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       Abstract: The Digital Divide prevents Africa from taking advantages of new information technologies. eGY-Africa, and the Sharing Knowledge Foundation have two initiatives concerning bottom up efforts by scientists to secure better cyber-infrastructure and Internet facilities in Africa.

     Among the principal conclusions of their recent workshops are recommendations addressed to national, regional and international levels and actions to be taken. This paper concerns those actions. An initial survey of internet in universities of 19 countries is presented, analyzed and compared to the Internet penetration in the corresponding country. The monitoring of Internet performance has been proposed to those African universities to improve the coverage for Africa. A pilot programme is recommended for starting scientific collaboration in western Africa by using ICT and then for anticipating the arrival of new technology like Grids.
Keywords: Digital divide, cyber-infrastructure, internet connectivity

1. Introduction 
In today’s Information Age an effective cyber-infrastructure and Internet access underpins development and human welfare [1] by strengthening education and training, expanding science, technology and innovation capability, opening up collaboration opportunities with the rest of the world, and generating the knowledge base for decision-making. Poor Internet connectivity prevents many countries in Africa, especially Sub-Saharan ones, from taking advantage of these opportunities. This situation is correlated with most measurements, including both human [2] and economic development [3] that indicates Africa is worse off than other continents and in some cases is falling further behind [4].

Due to the poor Internet connectivity and inadequacy of the cyber-infrastructure, African researchers, when they don’t decide to carry their research out in northern countries, have faced large difficulties in conducting their research and in achieving efficient participation in international projects, like the International Heliophysical Year (IHY) [5]. This weather meteorology programme has been aware of this problem. They organized a meeting in Ethiopia, focussed on the IHY in Africa. It gathered 103 scientists with 63 scientists from 19 African countries. Another international programme also initiated by the International Union of Geodesy and Geophysics (IUGG), is the electronic Geophysical Year (eGY) 2006-2007. It is devoted to international co-operation for open access to data [6] that is useful only for those who have reliable Internet connectivity. eGY includes a “bottom-up” initiative [7], to promote better cyber-infrastructure and Internet facilities for Universities and colleges in Africa, by using the advocacy of the scientific community at national, regional, and international levels. Another project comes from the Sharing Knowledge Foundation [8]. This foundation, being aware of the situation for many years, invited scientists representing different domains, industrialists and members of Non Governmental Organizations (NGOs) originating from 14 countries with 8 African countries for a workshop on the “Internet and Grids in Africa” in France [8]. The IHY, eGY and Sharing Knowledge Foundation initiatives are based on African scientific communities and are complementary; some communities participating to all projects. Recommendations [7, 8] to promote reliable Internet and cyber-infrastructure in African countries have been elaborated in both initiatives and have been addressed at national, regional and international levels. In parallel different actions are being taken that are mentioned in this paper.

     The first objective of those initiatives is to provide a quantitative survey of the network in leading universities in each country. The first step, described in section 2, was to create a questionnaire and send it to all the African participants of IHY. Preliminary results of the questionnaire analysis are presented in section 3. A second objective, described in section 4, is a continuous monitoring of the Internet in Africa. In section 5, another objective, part of the conclusions of the “Internet and Grids in Africa” workshop [8], is presented. It concerns a pilot programme in order to facilitate scientific collaboration by using Information Computing Technology (ICT) at a regional level.
2. Methodology
Even if there are documents on the Internet in Africa [9], mostly they focus on a single country and/or don’t describe the actual situation in the universities from the end-user point of view. We therefore composed an initial questionnaire to assess the status of Internet connectivity for scientists and educators in African countries. It was designed to make the questions as clear as possible and where feasible used multi-choice answers to simplify the input and later analysis.
    The questionnaire was divided into 5 sections:

· Personal details of the responder (name, institution, email, duties and interests)

· National Internet Facilities

· Institution Internet Facilities

· Problems and priorities

· Suggested next steps.
     The initial questionnaire was sent to participants at leading universities or research sites in 19 African countries, prior to the IHY meeting in Ethiopia [10]. We received responses from 17 of the 19 countries. About 12 of the responses were by email prior to the start of meeting. The remainder were obtained from one-on-one face-to-face discussions between the participants and the questionnaire developers attending the IHY meeting. The tentative results from this first questionnaire were presented at the IHY meeting in Ethiopia [10] and at the Internet and Grids in Africa workshop in France [8]. Based on the analysis of the results and feedback from the initial questionnaire and the one-on-one discussions, a second questionnaire was developed using email between four designers. This increased the use of multi-choice, simplified the questions, and added extra questions.

      An early version of the second questionnaire [7] was tried out in person with an African attendee at the Internet and Grids in Africa workshop. The questionnaire was further modified and emailed to a small group of early participants to solicit their feedback and allow further improvements. To assist in explaining the purpose of questions and the type of answers solicited, examples were also enclosed in the second questionnaire mailing. These examples were real results received from two or three early participants.

      The final goal 
will be to have first a contact in each major African country and then have an overview of the cyber-infrastructure conditions, especially in the major universities. 
3. Analysis

The data from the initial questionnaire was imported into Excel and summarized. Early on we learnt that it is hard to summarize results from generic questions, hence the determination to make a second questionnaire.  The main quantitative results from the first questionnaire were:

      We received results from universities in 17 of the 19 African countries, including: Algeria, Benin,  Burkina Faso (2 responses), Congo Rep., Cameroon, Congo Dem., Congo Rep., Egypt, Ethiopia, Kenya,  Liberia, Libya, Mozambique, Niger, Nigeria, South Africa (3 responses), Uganda.  
· Each university had tens of 1000’s of students, with typically around 1000 or so staff 
· The best had 2 Mbits/s Internet access to the outside world

· The worst were using dial up 56kbps

· Often the access was restricted to faculty only.

· Only in 6 countries (Burkina Faso, Cameroon, Egypt, Ethiopia, Mozambique, South Africa) of the 17 countries are most universities connected. For other countries it varies from 5% to 50% of universities have Internet access.

· Only Burkina Faso, Egypt and South Africa have a National Research and Education Network (NREN).

· Four countries had Internet connectivity in the capital only (Ivory Coast, Niger, Congo Dem. Rep., Congo Rep.) 

· South Africa had access almost anywhere people could afford it.

· Most respondents wanted more bandwidth and reduced costs.

· Reliable power was often cited as a major problem.

· Suggestions were to increase competition, remove monopolies, open markets to international service providers.

     It was also interesting that most of the email respondents used commercial email services such (e.g. gmail) rather than the email of their university/institution.
     The questionnaire addressed Internet and cyber-infrastructure mainly in the universities. Table 1 provides the context at the country level and shows for each of the 19 countries: whether they responded, the population [11], the International bandwidth [12], the Internet users in 2004 [13] and the ITU Development Opportunity Index (DOI) [14].  The 19 countries contain about 2/3 of the African population. This table points out the scant penetration of the Internet in most African countries and in addition the disparity among the countries.
Table 1: Countries polled for first questionnaire together with their populations, international bandwidth, Internet spread and DOI rank
	Country
	Resp 

onse
	Population
	Inter national band width (Mbps)
	Inter national band width / capita (bps)
	Internet Users
	Internet users/ 1000 capita
	Band width (bps)/ Internet User
	DOI Rank

	Egypt
	Yes
	82,073,660
	3784.0
	46.10
	1000000
	12.18
	3784
	90

	South Africa
	Yes
	43,743,316
	881.5
	20.15
	1012500
	23.15
	871
	91

	Senegal
	No
	12,938,350
	775.0
	59.90
	19351
	1.50
	40050
	112

	Cameroon
	Yes
	18,569,348
	155.0
	8.35
	6500
	0.35
	23846
	137

	Nigeria
	Yes
	139,070,856
	150.0
	1.08
	350000
	2.52
	429
	155

	Kenya
	Yes
	38,213,024
	113.4
	2.97
	80000
	2.09
	1417
	164

	Uganda
	Yes
	31,621,980
	100.0
	3.16
	8000
	0.25
	12500
	152

	Burkina Faso
	Yes
	14,866,133
	76.0
	5.11
	14238
	0.96
	5338
	163

	Cote d'Ivoire
	Yes
	18,465,326
	55.4
	3.00
	13747
	0.74
	4031
	144

	Benin
	Yes
	8,349,959
	47.0
	5.63
	6396
	0.77
	7348
	147

	Niger
	Yes
	13,364,797
	30.0
	2.24
	3117
	0.23
	9625
	179

	Mozambique
	Yes
	21,379,584
	18.5
	0.87
	25000
	1.17
	740
	169

	Ethiopia
	Yes
	78,697,922
	10.0
	0.13
	12155
	0.15
	823
	173

	Namibia
	No
	2,067,433
	9.0
	4.35
	19000
	9.19
	474
	109

	Libya
	Yes
	6,208,637
	6.0
	0.97
	Unk
	Unk
	Unk
	101

	Congo, Dem Rep
	Yes
	68,554,526
	5.0
	0.07
	Unk
	Unk
	Unk
	150

	Congo, Rep
	Yes
	3,926,738
	1.0
	0.25
	Unk
	Unk
	Unk
	154

	Liberia
	Yes
	3,390,289
	0.3
	0.08
	Unk
	Unk
	Unk
	Unk


4. Monitoring of Internet Performance for Africa

The second goal has been to provide continuous active end-to-end monitoring of African Internet connectivity. To accomplish this we turned to the PingER Project [14]. This was started in 1995 to provide active end-to-end network performance measurements for the High Energy Physics (HEP) community. At the turn of the century, it was extended to gather information related to quantifying the Digital Divide, in particular how the Internet performance differs between developed and developing nations, where is most assistance needed, what are the baselines, trends etc.  The information gathered is archived and analyzed and freely available via the web [15]. The results are important for trouble-shooting, planning, setting expectations, justifying and seeing the effects of upgrades and for presenting to policy making and funding bodies.
      We extended the PingER project to improve the coverage for Africa by identifying the contact in each African university involved in the IHY and eGY. We proposed to them to monitor their network, and in several cases (Congo Dem. Rep., Congo Rep., Senegal, South Africa) to make measurements from their site. As a result of this, in 2007, we extended the measurements from 32 to 45 of the 54 African countries.
      Presentations [16] on the results for Sub-Saharan Africa were given at the IHY meeting in Ethiopia and the Internet and Grids in Africa meeting in France. Following these presentations, we put together a more complete case study [17] of the situation in Sub-Saharan Africa. It discusses the situation at the start of 2008, in terms of available infrastructure, capacity, costs, tariffs, education, brain drain, development, conflict, corruption and opportunities. It then compares African Internet performance measured by PingER and compares various PingER metrics such as Round Trip Time (RTT), loss, jitter, throughput etc. with the rest of the world and between sub-regions in Africa. It compares these metrics with various UN [18], ITU [19], etc. human and economic development indices. It also looks at the routing and bandwidth utilization in Africa, and goes on to show examples of the effect of the poor African performance and suggests some possible remedies [20].

5. Pilot Programme

During the workshop of the Sharing Knowledge Foundation, the development of scientific collaboration by using ICT was considered as an essential point. The needs for ICT resources have already been identified in many sectors like in the field of human and animal health, environment, natural disaster prediction and business. However for the scientific communities working on a common programme, like the one in geosciences, from an ICT point of view it is easier for them to collaborate with Northern countries than with neighbour African countries located in the same region. 

      A pilot programme is recommended for starting scientific collaboration by using ICT and then for anticipating the arrival of new technology like Grids. At the beginning the pilot programme starts with 6-7 western African countries that participated in this workshop. In each country they have to create a small team with scientists and engineers to cover scientific and technical fields. A mailing list is created to disseminate the information. The example of Grid implementation in other countries will be used to define the different steps of the work before submitting a proposal for the deployment of a Grid infrastructure in Sub-Saharan Africa. Training and local pilot projects will be part of this programme.
6. Conclusions
The recommendations on cyber-infrastructure in Africa, stated by African scientific communities during the eGY and Sharing Knowledge foundation meeting, are being disseminated at different levels – national, regional and international.

      Different actions are taken. The survey confirms that even the better African universities, in the 17 countries responding, have connections to the Internet that should serve tens of thousands of students and faculty. Yet even in the best cases the capacities are only comparable to that of a broadband connection at home in North America, Europe or Japan. In many cases the capacity is so bad only faculty are enabled to use it.  Most countries do not have Internet access to most universities in the country. Often Internet access is only available in the capital. The goal is to extend this survey to all the African countries. It has been also proposed to monitor the performance network at least one site per country.
     A pilot programme has been proposed to facilitate the scientific collaboration by using ICT on a regional base and to anticipate the arrival of new technology like Grids.

      The launch in mid-december of the satellite RASCOM-1 is good news for Africa, and could offer new opportunities for internet connectivity.

      To bring the internet in Africa to the level of the other region of the world, both for the general population and for the most advanced University, Research and Learning Centres, that must be considered as one of the most urgent priorities.
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