged in all the three scientific domains supported
by the project via the deployment of specific support mechanisms that facilitate their
communications and exchange of expertise.
The SEE-GRID regional infrastructure was successfully merged with the pan-European EGI
(European Grid Infrastructure) in 2010.
3.2 High-Performance Computing
Currently, the HP-SEE project (EC project261499, 2012) is currently active in the region, where
the joint regional operations of High-Performance Resources are deployed. The infrastructure
offers a total of more than 116 Teraflops CPU power and comprises now of two IBM Blue
Gene/P supercomputers – one with 8192 cores, 27 Tflops and another with 4096 and 13 Tflops,
several HPC clusters with low-latency interconnection, one big SMP machine, SGI UltraViolet
1000, and substantial GPU resources (more than 16 TFlops, with NVIDIA M2090 cards).

Figure 2 HP-SEE Regional HPC resources

A comprehensive set of management tools supports the transparent access, monitoring and
accounting of the use of this infrastructure by the applications from the target Virtual Research
Communities. The monitoring system records excellent availability of the resources – the
average availability of more than 94% for the year is standard. The 26 applications are running,
consuming tens of millions of CPU hours' usage and achieving significant scientific results. A
small-scale training infrastructure, comprising of more than 100 CPU cores and 2888 GPU cores
is also supported for the users. The software and libraries installed at the resource centres were
upgraded following recommendations from users and VRC managers to achieve further
homogenization of the execution environment. The authentication, resource management and
accounting systems have been enhanced so as to support the access to infrastructure with a Fast
Track process and within the Pilot Call for new applications, which provides a vehicle for
continuous transitional resources sharing. Significant resources have been ensured for the Pilot
Page 88

Call - around 4.6 Million CPU core hours and 1.8 Million GPU Core hours, with the number of
cores in the target HPC systems between 256 and 4096 for the CPU based systems, and from 480
to 3584 for the GPU systems.

4. Sustainability recommendations for Sub-Saharan Africa
In the course of its 2 years, the CHAIN project has defined and followed up some basic
recommendations for Sub-Saharan Africa. In summary, the key line of action was to promote
and support the nascent NGIs. It was identified that embedding the NGIs into the existing
NRENs in the countries would be the most suitable approach. Contact was carried out in 10
countries and documentation provided. On the regional level, Africa&Arabia Regional
Operations Centre provides a centre of gravity.
More importantly, a sustainability analysis was carried out for the Sub-Saharan Africa. A
detailed sustainability analysis for all world regions has been carried out (CHAIN 2012), via the
internal and external audits, directional policy matrices, SWOT analyses, and strategy
formulations. Specifically for the Sub-Saharan Africa region, the most important finds include
the SWOT analysis and strategy formulation, given below.
Strengths

Weaknesses

 The Africa & Arabia ROC is functional and the
technical know-how exists there
 UbuntuNet Alliance is a trusted agent on the
African continent with a wide network of
contacts
 There are attempts at regional dissemination of
advanced computing services particularly
through the training carried out through EPIKH.
 The EU –funded AfricaConnect project building
the regional backbone (with UbuntuNet Alliance
as local implementing partner) has the potential
to be a major catalyst to collaborative
eInfrastructures-based research
 The implementation of the SKA
Opportunities

 The absence of Regional Body for Grid
Coordination;
 There is a huge legacy of underfunding of
tertiary education and research;
 Brain drain;
 Loss of critical mass of researchers to
consultancies and the NGO sector; and therefore
not a huge body of research to gridify
 The current underdevelopment of the network.
 Inadequate human capacity to address requests
for development and training

 Visibility of research communities in areas that
demand high processing power such as
genomics/bioinformatics
 The existence of SAGrid, from which a great
deal can be learned and shared
 Because of coming late on the scene, opportunity
to learn from early adopters and avoid earlier
pitfalls
 Willing partners across the globe
 Existing regional coordination bodies for NRENs
which could be tasked with creating and
stabilizing the RBGC in various regions.

 Tough economic times for certain sectors
 Lack of awareness by the political cadre of the
opportunities available
 Nationalistic rather than regional or global
embracing by national decision makers
 Lack of sustainable funding model for
computing resources
 Perceived fragmentation of international DCI's
 Slow response to many researchers' requests due
to capacity constraints could present a negative
picture of the RBGC

Threats
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UbuntuNet Alliance should work with Africa and Arabia ROC to provide coordination and
management functions. Efforts will be made to convince the Grid stakeholders in Sub-Saharan
Africa to support this process.
The core activities then should be:


Disseminate at the policy level, the role of Grid computing and establishment of VRCs
through presentations and demonstrations at appropriate high level regional fora;



Work with the eInfrastructures owners to develop sustainable business models;



Identify and support champion e-science leaders and projects to become lighthouse
demonstrators in the region;



Supporting the development of NGI in every country within the framework of the NREN
where appropriate

Regular reflection will be necessary to mark progress and refocus resources where results can be
maximized. The expertise in the CHAIN-REDS team should assist in moving the region to the
next level.

5. Conclusion
This paper first gave an introduction and overview of CHAIN project, which provide a vehicle
for intercontinental interoperation and sharing of Advanced Computing Services.
In order to facilitate intercontinental collaboration in this respect, both national-level and
regional-level structures have to be available and stable.
Thus, this paper provides first the guidelines how to set up National Grid Initiatives – briefly
covering the operational, organizational and policy models on the national level. This is strongly
based on the SEE-GRID model which has been trailed and tested successfully. Due to size of the
paper, not all details can be provided and the reader is referred to supporting documentation.
However, concrete suggestions for the region are given.
Second, the paper also includes the case studies for regional organization of computational
resource sharing and joint operations of Advanced Computing Services, enabling international
research over a spectrum of scientific fields. The case study again is the South-East European
region, including both Grid Computing and High-Performance Computing. These can be used as
examples for best practice. The current recommendation for Sub-Saharan Africa is that the
Regional Operations Centre for Afica&Arabia is strengthened, in collaboration with UbuntuNet
Alliance.
Finally, the sustainability-oriented recommendations for Africa are given, based on the work in
CHAIN project and the related sustainability study which has been carried out for Africa.
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Abstract
The CHAIN project has been working on coordinating and leveraging the efforts made over the
past years to extend the European e-Infrastructure (and particularly the Grid) operational and
organisational principles to a number of Regions over the world. In this sense, the project is
currently working on elaborating a strategy and defining instruments in order to ensure
coordination and interoperation of the European Grid Infrastructure with those emerging in other
regions of the world (Asia, Mediterranean, Latin America and Sub-Saharan Africa). Among
these efforts, the promotion of Virtual Research Communities plays a key role. In this work, the
progresses made by CHAIN during these two years in the aforementioned topic are presented

Keywords
Grid; Virtual Research Communities; CHAIN.

1. Introduction
The effort provided by the EC over the last decade in e-Science has been focused not only in
Europe, but also on different world regions, mainly Africa, Asia and Latin America. At the same
time, different layers of e-Infrastructures, computing platforms and related human power have
been of interest to the EC (Research and Education Networks, Grid and HPC infrastructures and
Virtual Research Communities).
Due to the economic status in the aforementioned Regions some years ago, Grid emerged as the
main actor for producing e-Science. Thus, the coordination of these world-wide efforts has been
mostly pushed, but even in this case, such coordination has merely be restricted to basic
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operational, organisational and technological know-how transfer/exchange, i.e. no big advances
have been made until now to link e-Infrastructures at intercontinental level due to their specific
requirements which depend on the targeted region.
The Co-ordination & Harmonisation of Advanced e-Infrastructures (CHAIN(2010),
http://www.chain-project.eu) project, started on December 1st, 2010, has been working in
coordinating and leveraging the efforts made over the past 6 years to extend the European eInfrastructure (and particularly Grid) operational and organisational principles to a number of
Regions in the world, mainly those identified for this purpose by the EC. Once that the project is
coming to its end, it can be mentioned that this vision has been structured in several lines of
performance: study of the state of the art of the current e-Infrastructures and e-Science status per
region; needs and commonalities of these computing platforms; and, Virtual Research
Communities (VRC) requirements and services.
Among many other actions carried out, CHAIN has pushed and supported the operation of the
Africa & Arabia Regional Operation Centre (Africa ROC for short, http://roc.africa-grid.org/),
which is crucial for a further development in the Region of academic, scientific and cultural
advances based on ICT.
Besides, a wider knowledge Base about Grid infrastructures and scientific applications is
available through the CHAIN webpage (http://www.chain-project.eu/knowledge-base)
CHAIN WP3, ‘Present and emerging needs of trans-continental scientific communities’, devotes
its framework to the study of VRCs. As a first step, a coordinated data collection on the existing
Grid state of the art across the world was carried out. Such a work was culminated with the
collaboration with different communities that have supported the project in a symbiotic way. In
addition, a study on the requirements and services of interest for the VRCs that had to be offered
by the infrastructure providers has been documented by the project. This study has many specific
actions, but all of them are based on three main pillars: sustainability, adoption of standards and
a collaborative scenario.
Specifically, the actions that have been carried out in order to progress in the aforementioned
topics have been:








To deliver once a year a VRCs-related survey to the National representatives. Such a
questionnaire was firstly implemented by CHAIN WP2 ‘Consolidation of existing state
of the art’.
To get a continuous feedback about the different versions of the road-map of services
from the National representatives too.
To maintain a continuous liaison with the identified VRCs fostering the collaboration by
periodic contacts, which also include the reception of their feedback about the different
versions of the road-map.
To consolidate such collaboration with the VRCs by means of the signature of
Memoranda of Understanding.
To organise specific workshops that have been held as part of major conferences
(http://agenda.ct.infn.it/categoryDisplay.py?categId=80) in order to maximise its impact
and, on the other hand, to know the requirements and necessities that VRCs have and
present them, at the same time, the different versions of the road-map.
To attend several events where the work carried out to that moment has been also
presented.
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As a consequence of this activity, the results related to every associated VRC are presented
below as well as the main basis adopted by CHAIN in order to improve the impact of Grid
computing worldwide: the Science Gateway paradigm.

2. The Science Gateway paradigm
It has been demonstrated that using Grid is not straightforward. There can be found several
barriers, but undoubtedly, one major drawback is the relatively high level ICT skills requirement
for beginners and the way of accessing it (authentication & authorisation). Users have to cope
with complex security procedures, execution scripts, job description languages, command line
based interfaces and lack of standards. This makes the learning curve very steep and keeps non
IT-experts away.
TeraGrid project defined a Science Gateway (SG) as a community-developed set of tools,
applications and data that is integrated via a portal or a suite of applications, usually in a
graphical user interface, that is further customized to meet the needs of a specific community.
This way, it will be possible to abstract the final user from the technological complexity that
would be underneath.
The second step is to get an easier access to the SG. The adoption of robot-certificates for
managing the jobs to be executed and the authorisation to get into the SG by means of Identity
Federations (see for example eduGAIN), which count on millions of users (so, for example, any
researcher belonging to a R&D Centre or to a University can immediately login by his own
credentials), is an outstanding asset for this paradigm.
Last action is then to develop a computational framework where available and new
developments could be coupled (added) as independent linked modules. Doing so, it will be
easier to integrate new applications and codes in the framework. Such an implementation has
been carried out at INFN-Sezione di Catania.
Because
of
all
these
reasons,
the
CHAIN
Science
Gateway
(http://agenda.ct.infn.it/conferenceDisplay.py?confId=794) is supposed to provide a short term
answer to interoperability when several different e-Infrastructures have to cooperate in order to
fulfil the requirements of intercontinental VRCs and is being proposed and fostered by CHAIN.
The framework for SG is fully web-based and adopts official worldwide standards and protocols,
through their most common implementations. These are:


The JSR 168 and JSR 286 standards (also known as "portlet 1.0" and "portlet 2.0"
standards);



The OASIS Security Assertion Markup Language (SAML) standard and its Shibboleth
and SimpleSAMLphp implementations;



The Lightweight Direct Access Protocol and its OpenLDAP implementation;



The Cryptographic Token Interface Standard (PKCS#11) standard and its Cryptoki
implementation; and,



The Open Grid Forum (OGF) Simple API for Grid Applications (SAGA) standard and its
JSAGA implementation.
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In addition, SG is built using the Liferay portal framework and can be downloaded and installed
by a virtual machine containing the development environment and examples of basic template
portlets that can be customised to integrate specific applications. The CHAIN web page offers
continuous updated information about all these topics on the “Applications” section
(http://www.chain-project.eu/applications).
The SC paradigm has been the main actor in the recently CHAIN worldwide interoperability
demo (http://science-gateway.chain-project.eu/) that was showed during the EGI Technical
Forum 2012 in Prague in September 2012. In the demo, several contributors were present in
addition to CHAIN:


e-Science projects/initiatives: CNGrid; EGI-InSPIRE; EUMEDGrid Suuport; Future
Grid; GARUDA; GISELA; SAGrid; and, WeNMR.



Middleware developers: EMI; GENESI II; gLite; GOS; JSAGA; OurGrid; and,
UNICORE,



ROCs: Africa & Arabia ROC; EGI associated ROCs; IGALC; ROC-LA



Applications that could be executed: ASTRA; GROMACS; jModelTest; Octave; Parallel
‘Hello world’; ProtTest3; R; Sequential ‘Hello world’; and, Sonification

The demo was a success and it was able to run different kind of jobs on different infrastructures
by means of different middleware. In addition, and as a key point, with a user’s complete
unattended control, who simply selected the input and submitted the job by clicking on a “Run”
icon.
It is worth mentioning that the CHAIN worldwide interoperability demo addressed most of the
recommendations proposed by the VRCs (see Section 4).

3. The CHAIN collaborative Virtual Research Communities
This section describes the scientific and technical communities that have been selected by
CHAIN in order to profit from join collaboration and, as final goal, to propose a possible model
of services to be implemented by the e-Infrastructures.
They have different levels of maturity in what Grid development concerns and are formed on
different basis ranging from well-established communities even funded by external entities to a
group of users who employ a common application or have a synergy in their scientific interest.
This heterogeneity is as an asset for CHAIN in order to propose a new portfolio of services that
could really fit a broad range of groups. Even more, their ICT interests move from applied
Science to Humanities, so researchers with different scopes can be addressed. A risk actually lies
in this approximation, but only acting on similar and well developed Grid initiatives (either from
the same scientific area or not) would make the final proposed model useless for many people
and/or e-Infrastructures providers. In addition, they have also been selected because of their
sustainability and spread continental presence, which is a must for CHAIN.
During the two years lifetime of CHAN, there has been a continuous exchange of information
between the associated VRCs and the project. In general terms, it could be mentioned that
CHAIN has provided the VRCs with:


New users all around the world;
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New codes of interest to the communities;



Access to infrastructures by means of the interoperability demo;



Access to training activities with the collaboration and support of EPIKH project (see the
CHAIN training agenda at http://agenda.ct.infn.it/categoryDisplay.py?categId=81); and,



Information about the different actions that have been running worldwide, mainly in the
Regions targeted by CHAIN.
On the other hand, the VRCs have provided CHAIN with very valuable information in:


Regional presence and impact of the different communities;



Best practices and requirements; and,



Feedback about the CHAIN published information.

In a equidistant point or, in other words, a two-way channel, it can be mentioned the relationship
with EGI and EGI-InSPIRE, since we have tried to coordinate all the challenges we had in
accordance to the European initiative and, at the same time, VRCs have made their best in order
to produce their e-Science in this defined technological framework.
In the following subsections, the order in which the VRC are presented is chronological on a
first-contacted first-served basis.
3.1 We-NMR
We-NMR (http://www.wenmr.eu/) is a project which aims to optimize and extend the use of the
NMR and SAXS research infrastructures through the implementation of an e-Infrastructure in
order to provide the user community with a platform integrating and streamlining the
computational approaches necessary for NMR (Nuclear Magnetic Resonance) and SAXS (Small
Angle X-ray Scattering) data analysis and structural modelling. When CHAIN was started, WeNMR had presence in Nigeria and South Africa in the continent.
A MoU was signed with this initiative on September 2011 and its presence has been continuous
in the workshops organised by CHAIN during the reporting period as a continuation of the first
contacts held in the KoM. Several discussions have been held with the coordinators of WeNMR
and their feedback has been very useful for the drawing-up of the WP3 CHAIN deliverables.
Once these documents were published, they have been presented in several forums, but the
summary of its recommendations have been directly consulted with WeNMR in order to improve
the quality of such recommendations to appear in future deliverables.
By means of the CHAIN WP2 survey, new contacts of researchers interested in the areas covered
by WeNMR were provided to the VRC. The countries where these scientists were settled were
Burundi and Costa Rica. WeNMR counts on an own-developed web access to submit jobs to the
Grid, but discussions have been held to test and adopt the SG paradigm or benefit from its
methodologies in order to improve the WeNMR submission.
3.2 WRF4G
WRF4G (http://www.meteo.unican.es/es/software/wrf4g) is a Grid version of the well-known
Weather Research and Forecasting (WRF) modelling system application. It is widely used by the
meteorological agencies and many other groups in the Earth Science domain. Its Grid-based
version has increased the resources where tasks such as Idealized simulations, Regional and
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Global applications, Parameterization and Data assimilation research or Forecast and hurricane
research can be performed. When CHAIN was started, WRF4G had presence in Ghana, Senegal
and South Africa in the continent.
A MoU was also signed with this initiative on September 2011 and its presence has been
continuous in the workshops organised by CHAIN as a continuation of the first contacts held in
the Kick-off Meeting. Several meetings have been held with the coordinators of WRF4G and
their feedback has been useful in drawing the WP3 deliverables. The most important information
of them has been also directly consulted with WRF4G representatives in order to improve the
quality of recommendations to appear in future releases.
By means of the CHAIN WP2 survey, new contacts of researchers interested in the scientific
applications of WRF4G were provided to the VRC. The countries where these scientists were
settled were Burundi, China, Costa Rica and Cuba.
WRF4G has been working on a similar basis in order to port to the Grid the CAM model, so a
new Grid release called CAM4G is available. CHAIN has also supported this new version and
has disseminated it in the events it has organised. A direct liaison between the WRF4G initiative
and the Climate Change community is being supported by CHAIN (see Subsection 3.6).
WRF4G relies on a command line method for the submission of jobs, so its incorporation to the
SG paradigm has been foreseen. Nevertheless, since WRF4G is mostly based on GridWay
metascheduler (which distributes tasks by means of DRMAA) and SG works with SAGA, an
actor for communicating both methodologies should be developed. WRF4G has kept
disseminating CHAIN plans and outcomes inside the Climate Change CORDEX project.
3.3 jModelTest / ProtTest3
These two applications belong to the Life Sciences domain and, in particular, to the Evolutionary
Biology. Both are freely available on-line (http://darwin.uvigo.es/) for the statistical selection of
best-fit models of nucleotide substitution (jModelTest) and amino-acid (ProtTest3) replacement
for a given set of aligned sequences. Thus, many researchers interested in molecular systematics,
phylogenetics, phylogenomics, molecular evolution and/or bioinformatics use them continuously
all around the world.
ModelTest has around 30,000 registered users worldwide while jModelTest (the Java version)
has around 11,000 and ProtTest around 5,000, i.e. almost all countries in the world have
scientists who are using one of these tools, African ones too.
CHAIN signed a MoU with this initiative on February 2012 and has also supported it by
implementing distributed versions of both codes that can be executed either on local clusters or
Grid. Thus, these versions have been integrated in the SG paradigm in both their sequential and
distributed releases (http://gisela-gw.ct.infn.it/jmodeltest and http://gisela-gw.ct.infn.it/prottest)
by means of an actor between DRMAA and SAGA.
By means of the CHAIN WP2 survey, new contacts of researchers interested in the scientific
applications of jModelTest and ProtTest3 were provided to the VRC. The countries where these
scientists were settled were Burundi, Costa Rica, Democratic Republic of Congo, Ethiopia,
Nigeria, Panama, Sudan and Taiwan.
3.4 INDICATE
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This project (http://www.indicate-project.eu) is working on coordinating policy and best
practices regarding the use of e-Infrastructures for Digital Cultural Heritage. The project aims at
establishing and stimulating a network of common interest made up of experts and researchers in
all the relevant fields, whose sustainability will be planned on a long term beyond the project
lifetimes. Egypt was already collaborating with the project when CHAIN was started.
INDICATE focuses its activities in countries all around the Mediterranean, both European and
African. Nevertheless, contacts have been established with China and Latin American. CHAIN
has signed a MoU with INIDCATE on March 2012.
Humanities have a very different approach to ICT than Science. In addition, their interests and
required services are diverse, which improves the quality of the road-map and validation tests to
be done by CHAIN. In this way, new contacts to integrate a digital repository in Panama by
means of the INDICATE e-Culture SG have been provided. Since digital repositories are
becoming more and more important, the collaboration between INDICATE and CHAIN is
expected to gain from this fostered activity.
As in the previous cases, the different documents produced by CHAIN have been sent to the
INDICATE coordinator in order to get her feedback.
3.5 DECIDE
DECIDE (http://www.eu-decide.eu/) objective is to design, implement, and validate a Grid-based
e-Infrastructure building upon neuGRID and relying on the Pan-European backbone GEANT
and the NREN. Over this e-Infrastructure, a service will be provided for the computer-aided
extraction of diagnostic markers for Alzheimer's disease and schizophrenia from medical images.
A MoU with this VRC was signed on April 2012, but a close collaboration has been established
anyway during the whole lifetime of CHAIN by common partners shared between the two
initiatives, the direct contacts between the managerial bodies (road-map of services has been sent
to the VRC coordinator requesting his feedback) and the participation of DECIDE in the events
organised by CHAIN. In addition, the project has provided DECIDE with new contacts in
Nigeria.
As a result, the SG paradigm promoted by CHAIN has been also adopted by DECIDE and the
community has participated with their own web-access in the validation model that CHAIN is
proposing.
3.6 Climate Change
A Climate Change-related VRC has been promoted by CHAIN since the very beginning (see the
conference on the "Role of e-Infrastructures for Climate Change research" at
http://users.ictp.it/~smr2238/). This topic is of outmost importance nowadays and has researchers
interested in all around the world, so the work has been focused on a two-fold basis: looking for
well-established European projects that were aware of the ICT advances in what Climate Change
refers and looking for researches in the Regions of interest to CHAIN who could be interested in
joining either the developments offered by the European initiatives or form a new community
around a well-known application. In this sense, the dissemination and promotion of WRF4G
among these scientists have been carried out by CHAIN.
As a result, CHAIN has got the interest from researchers settled in ten (10) non-European
countries (Algeria, Cameroun, Cote d'Ivoire, Ethiopia, Morocco and South Africa from Africa)
and has identified four (4) initiatives that could help as a starting point to definitively form a
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VRC. In most of these groups and with the support of ICTP, the most used application is
RegCM. In addition, CHAIN has also offered WRF4G code developers support to work on the
applications used by these researches in order to port them to the Grid with the same
methodology applied to CAM4G, the action of which could drive to the creation of a VRC too.
Logically, both strategies could find synergies to meet and, due to this, the new survey sent to the
National representatives raise this point.
Last, groups devoted to the study of seismology have been identified in Latin America with the
support of the GISELA project (they are interested in porting to the Grid the SPECFEM3D code)
and India through of ICTP.
3.7 LSGC
Due
to
its
wide
presence,
the
Life-Science
Grid
Community
(LSGC,
http://lsgc.org/en/LSGC:home;jsessionid=D1E7996F7665C3FA900B13A2116E1A36) has been
approached by CHAIN. LSGC is one of the biggest Grid users communities, HEP excluded, and
counts on a solid background in this computational platform, where codes of different
characteristics are being utilised nowadays. Besides, according to EGI accounting portal, during
2012, there have been jobs running in these regions: Asia Pacific, Canada, Europe, Latin
America and Russia.
LSGC representatives have been invited to make presentations about their communities from the
first event organised by CHAIN and a MoU was signed between this initiative and CHAIN in
March 2012.
Since LSGC is mature enough and has very well established links with the people who
participate in it, CHAIN has worked in finding new users in the targeted Regions and, at the
same time, has got the initiative feedback for the published documents profiting from its broad
expertise.
3.8 SuperB
The SuperB flavour factory (http://superb.infn.it/home) is a major international research centre
for fundamental and applied physics to be built on the campus of the University of Rome Tor
Vergata. It is an accelerator that will provide complementary information to LHC, looking at rare
decays with a very high luminosity electron-positron asymmetric collider. In Africa, there have
been contacts in Algeria, Egypt, Ghana, Madagascar, Morocco, Mozambique, Rwanda, South
Africa and Tunisia from the very beginning.
From the CHAIN point of view, it is a novel approach to the research communities that could
deserve very good results because it is based on the major Grid users group, i.e. HEP, but at the
same time, is not limited to the rules and policies that the four ICT Divisions belonging to the
LHC experiments impose or recommend due to its huge Grid use. In this way, groups interested
in this kind of physics, but devoted to other kind of problems, can offer a new scenario and,
besides, can collaborate with SuperB from their own place. SuperB VO is currently supported by
five (5) National Grid Initiatives, none of them belonging to the Regions of interest to CHAIN.
Coming from outside Europe, groups belonging to twenty three (23) countries have been
identified and the first discussions with the SuperB representatives have been carried out in order
to sign a new MoU which better defines a strategy for collaboration. In the meantime, CHAIN is
also looking for new contacts.
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4. Some hints about the proposed road-map of services
CHAIN has been working on drawing up a road-map of services and requirements that are
needed by the VRCs to be proposed to the Distributed Computing Infrastructures (DCI).
The information is divided in two main areas: the current status of DCIs in what VRCs concerns;
and, the road-map itself. In addition, the latter is divided into 88 itemized recommendations
grouped in Technical (64), Training, administration and use (14) and Collaborative scenario (10)
ones.
The whole and latest list of such recommendations can be found in WP3 deliverable D3.4 ‘Roadmap of trans-continental e-infrastructures for virtual communities Updated’ at http://www.chainproject.eu/status.

5. Conclusions
The CHAIN project has been working on coordinating and leveraging the efforts made over the
past years to extend the European e-Infrastructure (and particularly the Grid) operational and
organisational principles to a number of Regions over the world. In this sense, the project keeps
working on elaborating a strategy and defining instruments in order to ensure coordination and
interoperation of the European Grid Infrastructure with those emerging in other regions of the
world (Asia, Mediterranean, Latin America and Sub-Saharan Africa). Among these efforts, the
promotion of Virtual Research Communities plays a key role.
CHAIN has strongly collaborated with eight different VRCs and has promoted their interests in
the previously mentioned regions. On the other side, CHAIN has profited from the VRCs’
experience for documenting a road-map of services to be provided by the DCIs. Such a road-map
has been successfully tested by means of the CHAIN worldwide interoperability demo, which
had the Science Gateway paradigm as major actor. In the demo, it was demonstrated that it is
possible to run different kind of jobs on different infrastructures by means of different
middleware in a complete unattended way.
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Abstract
The study set out to explore prospects of using digital libraries to enhance access to academic
materials to library users in the Higher Learning Institutions (HLIs) in Kilimanjaro region,
Tanzania. Interviews, questionnaires and focus group discussions were methodological
underpinnings adopted to explore the case using cross-sectional type of designs. Study findings
revealed that despite the fact that each HLI had a library, but sitting pattern did not keep pace
with the increasing number of students enrolled each year. Opening and closing hours were also
observed to be an obstacle for many library users to access learning materials, lack of variety and
updated books in various study disciplines, and involvement of a lot of mechanical books
searching was also observed to be challenges facing readers in the existing libraries. The turning
point for the above mentioned challenges is to establish digital library. However, digital library
implementation fall into doldrums because of the following identified factors; shortage of fund,
low technology, power rationing, inadequate Information and Communication Technology (ICT)
tools to the libraries, shortage of skilled personnel who can start and run digital library, unstable
network infrastructures, and high cost for internet bandwidth. The study calls for deliberate
action to implement digital libraries especially in HLIs in order to harvest the prospects of digital
libraries in enhancing access to learning materials and consequently improving students’
academic performance.

Keywords
Library, Digital library, Higher learning institution, ICT

1. Introduction
1.1 Background Information
Technological advancements have shown a substantial growth concerned with each and every
field whether it be the communication systems, astronomy, semiconductor devices, automobiles,
and electronic devices of daily usage, bio-electronic devices, building and architectural design
techniques or the computers. These advancements in technologies have been witnessed as days
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pass by (Patil, 2009). One of the areas in which technological advancements has been clearly
witnessed is the Information and Communication Technologies (ICTs). Such advancements have
been manifested themselves in many application domains, one of which is in education, and
particularly in facilitating educational library functions (Makri, 2004). Arkim (2010) contends
that before, libraries were full of paper books arranged in shelves by category and alphabetically.
Today, a library is never complete without computers, and although there are still books in
shelves, they seem to be gathering dust and become more of decoration rather than source of
information. The author further asserted that ICTs facilitates implementation of digital libraries.
A digital library is a library in which collections are stored in digital formats (as opposed to print,
microform, or other media) and accessible via computers. The digital content may be stored
locally, or accessed remotely via computer networks (Greenstein and Thorin, 2002). Seadle and
Greifeneder (2007) added that a digital library is based on documents in digital form that are
handled like traditional library documents in standard processes (collecting, cataloging, and
providing access) and that are made available online for users via catalog records. A digital
library may offer many technology-enabled functions and services that support users, both as
information producers and as information users (Soergel, 2008).
It is asserted by Alhaji (2008) that the needs for digital libraries become significant when we
look for improved information sharing, improved and wider access of library materials, and
improved preservation of the same. Hawkins (2002) pointed out that when the number of library
users increases with no or little increased library resources such as reading areas, library
materials and librarians the basic purpose of having a library become weakened.
According to the URT (2010) in its report on Basic Education Statistics in Tanzania (BEST)
2006-2010 there has been increasing number of students enrolled to higher learning institutions
in Tanzania. Figure 1 gives a summary of net enrolment of students in higher leaning institutions
in Tanzania in five consecutive years, from 2005-2006 academic year to 2009-2010.
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Figure 1: Trend of students’ enrollment in Tanzania HLIs for five consecutive academic years, Source: URT, 2010
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As it can be seen the number of enrolled students in 2009-2010 academic year is more than twice
as much as that of 2005-2006. With this increased number it is clear that potential library users
increased as well in those academic years. This study was carried out therefore to survey the
libraries in higher learning institution in the area of study to see how they operate and if they
suffice the basic goal of providing academic materials access to their reader
1.2 Problem Statement
The number of students enrolled to higher learning institutions increases with years which entail
the increasing library users. With the increasing library users it is mandatory to increase library
resources such as librarians, seating spaces, and library materials. To increase seating space for
example, is likely to need physical expansion of the libraries. Furthermore some higher learning
institutions have also established distance learning courses. It is high time them to look if the
existing libraries suffice with the present trend. With presence of digital libraries we can be
assured of access to academic materials at anytime and anywhere. The present study was
therefore carried out to, first survey the current status of the existing libraries in the area of study,
and second finds out ways in which digital libraries can help to enhance access to academic
materials.
1.3 Objectives of the study
The general objective of this study was to explore prospects of using digital libraries in
enhancing access to academic materials by library users in Higher Learning Institutions. Specific
objectives of the study were;
i. To examine the current status of existing libraries in the area of study in serving potential
readers
ii. To ascertain challenges facing the implementation of digital libraries in the study area,
and
iii. To find out ways to which digital libraries can help to supplement traditional libraries in
accessing learning materials.
1.4 Research questions
In order to come out with sound findings the present study looked forward to answer the
following research questions;
i.

What is the current readers-serving status of libraries existing in the area of study?

ii.

What challenges faces the implementation of digital libraries, and what is the way
through?

iii.

In what ways can digital libraries help to supplement traditional libraries?

1.5 Significance of the study
The present study was carried out to survey the existing libraries in higher learning institutions in
Kilimanjaro region. The survey helped to establish the status of the libraries in that study area.
Findings from this study therefore helped researchers to provide recommendations to the
institutions on how to improve provision of their library services their readers. The use of digital
libraries has been suggested and recommendations on how to make it effective were provided.
This will help stakeholders in both levels from policy makers, policy implementers, and the
whole community at large to effectively utilized the same and hence improves opportunities for
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academic materials access to readers. The study can furthermore be used to reduce literatures gap
for other researchers who would like to research of the similar area.

2. Research Methodology
2.1 Research Design

A cross section research design that involved asking questions to respondents at a single point at
a particular time was used in this study. The reason for selecting the cross section survey design
is that it was time and resource effective hence enabled the researchers to come up with best
results.
1. 2.2 Choice and Description of the Study Area
This study was conducted in Kilimanjaro region. Kilimanjaro region is one of the 30 regions of
Tanzania. The headquarters of the region is Moshi. Kilimanjaro region is bordered to the North
and East by Kenya, to South is bordered by Tanga region, to South-West by Manyara region and
to West by Arusha region. According to the 2002 Tanzania census the population of Kilimanjaro
was 1,138,149 constituting 90 percent rural residents (URT, 2002). Kilimanjaro region is among
the regions with big number of higher learning institutions in Tanzania, with a total of five
higher learning institutions.
2.3 Population, Sampling and Sample Size
1.

2.3.1 Population

The population for this study comprised libraries in the higher learning institutions in
Kilimanjaro region. Among the higher learning institutions in Kilimanjaro region, four are
university colleges and one is the Open University of Tanzania-Kilimanjaro centre. In the
2011/12 academic year the four University colleges comprised a total of 7916 students. These
are the main potential library users. Other respondents involved in this study were academic
staff, librarians and admissions officers.
2.

2.3.2 Sample Size

This study involved surveying libraries in higher learning institutions in Kilimanjaro region. It
surveyed a total of four libraries in the four higher learning institutions in the region. Those
higher learning institutions were Moshi University College of Co-operative and Business Studies
(MUCCoBS), Mwenge University College of Education (MWUCE), Kilimanjaro Christian
Medical College (KCMCo), and Stefano Moshi Memorial University College (SMMUCo)Masoka campus. The Open University of Tanzania-Kilimanjaro Centre was not involved in this
study because most of its students are distance students and therefore its library was not
involved. A total of 80 respondents, 20 from each institution, were drawn from representative
sample. 20 academic staff (five from each institution), eight librarians (two from each institution)
and four admissions officers (one from each institution) were involved in this study. Total
respondents involved in this study were therefore 112.
3.

2.3.3 Sampling

Simple random sampling technique was employed to obtain the representative sample from the
population under study. The reason for using simple random sampling method is that the
technique allowed for equal chance of representatives to be involved in the study.
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2.4 Data Collection Methods
Data was collected from the four higher learning institutions in Kilimanjaro region. Both primary
and secondary (qualitative and quantitative) data were collected in this study. A variety of
methods and sources of information was used in the study as a means of cross-checking. The
main data sources were questionnaires, interviews, internet search, surveying existing library
documents, and physical observations of the libraries in place.
2.5 Data Analysis and Presentation
The study used descriptive statistics technique. Data were coded and analyzed using Statistical
Package for Social Science (SPSS). In this statistical package descriptive statistics such as
frequencies, means and percentages were determined where the implications of the results led to
recommendations.

3. Findings
2. 3.1 Trends of students enrolments
Trends of students’ enrolments for the five consecutive academic years, from 2005/06 to
2009/10, in the four higher learning institutions were investigated. The trend shows an increasing
number of students enrolled as years go. This increasing number suggests also continuous
increasing library users in the respective institutions. Figure 2 gives a summary of these trends.
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Figure 2: Trends of students enrollments in the surveyed institutions, Source: URT, 2010

3. 3.2 Types of respondents involved
This study involved potential library users and the admissions officers in the respective libraries
in the area of study. Potential Library users involved were students, academic staff and
librarians. Students formed a major group of respondents interviewed where by 20 students from
each institution, making a total of 80 students (equivalent to 71.4% of all respondents) were
involved. This group constituted a major part of respondents because students are the dominating
users of library services, and basically this group is the target group of this study. The other
group of respondents that were involved in the study was academic staff. This group involved 20
academic staff, five from each institution visited, the group therefore constituted 17.9% of all
respondents. Two librarians from each institution’s library were also involved in this study. The
total librarians involved in this study were eight, equivalent to 7.1% of all respondents. The last
group was admissions officers. One admissions officer from each institution was involved,
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making a total of four admissions officers which is equivalent to 3.6% of all respondents
involved in this study. Figure 3 summarizes these respondents’ groups.
Frequency
80

71.4

20 17.9

8 7.1
Librarians

Percentage

4 3.6
Students

Academic
Staff

Admissions
Officers

Figure 3: Composition of respondents involved in the study

4. 3.3 Library status
1.

3.3.1 Library operating time

Each of the four higher learning institutions in Moshi Municipality that were involved in this
study had at least one main library, a traditional one. Consequently four libraries were visited
during this study. It was established that none of the surveyed library operates in 24 Hours. Also
all of the four surveyed libraries were found to be completely closed for the whole day in public
holidays. Furthermore only the MUCCoBS library operates on Sundays, however it operates for
only three hours, other libraries operate only on weekdays and Saturdays. During weekdays all
libraries are opened at 0900 Hours except that of MUCCoBS which is opened at 0830Hours.
Closing hours for all the surveyed libraries is 2200 Hours. The operating hours in Saturdays
differs from one library to another as it is summarized in Table 1.
As it is presented in Table 1, this study found that out of the 168 hours of the week, KCMCo
library is operating for only 69 hours, MUCCoBS library is operating for only 69.5 hours,
MWUCE library is operating for only 74 hours, and SMMUCo library is operating for only 69
hours. Public holidays in which libraries are closed were not counted herein, the study therefore
assumed a semester with no single public holiday.
Weekdays (Hours) Saturdays (Hours)
Library

Sundays (Hours)

Opening Closing Opening Closing Opening

Closing

Calculated
total operating
Hours per
week

KCMCo

0900

2200

0900

1300

-

-

69

MUCCoBS

0830

2200

1400

1800

1500

1800

69.5

MWUCE

0900

2200

0900

1800

-

-

74

SMMUCo

0900

2200

0900

1300

-

-

69

Table 1: Libraries working hours in weekdays
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These results further suggest that, in a 16 weeks semester, KCMCo library is not operating for a
total of 99 hours (equivalent to approximately 4 days) in a week, which is also equivalent to 64
days in a semester. MUCCoBS library is not operating for 98.5 hours (equivalent to
approximately 4 days) in a week, which is also equivalent to 64 days in a semester. MWUCE
library is not operating for 94 hours (equivalent to 3.9 days) in a week, which is also equivalent
to 62.7 days in a semester. Lastly, SMMUCo library is not operating for a total of 99 hours
(equivalent to approximately 4 days) in a week, which is also equivalent to 64 days in a
semester. These results are summarized in figure 4. Further analysis of these data reveals that
each of these institutions is operating for seven (7) weeks in a semester while the remaining nine
(9) weeks all the libraries are closed.
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Figure 4: Summary of days in which libraries operates and not in a semester

3.3.2

Seating space

Findings showed that in the 2011/2012 academic year the smallest library out of the four
surveyed libraries had a seating capacity of 50 readers at a time, while the largest library had a
seating capacity of 200 readers at a time. Furthermore the total number of students enrolled to
the institution with smallest and largest library was 465 and 3890 respectively as summarized in
table 2. This number of enrolled students is the number of only those students registered as
library users.

Higher Learning
Institution

2011/12 Academic Year
Enrolled Students

Library Seating Capacity

Percentage (%)

KCMCo

961

100

10.4

MUCCoBS

3890

200

5.1

MWUCE

2600

200

7.7

SMMUCo

465

50

10.8

TOTAL

7916

550

6.9

Table 2: Ratio of library seating capacity to students’ enrollment
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As seen in table 2, KCMCo and SMMUCo are the institutions with a relatively good ratio of
enrolled students per library seating space i.e. approximately 1:9 (this ratio is equivalent to
10.4% and 10.8% of all KCMCo and SMMUCo students respectively who can seat in the library
at a time), while MUCCoBS has a poor ratio i.e. 1:26 (which is an equivalent to only 5.1% of all
MUCCoBS students be accommodated in a library at one time). These findings suggests that
none of the institution can serve even one eighth of all students at a time, which implies that
potential library users are likely to miss the library service at the time they want to make the
most of them.
3.3.3

Library Expandability

The present study observed that libraries in the area of study tend to add new volumes of library
materials when need arises and financial resources are available. A physical survey however
showed that the libraries are almost full with library materials which alarms for the need of
physical expansion of libraries to add new book shelves so as to accommodate future
depositories. However all surveyed libraries are built with block walls and concrete of which
libraries’ physical expansion looks impractical. When the needs to expand libraries will become
serious the institutions will then be forced to construct new big library buildings. This implies to
more financial resources for constructing new library buildings will soon be needed to each of
the visited institution.
3.3.4

Items Searching

Libraries consist of thousands of volumes of items such as books and journals. Knowing an exact
position to find an item is important to save readers’ time. For that reason therefore it is
necessary to have searching mechanisms that will facilitate in locating where exactly a certain
item is found in the library. A survey of the four libraries revealed that all of them have software
to facilitate items searching, however the software in only accessible within the library premises.
Readers cannot access that software at remote places and therefore it becomes difficult for them
to know if a certain item is within the library at a particular time until they physically visit the
library.
3.3.5

Borrowing and returning of library materials

The study discovered that only one library out of the four surveyed libraries uses special
software for checking in and checking out of library materials. The software facilitates tracking
of borrowed library materials. Furthermore it was discovered that time to return borrowed library
materials differs from students and staff in all libraries visited. The library by-laws for returning
borrowed materials are not so strict to staff, but much enforcement is stressed to students. Time
for students to stay with library material differs from one institution to another. The study
revealed that maximum number of days to stay with library materials differs from one institution
to another; 14 being the maximum number of days while three is the minimum. It was also
realized that materials in special reserve are not allowed to be borrowed; they should be read
within the library. However in some of the libraries a reader is allowed to read a special reserve
material for a maximum of only three hours.
3.4 Challenges facing library users
The present study went further to find out what library users consider to be the main challenges
facing them when accessing or aiming to access library services. Respondents responded by
providing different challenges that face them as far as their library access is concerned. 80.4% of
all respondents who were interviewed mentioned lack of enough library seating space as one of
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the challenges facing library users, 40.2% mentioned limited library access in terms of time and
remote access, 22.3% mentioned lack of variety of reference books in various fields, and 31.3%
said that some of the courses were missing updated books. Other reasons mentioned were
inability to share library items (especially when someone else have borrowed it) 17.9%, short
time to stay with library items 8.9%, and difficulties in searching of library items in some of the
institutions 35.7%. These findings are summarized in figure 5. As seen in the summary the
challenge that was mentioned by most of respondents was the lack of enough library seating
space.
Lack of enough seating space
Limited library access
Lack of variety of reference books
Outdated books
Inability to share library items
Frequent renewal of borrowed
items

Figure 5: Challenges facing library users

One of the respondent who was a student at one of the surveyed institutions when he was asked
about challenges that face him in using the library services provided the following “…I went to
the library several times but I fail to get a place to seat because the library is always full… if you
are late a little bit after it has opened you cant find a seat… if you decide to borrow a book so
that you can go and read it somewhere else you find all copies of books borrowed as they are
few...”
Another students who was talking about few time to stay with library material said “…I think the
main challenge is accessing books in special reserve… we are allowed to access a book for only
three hours… but some of the problems in the books need more than three hour to be solved…”
However it was observed that there is a trend of some of the libraries to be overloaded starting
from the middle of semesters and especially when time for final exams is approaching. This was
observed by a librarian in one of the visited library who said the following “…You cannot be
able to see if this library is not sufficient until in the 6th or 7th to the last weeks of the semester
where everyone wants to come to the library…”
Hawkins (2002) pointed similar results when trying to explain weaknesses of traditional
libraries. Hawkins contended that if we proceed with the library model as we have known it, the
costs associated with storing and archiving the information will bankrupt our institutions of
higher education. Makri (2004) added that traditional libraries are characterized by many
weaknesses such as fewer resources on the traditional library catalogue, lack of vast access to
information, and items located in the library catalogue are more difficult to assess for relevance,
since only limited meta-data about the items are displayed to users.
Although a challenge few library personnel was not mentioned by respondents in the study area
but Hawkins (2002) pointed it out in his publication. When the author pointed out about library
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costs he said that most of the current concerns about library costs focus on the initial acquisition
of materials. This is a significant problem, but there are other less apparent costs as well. The
costs of cataloguers, reference librarians, and other personnel are substantial.
3.5 Digital library
3.5.1

Respondents understanding to Digital Library

A question was set to tape respondents understanding of the term “digital library” in order to be
able to establish the level of understanding of such term among the interviewees. It was
established that more that 80% of the respondents said they are aware of the term and provided
more or less similar definitions referring it as the way of accessing academic materials
electronically; 6.3% of all respondents said that a digital library is a kind of search engine that is
used purposely to search academic materials, 33.9% referred it as the library that a user can
access it at any place through computers connected to the internet, 7.1% referred it as electronic
materials that are digitized and made available over computer network, 23.2% referred it as an
advanced library which allows storage and retrieval of materials, 16.1% said it is a virtual library
that provides access to library materials 24/7 and in any place, while the remaining 13.4% were
not able to define as what exactly digital library meant to them (Table 3).

Frequenc
y

Percentage

A kind of search engine that is used purposely to search
academic materials

7

6.3

The library that a user can access it at any place through
computers connected to the internet

38

33.9

Electronic materials that are digitized and made available over
computer network

8

7.1

Advanced library which allows storage and retrieval of
materials electronically where only subscribed users can be able
to access it

26

23.2

A virtual library that provides access to library materials 24/7
and in any place

18

16.1

No response

15

13.4

TOTAL

112

100

Definition of the term Digital Library by respondents

Table 3: Ratio of library seating capacity to students’ enrollment

These definitions by respondents are somehow similar to those provided by literatures.
According to Ager (1999) and Blandford and Buchanan (2003) a digital library is a system that
composes a family of automated systems that together provide a comprehensive capability to
manage the digital content of an enterprise. However the working definition of the digital library
from both a conceptual and a practical standpoint is provided by the following principles:


A digital library is an integrated set of services for capturing, cataloging, storing,
searching, protecting, and retrieving information.
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Digital library services bring order where data floods and information mismanagement
have caused much critical information to be incoherent, unavailable, or lost.



Digital library architecture emphasizes organization, acquisition, preservation, and
utilization of information.



Digital library systems are realizations of architecture in a specific hardware, networking,
and software situation.

With those principals Ager (1999) divided the capabilities of digital library systems into the
following areas:


Capture or creation of content



Indexing and cataloging (metadata)



Storage



Search and query



Asset and property rights protection



Retrieval and distribution

3.5.2 Advantaged of digital libraries
Most of the respondents seemed to have an idea of what a digital library is, then the study went
further to try to capture what respondents think are the advantages of a digital library. 45 said
that with digital libraries there is no need to physically visiting a library so as to access library
materials. 28 respondents said that digital libraries are capable of handing huge amount of data,
10 respondents said that multimedia data such as graphics, images, audio, video and animations
can simply be included in a digital library. 40 respondents mentioned the absence of library
physical boundaries, 32 respondents said that it allows information sharing, 42 said library
materials will be available anywhere in 24 hours of a day and 7 days of a week, and 12
respondents said that with digital libraries there is no need of constructing big library buildings
as readers will be accessing library materials at their places. Figure 6 summarises these findings.

No need to physically visit a
library
Huge amount of data can be
stored
Multimedia data can be included
No physical boundaries
Allowing information sharing
Available in 24/7 and anywhere
No need of big library buildings

Figure 6: Advantages of digital libraries
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In addition to what respondents in the study area narrated, Soergel (2008) pointed out that a
digital library functions by linking many types of information objects in many formats
(including documents and databases) in all media into a complex structure. Also users
both use and create information, and the processes of using and creating information
are closely intertwined. The old distinction between producers of information (the few) and
users of information (the many, the people, the masses) is rapidly fading away. Power to
the people!
3.5.3

Challenges facing implementation of Digital libraries

Despite of the good awareness of respondents on the advantages of digital libraries, none of the
surveyed institutions had a digital library in place. Respondents were than asked to give out their
views on what they think are the barriers that impedes implementation of digital libraries in their
area. The following challenges were mentioned; 60 respondents mentioned the shortage of fund
to start, 45 mentioned low technology i.e. we don’t have enough technological capacity to install
and operate digital libraries, 42 mentioned power rationing i.e. power is not stable which will
sometimes cause the library services to be inaccessible, 30 mentioned inadequate ICT tools to
the libraries, 38 mentioned shortage of personnel who have enough skills to run/operate digital
library, 24 mentioned unstable network infrastructures, and 28 respondents mentioned high cost
for internet bandwidth.

4. Conclusion and Recommendations
4.1 Conclusion
4.1.1. Existing Libraries
From the survey done by this study it was established that each of the higher learning institution
in Kilimanjaro region has a library. However, all the libraries in that area of study are traditional
ones. The statuses of those investigated libraries were identified as follows;
i. Libraries physical access: In order to get hold of information or library materials in any
of those libraries you must physically visit the library. Some of the library had software
for materials searching which are helpful when searching for academic materials in the
library, but the software is accessible only in library premises.
ii. Libraries operating time: None of the library operates in public holidays, and out of the
four visited libraries only one operates on Sundays however it operates for only three
hours. None of the libraries operates in 24 hours. And the total amount of time in which
each of the libraries operates in a semester is less than the time a library does not operate.
This deprives library users the right to have unsuspended access to library materials.
iii. Libraries’ seating space: None of the libraries in the study area can serve even one eighth
(i.e. 12.5%) of all registered library users at a time. This equally suggests that when only
12.5% of registered library users will need to use the library at a time, they won’t be able
to do it.
iv. Limited storage space/hard to physically expand the library: As time goes libraries are
getting full of materials while the users are increasing therefore a need to add more seats.
However it is hard to physically expand the libraries.

Page 113

4.1.2. Doable threats
The number of students enrolled in higher learning institutions increases with years. This entails
an increasing number of library users in the respective institutions. Because this number is
increasing the lack of library spaces will be very significant as years go. Changes of curriculum
and discovery of new facts, publications of new books, journals, papers, dissertations, etc. makes
new volumes of library materials to continuously be added to the existing fixed libraries.
Establishment of distance learning courses in some of the higher learning institutions calls for
possibilities of potential students to have vast academic materials access at their places. All of
these calls for a deliberate effort to ensure that disposition of materials are not impinged on by
these changes and at the same time readers/learners are not affected by the same.
4.1.3. Digital libraries
More than 80% of students, academic staff, librarians and admissions officers in the area of
study are aware of term digital library. Even if their definitions might not be very much precise
but these respondents were at least able to provide definition(s) of the digital library. Digital
libraries were also identified to have more advantages as far as academic materials access is
concerned as opposed to the traditional libraries. Some of these advantages as identified in these
study are No need of physically visiting a library in order to access library services, the digital
libraries can store huge amount of information, multimedia data such as audio, images, graphics,
video and animation can be accessed via digital libraries, no library physical libraries is required,
library materials are available in 24/7 and in any place, and no need of physically expanding
library buildings to accommodate new repositories and new library users. Digital libraries also
gives power to people by allowing users to both use and create information as contrary to
traditional libraries where few creates information and many (the mass) access it.
4.1.4. Challenges impeding implementation of digital libraries
The following challenges were identified to impede implementations of digital libraries in the
area of study:
i. Shortage of fund to establish and run the same
ii. Lack of technological capacity in terms of ICT tools/facilities
iii. Power rationing creates doubt if digital libraries can successfully be established and run
iv. Shortage of skilled personnel who can establish and/or run digital library,
v. Absence of stable network infrastructures in terms of servers, physical cabling and
wireless access points
vi. High cost to acquire internet bandwidth from Internet Service Providers
vii. Lack of political will from responsible persons due to absence of adequate policies for
digitization of library activities
4.2 Recommendations
4.2.1 Short term plans
The study recommends the following short term plans to the libraries as a solution to solve
library problems as identified during a physical survey to the libraries:
Page 114



Provide library service for 24 Hours and for at least one third of all registered library
users at a time



Establish library expansion plan



Install software for checking in and out library materials



Install security camera that will monitor movements in the library



Install security systems



Employ more librarians and add working shifts



Add new publications as often as possible

4.2.2 Long term plans
In order to address the problems associated with traditional libraries as presented, this study
recommends that digital libraries should be established and run in each of the higher learning
institutions. For digital libraries to be successfully established the following must be addressed;


The government should establish mechanisms to provide stable power supply especially
in higher learning institutions settings



The higher learning institutions must put deliberate efforts to acquire tools for digital
libraries



The institutions should educate sufficient number of personnel who will establish and
implement digital libraries



Collaboration by all key stakeholders in the education process to genuinely allocating
sufficient funds for digital libraries implementations. This is possible through
mobilization of resources for the same including establishing a special library fund by the
government and other library stakeholders as well as daring putting in place a pilot digital
library (bearing in mind that to dare is to do)



ICT infrastructures in all levels should be improved



Create appropriate policies which will govern the creation, installation and use of digital
libraries



Although many members of higher learning institutions communities seem to be aware of
the digital libraries, but this study calls for deliberate awareness creation to all other
stakeholders including policy makers, policy implementers and the community at large
on the necessity and opportunities offered by the digital libraries over conventional
traditional libraries so that they can effectively utilize its prospective benefits.

However the study does not recommend traditional libraries to be totally replaced by digital
libraries because not all academic materials found in the libraries can be digitized. Also ICT
infrastructures are not that much promising, and ICT illiteracy to some of library users is still
high which can impede them from accessing academic materials digitally. And in any way,
therefore, digital libraries should not be regarded as a threat to librarians’ jobs but rather an
opportunity that enhances academic materials access to more library users than ever before.

Page 115

References
Ager, T. (1999), Digital Information Organization in Japan: Architecture and Systems,
International Technology Research Institute, World Technology (WTEC) Division.
Alhaji, I. U. (2008), Digitization of Library Resources and the Formation of Digital Libraries: A
Practical Approach, www.ais.up.ac.za/digi/docs/paper_alhaji.doc
Arkin, J. C. (2010), Traditional Library versus Digital Library,
http://printerinkcartridgesblog.printcountry.com/tech-comparisons/traditional-library-versusdigital-library-13884.html.
Blandford, A. & Buchanan, G. (2003). Usability of digital libraries: A source of creative
tensions with technical developments. IEEE Technical Committee on Digital Libraries Bulletin,
1(1).
Gopal, K. (2000). Digital libraries in electronic information era. New Delhi: Author Press.
Greenstein, D. I. & Thorin, S. E. (2002), The Digital Library: A Biography. Digital Library
Federation, ISBN 1-933645-18-0, http://www.clir.org/pubs/reports/pub109/pub109.pdf.
Kawatra, P.S. (2000). Textbook of information science. New Delhi: APH Publishing
Corporation.
Libraries, Project report submitted in part fulfilment of the requirements for the degree of Master
of Science (Human-Computer Interaction with Ergonomics) in the Faculty of Life Sciences,
University College London, http://www.ucl.ac.uk/uclic/people/s_makri/stephmscthesis.
Makri, S. (2004), Investigating users’ mental models of traditional and digital,
http://www.ucl.ac.uk/uclic/people/s_makri/stephmscthesis.
Patil, P. R. B. (2009), Technological Advancements and Its Impact on Humanity,

http://www.academia.edu/346486/Technological_Advancements_and_Its_Impact_on_Humanity.

Seadle, M. & Greifeneder, E. (2007), Defining a digital library, Humboldt University, Berlin,
Germany, ISSN: 0737-8831, http://edoc.huberlin.de/oa/articles/relz1hpFVJJZw/PDF/29n124GXniqTA.pdf.
Soergel, D (2008), Digital Libraries and Knowledge Organization, College of Information
Studies, University of Maryland, College Park, MD,
http://health.cat/open.php?url=http://www.dsoergel.com/NewPublications/SoergelDigitalLibrarie
sandKnowledgeOrganization.pdf.
United Republic of Tanzania (2010), Basic Education Statistics in Tanzania (BEST) 2006-2010:
Revised Data, Ministry of Education and Vocational Training.

Page 116

Biographies
Mr. George Matto is currently the Head of ICT Unit at the Moshi University College of
Cooperative and Business Studies. He is a graduate of M. Sc. in Computer Science and B. Sc. in
Computer Science (Hons) from the University of Dar es Salaam, Tanzania. He is engaged in
teaching, research and consultancy. His research interests are ICTs in education and learning,
ICTs in Microfinance, and Ubiquitous Mobile Computing and Applications.
Mr. Maulid Bwabo is an Assistant Lecturer at the Moshi University College of Cooperative and
Business Studies in the department of Marketing and Procurement. His areas of expatriate are
strategic Marketing Review, Marketing Audit, Agricultural Marketing, and Marketing
information System (MIS). He has been involved in Research, Consultancy and Teaching. Mr.
Maulid Bwabo accomplished his first degree at Mount Meru University with Bachelor of
Business Administration. He then went for further studies at Mzumbe Business School and took
M. Sc. Marketing Management.

Page 117

Using Mobile Phones for Teaching and
Learning Purposes in Higher Learning
Institutions: the Case of Sokoine University
of Agriculture in Tanzania
Wulystan P. MTEGA (wmtega@gmail.com)
Ronald BERNARD (berota2007@yahoo.com)
Andrew C. MSUNGU (fesimsungu@yahoo.com)
Rachel SANARE (rachelsanare@yahoo.co.uk)
Sokoine University of Agriculture,P. O. Box 3022,Morogoro - Tanzania.

Abstract
The study investigated how mobile phones have been used for teaching and learning purposes in
higher learning institutions in Tanzania. Specifically the study assessed how mobile phones
facilitated the teaching and learning process, identified the mobile phone applications used for
teaching and learning, determined the types of learning activities facilitated through mobile
phones and assessed the common limitations of m-learning in at Sokoine University of
Agriculture (SUA). The study employed a survey where teaching staff and students from
faculties and institutes hosting academic programmes were involved. A total of 30 teaching staff
and 40 students were randomly selected and included in the study. In-depth interviews,
observations and questionnaire were used for data collection. It was found that majority of the
respondents used their mobile phones for teaching and learning process. It was found that most
respondents reported to use traditional mobile learning applications including text messages and
calls. Few respondents had smart phones with a number of m-learning applications most of them
being teaching staff. These were able to create upload, download and share academic resources
through their smart phones while others recorded and stored files in their phones. It was also
found that among teaching staff many were not aware of the capacity of their mobile phones
such that they underutilized them. Costs associated with downloading multimedia content was
another constraint which limited some respondents especially students from using phones for
learning purposes. More than that, users were forced to use SMART/VISA cards for buying
online mobile applications of which most respondents were not aware of.

Keywords
e-learning; mobile phones; m-learning; Information and Communication Technologies; Tanzania

1. Introduction
The emergence and advancements of Information and Communication Technologies (ICTs) have
changed the way teaching and learning processes are being conducted. ICTs facilitate immediate
access to information resources needed for teaching and learning. According to Sife et al. (2007),
ICTs have capabilities of improving information accessibility; facilitating communication via
electronic facilities; enhancing synchronous learning and; increasing cooperation and
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collaboration. In the teaching and learning process, ICTs are known to be more costeffectiveness as they facilitate collaborations among learners and tutors and enhance pedagogical
improvement through simulations, virtual experiences, and graphic representations.
Information and Communication Technology (ICT) applications enhance an exchange of
information between learner-tutor or learner-learner. This takes place through the use of different
ICT tools including computers, radio, television, mobile phones and some other devices. These
tools provide suitable platform for the teaching-learning process. Current developments in ICTs
have increased the level of interactivity and collaborations among learners and tutors.
Advancements in web technology have brought about another opportunity for teaching and
learning. Web based learning platforms are known to limit problems caused by distance between
learners and tutors. Web-based learning is a form of e-learning supported by an internet browser
(Tinio, 2003). It occurs through electronic mails, chats, web-based conferencing, message boards
and web pages for sharing information resources. It provides a suitable instructional media,
facilitates interactive and collaborative learning, and enhances assessment during the teachinglearning process (Wijekumar, 2005).
Among the ICT tools mostly owned and used among people are the mobile phones. These tools
can provide suitable learning platforms as they have a lot of applications tutors and learners may
use in their academic activities. Learning through mobile phones is termed as mobile learning
(m-learning). Guy (2009) defines mobile learning as electronic learning (e-learning) through
mobile computational devices. Mobile phones have a potential of improving the teaching and
learning processes as the tools are cheap compared to other ICTs which can be used for teaching
and learning. The current study therefore, assesses how mobile phones facilitate the teachinglearning process; identifies the commonly used mobile phone applications and the types of
learning activities facilitated by mobile phones; and determines the factors limiting the usage of
mobile phones in teaching and learning.

2. Literature Review
2.1 The role of Mobile phones in supporting teaching and learning
Mobile phones are becoming popular as many people can afford them, currently the use of
mobile communication devices has gone beyond the traditional communication role that it is
now used in supporting teaching and learning. In education, mobile phones have led to the
evolution of new paradigm known as mobile learning (Muyinda et al, 2007). The rapid growth of
access to mobile phones around the world and in Africa and Middle East regions in particular
have a potential of improving teaching, learning and institutional efficiencies to enable national
education system transformation (UNESCO, 2012). According to (Huang et al, 2010), mobile
learning applications can facilitate students not only learning contents conveniently but also
interacting with others collaboratively anytime and anywhere. Hence, the development of mlearning as a new strategy for education has implications for the way students and tutors in
educational institutions interact.
Ferry, (2009) describes that modern mobile phones can be used to help students to access web
based contents, remix it, share it, collaborate with others and create media rich deliverable for
the classroom teachers as well as global audience. According to Cui and Wang (2008),
universities in United Kingdom (UK) have made the use of mobile phones to store and retrieve
information such as e-books, instructional materials, reviewing students’ marks thus making
teaching and learning practices more effective. Moreover, Liaw (2009) reported that in higher
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education mobile phones can provide course materials to students including due dates for
assignments, and information about time table and room changes. Furthermore, Cui and Wang
(2008) noted that in China students can view their teachers’ web page or access some other
online English learning resources via mobile phones and they can also take online tests.
The study done by UNESCO, (2012) has shown that mobile learning projects in South Africa
have been used to improve teaching system especially teaching biology subjects. Furthermore
the study conducted by Utulu (2012) in Nigeria revealed that mobiles phones were used by
students for communicating with lecturer in charge of the course, collect data (recordings),
sending emails to lecturers, access Online Public Access Catalogue and share knowledge. Also a
study by Kajumbula (2006) in Makerere University found that mobiles phones were used by
students for learning and teaching; for example students can know whether their marks are
missing, dates for tutorials, venues and meeting times with research supervisors. However,
mobile phone uses for teaching and learning purposes in primary, secondary and tertiary
education in Tanzania is highly limited (Nihukia, 2011). Kafyulilo, (2012) adds that, although
mobiles phones are the most accessible technological tools in schools and colleges their use in
teaching and learning is among the lowest both in Tanzania. It is unknown why the usage mobile
phones is low.
2.2 Mobile learning applications
Mobile devices integrate a series of features used in various learning environments. In some
mobile learning applications currently available, mobile features are being utilized for various
educational practices include the use of Short Message Services (SMS), GPS, camera, browsing,
downloading, bluetooth, Wi-Fi, voice calls and gaming (Kizito, 2012; Hoppe, 2009; Cui and
Wang, 2008). According to Cui and Wang (2008), SMSSystem can be used to help students
learn foreign languages and teachers can `use SMS to communicate with one student or even one
group of students. For instance teachers in higher education in UK have made use of SMS as
prompt for course requirements, polling classes, pop quizzes to students and sending information
about time table and reminding students about dates for examination (Ferry, 2009).
Browsing with cell phones is one convenient way for students to surf online. Most of the modern
mobile phones are incorporated with browsing applications such as Opera Mini, Internet
explorer, Mozilla fire fox, Opera and Google chrome. Hoppe (2009), Ferry (2009) and Cui and
Wang (2008) state that students can use browsers to check emails, read materials such as ebooks, and watch lecture from anywhere and at any time. Mobile phones have downloading
feature which can be used by students and tutors to download various kinds of materials through
their mobile phones easily. Teachers can download video through their mobile phones and
present them to students through a TV set available in the classrooms (Kafyulilo, 2012).
Mobile phones can be used for sharing information resources through Infrared, Bluetooth and
Wi-Fi. Other applications including emails, Google drive and social media can equally be used
for sharing academic information resources. According to Common Wealth of learning (2008),
teachers can share with students’ movies, audio files and other learning materials through their
mobile phones.
Most of the mobile phones have features which can be used for recording and playing
multimedia contents. Students can greatly benefit from having a camera on the cell phones for
documenting visual materials and collecting scientific data (Common Wealth of learning, 2008),
Cui and Wang, (2008).
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Despite the massive advantages that mobile phones do have in the teaching and learning process,
there are some challenges of m-learning among tutors and students. Some of the mobile phones
do not have programs that have direct compatibility with the academic programs such as pdf,
words, excel and PowerPoint. Screen size is another limiting factor for m-learning.

3. Conceptual Framework
The modified Technology Acceptance Model (TAM) was adopted and guided the study. The
model describes how a technology may be adopted to facilitate performance of a particular
activity. Yang and Lin (2010) describe TMA to be the most influential model for testing
information system. According to Alrafi (2005), TAM helps to assess how potential users of a
particular technology come to accept and use it. The model explains the causal relationships
between system design features, perceived usefulness, perceived ease of use, attitude toward
using, and actual usage behaviour.
The model assisted in assessing the mobile applications used by teaching staff and the perceived
usefulness of mobile phones in teaching and learning. The model will be used to assess perceived
ease of use, behavioral and cultural intention to use. It was also be used to assess the actual use
of mobile phones for teaching and learning.

Figure 1: The modified Technology Acceptance Model (adopted from Liu et al., 2003; Davis 1989, 1993)
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4. Research Methodology
The study was conducted at Sokoine University of Agriculture (SUA) in Tanzania. The study
involved teaching staff (lecturers and technicians) and students. The study involved staff from
the Faculty of Agriculture; Forestry and Nature Conservation; Science; and Veterinary Medicine.
It also involved the two institutes (Development Studies Institute and Sokoine National
Agricultural Library) hosting academic programmes at SUA.
The study involved a total of 70 respondents including students and teaching staff. Simple
random sampling procedure was employed in selecting five teaching staff from each of the four
faculties and two institutes while a total of 40 students were randomly selected and involved in
the study. This sampling technique was adopted because it provides an equal opportunity for
each element of the population to be selected.
Structured questionnaire were used to collect data from the 40 students while in-depth interviews
and observations were employed in assessing the usefulness of mobile phones among teaching
staff. Data collected was analysed through content analysis and the Statistical Packages for
Social Sciences. Frequency distribution tables were used to present results of quantifiable data.

5. Findings and Discussion
5.1 Mobile phones system design features used by teaching staff at SUA
Teaching staff were asked to mention the types of mobile phones they owned; it was found that
70% of them mentioned to own and use smart phones. It was identified that majority of those
who owned smart phones knew the operating systems installed in their phones. Some of the
operating systems installed in their smart phones included the Android, Research in Motion
(RIM) Blackberry, Apple's iOS, Nokia Symbian, Samsung's Bada and Microsoft windows (see
Table 1 below for details). It was also found that 43% of those owning smart phones did not
know the operating systems installed in their phones.

5.1.1

Mobile operating systems

% of users

RIM's Blackberry

7%

Android

22%

Apple's iOS

7%

Nokia Symbian

7%

Samsung's Bada

7%

Microsoft Windows

7%

Do not know

43%

Usage of mobile phones among teaching staff at SUA

Teaching staff were further asked on their commonly used mobile applications. It was found that
all staff used their phones for Short Message Services (SMS), 84% mentioned to access internet
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services through their phones, 68% used Multimedia Services while 64% mentioned to use some
Web 2.0 applications (see Table 2 below for details).
Table 2: Services provided by mobile phones
Type of service
% of users
Internet services

84%

Multimedia services

68%

SMS

100%

Calls

100%

Web 2.0 services

64%

Recording event (photographing) 85%
Storing files

60%

These findings are supported by Boyera (2007) who describes that people use SMS applications
for sending requests by text-messages to a specific phone number, and get the result with a new
text-message they receive. Moreover, some others use voice applications for calling while others
used their mobile phones for recording events and storing files. Others accessed internet services
as mobile phones had Web browsers installed in them for viewing web contents.
5.1.2

Mobile web browsers used by staff at SUA

For effective usage of internet services, mobile phones should be incorporated with a web
browser. Good mobile browsers should accommodate contents optimized for mobile devices and
for personal computer screens. According to Roto and Kaikkonen (2003), for effective usage of
web mobile services, both content and browser developers should understand the nature of
mobile situation. The teaching staff involved in the study mentioned to use Internet Explorer,
Mozilla Firefox, Opera, Opera min and Google chrome browsers (see Table 3 below for details).
Teaching staff mentioned to be satisfied with the mobile web browsers they used as they had
good display and reproduction of web sites and multimedia contents and supported different
input and output modes in a user-friendly form.
Table 3: Browser software installed in the mobile phone
Browser software
% of users
Internet explorer

58%

Mozilla firefox

37%

Opera

26%

Opera Mini

47%

Google chrome

21%
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Since most staff involved in the study owned mobile phones which could support internet
services, it was possible for most of them to use internet services. Those with smart phones were
privileged to have access to more mobile web based services. Moreover, most staff mentioned
the ease of use of web services through their mobile phones. They also mentioned that it was
easy to afford the mobile internet bundle subscriptions from the mobile phone operators.
5.1.3

Categories of internet services used by teaching staff at SUA

Teaching staff mentioned to access various internet services through their mobile phones. Among
the 25 staff who mentioned to have been using internet services, 76% of them have been surfing
for accessing various web based contents while 81% mentioned to have been using social
network software through their mobile phones. It was found that all of the 25 staff who
mentioned to use internet services accessed electronic mailing services through their phones (see
Table 4 below for details).
Table 4: Internet services used by teaching staff at SUA
Type of internet services
Number and % of users
Surfing

19 (76%)

Electronic mail

25 (100%)

Socializing through Web 2.0 tools 20 (81%)
Among the 20 staff who mentioned to socialise through mobile Web 2.0 tools, 82% of them used
Facebook, 38% mentioned to use Facebook messenger while 38% used Skype. Others, 71% used
Twitter, Wikis and Youtube (see Table 5 for details).
Table 5: Usage of social networks
Social network tool
Number and % of users
Facebook

16 (82%)

Facebook messenger

8 (38%)

Youtube

14 (71%)

Skype

8 (38%)

Wikis

14 (71%)

Twitter

14 (71%)

It can be observed that most of the mobile Web 2.0 applications used by teaching staff at SUA
can in one way or the other be adopted in the teaching learning process. Evidences from Bosch
(2009) have shown that students and teachers spend a lot of time on Facebook that it is possible
to post some academic issues and access some immediate response. Moreover, Facebook have
several features which allow collaborations including uploading and downloading files. Other
applications including Wikis and Youtube are known to be useful in teaching and learning
processes too.
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Generally, teaching staff at SUA used their mobile phones for informing purposes. The mobile
phones helped staff in storing files, recording events, and communication purposes. Ordinary
mobile phones were used for calls, receiving and sending texts and recording events using
multimedia applications. Those who owned smart phones could do more with their phone as they
had more applications.
5.2 Using mobile phones for teaching and learning among teaching staff at SUA
Teaching staff were asked whether they used their mobile phones for facilitating teaching and
learning. It was found that 100% of the teaching staff made some calls and sent text messages for
alerting students and communicating with colleagues on academic issues. Among the 25 staff
who mentioned to access internet services through their phones, 76% mentioned to download
scholarly materials through their mobile phones. Others, 54% mentioned to use smart phone
learning applications to support the teaching learning process (see Table 6 below for details).
Table 6: Usage of mobile phones in teaching and learning
Type of usage
% of users
SMS for alerting students

100%

Calls for alerting students

100%

Surfing (downloading scholarly materials) 76%
Smart phone learning applications

54%

Among those who accessed internet services, 63% mentioned to read scholarly articles through
their mobile phones, 37% used some mobile web based applications for data collection
while58% reported to use their mobile phones for accessing and reading online text books.
Majority (84%) of those who used internet services accessed online dictionaries while 11% and
42% searched library catalogues and shared information resources to others through their mobile
phones respectively (see Table7 for details).
Table 7: Mobile Web based learning services accessed by staff
Type of usage
Number and % of users
Reading scholarly articles

16 (63%)

Collecting data

9 (37%)

Reading text books

15 (58%)

Using online dictionaries

21 (84%)

Searching library catalogues

3 (11%)

Sharing information resources 11 (42%)
Among those who used mobile web based services to share information resources, 73%
mentioned to access e-mails, others (30%) mentioned to use social network software while some
(36%) used Google drive for the same purpose.
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Table 8: Sharing information resources through mobile web based services
Type of application
Number and % of users
E-mails

8 (73%)

Social networks

3 (30%)

Google drive

4 (36%)

Among those owning smart phones, 35% of them mentioned to have downloaded some learning
applications from some online stores to facilitate the teaching learning process. Moreover, 43%
of those owning smart phones mentioned to use their phones for storing lecture notes and other
academic documents. It was also found that 23% of those owning smart phones uploaded lecture
notes and other reading materials for their students through their phones. Those with smart
phones were also at a position to access dictionaries, encyclopedia and use word processor
applications for viewing and editing lecture notes before uploading them to students.
5.3 Use of mobile phones by students
5.3.1

Common Mobile phone uses by students at SUA

Students were asked on their common usage of their mobile phones. It was found that all
students used their phones for making calls and chatting. It was also found that 7.5% of the
respondents claimed to use phones for downloading materials while very few 2.5% used phones
for selling airtime apart from making calls and chatting.
Table 9 Common uses of Mobile phone
Common uses of mobile phone
Percentage (N=40)
Selling airtime

2.5

Download study materials
Making phone calls and Chatting with colleagues

7.5
100

4.3.2 Major academic uses of Mobile phones among students at SUA
The academic uses preferred by interviewed students included sending SMS (51.3%) and
downloading materials (33.3%). While some mentioned to use their phones for taking photo
during study activities (10.3%) and only a few others (5.1%) used their mobile phones for
recording academic activities. Basing on these findings, most students used their mobile phones
for various academic purposes. (See table 10 for details).
Table 10: Major common and academic uses of mobile phones by students
Major academic use
% representative (N=40)
SMS
51.3
Downloading
Taking photos
Recording

33.3
10.3
5.1
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5.4 Factors limitations the of usage of mobile phones in teaching and learning at SUA
Several factors were identified to limit the usefulness of mobile phones in teaching and learning.
It was found that some teaching staff and students were unaware of the capacity of their mobile
phones. Some of those who owned smart phones just used them for calls and text messages as
they did not know other applications supported by their smart phones. Others did not know the
type of phones they owned thus underutilising them.
Smart phones were sold with some applications already installed in them; however a number of
important applications needed to be downloaded from the mobile application stores both freely
and commercially. Among the 21 teaching staff who owned smart phones, only 30% of them
mentioned to have downloaded some applications. Others just used the applications incorporated
when the phones were manufactured; this limited them from using some of the applications
suitable for teaching and learning purposes.
It was found that some of the important applications were sold; none of teaching staff who
mentioned to have downloaded some mobile web based applications purchased any. It was
identified that the mobile phone service providers in Tanzania had not included their pre-paid
service systems that the mobile user's account can be easily debited thus paying for the cost of
acquiring commercial applications. Instead the systems available wanted one to use SMART or
VISA for accessing commercial applications.
It was identified that some of the teaching staff used their mobile phones for storing files,
however; mobile phones owned had limited storage space. This limited many from installing elearning software which could occupy more space as it decreased the storage space for lecture
notes and text books. Others mentioned that they were not able to share stored files. This limited
them from using their mobile phones for sharing lecture notes.
Some of the teaching staff particularly the females included in the study hesitated exposing their
contact details including phone numbers to students because some of them misused them when
given. It was explained that some students called them during late hours while others sent some
text messages not relating to academics.
Web 2.0 tools are known to facilitate teaching and learning processes. It was found that very few
(20%) teaching staff involved in the study were aware on how Web 2.0 tools facilitate teaching
and learning. Moreover, most mobile phones with internet applications can support Web 2.0
services; despite this fact very few teaching staff used the services. However, it was identified
that majority (80%) of the teaching staff did not have any Web 2.0 trainingthus limiting them
from using social media in teaching and learning.
Students complained that when searching for materials only a few could be able to read HTML
documents while other documents with tables were not legible; this might have been caused by
empty meta-tags that made the downloads to fail. Sometimes documents containing internal
style-sheets and script language might have been a problem.
There were a number of complaints made by respondents about the size of the text being
uncomfortably small and difficult to read for prolonged periods. It was also identified that some
were unable use some mobile applications useful for teaching and learning.
Apart from that, many respondents mentioned that the use of multimedia applications such as
sound, more graphics or movie clips, to enhance learning were very expensive and that only few
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could afford to pay for them. The limitations of the m-learning device such as screen size and
functionality meant that the expectations of users were not always met.

6.0 Conclusions and recommendations
The study found that mobile phones were used for teaching and learning purposes among both
teaching staff and students.Despite this generalization, the usage of mobile phone applications
for teaching and learning differed among respondents. All teaching staff and students mentioned
to use text messages and calls while few mentioned to have used some advanced learning
applications. Few did not use such applications as they were not supported by their phones,
others did not know how to go about using them. Income hindered some from accessing useful
m-learning applications as they were sold. Moreover, limited mobile storage spaces limited some
from storing large multimedia contents suitable for teaching and learning. Furthermore, limited
Web 2.0 skills excluded the majority from using social media which are believed to enhance
interactions and collaborations thus being suitable for teaching and learning.
It is recommended that before buying mobile phones people should try to study their
specifications. Moreover, web content generators should consider mobile phones versions of
their web contents as many people use their phones for accessing such contents. Mobile phone
operators should reduce internet service tariffs so that more can afford and use mobile internet
services. Furthermore, Web 2.0 awareness among students and teaching staff should be raised as
these tools are believed to be efficient in teaching and learning.
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Abstract
This paper presents challenges and opportunities of technology based instruction in Open and
Distance Learning (ODL) institutions particularly at the Open University of Tanzania (OUT) and
Center for Continuing and Distance Education (CCDE -China). The paper developed out of a
cross sectional survey design study with a mixed approach of qualitative and quantitative
methods to collect and analyze data. A total of 144 (83-OUT; 61-CCDE) respondents from both
institutions were involved in the study with a subpopulation of students, instructors and technical
staffs. Main data instrument was questionnaire followed by focus group discussion. Quantitative
data were analyzed using SPSS v.17, whereas qualitative data were reduced into main themes
and reported accordingly. The findings revealed that CCDE institution is far better than OUT in
the practice of technology based instruction due to some favorable conditions that support
technology based instruction. Either, OUT instructors, have better access to computer and
internet than their students although despite the access, instructors are not active initiators and
implementers of technology based instruction and learning. Generally, participants from both
institutions have positive attitude and even acknowledged the opportunities of using technology
in ODL. There are some challenges which seem to affect both institutions although at a varied
extent, OUT being at a stake than CCDE. The paper concluded by suggesting that OUT should
opt some of the CCDE strategy to successfully implement e-learning. In addition, the use of
blended technology is crucial in increasing the access to e-learning materials especially under
situations like slow internet or lack of internet connectivity.

Keywords
Technology based instruction; Open and Distance learning; e-learning; challenges of technology
based instruction; opportunities of technology based instruction.

1. Introduction
Open and distance learning (ODL) is now becoming significant all around the world in
contemporary educational development including Tanzania and China as an alternative way to
meet the huge unmet demand for educational at all levels and especially for higher education.
The use of educational technologies in distance education has the potential in addressing most of
the challenges that distance learners encounter in their learning which sometimes are so pressing
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to the extent that some distance learners opt to withdraw from studies and others delay to
graduate (Carr, 2000; Galusha, 1997). Those challenges include lack of effective communication
and interaction between instructors and students and delays in delivery of study materials
/assignments (Nihuka & Voogt 2011).
In this case, technology- based instruction refers to the use of technology to facilitate effective
learning. This inves some components necessary to support effective learning which are access
to learning materials, development of structures that attract attention and keep the learner on
task, structure that assist students in understanding the facets of the learning experience and a
level of interaction among learners, and between the learner and the information to ensure a
valuable learning experience (Duchastel,1994).
Despite notable potential of technology in ODL, many challenges loom concerning the use of
technology and thus printed materials still dominate the teaching and learning process especially
in developing countries. Like other developing countries, China and Tanzania are affected by
those challenges to a greater or lesser extent despite their efforts to integrate technology in the
delivery of distance education that means distance learners continue to experience some
difficulties in learning.

2. Purpose of the Study
At these times of technological driven era and reforms in education delivery whereby distance
education is becoming an alternative way to reach more students, it is vital to assess and monitor
the challenges and opportunities of technology use in education and ways by which institutions
use to address those challenges to improve education delivery.
The purpose of the study was to identify and compare challenges and opportunities of technology
based instruction in Open and Distance Learning (ODL) in Tanzania (OUT-HQ & Dar es salaam
regional centres) and China (CCDE NENU-Changchun-China). Accordingly, the following
research questions guided the study:


What are the current forms of technology based instruction used at OUT and CCDE?



What are the available institutional factors (human, policy, &infrastructure) to support
technology instruction/ learning at OUT and CCDE?



What are the challenges and opportunities of technology based instruction between OUT
in Tanzania and CCDE in China?



What strategies do ODL institutions (OUT & CCDE), use for effective implementation of
technology based instruction in the provision of Distance education.

3. Literature Review
3.1 Forms of Educational Technology Used In Learning
Educational technology refers to the use of different types of technologies to facilitate, enhance
and support teaching and learning. Different scholars identify different forms of educational
technologies that are used around the world to facilitate instruction and learning. Such
educational technologies include: computers, internet, mobile phones, TV/LCD, audio/visual
cassettes, CDs, DVDs, blogs, wikis, podcasts and social networks (referred as web 2.0) and
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televisions, radio, one way video conferences, emails, and discussion forums which are referred
as web 1.0 (Chen & Bonk, 2008; Usluel & Mazman, 2009; Maro,2008).
Blogs are reported to be used in China for students’ assessment as well as facilitating
communication and sharing of ideas among students and their teachers in terms of receiving
feedback and questions although with some problems like technical difficulties for blogging,
spirit of individualism and privacy issues (Chen &Bonk, 2008). In Tanzania, no literature was
found by the researcher explaining the use of blogs in instruction and learning.
Literature (such as Moore & Tait,2002; Zhang ,2001), stress that, television and radio has been
used in China since 1960s to provide higher education through the use of educational television
channels operating at national and regional levels. To the contrary television and radio has not
been used in Tanzania in higher learning institutions as reported by Senzige and Sarukesi (2003).
However, in the 1960s and 1970s, primary and secondary schools were provided with radios to
enable them to follow the educational programs designed by the Ministry of Education in
collaboration with Radio Tanzania Dare-es-Salaam (RTD). Sometimes in the 1970’s these
programs stopped and since then there have hardly been any significant efforts to promote the
use of radio and television in schools, not even after the spread of television technology in
Tanzania, which started in 1994.
Both China and Tanzania still make use of printed materials in facilitating distance learning,
although they can vary in extent to which those printed materials are used within those countries
(Zhang ,2001; Moore & Tait,2002;Maro,2008;Nihuka, 2008 ).
Ng’umbi, (2009); and Mnyanyi, et al. (2009) reported that students of Open University of
Tanzania have been using mobile phones to facilitate communication among them and regional
centres staffs and to read online materials despite the hidden cost to students and small capacity
of their phones to read some documents like PDF files. However, Nihuka and Voogt, (2011)
found that despite that mobile phones are owned by majority of students and instructors, both
instructors and students confirmed that those mobile phones are not used for delivery of courses
and communication. This gives the impression that mobile phones facilitate communication
among students themselves and regional centres, by means of administrative staff and not their
instructors.
Emails have been used in China to facilitate communication among students themselves and
their instructors, to submit assignments to their teachers and to post e-learning materials for
students to read (Lee, 2004; Guo & Cai, 2006).
Audiotapes, CDROMs, and videotapes are reported to be used both in Tanzania and China
(Zhang, 2001; Maro, 2008). Audio cassettes and radios are used to a lesser extent in China. The
situation seems to be the same in Tanzania although it should be noted that, in Tanzania,
CDROMs are not much used because of the limited facilities to read those CDs, while in China
they are not much used because they have other alternative technology to use.
The other form of technology found through literature is Moodle which is a free and open
software platform. Moodle can be used to offer a variety of functions like to upload and share
material, chats, quizzes and surveys, gather and review assignments, and recording grades. It is
reported to be used in both Tanzania and China. However, till March 2011, most of the courses at
Open University of Tanzania were not uploaded in the Moodle, implying that there is minimal
use of Moodle at the Open University of Tanzania for teaching and learning.

Page 132

Lastly, according to Guo & Cai (2006) the rate of using powerpoint and projectors in Chinese
Higher Learning Institution was 96.8%, and discussions in bulletin boards was 19.7% in 2004.
3.2 Institutional factors to support technology based instruction
The institutional factors are important for the effective implementation of technology based
instruction in ODL (Farrell, 1999). This constitutes aspects like human resource, organizational
policies and Institutional capacity to technological infrastructure.
3.2.1

Human resource

According to WST model of technology integration, there are three key factors for successful
integration of technology which are will (attitude), skill (technology proficiency) and tool
(access to technology tools). For the three factors, attitude is recognized as important, but skills
appears to be the strongest of all (Knezek, Christensen, & Fluke, 2003; Agyyei, & Voogt, 2010).
Contrary to WST model of technology integration, most of teachers and instructors in developing
countries have been introduced to basic technology competencies, but they lack pedagogy skill to
use technology in instruction even if they have access to computers and internet (Chapman,
Garrett, & Mahlck, 2004; Sife, et al., 2007; Pelgrum & Anderson, 1999).
For example, in 2009 it was reported by Kajuna that even though instructors are positive
regarding the use of technology in education, most of academic staffs at University of Dar es
salaam lack enough knowledge to use technology in teaching; the same also applies for most of
OUT staffs (OUT, 2009(a); Nihuka & Voogt, 2011). The same was reported in China by Hu
(2005) although the extent of this may be different because China started to offer educational
technology as a field of study at undergraduate to PhD level for many years now contrary to
Tanzania. However, on-job training if designed properly can be useful to improve instructors’
pedagogical knowledge on how to use technology to improve teaching and learning to distance
learners at low cost. Generally, despite positive attitude of teachers and students towards
technology use in education, it’s important to recognize that there are other factors that can
influence or affect the practice.
3.2.2

Organizational policies

Mitrano (2011) asserted that, policies and plans within the institution provide conducive
framework for implementation of day to day activities. In Tanzania, OUT formulated the new
policy in 2009 to govern and guide ICT issues like ICT skills training, and on-line distance
learning and teaching among other things (OUT (a), 2009 p. 10). To ensure implementation of
the ICT policy, OUT formulated the e-learning implementation strategy with the objectives of
promoting the use of e-learning, design e-learning environments, develop e-learning and
implement e-learning.
3.2.3

Institutional capacity to Technological infrastructures

This is all about teachers and students’ access to physical and technological resources to support
technology based instruction within a particular institution. The technologies inve institution
website, computers, mobile phones, internet, video, radio and television. Sife, et al.(2007) stated
that, in Tanzania’s higher learning institutions, teachers and students have access to internet,
computers, mobile technology like mobile phones, audio CDs and DVDs. However that access is
very minimal. For example at Open University of Tanzania, it was pointed out by Nihuka and
Voogt (2011) that due to shortage of computers, staffs share one computer in an office with 4-5
officemates, and for students the situation is worse because the number of computers is
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insufficient compared to the number of students. In China about 80% of higher learning
institutions had access to computers and internet in 2006. About 76.6% of offices, 42.2% of
classrooms, 49.4% of dormitories of all higher learning institutions have connection to internet.
Basing on that, almost every Normal University in China is operating in a dual mode system, of
distance and conventional education (Guo & Cai, 2006) such that by 2004, there were 67
universities engaged in distance education plus one Open University in China. Thus
infrastructures in these institutions contribute to effective technology instruction in ODL.
Even though infrastructures are not enough to match with the number of staffs and students both
in China and Tanzania, still the existing ones, if used properly, can help to promote and
implement technology based learning and instruction. Those infrastructures can play roles like
improving communication, uploading and downloading e-learning materials hence create more
flexible learning environment.
3.3 Challenges and opportunities of technology use in education
3.3.1

Opportunities of Technology in Education

ICTs have the potential for increasing access to and improving the relevance and quality of
education. It, thus, represents a potentially equalizing strategy for developing countries. Moore
and Tait, (2002) emphasize on that, as they said “…ICT created wealth of information that was
never possible in the classical model.” They even went further and added that technology
facilitates interaction between students and instructors and also helps instructors to be creative
and able to develop very interesting course materials through electronic courseware
development.
In addition, according to Jung (2008) technology has the potential of improving quality of
education, increasing access to education, pedagogical innovation and creating high market
value. By pedagogical innovation this refers to the use of learner centered approach in social
constructivism learning environment whereby learners will construct new knowledge
collaboratively and building global learning community to create knowledge through the use of
multimedia resources. Quality improvement inves improved support and effective
communication based on learners needs and learning process. In increasing access, ICT expands
the learning opportunities as people will be able to learn anytime and everywhere. This will
lessen the gap in education by reaching to remote, underdeveloped and marginalized population.
3.3.2

Challenges of Using Technology in Education

Although the opportunities of using technology in education are recognized, technology has not
been effectively integrated into everyday teaching activities (Guo, & Cai, 2006). The practice
still relies on the single pathway of the school or college without multiple approaches to build up
ICT use in education through families, communities, libraries, ICT training centres, and research
institutes. Traditional means of teaching and instruction still dominate, especially in developing
countries (Hu, 2005).
In developing countries, it has been observed that access to internet is very expensive in case of
connection and the hidden cost to end-user in accessing the internet. Thus, to ensure equity to
access internet is very difficult. On the other hand, teachers lack technical and pedagogical skills
to use technology in instruction even if they have access to internet and fear of inappropriate
internet content that may have negative impact to local culture and ideologies from Western
countries (Chapman, et al.2004).
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In addition to the above challenges in developing countries, Sife, et al (2007) found challenges
like awareness and attitudes towards ICT, inadequate funds for staff development and
infrastructure development, insufficient of qualified staffs, and lack of systematic approach to
ICT implementation in case of using the existing infrastructures already in place.
In China, such challenges include lack of pedagogical skills for instructors to use technology in
instruction (Hu, 2005; Guo & Cai, 2006), regional differences in education and technology
resources allocation and development whereby rural and western part of China is less developed
(Li, 2005; Lee, 2004; Zhang, 2007), internet access is relatively expensive (Xialin, 2008; Tang,
2000) and shortage of technology and educational infrastructures and resources to meet the
demand of newly reformed curriculum in the need of quality education (Hu 2005; Guo & Cai,
2006; Chen & Bonk, 2008).
Not only that, but also some ideological, cultural and political issues pushed the government to
interfere with the management of the internet. There is a strict limitation of information flow on
the internet and even the access is blocked to some foreign websites (Lee, 2004; Guo &Cai,
2006). Pedagogical culture of test driven education system in China, and teacher centered
approach also have been pronounced as challenges as technology based instruction foster learner
centered approach with great emphasis of problem solving and knowledge construction (Lee,
2004; Zhang, 2007; Chen & Bonk, 2008), and lastly lack of locally produced software as the
emphasis is more on hardware thus neglecting software, and more on construction neglecting
application (Hu, 2005; Xialin, 2008).
The situation in Tanzania is not quite different from other developing countries. Studies such as
(Nawe, 2000; Swarts and Wachira ,2010); Kajuna,2009; Ndume, 2008) show that the challenges
of technology instruction in Tanzania includes, lack or insufficient technical and academic staffs
with appropriate skills of technology use, unsupportive mindset, electricity connectivity and
reliability as well as telecommunication network, expensive cost of internet access and low
internet speed, lack of content that meet user’s expectation especially to some government and
local institution websites which demoralize users to search online content, shortage of
technological resources and infrastructures and traditional culture of education and learning
styles.
3.4 Strategies Used To Overcome Those Challenges
There are various initiatives, practice and strategies used to address those challenges so as to
improve technology based instruction. According to Tinio & Browne,(n.d) and Sharma, (2009)
those strategies invite teacher professional development on pedagogical use of technology,
sharing of content and information through education network, private and public partnership in
ICT funding and development of quality education online resources in local languages.
In China for example, in order to increase personnel with qualified skills, educational technology
has been taught as a field of study from undergraduate to PhD level for years now (Fuyin &
Jianli, 2010). Chinese National Teacher Training Programme is also implemented based on the
national educational technology standards for teachers so as to improve teachers’ awareness and
skills on how to use and apply ICT in teaching and learning (Zhao &Xu, 2010). Not only that but
also, they offer courses in ICT and integration of ICT from primary level of education to develop
students interest and awareness on ICT, to understand and master basic ICT skills, and make
them realize the impacts of ICT on daily life (Hu, 2005). However, due to underfunding,
institutions are charging students separate ICT training fees so as to increase resources and
maintenance (Guo & Cai, 2006). All these focus on improving ICT skills and mindset change as
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one will be comfortable to use technology if he has basic skills on how to operate and use the
technology.
In Tanzania especially at OUT, there is an emphasis on ICT training to staffs but there is no
coordinated efforts at university level to encourage students and instructors to use computer and
internet for instruction. It is the task of an individual instructor and students in their course
(Nihuka, 2008). Almost the same idea was observed by Maro (2008) that even though computers
are not enough, instructors use internet for general browsing, electronic mail, research and for ematerial development, and not for teaching students via learning management system and voice
over internet protocol, although some instructors give electronic reference to students. This is
surprising because apart from incentives and rewards outlined in some guiding documents, for
the innovative and effective use of educational technology like extra pay for the course
developed and uploaded into Moodle, still the practice is not satisfactory.
Another strategy to overcome the bandwidth challenges at OUT as reported in Nihuka (2008)
and Nihuka & Voogt (2011) is the use of offline Moodle (LMS) to deliver courses in an ODL
setting, supported by emails and mobile phones communication. Besides overcoming challenges
of bandwidth, the strategy was effective in terms of enhancing delivery of courses, course
outlines and learning resources and in improving interactions and communication between
teachers and students.

4. Methodology
This descriptive study employed a cross sectional survey research design to investigate
challenges and opportunities of technology based instruction at CCDE and OUT. Participants
were instructors (OUT=22; CCDE=10), students (OUT=57; CCDE=47) and technical staffs
(OUT=4; CCDE=4) making total of 144. Data collection instruments were close- ended
questionnaire as the main research instrument to collect information from students and
instructors in both countries. There were questions which required yes/no answers; some
required ranking and others organized in Likert scale. Then, focus group discussion was
conducted to collect qualitative data from technical staffs from both countries.

5. Results and Discussion
5.1 Access to Different Forms of Technology and Their Uses
5.1.1

Access to different forms

The respondents were given a list of various forms of technology from which they were
supposed to choose those they have access to. The list inved computer, internet/intranet,
videotapes, audiotapes, DVDs/CDs, video conferencing, mobile telephone and television/radio.
The results show that students and instructors from both institutions have access to computer and
internet at large (computer for about 90% ; internet, students =CCDE 88.9%; OUT 89%) and
instructors (CCDE 100%; OUT 90.9 %).The access to videotapes varies from 88% students and
66% instructors of CCDE to 40% students and 18.2% of instructors from OUT. Audiotapes are
accessed at large by students (87%) and instructors (66%) from CCDE compared to 40%
students and 31.8% of instructors from OUT. DVDs/CDs are accessed by majority of CCDE
students and instructors (about 90% and above) compared to only 60% of students and 54.5%
instructors from OUT. Videoconferencing is less accessed by OUT students (10%) and
instructors (13.6 %) compared to students (81%) and instructors (77%) from CCDE. Majority of
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the participants (more than 80%) from both institutions have access to mobile phones and more
than 70% from both institutions have access to television/radio.
That is to say, apart from computer and internet, CCDE instructors and students have access to
multiple forms of technology useful for learning than OUT respondents like videoconferencing,
videotapes, and audiotapes. Other forms like computer, internet, mobile phones,
Television/Radio and DVDs/CDs are accessed by both CCDE and OUT respondents although
with a varied degree (CCDE being high).
5.1.2

Access Point of Computer and Internet

The respondents were given the names of different places from which they were supposed to
choose the place where they have access to computers and internet. The results depict that, 100%
of students and instructors from CCDE have access to internet and computer at their working
places (office) compared to 60% of students and 95.5% of instructors from OUT. Apart from
office, again majority of students (83% ) and instructors (90.0%) from CCDE can access the
internet from the regional/study centres compared to only 48% of students and 75% of
instructors from OUT. The other access point is university library where 55% of students and
90.0% of instructors from CCDE can access the internet compared to 77% of students and 90.9%
of instructors of OUT. Over 90% of students and instructors from CCDE have access to internet
at their home while only 50% of students and 81.8% of instructors from OUT have internet
access at their home. Lastly internet café as access point is used by 71% of students and 90.0%
of instructors from CCDE while in OUT, 79% of students and 86.4% of instructors can access
the computer and internet at commercial internet cafe.
Generally the findings demonstrate that OUT instructors and students have access to computers,
internet, Television/Radio and mobile phones at large, although their counterparts have access to
multiple technology forms like computers, internet, mobile phones, TV, CDs/DVDs, and video
conferencing. Either CCDE students, instructors and OUT instructors have multiple access
points for computers and internet like at working places, at home, at university library, or
commercial internet centres. OUT students have access mainly at commercial internet café with
limited access to computers and internet at their working place, at university library and study
centres due to insufficient number of available computers in relation to number of students. This
could have resulted into instructors at OUT to be main implementers of technology based
instruction at large so as to motivate students to shift to e-learning; surprisingly this is not the
case. This might have negative impact to students’ effort to own computers (even for those who
can afford) as they find computers to be of no use to them as they are not pressed to read elearning materials.
5.1.3

Uses of available resources for teaching and learning

To determine what technological forms has been used for learning, respondents were given a list
of educational technology forms from which they were supposed to indicate whether they have
been using a particular technology for learning or not. The results reveal that majority of students
and instructors from both institutions use computers and internet for general learning activities
although with a varied extent, as that of CCDE being high (100% for CCDE respondents and
about 90% for OUT respondents). Mobile phones also have been used by students and
instructors from both institutions to pass the needed information to facilitate instruction and
learning process within their institutions. Video tapes, audiotapes; DVDs/CDs;
videoconferencing; TV and radio have been used for learning and instruction by (more than a
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half) of students and instructors from CCDE while at OUT they are less used by less than 14% of
students and 9.1% of instructors.
Generally, respondents from both institutions confirmed to use computers, internet and mobile
phones either for learning or other activities associated with learning. However, it is vivid that,
computers and internet have been used as the main form for education delivery within CCDE
institution than OUT, as their students have to access learning materials online. Again unlike
OUT, CCDE practice blended learning by incorporating other forms of technology in learning
like audiotapes, videotapes, DVDs/CDs, videoconferencing, TV and radio. In addition, it was
noted that OUT students and instructors favor the use of LMS (learning management system like
Moodle, although courses are minimally uploaded), DVDs/CDs, and mobile phones for learning
purpose, whereas CCDE prefer LMS (existing educational platform), DVDs/CDs and
videotapes.
5.1.4

Specific uses of computers and internet

Basing on the findings on the specific uses of computers and internet, CCDE students use
computers frequently for learning and other activities associated with learning than OUT
students. CCDE students use computers and internet mostly for searching study materials, email
communication and word processing than presentation, database and learning. On the other side,
OUT students mostly use computers and internet for searching learning materials and rarely for
word processing, communication, learning through Moodle or presentation.
CCDE instructors specifically use computers and internet frequently for communication,
searching learning materials, providing assignments and course outlines and presentation than
other activities like setting and processing exams, developing study materials, counseling
students, as well as teaching and learning through the online educational platform. On the other
side, although OUT instructors indicated to use computers and internet for teaching specifically,
have been used for searching learning materials, communication (through staff email system)
and setting examinations than developing study materials, providing assignments/course outlines
to students, presentation, and processing examination results. They also confirmed not to use
computers and internet for counseling or teaching and learning through Moodle and this is
proved by a small number of courses uploaded into Moodle. However, the extent of using
computers and internet for CCDE instructors is higher (frequencies lie between throughout and
5-4 times per year) than that of OUT instructors which lie between 5-4 times per year and 3-2
times per year. As Maro (2008) emphasized, availability of electronic resources at OUT does not
guarantee their utilization in instruction and learning.
It is clear that, print materials still dominate the mode of delivery of learning materials at OUT
than CCDE. There is no single answer to which technology is the best to all situations, however,
a careful combination of different media can minimize the weaknesses of those technology and
produce better learning results (Perraton, et al;2002). Thus as Nihuka (2008) and Ng’umbi
(2008) suggested, along with print, computers and internet, there is a need to integrate different
technology like DVDs/CDs, mobile phones and audiotapes to deliver learning materials to
students and facilitate communication and interaction among students and their instructors.
5.2 Institutional environment
The findings show that, the instructors from both institutions are not familiar with ICT plans and
policies within their institutions. It seems that they perceive those issues as administration
matters and feel like they are not part of them. May be those plans and policies were developed
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without instructors’ participation in any way, or for China, may be this is apparent to what was
observed by Guo & Cai (2006) that most of the institutions in China do not have institutional
ICT implementation strategy, thus they sorely depend on guidelines from the government.
However, apart from being unaware of such plans, surprisingly, CCDE instructors are doing well
than OUT instructors regarding the issue of technology based instruction. This can be attributed
to China government’s efforts on setting guidelines, action plans, policies and putting priority in
technological infrastructure development (Xingfu, Xiaoqing, & Zhiting; 2005). For example,
according to Feiy, and Gilsun, (2007) after the establishment of CERNET in 1994, there are
some plans established by China government to emphasize the use of technology in education
like Information Concerning University Development of e-Learning policy which supported the
development of e-learning system; Blueprint of the National Committee in e- Learning
Education Transfer System Technology which guided the building of digital satellite and
computer networking. Apart from the national policy on technology use in education, OUT has
developed institutional ICT policy and implementation strategy which provide opportunities and
motivation for instructors to engage in technology based instruction and learning. However, as
noted earlier, instructors are not aware of the content though despite the situation, at CCDE elearning is highly embraced.
Table 1.Mean score for Instructors’ awareness to the content of existing ICT documents within
their institutions

DOCUMENT
ICT strategic plan
ICT policy
ICT
implementation
strategy

CCDE(CN)
*M
1.5
1.9
1.8

SD
1.0
1.4
1.3

OUT(TZ)
*M
1.8
2.1
1.9

SD
0.7
0.9
1.0

*Scale; 1=don’t know; 2=I have received but not read it; 3=I have read it but unclear;4=I have read it and it is clear

5.3 Perceived opportunities of technology based instruction
These are opportunities of using technology in education as perceived by respondents in terms of
benefits. Results show that students and instructors from both institutions are positive regarding
the use of technology and perceive technology to have the potential of increasing opportunity in
education in term of making students responsible for their learning, strengthening the
relationship between theory and practice, adapting students learning styles to educational
process, to make learning fun and enjoyable, to increase flexibility in learning, to improve course
delivery, to improve student support services, to improve feedback to students and
communication/ interaction among students and their instructors.
5.4 Challenges of technology based instruction
This result align with those of Nihuka (2008), Ng’umbi (2009), Mnyanyi et al (2009) and Maro,
(2008), all of which found that OUT students and instructors seem to face challenges like limited
computers and internet access points, unsuitable computers in terms of their capacity and speed,
insufficient number of computers to use, insufficient technical support and experience to use
some of the computer applications. Responding to challenges, OUT technical staffs added issues
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like lack of feedback from end-users (instructors and students); power breakdown; and minimal
cooperation from instructors as they are reluctant to shift to new technology.
In other way, shortage of qualified technical staffs and slow internet connectivity seem to affect
both institutions, though with varied magnitude. The situation is different within Tanzania and
China according to differences in the level of economic and technological development. CCDE
has built infrastructure with relevant hardware development, begun to prepare teaching resources
and now is just implementing contemporary distance education with established education
platform while OUT is still struggling with infrastructure and hardware development. Although
issues of access has been mentioned in other parts of China (Hu, 2005) at CCDE this is not the
case. Specifically, apart from above two challenges they also face issues like outdated hardware,
lack of locally produced software (Zhang, 2007), and communication issues among stakeholders
of technology learning within the institutions as they belong to different departments.
5.5 Strategies to negotiate with those challenges
The findings show that CCDE and OUT face same challenges although those challenges differ in
kinds and magnitude. This led to those institutions to adapt different strategies to address those
challenges to improve technology based instruction. Results show that CCDE instructors are
actively using strategies like providing online and e-learning study materials to students, and also
encouraging online communication with students. Nihuka (2008) found that, at OUT there are no
formal or coordinated efforts to encourage students to use the existing technological resources
for learning, as it is the personal efforts of instructors and students in their respective courses.
This is even apparent to this study as results on the different use of computers for OUT
instructors imply that instructors don’t use computers to prepare e-learning study materials or for
online facilitation. This has implications for strategies used to encourage technology based
learning for students as it seems e-learning materials are not provided to a large extent to make
students active, nor are online materials provided for further references.
The other strategy used by both institutions is to provide training (to students and instructors) on
how to use technology/education platform. However, this seems to be different on the way
training is organized by CCDE and OUT. For example, CCDE confirmed to use frequent training
at least once a year to every instructor and student, followed by close technical and pedagogical
support, while OUT mostly use one session seminar (of about 3-5 days for every instructor) and
orientation training to new students. It is not clear on the effectiveness of the pedagogical support
provided to instructors because as it was also observed by Nihuka (2008) most of the IT staffs
have only technical knowhow without pedagogical know how.
According to literature, (such as Xingfu et al, 2005; Hu, 2005) in China ICT use in education is
developed on the basis of its achievement in area of instructional technology and pedagogy use
of ICT. Even training programme of instructors and teachers is of integrated parts of ICT skills,
instructional design of e-courses and pedagogy use of technology. OUT training programme
seem to be centered on the general use and proficiency of technology instead of its integration
into instruction and learning as a result instructors end up improving their personal computer
skills and not pedagogy use.
Moreover, according to Lara (2006), instructors need sufficient time to gain experience with new
technology use (especially in education), to share experience and to use effectively technology
for instruction. According to literatures (Lara, 2006; Xingful, et al, 2005;Wood et al, 2005; and
Nihuka 2008), for OUT seminars to be effective on the implementation of technology based
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instruction, after training, there should be a follow-up for technical and pedagogical support for
instructors to be competent and confident to use technology for instruction.
In addition to effective training, results depict that CCDE institution use cooperation and
partnerships with public and private companies in terms of sharing technical resources. This was
also reported by Xingfu et al, (2005) that cooperation with private enterprises helped
infrastructure development and that within universities this has improved the sharing of
resources and information in China. According to literature (Tidio, nd; Perraton et al,2002), it’s
sometimes difficult for a single institution to carry out all the necessary activities due to limited
resources both in terms of human and financial. This calls for partnership and cooperation with
other institutions within the nation, region / beyond frontiers to cut down running costs as it will
be easy to share teaching materials, technology, as well as to get professional advice and
consultancy. For example, OUT can establish a partnership with Teachers’ Training colleges
scattered all over Tanzania to allow OUT students to use computers and internet labs; or with
mobile phones companies/ broadcasting companies to share their network services at a
reasonable cost which will benefit both sides.

6. Conclusions
Based on the results of the study, here are conclusions drawn:
CCDE is more advanced regarding the use of technology in facilitating communication, delivery
of e-learning materials and improving students’ learning than OUT. This is attributed to their
access to different forms of technology and multiple internet access points than OUT
respondents.
Advancement in instructional technology, continuous teacher professional development and
continuous technical and pedagogical support also has helped CCDE instructors to use
technology effectively in instruction.
Computers and internet are the dominant e-learning technology at CCDE along with print,
CDs/DVDs, audio/videotapes and Television, whereas at OUT the print is the main form of
delivery and e-learning materials are minimally uploaded to the institution’s education platform.
CCDE respondents seem to use computer and internet mostly for learning and activities
associated with learning than OUT respondents. Specifically CCDE respondents use computers
and internet for communication, searching learning materials, providing assignments/course
outlines and presentation than other activities like setting and processing exams, developing
study materials, counseling students, as well as teaching and learning through the online
educational platform. However, OUT use computers and internet (for lesser extent) for searching
learning materials, communication (through staff email system), and setting examinations and
not for counseling or teaching and learning through Moodle.
Instructors from both institutions demonstrated minimal understanding of the policies, plans and
implementation strategies within their institutions. Although, it seems those plans and policies
have less effect to teachers in using technology in education, because regardless of being
unaware about policy content, CCDE instructors are fully inved in technology based instruction.
Students and instructors from both institutions have positive attitude and basic ICT skills
necessary for using computers and internet for technology based instruction and learning.
At OUT, instructors have multiple accesses to computers and internet than students.
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OUT seem to be more affected by limited access to technological infrastructures, insufficient
pedagogy skills to use technology, shortage of technical and education technologist staffs, and
slow internet connection. CCDE mostly are affected by slow internet connection, and shortage of
qualified technical personnel.
Generally, apart from the limited access to computers and internet, OUT participation in
technology based instruction is not satisfactory compared to CCDE.

7. Recommendations:
7.1 For CCDE and OUT management
There should be regular discussions on institutional ICT policy, plan and implementation
strategies with instructors, management and technical staffs to make them aware of those
guidelines.
OUT management should learn from CCDE and adapt frequent training programme and
provision of continuous technical and pedagogy support to instructors.
OUT management should learn from CCDE strategy of cooperation and partnership with public
and private companies in e-learning in sharing network, professional advice/consultation as well
as resources in terms of computer labs, e-learning materials and human.
OUT and CCDE management should make maximum use of blended learning technology by
incorporating the use of CDs/DVDs, and mobile phones to improve communication and elearning materials delivery especially under slow internet connectivity or limited access to
computers and internet.
For the sake of minimizing running cost, OUT management should think of introducing user fee
charges to OUT students when accessing internet at computer labs.
7.2 For further research
There is a need of doing a large scale study on how mobile devices can be used in ODL to
improve communication and increase access to e-learning materials.
In addition, there is a need to find out how professional development programs regarding
instructors’ use of technology in education can be designed and implemented effectively.
Lastly, there is a need to study the feasibility of technology partnership and how it can be
established between OUT and mobile phone companies; teachers’ colleges, and other
universities to facilitate sharing of resources and minimizing cost.
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Abstract
The paper presents the Veredas Novas (New Paths) initiative of RNP, the Brazilian National
Research and Education Network, to provide access to RNP’s national backbone network at 100
Mb/s and 1 Gb/s from university and research institutions campi in smaller cities throughout the
country. The initiative is supported by the Ministries of Science, Technology and Innovation
(MCTI), of Education (MEC) and of Communications (MC), and involves partnerships with
public and private companies, taking advantage of the current deployment of the National
Broadband Plan of the Brazilian government.
RNP has already interconnected nationally all the universities, university hospitals and research
centres, but, in general, it is only in the 27 capital cities (26 state capitals and the national capital,
Brasília) and in a handful of major non-capital cities that this is done with high-capacity
connections – at 1 or 10 Gb/s. Veredas Novas, which began in February, 2012, aims to extend
high-capacity connections – at 100 Mb/s or 1 Gb/s – to hundreds of campi in smaller non-capital
cities. This will extend to these campi the use of advanced applications, databases, digital
libraries, remote instruments and, most importantly, the opportunity for their researchers to
participate in research groups and collaborative research with other institutions across the
country and abroad, contributing to creating the same conditions of communication and
collaboration that already exist in major centres.

Keywords
100 Mb/s and 1 Gb/s links, high speed access, interconnection of campi, access to smaller cities,
NREN

1. An Overview of the RNP
This section provides an update to a more extensive but earlier description of RNP, presented at
TNC2010 [Stanton 2010].
RNP, which was created as a project in September 1989 by the Ministry of Science, Technology
and Innovation (MCTI), and which became a non-profit company in 1999, operates the Brazilian
national research and education network (NREN), the principal research and education (R&E)
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network provider in the country, serving more than 300 organisations nationwide, including over
130 public universities and 30 public and private research centres. As many of these have
multiple campi in different cities, the total number of connected sites is more than 800.
Figure 1 shows the geographical distribution of the campi that are served by RNP in 2012.

Figure 1 – Campi of universities and research centres served by RNP in 2012

However, not all these 800 campi have high-capacity links to RNP. RNP has already
interconnected all universities, university hospitals and research centres at high capacity – 1 or
10 Gb/s – but only in the 27 capitals and a handful of major non-capital cities. In these cities, this
is done through RNP’s own metropolitan optical networks. However, in the smaller, non-capital
cities, there are still low-capacity connections, typically, at 4, 8 or 12 Mb/s.
Figure 2 shows where RNP has built or is building its own metropolitan optical networks
(Redecomep – Community Networks for Education and Research). RNP will be operating such
networks in 26 of the 27 capitals by December, 2012, and is currently engaged in deploying them
in another 15 major non-capital cities.
To illustrate a typical metropolitan optical network, Figure 3 shows the topology of the MetroBel
network in Belém, the capital of Pará state, located in the north of Brazil. MetroBel has a 30 km
ring using 48 strand cable, with a further 10 km radial extension with 36 strand cable, and
connects 32 campi belong to 12 institutions, each one with a 1 Gb/s connection to the RNP
backbone point of presence.
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Figure 2 – Capitals and major cities with RNP’s Metropolitan Optical Networks
In operation,

In construction (by 2013)

Project

Figure 3 - MetroBel – Belém Metropolitan Network topology
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4.3 The RNP national backbone – the Ipê network
In 2005, RNP inaugurated the first academic national optical network in Latin America, called
the Ipê network. Currently, RNP has built this national backbone, using optical wavelength links
acquired from telco operators, most of them at 10 Gb/s. In each capital, RNP has a Point of
Presence (PoP), normally installed in a public (usually federal) university, from which RNP
provides access to all the university and research institution campi in that state. Figure 4 presents
the current topology of the Ipê backbone, showing the interstate circuits of up to 10 Gb/s,
interconnecting the PoPs.

Figure 4 – RNP’s national backbone network in 2012

RNP’s international connections are provided by two separate solutions. In one of these, RNP,
currently shares with ANSP, the academic network from São Paulo state, two 10 Gb/s links from
the city of São Paulo to Miami in the US, which are managed jointly. These two links carry
traffic between Brazilian academic sites and both academic and commodity sites in the US and
around the world. Commodity peering and transit is contracted in Miami. The international
capacity of this connection is being upgraded in early 2013 to four 10 Gb/s circuits as shown in
Figure 5. These links between Brazil and Miami form part of the Americas Lightpaths (Amlight)
collaboration funded by institutions in the US and Brazil [Amlight 2012].
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The second solution is through RNP’s participation in RedCLARA, the regional R&E network in
Latin America, of which RNP is a founder member [RedCLARA 2012]. This network links R&E
networks in most mainland countries in Latin America, and has been generously supported by
funding from the European Commission during the period between 2003 and 2012, by means of
the ALICE and ALICE2 projects. Figure 6 shows the topology and capacity of RedCLARA at
the end of 2012.

Figure 5: Links between Brazil and the US in early 2013 (courtesy of Chip Cox)

Page 150

Figure 6: RedCLARA topology and capacities at the end of 2012 (courtesy of Florencio Utreras)

4.4 RNP services and R&D activities
RNP offers connectivity to all public universities and research institutions and advanced
services, similar to those met in Europe and North America R&E networks [TERENA 2011].
Examples of these services include:


Identity federation and eduroam;



Web conference, videoconference and telepresence.



VoIP – Voice over IP;



Public key infrastructure for Research and Education



Internet Data Centre (IDC);



Service Desk



Video on demand

RNP is continually developing new services and promoting the innovative use of advanced
networks in Brazil. RNP’s directorate of R&D uses the Open Innovation Model in its innovation
funnel and finances R&D activities in universities and research centres, carried out by research
groups under RNP coordination. In this context, two initiatives are worthy of note: the Working
Groups programme (WG-RNP) and the projects of advanced networks in which RNP
participates or which it supports. Many of these projects are developed in cooperation with other
NRENs, integrating international alliances.
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A companion paper to this one [Stanton 2012] describes more fully the development of R&D
activities at RNP and also at RedCLARA, influenced by RNP experience.
Alternative input for new or improved services uses trend analysis. RNP interacts with its
partners (universities, research centres, government, suppliers) to determine technology trends
and how to align these with its strategy. Some examples of services that originated from trend
analysis are: telepresence, videoconference and web conference [Nunes 2012].

2. The National Broadband Plan
The National Broadband Plan (PNBL) was launched in May 2010 with the aim of providing
mass Internet coverage at low prices by 2014. The target is to bring 11.9 million households
online over the duration of the plan, while promoting the growth of the telecommunications
infrastructure of the country.
According to the Ministry of Communications [IT 2012] [PNBL 2012], the objectives of the plan
are:


to accelerate the entry of the population in the modern information society;



to promote greater access to e-government services to citizens and to facilitate the use of
state services;



to contribute to the evolution of telecommunications networks in the country, through the
adoption of current trends in technology and architecture, based on communications over
IP;



to contribute to the industrial and technological development of the country – particularly
the sector of Information and Communication Technologies (ICTs);



to improve the competitiveness of Brazilian companies, especially those in the ICT
sector, as well as micro, small and medium enterprises of other economic sectors;



to contribute to the increase of employment opportunities in the country;



to contribute to the growth of the Brazilian economy.

The National Broadband Plan plans to bring broadband Internet access to small towns, currently
badly served by the traditional telecommunications companies. The government is looking to
enforce end-user link capacity of 1 Mb/s at monthly prices starting at R$30.00 (US$15.00).
The telecommunications company responsible for deployment of this plan is the state-owned
Telebrás – Telecomunicações Brasileiras, with private sector telecommunications companies
acting in a complementary manner. Internet service providers (ISPs) are also important players in
this plan, offering access at over 1 Mb/s at reduced prices to their customers.
Telebrás is also responsible for acquiring the resources needed to provide the necessary public
infrastructure to deliver the plan. Through agreements with Petrobras, the publicly traded petrol
& gas energy company, and with publicly owned electricity companies (belonging to the
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Eletrobrás holding company), Telebrás is using part of their existing fibre infrastructure to
construct a national backbone network, acting mainly as a wholesale provider for ISPs.
Figure 7 shows the Telebrás backbone that is under construction, using fibre from Petrobras and
the Eletrobrás companies.

Figure 7 - Telebrás backbone being built out using fibre assets from Petrobras and Eletrobrás companies (by 2014)

3. Veredas Novas (New Paths)
Veredas Novas is a recent RNP initiative that has as principal objective to connect to its national
Ipê backbone all institutions in the interior of the country, at minimum capacities of 100 Mb/s
(for secondary campi) and 1 Gb/s (the main campus). Today, many of them are still served by
low-capacity connections, for example, at 4, 8 or 12 Mb/s.
In addition, Novas Veredas:


allows access to and use of advanced applications, databases, digital libraries, remote
instruments and remote collaboration;



permits the inclusion in the National System of Science, Technology and Innovation, and
in similar systems in other countries, of researchers, teachers and students of federal
institutions of higher education and of technology located in the interior of Brazil;



offers support for the expansion of generation and use of content for telemedicine,
telehealth and distance education;
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promotes the provision of higher broadband capacity to those cities that host universities
and research centres, contributing to greater digital inclusion in these localities through
the National Broadband Plan;

Anchored in partnerships with Telebrás, at national level, and state government IT companies, at
state level, Veredas Novas is expanding the infrastructure for network access to the Ipê network,
increasing to up to 1 Gb/s the link capacity of the campi of the federal institutions of research
and higher education and technology in smaller cities throughout the country. The main expected
results are:


interaction of about 3.5 million users with global research networks;



insertion of 27,500 research groups in high-performance communication environments
and collaborations;



widespread use of advanced collaborative voice, video, mobility and network security
technologies;



provide adequate professional conditions for the retention of highly qualified staff and of
the creation of new postgraduate courses in institutions of education and research in
smaller cities;



provision of telemedicine, telehealth and distance education.

4.5 Veredas Novas and the National Broadband Plan – a partnership between RNP and
Telebrás
Veredas Novas capitalises on the National Broadband Plan – PNBL. Telebrás, in partnership
with RNP, is providing telecommunications access to cities where there is an R&E campus to be
connected to the Ipê backbone. Through a tripartite agreement between Telebrás, RNP and the
local R&E institution, Telebrás equipment is collocated on the campus and, from this site, it
provides service in that locality, whilst at the same time providing a clear channel connection
between this campus and the Ipê backbone network.
Thus, universities and research institutes act as anchor institutions in the process of massification
of broadband access. Through collocation of its equipment on the campus, Telebrás expands
telecommunications infrastructure for that locality, providing faster and better Internet access for
the city government, local businesses and citizens.
To provide access connection to institutions, both radio link microwave and optical fibre
technologies are used for data transmission. In each location, an assessment is carried out to
select the appropriate technology to be employed.
Table 1 summarises the goals of the partnership between RNP and Telebrás until 2014, whilst
Figure 8 illustrates the localities that are to be connected by this partnership, mapped onto the
“Ipe” Network.

Page 154

Year

Locality

University/Research
Institution campus

2012

30

42

2013

100

136

2014

120

157

Total

250

335

Table 2 – RNP– Telebrás partnership goals

Figure 8 - Localities that will be connected through the RNP–Telebrás partnership, relative to the Ipê network.

4.6 Veredas Novas and partnerships with state government IT companies
The RNP–Telebrás partnership is important, but it doesn’t resolve all the demands for
connections for Veredas Novas.
RNP has established other partnerships, mainly with state government IT companies. These
companies have usually carried out digital inclusion and e-government programmes at state
level, and some of them have deployed their own regional optical backbone networks. A prime
example of this is in Ceará state, in northeast Brazil. The government IT company there, ETICE,
has deployed a statewide backbone that reaches practically all cities in that state, called the
Cinturão Digital do Ceará (Ceará Digital Beltway). RNP and ETICE have established a
agreement to use this state backbone to provide access to all RNP client institutions in the state,
connecting them at a minimum of 100 Mb/s to the RNP PoP in Fortaleza, the state capital. RNP
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is investing around US$ 3 million in last mile construction to provide access to around 30
institutions in 22 localities in that state.
Figure 9 shows the Ceará Optical Beltway, built and operated by ETICE, illustrating the
geographical coverage throughout the state.

Figure 9 - Ceará Optical Beltway

A pilot project, connecting 4 institutions in 3 localities (Redenção (1), Crato (2) and Iguatu (1)),
is to be concluded by December, 2012. By June, 2013, all RNP client institutions in this state
should be connected at a minimum of 100 Mb/s.
RNP is adopting similar strategies in the Federal District (national capital) in the Midwest, and in
the states of Espírito Santo, in the Southeast, and Rio Grande do Sul in the South. Government
IT companies in other states are being contacted, and, hopefully, may also participate in this
initiative, increasing its impact.
4.7 Veredas Novas and cities not reached by Telebrás and state government IT company
backbones
By 2014, the Telebrás backbone should reach only around one third of the total number of cities
where RNP has client institutions. On the other hand, few state governmentIT companies have
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their own optical backbones. Most of them do not, although some of these are just now deciding
to deploy their own backbones. This means that about half of the RNP demand must be met by
traditional telecommunications carriers, Internet Service Providers (ISPs) or RNP’s own subnetworks of radio-links. In the case of use of traditional telecommunications operators or ISPs,
RNP is analysing technological alternatives to clear-channel service, like Metro Ethernet and IP
tunneling service.

4. Conclusions
As can be seen, RNP has an ambitious initiative, Veredas Novas, with the objective of
connecting all institutions in the interior of the country, with a minimum capacity of 100 Mb/s
(secondary campi) and 1 Gb/s (main campus), raising to these capacities many of the current
low-capacity connections, for example, 4, 8 or 12 Mb/s.
The main strategy adopted by RNP has been to “hitch a ride on the National Broadband Plan, by
establishing a partnership with Telebrás. In addition, RNP is also “”hitching a ride” on state
government programmes of digital inclusion and e-government, carried out by the state
government IT companies, where they have their own optical backbones.
Even when these partnerships are established and new connections rolled out, in around one third
of all relevant cities, it will still be necessary to acquire connectivity from traditional
telecommunications carriers or ISPs, and the solutions sought will probably involve, not only
clear-channel, but also other connection services, like Metro Ethernet and IP tunneling services.
Nevertheless, to reduce by two thirds the number of connections acquired from traditional
telecommunications carriers will certainly be a huge gain. Moreover, it is also very important to
bring universities and research institutes to participate in the National Broadband Plan as anchor
institutions in the rollout process. By collocating its equipment on and providing external links to
the campus, Telebrás expands telecommunications infrastructure for that locality, providing
faster and better Internet access for local government, local businesses and citizens, while
simultaneously providing a minimum link of 100 Mb/s for RNP to its client institution.
This strategy may be used as a model for other NRENs with similar difficulties to reach
institutions in the interior of their countries. National broadband plans and digital inclusion
programmes are good to “hitch rides on” and benefit from.
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Build vs. Buy: The NREN Network
Connectivity Dilemma: About Building
Research & Education Fibre Networks
Brian SAVORY
Optelian, 1700 Enterprise Way SE, Marietta, GA 30067-9219
Tel: + 001 404 512 9907, Fax: + 001 770 690 9506, Email: brian.savory@optelian.com

Abstract
National Research and Education Networks (NRENs) typically have the need for interconnecting
multiple universities and for off-campus access to connect to telecommunications submarine
landing points for the purpose of connecting to other NREN networks such as GÉANT and
Internet2 and for access to wholesale commodity internet service providers. As universities and
researchers drive the speed requirements for access networks above 1GigE to 10GigE and
beyond, NRENs are faced with the decision leasing multiple high bandwidth network
connections from carriers or building their own fibre optic network. NRENs that require large
capacity network connectivity at a low cost of ownership are now considering building their own
fibre networks.
This paper and presentation will examine the options for NRENs and provide a step-by-step
implementation plan for what is required to build, operate and maintain a fibre network.
The presentation will review and feature input from representatives the from the NREN and
university community as well as an industry representative that have actual experience in
deploying networks in the United States and around the world.
Discussion topics to include:


What are the business model options for acquiring dark fibre?



What is the payback model for a build versus buy strategy?



How does a NREN get started deploying a fibre network?



What are potential sources for seed capital funding



Learn how incremental cost per Mbps of bandwidth is impacted (i.e. market based cost
versus incremental cost)?



How is network reliability impacted once a fibre network is deployed?

Obligatory Abstract Elements:
Purpose – By writing this paper, I hope to provide emerging NRENs with information on how to
evaluate business case parameters and practical experience findings involved in making a
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decision on migrating from using carrier based bandwidth services to building, operating and
maintaining a private fibre network.
Design – I plan to provide information that has been developed from personal professional
experience as well as data gathered from being part of the research and education community for
over ten years, both as a member and as a vendor serving the community.
Findings – It is my intention to provide emerging NRENs with a beginner’s cookbook for
developing a high bandwidth private fibre network for research and education.
Value – This paper should provide emerging NRENs with a “lessons learned” document to refer
to when implementing a private fibre network.

Keywords
Network Connectivity Build Buy

1. Background
1.1 US R&E Community Build Their Own Fibre Networks
There is a parallel between the current African developing NRENs and US Regional Optical
Networks (RONs) 10-15 years ago. The US RONs recognized that they were paying for limited
amount of bandwidth at a market based price. The US RONs took advantage of opportunities to
build their own fibre networks and acquire virtually unlimited bandwidth on a marginal cost
basis.
Two of the early adopters of this model were Merit Network, a state-wide research and education
network in Michigan and MOREnet, a state-wide research and education network in Missouri.
Another early adopter of this model was the University System of Georgia (USG) with owns and
Georgia’s PeachNet. The USG previously leased bandwidth from AT&T and small rural
carriers. USG now owns & operates its own fibre network
The University Alabama System (UAS) previously leased bandwidth from ITC Deltacom. UAS
owns & operates its own fibre network
1.2 Methodology
The methodology for obtaining information for this paper was data obtained from research &
education, university community and industry players. This data was gathered over the eight
years from participation in the research and education community both as a member of the
community and as a member of the private sector providing equipment and services to the
community and from personal relationships developed from those experiences. In addition,
excerpts from regional optical networks websites will be used to show specific examples of
business models and services providing by regional optical networks in order to create a
sustainability models.

2. Build vs. Buy
2.1 Case Study
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As an example of how to assess whether or not to build a private fibre network or lease
bandwidth from a carrier, a case study example has been included. The network application is a
data center interconnect design. The network topology includes a diverse fibre route between
two data centres.
One leg of the ring is 60Km fibre pair and the other leg of the ring is a 40 Km fibre pair. The
customer premise equipment for this model is a load-balanced router/switch interconnect design.
The total initial bandwidth for this model is 38 Gbps, 3x10GigE over the 60Km span and
8x1GigE over the 40Km span.
One of the key components of a private fibre network is that growth can be accomplished
relatively easily and quickly on a marginal cost basis. The typical turn-up time for the addition
of a 10Gbps channel is only a half-day. The system capacity is 400 Gbps (40 x 10Gbps).
2.2 Business Case Analysis
The first case study shown below is a cash flow analysis for a static network model. From a
growth assumptions perspective this is the most conservative model showing no network growth
over a five-year period.
The analysis below shows the capital cost of building a fibre network is estimated to be $207,731
in year-1. There would be no additional capital costs incurred in years 2-5. The estimated
operating cost for a fibre network would be $139,307 per year.
The cost of leasing 8-1GigE circuits at $19,200 each per year and 3-10GigE circuits at $96,000
each per year would be $441,600 per year.
Comparing the total cost of ownership ($207,731 in year-1 and $139,307 in years 2-5) with the
cost of leasing ($441,600 per year) shows a savings in year-1 and significant savings in years 25.
The build option results in a payback of less than one year.
Network Capacity
GE
10GE
Cash Flow
Total Equipment Cost
EF&I
Total DWDM CAPEX

Year 1
8
3
Year 1

Year 2
8
3
Year 2

Year 3
8
3
Year 3

Year 4
8
3
Year 4

Year 5
8
3
Year 5

$194,141
$13,590
$207,731

$0
$0
$0

$0
$0
$0

$0
$0
$0

$0
$0
$0

$9,707

$9,707

$9,707

$9,707

$9,707

$129,600
$139,307

$129,600
$139,307

$129,600
$139,307

$129,600
$139,307

$129,600
$139,307

Opex Non-Recurring Charges
Network Operations & Technical
Support
Dark Fiber Leasing
Total DWDM OPEX
Total DWDM (OPEX + CAPEX)
Leased Line OPEX

$347,038

$139,307 $139,307

$139,307

$139,307

$441,600

$441,600 $441,600

$441,600

$441,600
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Leased Line Assumptions
Leased Line Cost
GE
10GE

40Km to 60Km
Monthly
Annual
$1,600
$19,200
$8,000
$96,000

This next case study shows the annual savings of the build over the buy model. It also compares
a static growth model with a modest growth model showing the ROI summary over a 5-year
period. As indicated below either model results in a significant savings over a 5-year period.


Static Network Growth – no bandwidth increase over 5 years
Network Capacity
GE
10GE

DWDM ROI
Annual Savings
DWDM Payback Period (Months)
DWDM 5 Year Savings



$

Year 1
8
3
Year 1
$94,562
9
1,303,734

Year 2
8
3
Year 2
$302,293

Year 3
8
3
Year 3
$302,293

Year 4
8
3
Year 4
$302,293

Year 5
8
3
Year 5
$302,293

Year 4
16
4
Year 4
$551,893

Year 5
16
4
Year 5
$551,893

Modest Network Growth – add 8xGE and 1x10GE in Year 3
Network Capacity
GE
10GE

DWDM ROI
Annual Savings
DWDM Payback Period (Months)
DWDM 5 Year Savings

$

Year 1
8
3
Year 1
$94,562
9
2,006,845

Year 2
8
3
Year 2
$302,293

Year 3
16
4
Year 3
$506,204

The conclusion for the example above is that it is better to build than to buy. Although that
conclusion is a function of the cost of fibre, equipment and bandwidth in any given geographic
location.

3. Learning From Other R&E Regional Optical Networks
This section will provide examples of US based research and education fibre optical networks
from a network topology perspective. It will also examine different initial funding sources and
business models for operational cost recovery. The networks are as follows:






Stanford University
PeachNET
Merit Network
Missouri Research & Education Network (MOREnet)
University of Alabama System (UAS)
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3.1 Stanford University
Stanford University has a diverse fibre ring from their campus to nearest Internet2 / commodity
Internet point-of-presence (POP). Their network includes a path protection module that will
automatically switch traffic from the working fibre segment to the protect fibre segment in the
event of a loss or degradation in the optical power level.

3.2 University System of Georgia (USG) PeachNet1
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The USG, Information Technology Services (ITS) acquired fibre assets by leasing 1,900 route
miles of fibre in 2004 to connect 26 of the 35 USG university institutions, as well as additional
USG sites.
The demand for bandwidth continues to rise as USG institutions continually increase their use of
technology through online courses, new research connections, web-based tools, and GALILEO
services.
By leasing the fibre directly, USG ITS is able to move PeachNet services away from commercial
telecommunications services. The result is additional bandwidth and levels of redundancies that
were previously cost prohibitive.2
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4. Merit Network – REACH-3MC

A summary of the REACH-3MC network and associated network map can be found on the Merit
Network website.3
REACH-3MC will build 2,287 miles of open-access, advanced fibre-optic network through rural
and underserved communities across Michigan's Lower and Upper Peninsulas.
REACH-3MC is funded by two grants from the Broadband Technology Opportunities Program
(BTOP) as part of the American Recovery and Reinvestment Act of 2009 (ARRA), commonly
referenced as the Stimulus Package.
REACH-3MC features robust public-private collaboration. Merit Network is working with over
140 community anchor institutions that will receive fibre-optic laterals.
Merit also has engaged three providers from the commercial sector, who are Sub-recipients on
REACH-3MC and will offer services to homes, businesses and local ISPs in the project service
area.
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While the initial capital cost of Merit Network’s fibre infrastructure is being paid for by a US
government stimulus grant, the on-going operational costs for the network will come from
member fees and additional services indicated on their website and summarized below. 4
4.1 Merit’s Family of Services























Merit Professional Learning
MeritLicensing Service
Merit Professional Services
Merit Town Hall and Services Events
Merit Cloud Media
Merit List Manager
MeritMail Collaboration Suite
Merit Michigan ID
Merit RADb - The Routing Assets Database
MeritVoice
Merit WebConnect
Merit Cloud Storage
Merit Colocation
Merit VirtualDataCentres
Merit VirtualDesktops
Merit Web Contingency
Merit Connectivity
Merit Domain Name Services
Merit Multicast Services
Merit Network Time Protocol (NTP) Services
Merit Transport Service
Merit VPN
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4.2 Missouri Research & Education Network (MOREnet)

MOREnet has created an extensive state-wide fibre network in Missouri. This network was
provided in part by state funds and in part by federal funding. Operational costs are provided by
member institutions and the services provided by MOREnet.
MOREnet’s services are displayed on their website and summarized below: 5
Business Continuity / Disaster Recovery






Colocation
Network Backup
Network Storage
SecondWeb Hosting Service
Virtual Servers

Connectivity Management













Black Hole DNS
Domain Name System
E-rate Assistance
E-mail Virus and Spam Filtering
Good Net Neighbor Phase 1 & 2
Internet Connection
Internet Content Filtering
Internet2
Microsoft EES Consortium Pricing
MyMOREnet
Network Consulting as a Professional Service
SSL Certificates
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Virtual Servers
Wireless Assessment Surveys

Communications and Collaboration













Discussion Lists
E-mail Archiving
E-mail Hosting
E-mail Virus and Spam Filtering
Google Apps for Missouri
Learning Management System (LMS)
Live Video Streaming – Originating
Live Video Streaming – Viewing
Remote Conference Management
Mobile Videoconferencing
Videoconferencing
Web Hosting

Community Cloud









E-mail Archiving
E-mail Hosting
Learning Management System (LMS) Hosting
Network Backup
Network Storage
SecondWeb Hosting Service
Virtual Servers
Web Hosting

4.3 University of Alabama System (UAS)
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The University of Alabama System (UAS) network was created in order to provide long-term
cost savings over leasing bandwidth. The network interconnects all of University of Alabama
System campuses and NASA Marshall Space Flight Center to Internet2 `and commodity Internet
in Atlanta
The costs for the network were shared by UAS, the National Aeronautics and Space
Administration (NASA) Research & Engineering Network (NREN) and Marshall Space Flight
Center (MSFC) in Huntsville, AL. NASA paid for the fibre. UAS paid for the optronics. Both
NASA and UAS pay for the operational support for the network.
Initially the network will provide MSFC with 10Gbit/s connectivity to NASA’s other facilities
nationally. I will also provide The University of Alabama System with more affordable
commodity Internet connectivity & Internet2 access. The University of Alabama System fibre
network will link their campuses in Tuscaloosa, Birmingham and Huntsville, AL. It will provide
network services for the scientific community by supporting disaster recovery / business
continuity and high-quality, digital-video applications for telemedicine services and distance
learning.
Southern Light Rail designed the UAS RON network, acquired the equipment and provided
project management and operational support for the network.

5. Models
5.1 Models for Acquiring Dark Fibre
The primary sources for acquiring dark fibre are from telecom carrier or an electric utility.
The primary financial models for acquiring dark fibre are either to lease the fibre and incur a
monthly recurring cost or to execute an indefeasible right-of-use agreement and incur an initial
nonrecurring cost and a monthly recurring cost.
Another approach is to barter or trade use of the fibre for bandwidth or wavelengths on the
network. For example, Uganda Telecom Ltd. (UTL) was to receive one 10Gig wave in return
for use of fibre from Entebbe to Kampala on the RENU fibre network.
Yet another potential model is to partner with another institution. One partner procures the fibre
and another partner procures the optical equipment. Both parties share the cost of operating and
maintaining the network.
5.2 R&E Business Models
There is more to building a network than just evaluating the costs of building a fibre network
versus buying bandwidth capacity from a carrier. There are most certain to government and
regulatory considerations. In addition, university / National Research and Education Network
(NREN) politics will also play a key part in whether or not deploying a fibre network will be
successful on a long-term basis.
Sources of initial funding must be identified in advance, whether that will be from loans, grants
or member provided internal funding.
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Once sources of initial funding have been identified, a sustainability model must be created.
This could come from membership dues and/or utilization fees. It is important for NRENs to
Drive applications to the network and develop member services as well as teaching and learning
opportunities.
5.3 Network Design Considerations
When in the initial planning stages of the building a fibre network, it is important to consider a
business model. Determine if it makes sense from a business and operation perspective to build
a fibre network or buy bandwidth from a carrier (see Section 3 for more details). It is extremely
to not only identify sources of funding for the initial costs for the network but also determine a
sustainability model to recover on-going operational costs.
Whenever possible, a NREN should utilize technical resources such as the Network Start-up
Resource Center (NSRC) and vendor sponsored workshops and webinars.
A fibre network should be designed to provide diverse facility entries and diverse fibre paths.
Hardware such as path protection modules and optical link monitors should be utilized in order
to enhance network reliability.
The equipment used to light the dark fibre should have a small rack mount footprint and low
power consumption. Whenever possible passive, temperature hardened, equipment should be
utilized especially at edge of the network and for short-haul links.
Other considerations for an on-going fibre network operation should include the following:





Network management software and a network operations center
In-country spares and a local service partner
Vendor provided maintenance agreement for all equipment
Training – vendor provided, both technical and operations

6. Implementation Plan
A step-by-step blueprint for what is required to build, operate and maintain a fibre network
The following items should be considered and be an integral part of a fibre network
implementation plan:
 Project Management – make sure to have an internal project manager that understands
fibre network deployment or engage a vendor provided resource to provide that service.
 Procure fibre – once fibre is obtained either from a lease, IRU or trade, it is important that
the fibre be characterized
o Characterize fibre (OTDR, optical loss, dispersion, etc.)
 Network design – elements of a proper network design should include the following
o Design optical network
o Applications and network integration
o Rack layout
 Procure optical equipment
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 Contract issues – finalize with vendor as soon as possible
 Manufacturing – allow for adequate time to accomplish
o Production of equipment & spares
o Staging & system test
 Shipping & Delivery (global logistics - customs) – important for international shipments
 Customer Checklist – this is something that often causes delays if not completed in time
o Site preparation check list (access, power, fibre jumpers)
 Deployment issues
o Installation
 Site access planning
 Rack & stack
 Set levels and commission equipment
o Coordinate with local service partner
 Post- Installation Testing – make sure the equipment vendor’s technical team does this
o Perform tests at all sites (i.e. OSNR, Res. Sensitivity, Latency)
o 24 hour BER test
 Training – technical and operational
 Documentation – integral part of every implementation
 Maintenance – a complete package should include access to the following:
o Remote tech support
o Spare management
o Repair & return
o On-site engineer
 NOC services – this should be provided internally or contracted for

7. Conclusion
First, determine if it make sense from a business and bandwidth perspective to deploy a fibre
network. Then learn from / collaborate with other members of the research & education
community. Prepare detailed plans based upon other’s experiences that include a dark fibre
acquisition plan, business plan, a network design plan and an implementation plan.
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Abstract
he African Virtual University (AVU) www.avu.org is currently implementing its Multinational
Project II across borders and language barriers in 21 countries and 27 universities. Funded by the
African Development Bank, the new project builds on the success of a first phase that was
implemented in 10 countries and 12 universities. The Multinational project II has the following
activities: installation/ upgrading of open distance and eLearning centres; review/development
and delivery of 3 ICT integrated programs, teacher education, computer science and Peace and
conflict resolution; open educational resources; training of training on eLearning skills; research
& development with a focus on mobile learning; gender mainstreaming; technical advice on
distance and eLearning policies and strategies.
This paper shares the success of the first phase of the project (2005-2011), the lessons learnt, and
the collaborative approach and methodology used in the second phase to be implemented
between 2012 and 2016.

Keywords
Capacity enhancement, e-learning, content development, open educational resources,
infrastructure.

1. Introduction
The African Virtual University (AVU) is an intergovernmental organization whose mandate is to
significantly contribute in increasing access to quality higher education through the innovative
use of Information and Communication Technologies (ICTs). One of the strategic objective of
the AVU is to increase access to higher quality Open, Distance and eLearning (ODeL)
resources that are relevant to Africa. AVU acquired a large network of higher education
institutions from 27 countries across Anglophone, Francophone and Portuguese speaking African
countries.
The requirement for development of skills at tertiary level is a key driver for economic growth in
developing countries; Educational economists have observed that at least 12-15% of African
nation’s workforce must have tertiary education if it is going to compete in the new global
economy. For Sub-Saharan Africa, where higher education participation rate is as low as 6% ,
the quest to reverse this trend requires innovative strategies, including use of ICT in higher
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education to increase access. The traditional residential university model currently adopted by
most universities in Africa is unable to meet either current or projected demand. Therefore, there
is a need to extend access outside the universities’ physical campus by developing high quality
E-Learning capacities within these Institutions, including those that make use of new
technologies for e-Learning where appropriate. Access to E-Learning is inadequate in regard to
quality and relevance.
To make in-roads in the alleviation of low participation in higher education, the AVU has been
implementing project in African countries towards enhancement of capacity for use of ICT in in
developing and delivering quality, relevant and affordable education and training programs in the
African Continent

2. AVU Phase I Multinational Support Project
2.1 Introduction
This project was an initiative funded by the African Development Bank (AfDB) and partly by
the United Nations Development Programme (UNDP) with the overall objective of strengthening
the capacity of the African Virtual University (AVU) and a network of institutions coordinated
by the AVU to deliver and manage quality ICT assisted education and training opportunities in
selected African countries. The project had the following components: (i) Establishment of
ODeL Centres and Connectivity Provision at AVU Partner Institutions; (ii) Teacher Training and
Development Program; and (iii) Mainstreaming Gender Issues into AVU Operations.
Countries and institutions that benefited from the project were: Ethiopia, Jimma University;
Kenya, University of Nairobi; Madagascar Université d’Antananarivo; Mozambique,
Universidade Pedagogica; Senegal, Universite Chiek Anta Diop; Somalia, Amoud University,
Eat African Univerity, University of Hargisa; Tanzania, Open University of Tanzania; Uganda,
Kyambogo University; Zambia, University of Zambia; and Zimbabwe, University of Zimbabwe.
2.2 Project Outputs


Ten Open distance and e-Learning (ODeL) Centres were established, one in each of the
ten beneficiary countries. The centres are all fully operational and currently act as
physical hubs for the creation, organization and sharing of knowledge and the
development of local distance and eLearning programs. The centres’ main functions
include acting as: a training facilities for staff in the use of ICT in the development,
delivery and management of educational programs; a delivery point for the current and
future eLearning programs (e.g. the Teacher Education Program); a physical location
where staff are able to conduct research and participate in collaborative work; and a
income generating facility to ensure their long-term sustainability.



The project trained 459 University academics: 133 in ACEP; 146 Subject Matter Experts
trained in re-writing programs in ODeL formats; 60 course leaders trained in delivery and
management of education programs; and more than 120 trained in ODeL Centre’s
equipment maintenance, upgrading and use of the learning management system.



The development of 86 Modules: 13 of AVU capacity Enhancement Program; and 73 of
Teacher Education Program (these modules consists: ICT Basic Skills – 4 modules;
Biology – 8 modules; Chemistry - 13 modules; Mathematics - 13 modules; Physics – 16
modules; and Education Professional courses – 19 modules). The Teacher Education
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Modules have three unique aspects: (i) gender responsive materials in order to promote
the participation of female students in maths and science-based programs; (ii) Open
Education Resources and can be accessed world-wide; and (iii) ICT-integrated and
uploaded on a Moodle Learning Management System.


The AVU OER Portal – AVU@OER: The AVU launched an online interactive OER
Portal in January 2011. The portal hosts all the 73 modules developed for the Teacher
Education programs in the 3 project languages of Portuguese, French and English.
Through the portal, the resources are available to institutions beyond the 12 involved in
the Multinational Project. In recognizing this effort, the OER@AVU initiative has won
two consecutive awards of the Education-Portal.com’s OpenCourseWare (OCW)
People's Choice Awards namely: the "Best Emerging OCW Initiative" in 2011; and the
"Most Progressive" in 2012. These AVU OERs have attracted visitors from around the
world. Between January 2011 and June 2012, the portals attracted more than 1,000,000
users from 193 which means that through AVU, Africa is contributing to global
knowledge.



More than 4000 students enrolled in the teacher education program by end of project
implementation.



A total of 597 scholarships awarded to students: 413 to students taking up joint AVU/PI
program; 115 to students taking PI’s Teacher Education Programs; and 69 to
Francophone Computer Science Programs



Science and Technological impact: the project has contributed in reducing the digital
divide within Africa and between Africa and the rest of the world through the
establishment and provision of high speed connectivity to the 10 ODeL Centres. This has
contributed to: a) improving, designing and delivering science and technology oriented;
and b) building Higher Education, Science and Technology infrastructure and upgrading
equipment. Furthermore, the development of math and science modules and the related
capacity enhancement training have led to: a) access to the global knowledge resources,
especially in science and technology; b) preparing teachers to the transition to the world
of work through the program designed to upgrade the ICT skills of mathematics and
science teacher and; c) promoting and supporting women’s participation in science and
technology through the gender component and especially the scholarship awards.



Social Impact: Education being a collaborative process, this project enabled collaboration
between Lusophone, Francophone and Anglophone academics by engaging them in the
development and implementation of project activities. Additionally, the project reduced
exclusivity in education by contributing towards gender parity in awarding scholarships
to female students, especially in Mathematics and Sciences. The gender mainstreaming
strategy has also encourage participating institutions to make progress towards a
sustainable solution to gender inequalities in academia. Furthermore, the project enabled
conflict/post-conflict countries like Somalia and Madagascar to increase the number of
skilled academics in their countries.



Regional Integration Impact: the collaborative methodology adopted with the
establishment of the centres, the development of mathematics and science modules and
the related capacity enhancement training led to an increased collaboration between
participating universities and countries, thus contributing to regional integration beyond
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languages and cultural divide (English, French, Portuguese). More formally, this
collaboration in the project’s implementation culminated in the formation of a Teacher
Education Virtual Consortium consisting of all the institutions that participated in the
project. This consortium’s overall objective is to sustain the benefits of the project and
continue to enhance the capacity of Consortium Members in developing, managing and
implementing their own program using ODeL methodologies, beyond the Phase I project.


Impact on teaching and learning mathematics and sciences: A pilot conducted in the
University of Nairobi, (Kenya), Université Cheikh Anta Diop de Dakar, (Senegal), East
Africa University and Amoud University, demonstrated clearly that the AVU Teacher
Education Program has the capacity to: help more learners perform better in mathematics
and sciences; eliminate the gender divide in science performance; and that the innovative
use of Information and Communication Technologies allows more learners to access and
benefit from the program.



The project demonstrated the role of ICT enhanced education in enhancing access to
Higher Education and the untapped potential among academic staff in Africa to develop
and deliver programs in E-Learning format.

2.3 Lessons Learnt
A number of lessons were drawn from the implementation of this project, namely:


The collaborative strategy to the implementation of the project that AVU adopted was
perhaps the most valuable lesson learnt. This approach ensured a high degree of
ownership of the project’s activities within the network of institutions. The collaborative
approach was exercised in all steps of the project implementation which included: the
selection of the institutions in which to implement the project; welcomed input in the
composition of the ODeL center equipment; the process of conceptualization and
designing of the curriculum as well as the development of the modules for the teacher
education program; and the development of the quality assurance framework. This
collaboration also involved all stakeholders, from the ministry of education to the top
management of the institutions and the academics.



The implementation of such multinational, multi-faceted and technology-based project
requires constant reassessment of the outputs so that they remain relevant and realistic.
This is largely because ICT applications, software and hardware evolve constantly, and
therefore, the project implementation team had to constantly keep abreast with the
changing trends in the use of ICT in education being that it was a relatively new concept.



The implementation of this project proved beyond doubt that it is possible to achieve
regional integration through such initiatives. Although it was extremely challenging to
overcome linguistics, political barriers and to implement key output beyond boundaries,
the project has proven that Africa can speak to Africa while solving educational
challenges. The project’s teacher education component will continue to contribute greatly
in facilitating the mobility of professionals and learners through recognition of prior
learning and credit transfer. This was made possible by the harmonization of the
curriculum for the teacher education program as well as shared modules for the same.
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3. AVU Multinational Phase II Project
3.1 Introduction
Following the success of the Phase I, the AfDB is funding a second phase of the Multinational
Project which will extend its benefits to more countries. The overall objective of the AVU
Multinational Project II is to strengthen the capacity of the AVU and a network of 27 institutions
to deliver and manage quality ICT integrated education and training opportunities in 21 African
countries.
3.2 Project Activities
The project will have the following activities: (1) Establishment of new Open Distance and
eLearning (ODeL) Centres and/or upgrading of exiting AVU Learning Centres as well as
Internet connectivity provision at AVU Partner Institutions; (2) Development and/or
improvement, and delivery of four ICT integrated Programs: AVU Capacity Enhancement
Program (ACEP); Teacher Education (TE), Computer Science (CS), and Peace and Conflict
Resolution; (3) Gender Mainstreaming (4) Research and Development; (5) Promotion and
development of Open Education Resources (OERs); and (6) Enhancement of AVU Capacity.
3.3 Project Beneficiaries
Table 1: Project beneficiaries
COUNTRIES
1. Benin
2. Burkina Faso

PARTICIPATING INSTITUTIONS
1. Universite d'Abomey Calavi
2. Universite de Ougagadougou
3. Institut des Sciences de Ouagadougou
4. Universite Lumiere de Bujumbura
3. Burundi
5. Universite de Douala
4. Cameroon
6. Institut Supérieur Pédagogique de Gombe
5. Democratic Republic of Congo
7. Université des Sciences, des Techniques et
6. Mali
Technologies de Bamako (UTTB)
8. Ecole Normale Supérieure de Bamako
9. Universite de Nouakchott
7. Mauritania
10. Universite Abdou Moumouni de Niamey
8. Niger
11. Universite Cheikh Anta Diop
9. Senegal
12. Universite Gaston Berger
13. Université du Cap-vert
10. Cape Verde
14. Unité d’Enseignement « Tchico Té »
11. Guinea Bissau
15. Universidade Pedagogica
12. Mozambique
16. The University of the Gambia
13. The Gambia
17. Ghana Institute of Management and Public
14. Ghana
Administration
18. Kwame Nkrumah University of Science and
Technology
19. University of Education Winneba
20. Kenyatta University
15. Kenya
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16. Namibia
17. Nigeria
18. Rwanda
19. Sudan
20. South Sudan
21. Tanzania

21. Egerton University
22. University of Namibia
23. University of Port Harcourt
24. Kigali Institute of Science and Technology
25. Open University of Sudan
26. University of Juba
27. University of Dar es Salaam

3.4 Collaboration Framework
Borrowing from Phase I, the Phase II implementation adopted the collaborative model used. This
framework defines the collaboration between stakeholders in the main stages of programs
development and delivery and which include: Capacity Enhancement; Curriculum Design;
Content Development; Content Production; Content Review; Quality Assurance; Accreditation;
Program Delivery; Research & Development; Monitoring and Evaluation. This collaboration
parameters will be formalised in agreements signed between the AVU and each participating
institution regarding their specific activities in the project.
In terms of external collaborations, the AVU welcomes other partners who may include the local
NRENs to not only benefit from the open education resources produced/to be produced, but to
also take part in the various implementation activities as the project may accommodate. In
particular, the AVU Phase II project has an infrastructure, training of trainers and research
components that may be of interest to the local NRENs.
On ICT in Education Infrastructure, the project will establish 27 Open Distance and eLearning
(ODeL) Centres across the beneficiary institutions. Fifteen (15) of these will be new centres
while twelve (12) will be upgrade centres form previously existing AVU elearning centres. The
establishment of these centres will build on the lessons, success and challenges of the ones
installed during the first phase. Similar to Phase 1, the participating universities in each country
are required to provide space to host and staff to run the centres. The project will support
provision of the required ICT equipment and internet connectivity for a period of time. The main
functions of these ODeL Centres are: to be a training facility for partner institution staff in the
use of ICT in the development, delivery and management of Open, Distance and E-Learning
(ODEL); to be a delivery point for the current and future ODeL programs; to be the physical
location where staff are able to conduct research and participate in collaborative work in ODeL;
to guarantee long-term sustainability by enabling PIs to generate revenue.
The AVU Training of Trainer activity is located in a program dubbed, AVU Capacity
Enhancement Program (ACEP). This program was developed during the Phase I of the
Multinational Project (2005-2011) and was delivered to 133 participants drawn from 24
participating institutions. The program was developed in three main streams that included:
materials development for ODeL; delivery and technology for ODeL programs; and
management, governance and financing of ODeL programs. It has 13 modules, all accessible in
Portuguese, French and English languages. It was and will be delivered through four main
activities: (i) a set of workshops at inception and at conclusion a; (ii) a year-long online
professional development component; (iii) development of Institutional projects by each
institution’s team of 6; (iv) a cascade training program to ensure its sustainability. Successful
trainees are awarded a certificate of professional development
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In term of Research and Development in ICT in Education, the AVU’s will include: curriculum
design and content development; programs delivery; open distance and eLearning as mean to
increase access to quality education science and technology education in Africa; educational
policies; integration of ICT in education; mobile learning; and gender and education, especially
in science and technology. In line with this will be the following activities that present
opportunities for collaboration with NRENs:


Publishing of an annual open online journal that will require peer reviewing



Convening of an annual conference on ICT in Education in which partner Institutions,
Virtual consortia, NRENs will be invited to join the conference.



The establishment of a Mobile Learning Laboratory which will attract educationist to
experiment usage of Mobile phone in education and proposed best practices.

4. Conclusion
In conclusion, this paper’s purpose is to underscore the importance of working within networks
to achieve what would otherwise be difficult to accomplish by lone organisation/institutions.
Collaboration, while a long and possibly arduous process, is one with significant promise for a
widely accepted education program since it promotes ownership among participants. It is also
evident that significant time and member interaction are necessary to build the levels of trust for
collaboration to function.
The factors that the AVU has found particularly important to the implementation process with a
consortium approach included the following: inclusion of stakeholders integral to the local
context and able to contribute to the collaboration’s goals; the characteristics of and action by the
collaboration leadership; the fostering of the collaborations legitimacy and reputation over time;
the matching of goals to the local context especially technology in each country; the adept use of
data to inform theories of action and activities; to alter strategies as necessary; early attention to a
plan for institutionalizing systemic change including strategies for sustaining the collaboration as
well as sustaining and scaling-up the reform in teacher education across the desired geographical
area.
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