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Abstract 
Access to high speed communication networks is taken for granted by many people in developed 

parts of the world. Broadband is becoming an integrated part of the modern infrastructure and 

Internet access is considered a human right in some of the most developed countries. Access to 

broadband communication networks has a lot of potential for undeveloped areas but is very rare in 

these locations. In places with poor transportation and bad roads efficient ways to communicate 

could make a great difference.  

In places where a national broadband network is missing dependency on national coordination can 

be circumvented by the creation of broadband islands with limited or no access to the Internet but 

high speed links locally. If relevant services are available locally this can drastically improve local 

communication. The ICT for rural development program (ICT4RD) aims to introduce sustainable 

broadband services in the Bunda and Serengeti districts in rural Tanzania through the creation of 

such a broadband island.  

For this purpose the two district capitals Bunda and Mugumu have been connected with a fiber 

optical line and a number of users have been connected in each town. They also share a narrowband 

Internet link in Bunda with a capacity of 128/64 kbps that offers the users narrowband access to the 
internet. A number of services have also been installed on the servers in Bunda and Mugumu. 

  

The primary goals for this thesis is to improve the relevance of the current network for the local 

users through means of bandwidth optimization, improving the local content, implementing local 

services and identifying critical aspects to ensure long term sustainability. To achieve these goals a 

field study was performed at the pilot site in Tanzania and information gathered through interviews, 

observations and external research. Services and systems were prepared in Sweden and tested, 

implemented or demonstrated on site.  

Important activities performed on site included gathering of requirements for bandwidth 

optimization using a caching and proxy server, testing of a videoconferencing system for the 

healthcare sector and demonstration of a recently developed reporting system for the local 

governments. A great demand for local content especially for the educational and healthcare sectors 

was also identified. There are however problems and room for improvements in several areas to 

ensure the sustainability of the network.  

More users need to be connected for the network to have a potential of becoming financially 

sustainable in the long run. To achieve this, content and services offered should be relevant to 

potential users, issues with the stability and availability of the network need to be resolved, 

communication between different stakeholders need to be improved and efforts should be put on 

teaching local people how to use computers by educating them and offering free of charge or very 

cheap introductory access to computers courses.  

  



Final Report March 15, 2010 

Page 3 of 48 

 

Acknowledgements 
There are several people and organizations that have contributed to the success of this thesis in 

different ways. Without the help of all the people I met along the way both in Sweden and Tanzania 

this thesis would not have been possible. 

First of all I would like to thank my supervisor and the project manager of ICT4RD program, Amos 

Nungu for his support and patience in times of confusion and sudden changes of conditions and for 

good advice and guidance before and during the field study. I would also like to thank my examiner 

Björn Pehrson for good feedback and quick response to questions and for his help with the 

preparations for the trip.  

Thanks to the Buruca CSD team of fall 2010 for close collaboration during the preparatory phase and 

for support from Sweden during my time in Tanzania. I´m especially thankful for your patience with 

strange requests sent by e-mail, text messages and sometimes phone calls at strange times of the 

day when things were no going according to the plan down in Serengeti. 

I am very grateful that I had the opportunity to do my field study at the same time as Emmanuel 

Awoniyi. It was very helpful to have someone to discuss problems and troubleshoot the network with 

and to have company during the trip. I think that we both would have achieved a lot less if we would 

have traveled alone. 

In Tanzania there are a number of people that I would like to thank for helping me with everything 

from administration and transportation to technical issues and teaching me how to cook Tanzanian 

food.  

First of all John Odongo for spending so much time helping us and providing us with information 

about the local network and helping us with practical things like connecting our house to the local 

network, showing us how to buy food at the market, to get local SIM cards and find transportation to 

different places. 

 Secondly but not less important, Albert Chuwa for arranging interviews with a wide range of people 

in the local government in Bunda and inviting us to stay with him and his family to save money when 

we had problems with the mobile ATM in Bunda.  

Thanks to Victor Rutonesha for setting up interviews with different people in Mugumu and for 

helping us get installed in the house in Mugumu. 

I would also like to thank all the other local people that helped us in different ways. Without the 

openness and optimism of all the Tanzanian people that we met during out trip this thesis would not 

have been nearly as successful. 

Last but not least, I would like to thank SPIDER, the Swedish Program for ICT in Developing Regions, 

for supporting my thesis with the necessary funding. This work would not have been possible without 

it. 

 



Final Report March 15, 2010 

Page 4 of 48 

 

Contents 
Abstract ............................................................................................................................................... 2 

Acknowledgements ............................................................................................................................. 3 

1 Introduction ..................................................................................................................................... 6 

1.1 Background .............................................................................................................................. 7 

1.2 Purpose .................................................................................................................................... 9 

1.3 Delimitations ........................................................................................................................... 9 

2 Theoretical background ................................................................................................................... 9 

2.1 General outlook ....................................................................................................................... 9 

2.2 Previous work ........................................................................................................................ 12 

3 Research methodology .................................................................................................................. 13 

3.1 Preparations .......................................................................................................................... 13 

3.2 Implementation & information gathering ............................................................................. 13 

3.3 Documentation ...................................................................................................................... 14 

4 ICT4RD in Serengeti & Bunda districts .......................................................................................... 14 

4.1 Business model ...................................................................................................................... 16 

4.2 Users ...................................................................................................................................... 17 

5 Bandwidth optimization ................................................................................................................ 19 

5.1 Preparations in Sweden......................................................................................................... 19 

5.2 Challenges encountered in Tanzania ..................................................................................... 20 

5.3 Results ................................................................................................................................... 21 

5.3.1 Content filtering with Adzapper ........................................................................................... 21 

5.3.2 Traffic shaping by implementing delay pools ....................................................................... 21 

5.3.3 Access control lists (ACLs) ............................................................................................. 22 

5.3.4 Caching ................................................................................................................................. 23 

5.4 Challenges and future potential ............................................................................................ 23 

6 Reporting system ........................................................................................................................... 24 

6.1 Background ............................................................................................................................ 24 

6.2 Feedback................................................................................................................................ 24 

6.3 Challenges and future potential ............................................................................................ 26 

7 Videoconferencing ........................................................................................................................ 26 

7.1 Preparations in Sweden......................................................................................................... 26 

7.2 Implementation in Tanzania .................................................................................................. 27 

7.3 Challenges and future potential ............................................................................................ 27 

8 Content need of different user groups ......................................................................................... 28 

8.1 Education ............................................................................................................................... 28 



Final Report March 15, 2010 

Page 5 of 48 

 

8.1.1 Background .................................................................................................................... 28 

8.1.2 Results ........................................................................................................................... 29 

8.1.3 Challenges and future work .......................................................................................... 31 

8.2 Healthcare ............................................................................................................................. 32 

8.2.1 Background .................................................................................................................... 32 

8.2.2 Results ........................................................................................................................... 33 

8.2.3 Challenges & future work .............................................................................................. 35 

8.3 Government .......................................................................................................................... 35 

8.4 Entrepreneurs ........................................................................................................................ 35 

9 Use of existing applications ........................................................................................................... 36 

9.1 LEO! ....................................................................................................................................... 36 

9.2 Local e-mail server ................................................................................................................. 37 

9.3 District web pages ................................................................................................................. 37 

10 Challenges for ICT4RD in the Mara region ................................................................................ 37 

10.1 Unstable power supply .......................................................................................................... 37 

10.2 Network instability ................................................................................................................ 38 

10.2.1 Proactive measures ....................................................................................................... 38 

10.2.2 Reduce the time to detect a problem ........................................................................... 39 

10.2.3 Reduce the time to fix a problem .................................................................................. 39 

10.3 Lack of people with computer experience ............................................................................ 40 

10.4 Poor communication between ICT4RD stakeholders ............................................................ 40 

11 Conclusions ................................................................................................................................ 41 

11.1 Thesis conclusions ................................................................................................................. 41 

11.2 Future work ........................................................................................................................... 42 

12 References ................................................................................................................................. 44 

12.1 Interviews .............................................................................................................................. 44 

12.2 Books, Papers and Reports .................................................................................................... 44 

12.3 Previous ICT4RD studies ........................................................................................................ 45 

12.4 Internet sources .................................................................................................................... 45 

13 Bibliography ............................................................................................................................... 46 

14 List of acronyms ......................................................................................................................... 47 

15 Appendices ................................................................................................................................ 48 

 

 

 



Final Report March 15, 2010 

Page 6 of 48 

 

1 Introduction 
The ICT for rural development program (ICT4RD) is a joint initiative between Dar es Salaam Institute 

of Technology (DIT), the Royal Institute of Technology (KTH) and the Tanzanian Commission for 

Science and Technology (COSTECH) with the purpose “to design and validate a strategy for how to 

establish sustainable broadband markets in rural Tanzania and to propose a national connectivity 

program based on this strategy”
1
 The program includes two pilot sites in Tanzania, one in the Mara 

region in the north-western part of the country and one in the Bagamoyo district in the coastal 

region about 70 km north of Dar es Salaam.  See the map below. 

 

 
2
 Map of Tanzania with pilot areas marked 

 

The main part of the work in the program is done by stakeholder’s employees and other qualified 

Tanzanians in the framework of problem-oriented, project-driven courses and thesis projects in PhD 

and Master programs offered at DIT and KTH.3 The Swedish International Development Agency SIDA 

                                                           
1
 ICT4RD main page, http://www.ict4rd.ne.tz/, downloaded 9

th
 March, 2011 

2
 Google Maps, http://maps.google.com/, downloaded 9

th
 March, 2011 

3
 ICT4RD main page, op. cit. 
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is the financial sponsor and the project is managed by Mr. Amos Nungu from DIT currently doing his 

PhD at KTH.
4
 

1.1 Background 

The Mara region is one of the poorest regions in Tanzania. As the map below shows more than 70% 

of the population in the region lives below the poverty line. According to a study from 2007 based on 

the Bunda and Mugumu districts in the Mara region 90% of the population are occupied with 

agriculture or livestock keeping and use little or no modern technology to reach the full potential of 

these sectors.
5
  

 

6
 Poverty in Tanzania 

                                                           
4
 ICT4RD proposal, Development of Sustainable Broadband Markets in Rural Tanzania, 

http://www.ict4rd.ne.tz/files/proposals/ICT4RD_Proposal_2005.pdf, written 8
th

 November 2005, downloaded 

9
th

 March 2011 
5
 Ophelia Mascarenhas,  A Baseline Study for Assessing the Impact of the Fiber Optic with Broadband in Bunda 

& Serengeti Districts, Mara Region, Tanzania, Commission for Science and Technology, Dar es Salaam, 2007 
6
 African Development Bank Group, Tanzania Interactive Infrastructure Atlas, 

http://www.infrastructureafrica.org/aicd/documents/tools/list/interactive-pdf-maps, downloaded 9
th

 March 

2011 
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ICT has been identified as a potentially powerful tool to help reducing poverty and improve living 

conditions in rural areas in developing countries if implemented the right way. Especially in areas 

where other parts of modern infrastructure have not yet been built modern ICTs can sometimes 

offer an opportunity to leap frog to the next new generation of technology. An example of this is the 

rapid spread of mobile phones in developing countries. In many places fixed phone lines were never 

built due to high cost of installation. In these places the introduction of mobile phone services is the 

first time communication via telephone is possible and it offers a range of new opportunities to the 

people. In areas with poor roads and transportation this new way of communication can lead to 

major time savings in daily life. 

 

But more than just telephone coverage is needed to eradicate poverty. Access to broadband 

communication networks has a lot of potential for rural and undeveloped areas but is very rare in 

these locations. In many places, like for example Africa the problem is that no national broadband 

backbone network is available to connect to. In places where this is the case dependency on national 

coordination can be reduced by the creation of broadband islands with limited or no access to the 

Internet but high speed links locally.
7
 This can drastically improve local communication in the area 

and bring most of the benefits of broadband access to the area as long as relevant services are 

available locally. Examples of services that can be useful locally in rural areas are video conferencing, 

e-mailing, reporting and access to different types of information.  

 

The goal is that these broadband islands will bring enough value to its users to grow on its own. In 

the future when a national backbone exists the already well-functioning broadband island can be 

connected to the Internet as well. This would give people in poor rural areas a chance to participate 

in the global information society and knowledge exchange as well. In some countries in the 

developed world such as Estonia, Finland and France Internet access is already considered a human 

right for their citizens.
8
 In Africa however the price of Internet access is among the highest in the 

world.
9
 The reason for this has been the lack of fiber optic cables connecting Africa to the rest of the 

world. The only option in many places is Internet access through VSAT. Recently however submarine 

cables have been laid out by Seacom offering a high capacity connection from eastern Africa to 

Europe and Asia and two other similar projects are in the construction phase.
10

 This is expected to 

reduce the price on broadband in eastern Africa drastically. For remote and rural parts however it 

will take time before these effects reach them. A combination of local broadband and a narrowband 

uplink to the Internet may be a very good compromise while waiting for a national backbone 

network to be built. 

 

                                                           
7
 Leilei Tong and Hans Calmfors, Broadband Islands – How can network services improve communication 

efficiency, increase awareness of ICT and create incentives to further develop ICT infrastructure with the use of 

local services?, Master’s Thesis at School of Information and Communication Technology, The Royal Institute of 

Technology, Stockholm, 2010 
8
 ITU, Monitoring the WSIS Targets: A midterm review Executive summary, ICT development report 2010, 

http://www.itu.int/dms_pub/itu-d/opb/ind/D-IND-WTDR-2010-SUM-PDF-E.pdf, downloaded 9th March 2011, 

p2 
9
 Deutsche Welle, Seacom project to increase affordable Internet access in Africa, http://www.dw-

world.de/dw/article/0,,4507743,00.html, written 22
nd

 July 2009, downloaded 9
th

 March 2011 
10

 Ibid. 
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The ICT4RD project aims to introduce sustainable broadband services through the creation of a 

broadband island in the Bunda and Serengeti districts. Emphasis is put on close collaboration with 

local stakeholders since this has been identified as extremely important for the success of this type of 

project. A deep understanding of local needs and opportunities is necessary for the network to be 

relevant and useful for the local people.  

 

The two district capitals, Bunda capital of Bunda district and Mugumu, capital of Serengeti district, 

have been connected through a high capacity fiber optical line. A number of users have been 

connected in each town including private users, parts of local governments, schools and healthcare 

units including three hospitals. There is a narrowband Internet link in Bunda with the speed 128/64 

kbps (128 kbps downlink and 64 kbps uplink). A number of services have also been installed on the 

servers in Bunda and Mugumu. As more users are connected the complexity and demands on the 

network grow and the load on the uplink is increasing. This pilot site has done a great deal of 

progress and today offers its users access to the Internet as well as some local content and services 

thereby improving their communication efficiency. There are however problems and room for 

improvements in several areas. More users need to be connected for the business model to have a 

potential of becoming financially sustainable in the long run, the content and services offered need 

to be attractive to potential new users and the stability of the network need to be ensured.

  

1.2 Purpose 

As a part of the ICT4RD program this master thesis focuses on improving the relevance of the current 

network for the local users through means of bandwidth optimization, improving the local content, 

implementing local services and identifying critical aspects of the current situation at the pilot site in 

the Mara region. An important part of the work involves understanding the current situation at the 

pilot site and identifying high priority areas to focus on in order for the number of users to keep 

growing and in the long run in order for the ICT4RD network to be self-sustainable. 

1.3 Delimitations 

This study is limited to the pilot site in the Mara region including the towns of Bunda and Mugumu in 

the two districts of Bunda and Serengeti. Due to the limited time available on the pilot site a 

qualitative rather than quantitative analysis was conducted through interviews and observations. The 

specific technology focused on is broadband and Internet access rather than mobile telephony or 

other technologies often included in the term ICT. 

2 Theoretical background 

2.1 General outlook 

ICT has become a natural part of daily life for most people in the developed world today. Sweden is 

one of the most connected countries in the world with only 12 % of the population offline in 2010. 
11

 

The rapid advances in Information and Communication technologies (ICT) during the end of the 20
th

 

century has impacted the way business is conducted, facilitated learning and knowledge sharing, 

                                                           
11

 Jane Wakefield, World Wakes Up to Digital Divide, BBC News, 

http://news.bbc.co.uk/2/hi/technology/8568681.stm, downloaded 9
th

 March 2011 
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generated global information flows, empowered citizens and communities in ways that have 

redefined governance, and have created significant wealth and economic growth resulting in a 

global information society.
12

 There has been a lot of speculation since the explosion of the 

Internet in the mid-90s about how it will affect the global economy, society and politics. Many 

people hoped that the new technologies would bridge the gaps in social equality between 

different parts of the world and help the people in the developing countries to eradicate poverty 

and catch up with the rich countries.13 It is clear that this has not come true yet. The main 

problem is that in many parts of the world people do not have access to these technologies. 

There is a big gap between those with access to technology and those without. 
14

 A term often used 

to describe this gap is the Digital divide. The Digital divide is perhaps most apparent between 

developed and developing countries but there are also huge differences within countries between 

urban and rural areas and richer and poorer parts of a country.
15

  

There is hope however. Case studies around the world show evidence that used in the right way and 

for the right purposes, ICT can have a dramatic impact on achieving specific social and economic 

development goals as well as play a key role in broader national development strategies.
16

 During the 

last ten years a rapid increase in access to mobile phones have given even people in some of the 

poorest and most rural areas of the world opportunities to benefit from more efficient means of 

communication.  

Access to high capacity networks and Internet access is not spreading as quickly as mobile phone 

coverage however. Below is a map showing the percentage of the population in different countries 

that had access to the Internet in 2008. A user is defined as an individual who has used the internet 

at least once in the last twelve months.
17

 

                                                           
12

 The United Republic of Tanzania Ministry of Communications and Transport, National Information and 

Communications Technologies Policy, March 2003, http://www.tanzania.go.tz/pdf/ictpolicy.pdf, downloaded 

9
th

 March 2011 
13

 Pippa Norris, Digital Divide – Civic Engagement, Information Poverty and the Internet Worldwide, Harvard 

University, 2002, http://www.hks.harvard.edu/fs/pnorris/Books/Digital%20Divide.htm, downloaded 9th March 

2011 
14

 J. Wakefield, op. cit. 
15

 United Nations Conference on Trade and Development, ICTs Enterprises and Poverty Alleviation, Information 

Economy Report 2010, http://www.unctad.org/Templates/WebFlyer.asp?intItemID=5655&lang=1, 

downloaded 9
th

 March 2010 
16

 Digital Opportunity Initiative, Creating a Development Dynamic – final report of the Digital Opportunity 

Initiative, July 2001, http://www.scribd.com/doc/7065838/Final-Report-of-the-Digital-Opportunity-Initiative, 

downloaded 9
th

 March 2011 
17

 ITU, Core ICT Indicators 2010, http://www.itu.int/dms_pub/itu-d/opb/ind/D-IND-ICT_CORE-2010-PDF-E.pdf, 

downloaded 9
th

 March 2011, p21 



Final Report March 15, 2010 

Page 11 of 48 

 

18
  

Percentage of people online  in the world 2008 

 

The map indicates that Africa is lagging far behind other parts of the world together with some of the 

poorer countries in Asia and South America.  

The map also indicates that Tanzania belongs to the group of countries with the lowest percentage of 

internet users in the world with only approximately 520 000 users online in 2008 out of a population 

of a little more than 40 million people.
19

  

There are several factors that are causing the digital divide. Some of the most problematic ones are 

listed below 

1. Lack of financial resources: high prices of computers and Internet are major barriers in 

developing countries.
20

 

2. Language barriers: An estimated 60-80% of all Web sites in the world are in English while almost 

all the rest are in one of the major ‘Northern’ languages like Japanese, German, French, Spanish, 

Portuguese, and increasingly Chinese. 
21

 The lack of local content in local languages is critical: if 

there is nothing relevant for people to access on the Internet, they have no reason to go online.
22

 

3. Lack of human resources: Skills and knowledge on how to use computers and the Internet are 

scarce creating problems. Teachers can´t instruct their students on how to use ICT if they don´t 

know how to do it themselves and people who might be able to afford a computer have no use 

for it if they don´t know how to use it.  

                                                           
18

 J. Wakefield, op. cit. 
19

 Central Intelligence Agency, The World Factbook, https://www.cia.gov/library/publications/the-world-

factbook/geos/tz.html, downloaded 9
th

 March 2011 
20

 ITU, Monitoring the WSIS Targets, op. cit., p3 
21

 Kenneth Keniston and Deepak Kumar, The four Digital Divides, Sage Publishers, Delhi 2003, 

http://web.mit.edu/~kken/Public/PDF/Intro_Sage_1_.pdf, downloaded 9
th

 March 2011 p 6 
22

 ITU, Monitoring the WSIS Targets Executive summary, op. cit., p 11 
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4. Infrastructure: Lack of electricity and good roads is another major barrier in especially rural areas 

of developing countries.
23

 

The International Telecommunication Union writes in their 2010 ICT development report that more 

effort is needed to increase Internet access.
24

 Their goal is that 50% of the world´s population should 

have access to the Internet by 2015. The report points out the importance of recognizing that 

broadband networks deliver benefits right across society, and can quickly pay for themselves in 

terms of the savings gained through the more efficient provision of essential services such as 

healthcare, education, power, water, transportation and e-government.
25

  

The ITU suggest the following steps to be taken to increase the number of people in the world with 

access to Internet.  

1. Expanding the broadband Internet access by building the necessary infrastructure and providing 

public access. 

2. Building an ICT literate society by expanding skills. 

3. Developing online content and applications and create relevant local content.
26

 

Different projects under the ICT4RD program have in some way or another focused on one or several 

of these areas. The focus in this thesis is mainly related to the second and third area. But more 

importantly it strives to identify the critical factors in each area and to address where efforts need to 

be focused to ensure future sustainability of the pilot site in the Mara region. 

2.2 Previous work 

Previously a number of thesis projects have been completed within the ICT4RD program, most of 

them focusing at the pilot site in the Mara region. A 140km long fiber connecting the two district 

capitals Bunda and Mugumu, has been provided through an agreement with the Tanzanian power 

utility company (TANESCO)
27

. An access network has been created as part of a thesis project in 2007 

connecting different users within the healthcare sector, local government and the educational 

sector.
28

 Most recently Mr. Calmfors and Ms. Tong visited the pilot site in June and July 2010 as part 

of their thesis work. The focus of their thesis was to improve the relevance of the local content by 

developing different applications and to produce requirement specifications for future work. During 

the fall of 2010 a team of students taking the course Communications Systems Design at KTH focused 

on developing applications based on Calmfors and Tong´s requirement specifications and to develop 

a plan for a redesign of the network. The implementation on site of the output of their work was 

then to be done as part of this thesis as well a part of another parallel thesis project focused on the 

network redesign, by Aderibigbe Emmanuel Awoniyi. 

                                                           
23

 Ibid, p3 
24

 ITU, ITU calls for broadband Internet access for half the world’s population by 2015, Press release, 

http://www.itu.int/net/pressoffice/press_releases/2010/25.aspx, downloaded 9th March 2011  
25

 ITU, Monitoring the WSIS Targets: A midterm review, ICT development report 2010, http://www.itu.int/ITU-

D/ict/publications/wtdr_10/material/WTDR2010_e.pdf, downloaded 9th March 2011, p iii 
26

 Ibid, p 13 
27

 ICT4RD, Development Activities and Current Pilot Areas, http://www.ict4rd.ne.tz/ict4rd-development-

activities-and-current-pilot-areas, downloaded 9
th

 March 2011 
28

Nsubis Genesis,  Broadband Services and Applications for Rural Areas, Master’s Thesis at Department of 

Microelectronics and Information Technology, The Royal Institute of Technology, 2007 
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Below is a timeline including workshops, thesis projects and important milestones for the pilot site. 

29
Timeline for ICT4RD 

For more information on previous work visit the ICT4RD website at: http://www.ict4rd.ne.tz 

3 Research methodology 
The work of this thesis can be divided into three different phases, preparation, implementation & 

information gathering and documentation. Each phase has its own characteristics as described 

below. 

3.1 Preparations 

During the first part of the thesis secondary information was gathered and analyzed. Documentation 

on the current ICT infrastructure was reviewed and different sources of information about Tanzania 

and its culture and climate was reviewed. Relevant information about the situation and challenges in 

the area was obtained through interviews and e-mail contact with Hans Calmfors and Leilei Tong. 

Technical documentation of relevant software was reviewed and gathered in an offline format in 

order to prepare for a scenario without reliable Internet connection. Necessary preparations were 

made for the trip such as visa, vaccination, tickets and testing and packaging of the equipment.  

3.2 Implementation & information gathering 

The second phase of the project was a field study in the Mara region in Tanzania. This was the 

implementation phase where different things tested or developed in Sweden were supposed to be 

tested and implemented on site or in some cases demonstrated or introduced to the local 

stakeholders. This phase was characterized by a great deal of unexpected obstacles that slightly 

altered the focus of the work due to limited access to parts of the network and electricity in 

particular. An analysis of the main obstacles and challenges is included in this report. 

                                                           
29

 ICT4RD, What has happened so far, http://www.ict4rd.ne.tz/what-has-happened-so-far, downloaded 9
th

 

March 2011 
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3.3 Documentation 

The final phase includes the documentation of the work from the two previous phases including 

composing different kinds of written manuals, gathering of information to include as local content in 

the network and preparing the final report. 

4 ICT4RD in Serengeti & Bunda districts 
The pilot site in the Mara region consists of the fiber connecting the towns of Bunda and Mugumu. It 

also connects the village of Natta situated on the road between Bunda and Mugumu. When the 

backbone fiber was installed preparations were also made for a possible future connection of Fort 

Ikoma to the backbone network but this has not yet been actualized. In the long term the plans are 

to connect more villages along the fiber between Bunda and Mugumu and Natta was connected to 

be a pilot for this. Below is a map showing a GPS plot of the fiber. The data for this map was gathered 

by Mr. Calmfors and Ms. Tong during their visit to the pilot site in the summer of 2010.

 

30
 

For details regarding the services offered at the different nodes of the network and the network 

design please see the documentation from the Buruca CSD team of the fall of 2010
31

. Parts of the 

                                                           
30

 L. Tong and H. Calmfors, op. cit., p 18 
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network design had changed just before my arrival to the pilot site because of a lightning strike that 

destroyed part of the equipment in Bunda. A temporary solution to give at least some users in Bunda 

network access while replacing the broken pieces of equipment had been put in place the same day 

as I arrived. During our time on site Mr. Awoniyi was upgrading the network design, from a switched 

network with only one broadcast domain, by replacing some of the switches with routers creating 

sub-domains. The picture below is Mr. Awoniyi´s network diagram showing the network setup as it 

looked when we left the region in December 2010. 

 

Network diagram December 2010 

The network diagram below is from the Buruca team and shows the final setup of the network after 

the final adjustments were made by them during December and January 2010-2011. 

                                                                                                                                                                                     
31

 Buruca team, Final report, 9
th

 January 2011, http://vm-

199.xen.ssvl.kth.se/csdlive/sites/default/files/projects/Final%20Report%20v2.0.pdf, downloaded 9
th

 March 

2011 
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32
 Network diagram January 2011 

4.1 Business model 

The ICT4RD program is governed by a management committee consisting of representatives from 

COSTECH, DIT and KTH. The project manager, currently Mr. Amos Nungu, reports to the committee 

and coordinates the project activities. There is also a local steering committee in the Mara region 

consisting of representatives from different stakeholder groups. This steering committee meets a 

couple of times a year. The day to day network operation is handled by two local technicians. One 

employed in Bunda, responsible for the Bunda district and one in Mugumu, responsible for the 

Serengeti district, together with two ICT4RD coordinators with a more political role, one in each 

district. In case of major problems or changes to the network the technicians will work together but 

under normal conditions they focus on their own districts. The table below shows the names and 

main areas of interest and focus of the technicians and coordinators in the both districts. 

 Bunda Areas of 

expertise/responsibility 

Mugumu Areas of 

expertise/responsibility 

Technicians Mathew 

Mwita 

Radio equipment, 

hardware connecting new 

clients 

John 

Odongo 

Hardware, connecting 

new clients and 

configuring the server 

Coordinators Albert 

Chuwa 

Configuring the server, 

updating webpage 

content, political 

contacts, organizing 

workshops 

Victor 

Rutonesha 

Political contacts, 

organizing workshops 
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The responsibility of covering the running costs of the network was recently handed over from the 

ICT4RD project itself to the local governments in order to ensure local ownership of the network. 

Part of the running costs are covered by the monthly fees paid by the connected users. One effect of 

this is that it becomes increasingly important for the technicians to ensure high uptime of the 

network since users will be reluctant to pay the monthly fee if the promised services are not 

delivered.  

4.2 Users 

There are currently 27 clients connected in Bunda and 18 in Mugumu (Three previously connected 

government offices are temporarily disconnected due to a renovation which means that the normal 

number is 21). In some places there is more than one computer connected and based on the 

estimation that on average two users have access to each connected location the total number of 

users in the district is about 100.  

The users are divided into four sectors identified as key target groups for the ICT4RD program. These 

sectors are local government, healthcare, education and entrepreneurs. These sectors have been 

identified as having potential to benefit most from access to broadband networks. By focusing on a 

number of different sectors the different needs of the different sectors can addressed in order to 

offer attractive local services. 

Below are two tables giving an overview of the users in the different categories in both districts. The 

data in these tables are from November 2010 and changes relatively frequently as new users are 

connected. 

BUNDA DISTRICT CLIENT NAME   

Local Government  

Bunda District Council District Council 

District commissioner  DC Office 

Water Authority BUWSA 

Anticorruption unit PCCB (takukuru) 

Tanzania Revenue Authority TRA 

Education office Elimu 

Forestry office Misitu 

Immigration Office Uhamiaji 

Healthcare  

District hospital Bunda DDH 

Hospital Manyamanyama Hospital 

Education  

Secondary school Bunda Day Sec. School 

Teaching college Bunda TTC 

Education centre Anglican Agricultural & Environmental Education 

Centre 

Secondary school Ellys Sec. School 

Preschool & Primary school Olympus Pre/Primary School 

Secondary school Nui Sec. School 

Entrepreneurs  
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SERENGETI DISTRICT CLIENT NAME    

Local Government   

(District Executive Director) (DED )  Disconnected due to renovation, 

soon to be reconnected 

(Planning Officer) (MIPANGO) Disconnected due to renovation, 

soon to be reconnected 

(Education Office) (ELIMU)  Disconnected due to renovation, 

soon to be reconnected 

Office working with planning officer MABORESHO  

Agriculture office, (Victor Rutonesha) DALDO (kilimo)                                                                                             

District Administrative Secretary DAS  

Anticorruption unit Takukuru Office  

Healthcare   

Hospital NDDH  

Health care centre NATTA HEALTH 

CENTRE  

 

Education   

Primary school TWIBHOKE  

Secondary school, 3 computers NATTA SEC  

Entrepreneurs   

Power company TANESCO  

Shop, private company BUFFARO  

Private users   

Private person Edga Home Connection  

Private person Endrew Home 

Connection 

 

Private person Agrey Siso  

Private person Dr Peter Anita  

Power company TANESCO Head Office 

international company, agriculture TechnoServe 

Internet Café Chiruma´s Internet Café 

Private users  

District commissioner DC´s residential house 

District executive director DED´s residential house 

Private user Ncheye´s Office 

Others  

NGO KADETFU 

Access to Information Initiative ATI 

Religous group Carmel Sisters 

Religous group Anglican Church 

Environmental development forum Mazingira Development Forum 

Total number of users 27 
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Private user, District Medical Officer DMO home connection  

Others   

NGO  RIGHT TO PLAY                                               

Religious group ZION  

ICT4RD Office, ICT club, (John Odongo) CRC (ict4rd)                         

Total number of users 21 (18)  

One reason for the higher number of users in Bunda could be the larger population. According to 

2002 Tanzania National Census the population of Bunda district was about 280 000 compared to 

180 000 in Serengeti district. But there is no lack of people interested in Internet access in any of the 

districts. Limiting factors are the cost that the users has to pay to connect to the network, time 

available for the technicians to install new clients as well as lack of equipment needed to connect the 

new users. In Bunda Mr. Chuwa has the technical skills to support the local technicians with 

troubleshooting and development of attractive services thereby reducing the network downtime and 

improving the offer to the customers. In Mugumu the network is more unstable and the technician 

frequently has to travel to Natta Village to fix problems which is very time-consuming. The fact that 

the Internet connection is situated in Bunda makes the Internet access less vulnerable to disruptions 

along the fiber. From an overall perspective the ICT4RD project has come a little bit further in Bunda. 

There are some areas however where the Serengeti district is ahead. Including an ICT club in the 

community center offering secondary school students a chance to learn how to use a computer and a 

social networking platform developed by Ms. Tong and Mr. Calmfors. 

5 Bandwidth optimization 
Part of the focus of this and previous thesis projects within the scope of ICT4RD has been to offer 

local services and increase the amount of local content to increase the value of the broadband island 

to the users. Even with relevant local content in place there will always be a demand to access the 

Internet however, and the load on the limited narrowband uplink is usually high. As the number of 

users increase the load on the uplink will increase as well. Therefore efficient use of the available 

uplink was identified as an important area with potential for improvement. The bandwidth within the 

local broadband island is not a limiting factor so focus is only on traffic going in and out of the 

network.  

5.1 Preparations in Sweden 

There are different ways to limit or reduce traffic on an internet connection. These include 

optimizing web browsers and e-mail settings, limiting downloads, caching data, blocking certain sites 

or users and limiting access for users that use up to much bandwidth.  

Though a discussion with Mr. Nungu the following measures were identified as relevant to satisfy the 

expected demands of the Mara broadband island based on the information available at the time: 

1. Reduce unnecessary load on the uplink by caching websites and blocking advertisements. 

2. Blocking bad sites. 

3. Traffic shaping to redistribute of some of the traffic from office hours to night time when the 

traffic load is lower and the network is more stable due to lower outside temperatures. 
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A number of additional criteria were set up to choose the best suitable solution to meet the above 

requirements and be as useful as possible for the scenario on the pilot site.  

1. The chosen solution should be based on open source software and selected off-the shelf 

hardware since this provides affordable and flexible solutions. 

2. It should be easy for the local technicians to learn how to use, configure and adapt to future 

changes since they will be the ones monitoring the traffic and doing changes to future demands.  

3. It should generate relevant data to be analyzed in order to understand the usage patterns and 

evaluate the efficiency of the implemented solution. 

The solution agreed on together with the Buruca team was the open source software Squid that is a 

caching proxy that reduces bandwidth and improves response times by caching and reusing 

frequently-requested web pages. It also provides features such as access control and traffic filtering 

that gives the administrator better control of traffic going in and out of the network.  

There were several reasons to choose Squid. First of all it is open source and has an active 

development community. When the investigation was initiated there was already a running version 

of Squid at the server in Bunda. This was expected to reduce the time taken to teach the technicians 

how to configure and use it since they would already be familiar with the software. Finally the logs 

could easily be compared before and after changes in configuration were done since there were 

already logs available for a period of time. 

It was later discovered that even though Squid had already been running for a long time on the 

server the technicians did not have any knowledge on how to use or configure it. However the other 

reasons to choose Squid still remain relevant.  

It was decided that just testing and configuring a new Squid setup in Sweden and hope that is would 

be running perfectly in Tanzania was not realistic. The new features would need to be incorporated 

in the code already running. Several different bandwidth saving and analyzing tools were tested and 

preparations and manuals were done in order for the solution to remain open to input from the local 

stakeholders regarding their actual requirements on the configuration. During this phase I worked 

closely with the Buruca team who also offered a lot of support with troubleshooting during my time 

in Tanzania. 

5.2 Challenges encountered in Tanzania 

The original plan for what to do while on site looked like following: 

In Tanzania 

1. Check the running configuration of squid and change the format of the logs to support analysis 

by the analyzing tool Calamaris 

2. Install analyzing tools (Calamaris, Cachemgr and Webalizer) and gather data to create a baseline 

3. Discuss the current situation with the local technician and ICT4RD coordinator and take a 

decision on which bandwidth saving tools or settings to implement 

4. Configure squid together with local technician in accordance with the decisions taken and make 

sure that everything is working properly.  

Later back in Sweden 
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5. Gather data and compare with the baseline 

6. Evaluate the results and do additional changes if necessary 

Already at step two we ran into trouble since the network topology had changed a couple of weeks 

before arrival due to a lightning strike destroying part of the equipment in Bunda. This meant that 

when I arrived on site the server was not connected in a way that the traffic was intercepted by the 

proxy before going to the Internet. Due to dependencies on the ongoing network redesign as well as 

frequent power outages this could not be solved during my time on site. Instead I had to skip to the 

third step and prepare for the actual configuration to be done remotely from Sweden when the 

network redesign had been finished.  

An interview was performed with Mr. Albert Chuwa to prepare a requirement specification that 

could be used to configure Squid remotely. The discussion led to new insights in what is actually 

needed as well as raising Mr. Chuwa´s understanding of what could be done and what implications 

different alternatives would have. 

5.3 Results 

This section covers the suggestions presented to Mr. Chuwa and the decisions taken after having 

discussed the different implications each alternative would have. 

5.3.1 Content filtering with Adzapper 

The Squid proxy is configured to redirect URL requests to a program called Adzapper. This program 

removes advertisements, unrequested pop-up windows and other unsolicited content and returns 

the sanitized URL to the squid proxy.
33

 This reduces the number of unnecessary bits that are 

downloaded when loading a webpage. Instead of the original advertisement the user will only see a 

static graphing saying “this ad has been zapped”.   

Advantages 

Simple to use, easy to install, reduces the load on the link since advertisements are not downloaded 

and also reduces the time it takes to load a page that contains advertisements. It also leads to an 

advertisement free surfing environment which is often experienced as something positive.  

Disadvantages 

If some users are specifically interested in seeing advertisements a more advanced squid setup would 

be necessary to allow that. 

Discussion and conclusion 

This suggestion seems to fit well in the Bunda, Mugumu environment. There is no known reason to 

why some users would want to see advertisements and this would be an efficient and simple way of 

reducing load on the uplink and improving the surfing experience for the users. Implement. 

5.3.2 Traffic shaping by implementing delay pools 

Reduce the download speed for a user when the user has downloaded a predetermined amount of 

                                                           
33

 Niranjanan Kalaichelvan, Buruca team, Caching Proxy System for ICT4RD, Today and Tomorrow, 4
th

 January 

2011, http://vm-

199.xen.ssvl.kth.se/csdlive/sites/default/files/projects/Caching_Proxy_Future_Work_v2_Final_0.pdf, 

downloaded 9th March 2011 



Final Report March 15, 2010 

Page 22 of 48 

 

data, the user´s pool slowly fills up again and after some time the user will be able to download at full 

speed again. Delay pools will prevent a user from using up all the available bandwidth thereby 

blocking other users from accessing the Internet.  

Advantages 

Network resources can be shared in an equitable manner, this makes it possible to prioritize traffic 

and prevent the link from being blocked by one big download. Combined with ACLs requests can be 

prioritized and given different size of their pools based on a number of different criteria.
34

 

Disadvantages 

A bit more complex to configure than for example Adzapper. More understanding of user behavior is 

required to be sure how to configure delay pools to be as efficient as possible.   

Discussion and conclusion 

This option was discussed and Mr. Chuwa was very positive. A frequent problem is that one or a few 

users are downloading something big and since the link is limited other users are either unable to use 

it or experience the link as extremely slow.
35

 He suggested a limitation of the time that a user can 

download at full speed. After some more discussion we came to the conclusion that the more 

conventional way of using delay pools to allowing the user to download a certain number of bytes at 

full speed and then limiting speed could work as well.  

5.3.3 Access control lists (ACLs) 

By implementing access control list users can be blocked from accessing the Internet or certain sites 

based on their IP address, subnet or time of the day. 

Advantages 

Sites causing heavy load on the uplink such as YouTube and other streaming sites can be blocked 

during office hours thereby spreading the load on the uplink more evenly during the day. Sites with 

unwanted content such as porn can be blocked for all users. A user that is misbehaving or not paying 

the subscription fee can be blocked from accessing the Internet. 

Disadvantages 

Very long access control lists require longer processing time and therefore increase the response 

time for squid.
36

 As the usage pattern changes the ACLs need to be updated. 

Discussion and conclusion 

Mr. Chuwa was a bit hesitant to blocking streaming services such as YouTube during daytime. Since 

many users only have access to a computer with Internet during office time, this would mean that 

they could never be able to access YouTube and would therefore most likely cause discontent. 

YouTube could also be useful for learning purposes. We agreed that the potential problem with 

people using up all the bandwidth by using streaming services could be partly limited by the 

implementation of delay pools and when the network design is fixed the access logs should be 

analyzed to identify which pages are causing the most load on the uplink. After that the decision can 
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be reconsidered. Instead Mr. Chuwa was interested in creating a list of users who should have access 

only to the local network but not to the Internet. This would be useful since the idea is that users 

who cannot afford to pay the monthly fee should still be able to access the local network and 

services but not the Internet. Finally he wanted to have an ACL blocking porn and bad sites. 

5.3.4 Caching 

By storing a copy of a webpage retrieved from the web the next user who tries to access the same 

webpage will not have to fetch it from the Internet but can instead get it from the local server where 

it is stored.  

Advantages 

Saves bandwidth since users often tend to visit the same webpages as other users and with caching 

implemented it will only have to be downloaded once. A caching was already implemented and 

working fine on the server before the redesign of the network. 

Disadvantages 

Does not work on webpages with very dynamic content that change all the time. Many sites try to 

make their content difficult to cache since they want visitors to come to their page and generate 

traffic. 

Discussion and conclusion 

Since this is already implemented and was working fine before the lightning strike and network 

redesign the configuration for caching could be kept as it is. 

5.4 Challenges and future potential 

Due to the problem with the location of the server while on site the server was not configured 

together with the technician on site. Instead it was configured later remotely from Sweden by the 

Buruca team. This could be done since a temporary solution had been set up to make sure that most 

of the traffic from the local network was redirected to pass through the proxy before going to the 

Internet. A number of users in Bunda still have access directly to the TTCL and their traffic is not 

intercepted by the proxy. The configuration that was implemented by the Buruca team contains at 

least some of the suggestions agreed to above and was tested as much as the situation allowed  but 

there are still things to be done to confirm that the configuration is efficient and properly finished.  

There a three main things to left to do. First of all the network should be set up is such a way that all 

the traffic is intercepted in order to generate relevant data for analyzing user patterns etc. This 

requires presence on site or close collaboration with the local technicians who said during my time 

on site that they intended to fix this as soon as possible.  Secondly the configuration installed is a test 

configuration and further testing and evaluation is necessary to see how efficient it is and confirm 

that it is not creating any problems. Finally and most importantly the technicians need to be trained. 

The local technicians have no or very limited experience of configuring Squid and need to be trained 

to independently adapt the configuration to changing demands on the caching server and proxy. 

Currently they only have manuals but they don´t know how to use them properly. They also need a 

deeper understanding of how Squid works as a proxy/caching server, what can be done with it and 

what are the implications of the current implementation. If a problems with the connection related 

to squid appears this understanding is crucial to be able to troubleshoot and properly address the 

problem.  
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6 Reporting system 
Part of the focus of this thesis was to increase the relevance of the local content to the users. This 

can be seen as a step in an ongoing process started by Mr. Calmfors and Ms. Tong who as part of 

their thesis identified important communication needs and produced requirement specifications for 

such services. One such requirement specification is for a repository system to enable more efficient 

handling of the many reports sent between the ward officials, the different head of departments and 

the district economist in the Serengeti district. During the fall 2010 a prototype for such a system was 

developed by the Buruca team. The prototype was to be demonstrated to local stakeholders in the 

district as part of my thesis during the field study to gather feedback for the final version of the 

reporting system.  

6.1 Background 

The requirement specification had been created in close collaboration with the District Economist 

(DE) in Mugumu and the ICT4Rd coordinator for the Serengeti district, Victor Rutonesha, and was 

therefore targeted mainly at the Serengeti district. Since July 2010 when the requirement 

specification was written the District Economist had been replaced so the remaining key person was 

the ICT4RD coordinator, who was very interested in the prototype and was planning a demonstration 

session with government officials to test it and gather feedback. Unfortunately this could not take 

place during the time for the field study due to several reasons: First of all the lack of electricity and 

problems with the network related to lightning strikes and the redesign of the network delayed the 

installation of the reporting system on the Serengeti server to the last week of November. Secondly 

Mr. Rutonesha was delayed on a trip to another town and returned to late for the prepared 

workshop to be held.  

6.2 Feedback 

The reporting system was demonstrated to Mr. Rutonesha and Mr. Odongo in Mugumu. Their 

feedback was gathered and Mr. Rutonesha took responsibility for the task of demonstrating the 

system to other stakeholders in Mugumu and to gather more feedback. The reporting system 

prototype was then demonstrated to Mr. Chuwa, the ICT4RD coordinator in Bunda who had showed 

a great interested in the concept. Mr. Mwita was also present during this second demonstration and 

feedback from a Bunda perspective was gathered. Below is a summary of different suggestions for 

improvement. For details regarding who has contributed with which suggestions see appendix A. 

Suggestion Type of 

improvement 

Suggested course 

of action 

The text on the buttons that the District 
Economist (DE) can choose between when 
creating a report now says Ministry reports and 
Community reports. Instead of Community 
reports there should be a button that says 
Regional reports.  
 

New label on 

button 

Fix as soon as 

possible. Easy to 

fix. 

Separate button for reporting system that leads 
to the login page 
 

User friendliness Fix as soon as 

possible 

Fix the add attachment functionality that is 
currently no working 

Functionality Fix bug. 



Final Report March 15, 2010 

Page 25 of 48 

 

Add many to many functionality so that a user 
can choose several people to send the report to. 

Functionality Analyze the 

implications and 

feasibility of this. 

This suggestion 

could have huge 

potential for the 

flexibility of the 

system. 

Make sure that when a report is accepted by 
district economist it cannot be further changed. 
 

Logic, security Analyze the 

implications of 

the suggested 

change and 

implement best 

solution 

When DE is opening received reports in the view 
mode it says accepted at the bottom of the page 
even if it is not reviewed. 
 

Layout, position 

of buttons 

Fix the bug. 

When clicking at received reports ward or 
received reports department the roll down boxes 
in the upper right corner are on top of each 
other. 
 

Layout, position 

of buttons 

Fix the bug. 

Should the DE be able to delete a received 
report in edit mode?  
 

Security Investigate if 

there could be a 

scenario when 

the DE really 

wants to delete a 

received report in 

edit mode. 

Otherwise 

remove the 

button from that 

location 

Re-label the button “new community template 
as of 25/” found under create report for district 
economist to a more intuitive label. 
 

New label on 

button 

Fix as soon as 

possible. Easy to 

fix. 

Change the label on the button that DE clicks to 
create a report after having chosen template, 
from “submit” to something more intuitive such 
as “create”   

New label on 

button 

Fix as soon as 

possible. Easy to 

fix. 

Group the buttons found under Edit templates 
for DE so that incoming reports are next to each 
other and outgoing reports are next to each 
other 

Layout, position 

of buttons, user 

friendliness 

Fix unless there is 

a reason for 

current layout. 

   

To make a quick summary of the results from the demonstration Mr. Rutonesha´s reaction to the 

prototype was very positive and he had only minor suggestions of improvements at a first glance. Mr. 

Chuwa´s opinion was that for the system to be useful for the Bunda district it would need to have a 
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many to many functionality. This would make the reporting system more flexible and easier to scale. 

Most of the other suggestions are just esthetical or minor bugs that could be easily fixed. 

6.3 Challenges and future potential 

The main challenge at the moment is the ownership of the reporting system. Some of the 

suggestions brought up in the feedback were fixed by the Buruca team before they finished their 

project. In order for it to be fully useful however some more work needs to be done. Feedback need 

to be gathered from a larger group of users preferably during a workshop where the different 

features and functionalities can be demonstrated and insight gathered regarding how the end users 

and especially the new DE experience the system. After this a final version should be developed and 

once again tested. In order for the successful launch of a reporting system the government officials 

and other end users need to be trained. Ideally by someone who has both very good understanding 

of the system and can adapt it if problems occur as well as good understanding of how reports are 

sent today in the district. The local technicians would probably be most suitable for such a role since 

they will have to be able to support the reporting system once it is implemented. A system like this 

has a great potential of simplifying report handling in the district and saving both time and money on 

transports between different villages. Many stakeholders seemed to realize this and there was a very 

high interest in the reporting system among stakeholders in the regions. If a more flexible solution 

with a many to many functionality would be developed as suggested above there could also be a 

potential to use the reporting system in other sectors than the local government such as healthcare. 

The District Medical Officer showed great interest in this kind of reporting system and wanted to 

participate if a demonstration workshop were to be organized in Bunda. 
37

 

7 Videoconferencing 
Another area where the ICT4RD network could contribute a lot to improved communication for 

primarily the healthcare sector but later other sectors as well had been identified by Mr. Calmfors 

and Ms. Tong. A requirement specification had been written for a video conferencing system with 

the goal to enable efficient communication though videoconferencing between medical centers and 

dispensaries in the district and the District Hospital in Mugumu (DDH). The Buruca team tested 

different video conferencing options during the fall to prepare a solution that was to be installed and 

tested at DDH and at the Primary Health Center in Natta during my field trip. 

7.1 Preparations in Sweden 

The required solution had to be affordable, easy to use for medical staff with limited computer 

experience and offer high enough video and audio quality for doctors to accurately judge that status 

of a patient remotely. 

Out of the different options tested by the Buruca team the choice fell on Linphone since it is SIP 

based, open source, easy to use and works on both windows and Ubuntu. A local SIP server was 

already available in Bunda and OpenSIPS was installed on the server in Mugumu in collaboration with 

Buruca while I was on site to make the Mugumu node less dependent on power outages in Bunda. 

For the cameras Logitech Quickcam Pro 9000 Web camera was chosen since it is not too expensive, it 

has high quality video resolution and is easy to use. See picture below. 
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Logitech Quickcam Pro 9000 

 

7.2 Implementation in Tanzania 

The first step on site was to confirm that there was a working SIP server in Bunda. When this had 

been confirmed I installed Linphone on Mr. Odongo´s computer together with him, demonstrated all 

the steps and taught him how to troubleshoot. The manuals from the Buruca team for how to do 

these different steps were also handed over for future reference. The system was then tested using 

the Bunda SIP server first between Mr. Odongo’s computer and my computer both situated in his 

office and later when they were situated a couple of kilometers apart (one in his office and one in my 

house). In the second scenario the quality was greatly reduced. Since we suspected that this problem 

was due to the antenna on my house having bad reception we decided to do a test between Bunda 

and Mugumu to confirm that the quality would be sufficient over long distances. In Bunda Linphone 

was demonstrated to Mr. Chuwa and Mr. Mwita who also got the manuals and participated in the 

testing. The test between Bunda and Mugumu was very successful and the quality was good. 

The final step now that the technicians were trained and we had confirmed that everything was 

working was to install the two webcams that I had brought with me from Sweden at the Primary 

Health Center in Natta and at the District Hospital in Mugumu. The problem was just to access both 

these places at a time when there was power available. This turned out to be impossible. At the 

hospital an additional problem besides the electricity issues was that the doctor that had to let us in 

was very busy. Finally we managed to install one client in Natta and test it briefly before the power 

went off again. Since the time had run out the installation and testing of the second web camera at 

the Hospital had to be left to Mr. Odongo who by then had very good knowledge on how to do it.  

7.3 Challenges and future potential 

As of December 8
th

 Mr. Odongo reported that he had not had time to install the camera due to 

unstable electricity. When the camera is installed a workshop involving both the Health Center in 

Natta and the users at the hospital should be held to demonstrate how to use the video conferencing 

system and train the users to make sure that they feel confident using it. Otherwise the risk is that 

even though the equipment is there it is not used since the users are not aware of its potential and 

how to use it.   
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The interest for videoconferencing was very high among several different stakeholders in the district 

especially within the local government and healthcare sectors. This first test setup between Natta 

and Mugumu could easily be extended to other places if more cameras are bought. Especially some 

of the interviewed people in the local government showed interest in this. Several of the people 

interviewed mentioned that a lot of money is spent on mobile phone calls and text messages that 

could be saved by using videoconferencing instead. Videoconferencing is definitely an area of great 

potential that greatly appeals to current and potential users. In a region where money is scarce 

solutions like video conferencing that can both save money and enable more efficient 

communication are very attractive. 

8 Content need of different user groups 
As mentioned previously more local content adds value both because it is a way of making relevant 

services and information easily available to the users but also because it has the positive side effect 

of reducing load on the uplink since users don´t have to use the Internet to access the resource that 

they are looking for. A very important objective of this thesis was to identify what kind of content in 

the form of information such as learning material, information about diseases etc. that would be 

useful for the healthcare, education, local government and entrepreneur sectors. This was done 

mainly by interviews combined with observation and a survey that had been done by Mr. Chuwa for 

the educational sector in the Bunda district. The intention was to get this information from the 

Internet or from other possible sources that are easier to access in Sweden than in Tanzania and 

bring it on a physical storage media to Tanzania to make it available to the users. Below the results 

from the different sectors are covered.  

8.1 Education 

8.1.1 Background 

The educations system in Tanzania is based on a 7-4-2-3 system. This includes seven years of primary 

school, four years of junior secondary school, two years of senior secondary school and then three 

years of university studies resulting in a bachelor degree. 
39

 In the Serengeti and Bunda education up 

to junior secondary level is offered. 

 Bunda 
40

 Mugumu
41

 

Primary schools 151 (73636 students) 96 (54095 students) 

Secondary schools 26 (no available data) 22 (7338 students) 

The main problems for the schools in both Bunda and Serengeti districts are lack of books and other 

educational material, big groups of students and lack of trained teachers in certain subjects.  

The number of teachers at primary level in the Mara region as a whole is only 6921 compared to the 

9893 teachers that would be needed to fill up the demand.
42

 This leads to big classes usually with 70-

80 students something that makes individual follow up almost impossible for the teachers.
43
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The teachers and the headmaster interviewed saw great potential in local content that could be 

accessed by students and teachers. It could be a much cheaper option to books in some areas since 

books are very hard to find to a reasonable price in subjects where most literature is in English and 

only available abroad. It would also offer the students the opportunity to learn how to handle a 

computer. This is very important for the students who need to have basic computer knowledge in 

order to go to college since it is expected there. Also when searching for a job most employers are 

looking for people who know how to use a computer.
44

 Finally digital teaching material that could be 

shared between teachers in the region would save time for the teachers and fill in gaps in areas 

where there is a lack of trained teachers.  

The table below gives an example of the different subject taught in a primary school and a secondary 

school in the Serengeti district. 

Kambarage Primary school
45

 Kisangura Secondary school
46

 

English 

Swahili 

Mathematics 

Civics 

Geography 

Science 

Vocational skills*  

Information technology**  

 

English 

Swahili 

Mathematics 

Civics 

Geography 

Biology 

Chemistry 

Physics 

History 

*vocational skills = (handicraft, how to make furniture etc. Important for student who don't continue 

to secondary school but instead become self-employed) 

**information technology = (communication skills on a general level and in theory) 

8.1.2 Results 

Below is a wishing list of the content need of the teachers interviewed: 

Topic Examples of material wished for level Goal 

English    

Material for 

teachers 

Theory about: Tenses, grammar, 

part of speech nouns, pronouns.  

Participatory exercises to do in 

the classroom. E.g. put students 

in groups and give them 

something to discuss and then to 

present 

Secondary 

school, basic 

to advanced 

More participatory methods 

when teaching English to 

improve the students 

learning pace. Material for 

teachers to refresh their 

memory. 

Grammar Simple examples and 

explanations followed by 

Secondary 

school, basic 

Be able to apply grammar 

learnt 
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exercises that the students can 

use independently to improve 

their grammar 

to advanced 

Comprehension A text to read and then questions 

to answer to check 

understanding of the text. 

Secondary 

school, basic 

to advanced 

Improve reading 

comprehension 

Pronunciation A video or audio file where the 

student can hear and practice 

the correct pronunciation 

Secondary 

school, basic 

to advanced 

Improve pronunciation 

Poems Poems and questions to answer 

to check understanding and how 

the poem is interpreted. 

Translations of some words and 

explanations on different ways to 

interpret the poem. 

Secondary 

school 

The students should learn 

how to understand 

vocabulary in a poem and be 

able to understand and 

interpret English poems from 

English speaking countries 

and from east African 

countries 

Science    

Mechanics, 

optics, wave 

motion and 

electronics 

Text and exercises for the 

students to practice themselves 

as well as video clips to 

demonstrate things more visually 

Secondary 

school 

Fill the gap caused by the 

lack of books and other 

teaching aids. 

Electronics Drawings dealing with electricity. 

How does it work? Power circuit, 

some calculations on voltage, 

potential and explanations of the 

formulas used 

Primary 

school 

Many things that should be 

in the curriculum are 

missing. Fill the gap for 

teachers caused by the lack 

of books and other teaching 

aids. 

The human body Drawings of the human body. 

How do the different organs 

work e.g. Nose, ear, eyes, skin, 

lungs, and digestion system. 

Primary 

school 

Fill the gap for teachers 

caused by the lack of books 

and other teaching aids. 

Mathematics Multiplication table (1-12), 

formulas to calculate area, 

volume, perimeter, types of 

shapes, pyramid, cones, square, 

and triangles. Instructions on 

how to use brackets, addition, 

multiplication, division, simplify 

an expression, solve an equation, 

algebra. Exercises on time, speed 

and distance. 24 hour clock and 

12 hours mode. Translate 

between the two modes. He 

arrived at 00.00 what time is 

that? 

 

Primary 

school 

Fill the gap for teachers 

caused by the lack of books 

and other teaching aids. 

History Information regarding history of 

western Africa, south Africa, 

central Africa and eastern Africa. 

 

Primary 

school 

Fill the gap for teachers 

caused by the lack of books 

and other teaching aids. 
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Geography Text on regional geography as 

well as economic activity for 

different countries and areas in 

the world. Practical geography 

such as mountains, oceans, 

rocks, solar system, 

desertification etc. 

Primary 

school 

Fill the gap for teachers 

caused by the lack of books 

and other teaching aids. 

Information 

technology 

Search engine course, course for 

teachers on how to use 

computers 

Teachers and 

secondary 

school 

Train the teachers so that 

they can teach the students 

The overall impression is that access to relevant information in a number of subjects would be very 

useful for the teachers who struggle with large classes and are often expected to teach a subject they 

don´t know perfectly and without access to relevant books. A short term solution for this could be a 

local copy of Wikipedia than could be used to get general knowledge on different topics. A copy of 

Wikipedia for schools
47

 was sent down with Mr. Amos Nungu in December and installed on the local 

server. 

8.1.3 Challenges and future work 

Another demand seems to be relevant exercises to enable students to study on their own or in 

groups in the class room. This area demands some more efforts. There is a lot of teaching material 

like this available on the Internet in English. Enough for a future master thesis to focus on gathering 

and choosing the best and most relevant exercises and introduce them to teachers in the Mara 

region. There is also a need for content in Kiswahili especially at the primary school level where 

English level among the students is too low for material in English to useful.  

Another way of generating relevant local content is to make use of the skills and expertise of the 

local teachers to create examples and exercises. As more schools get connected to the ICT4RD a 

locally generated pool of exercises and teaching material can be shared between schools in the 

districts. A good idea suggested by Mr. Chuwa, after having analyzed the results of a survey made in 

secondary schools in Bunda, is to record good teachers when they are giving lectures and share this 

material among other teachers and the students. 

The most important aspect however is to create a pool with relevant content that can be reached by 

students or teachers or both groups and that can be added to by the users to keep the content up to 

date and relevant. The most suitable solution in sight at the moment is a platform like LEO! Created 

and installed by Mr. Calmfors and Ms. Tong at the Mugumu server. LEO! is a social networking 

platform where the users can interact with each other, upload material, join groups and access 

material like for example different courses etc. One of the teachers interviewed had used and tested 

the LEO! platform and was very positive towards it.
48

 The main question if using LEO! is whether 

Bunda and Mugumu should have the same platform to increase information exchange or separate 

platforms to reduce dependency on network problems at the other node. A more in depth analysis of 

these different options follow under the section Use of existing applications. 
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A major challenge for the schools however that needs to be addressed in parallel with the increase of 

local content is the access to computers. Most schools with several hundreds of students only have a 

few or no computers at all. This is slowly changing but the usefulness of ICT in education should be 

pushed for at the local government level to ensure that this area is prioritized. If money can be saved 

on books by using computers to access educational material this could increase the attractiveness of 

increased funding for computers. Currently however it is important to keep in mind that primarily the 

teachers or a very limited number of students will have access to computers at school. Another way 

to give students access to computers in their spare time is through efforts like the ICT club in 

Mugumu. According to a rotating schedule the top students in secondary school get access to 

computers at the community center. This is a very good resource since when the students reach a 

sufficient level of computer literacy they can teach each other and in the long run this will have an 

impact on the overall computer literacy in the region. This makes it even more important that the 

information is stored in such a way that is can be accessed by users at different places though the 

ICT4RD network and not just locally at the individual schools. 

8.2 Healthcare 

8.2.1 Background 

The healthcare system in Tanzania is struggling to meet basic standards of care. In a McKinsey report 

from 2010 several barriers to efficient healthcare delivery are pointed out. One major problem is the 

acute shortage of health workers. The health centers usually have less than half the number of staff 

members that would be needed and often too many of these health workers do not have 

appropriate training.
49

 The health care in Tanzania is delivered at hospitals, health centers and 

dispensaries. Most primary care is delivered at the health centers and the dispensaries. Dispensaries 

are small clinics that provide basic consultations, diagnostic services, simple treatments and referrals 

for more advanced treatments. The dispensaries often lack of electricity and clean water. The health 

centers provide the same services as the dispensaries as well as some more advanced and more 

frequently have electricity.
50

  

Overview of the health facilities in the Bunda district: 

There are 47 health facilities in the district, 2 hospitals, 5 health centers (of which 4 have electricity) 

40 dispensaries (of which 3 have electricity and 6 have solar power, in 3 month 6 more dispensaries 

will have solar power) the aim is that in 2 years all facilities will have solar power.
51

 Both the District 

Hospital and the Manyamanyama hospital are connected to the ICT4RD network. 

Overview of the health facilities in the Serengeti district: 

There is 1 hospital, 2 health centers and 38 dispensaries in the Serengeti district
52

 The District 

Hospital (DDH) and Natta health center are connected to the ICT4RD network.  
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The District medical officers of Bunda and Mugumu districts were both interviewed to get a clearer 

picture of the need for local content of the healthcare sector.  

8.2.2 Results 

The results found were that there is a great demand for updated knowledge about diseases, 

prevention and treatment targeted both towards patients and towards health workers. The material 

targeted towards patients and the public and the material targeted towards the doctors naturally 

need to have different focus and level of detail. The material needed by the doctors is most 

importantly, updated best practices for how to perform certain surgical procedures. One of the 

doctors interviewed, explained that the same afternoon he was going to perform a surgery that he 

hadn´t done in five years so it would have been useful to have some material to refresh his 

memory.
53

 The second type of material needed is information about common diseases and how they 

can be prevented and treated and should be targeted at the patients as well as the health workers. 

Information for the patients could both help prevent diseases such as malaria and HIV/AIDS but also  

give the patients a better understanding of what treatment they will be ordinated and why when 

they arrive at the hospital, health center or dispensary. The table below contains the more specific 

types of information requested. 

Best practices and updated knowledge on how 

to perform common surgeries. 

The following surgeries are most common. 

− ante appendicitis  

− inguinal hernia 

− intestinal obstruction  

− CPD (caesarean section)  

− ORIF (open reduction internal fixation) 

− ectopic pregnancy 

− gynecology 

− obstetrics 

 

Target group: doctors, nurses 

In Africa a doctor often has to be a specialist in many different areas.
54

 Updated material as well as 

step by step manuals where the doctor can review a certain surgical procedure would reduce the risk 

of forgetting something and make sure that the best practice is being used. Maternal health is an 

area where Tanzania is struggling. The maternal mortality is high. Safe updated procedures could 

help improving the survival rate at least for the patients who make it to the hospital. 

Updated information about different drugs  

− side effects of different drugs 

− dosage 

− pharmacocaretives  

− research about new drugs 

 

Target group: doctors, nurses 
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One way to get access to updated information about drugs is to register at the British National 

Formulary (BNF) that works as a database describing different drugs, recommended dosage etc.
55

 

Tanzania is on the list of countries that are granted free access to BNF. This would be very useful 

though a potential problem could be the limitation of the uplink. The ideal would be to have a local 

version of the BNF that could be updated at night when the load on the uplink is usually lower. My 

recommendation is to test using the BNF and evaluate if the availability of Internet access is enough 

for it to be sufficient. To get the latest research about drugs links to pages with research publications 

could be made available to doctors and nurses on the district web page much like the newsfeed is 

working today. 

How to use a search engine  

− different ways of searching the Internet 

− how it works  

− what to look for and think about 

Target group: doctors, nurses, normal people 

To search the Internet in order to access information about a specific disease or treatment would be 

very useful for nurses and doctors as well as the public in general and was brought up by Dr. 

Manyata during his interview.
56

 Instructions and exercises on how to use a search engine could be 

very useful not just in the healthcare sector if available to the public.  

Information on how to prevent, diagnose and 

treat 

− cholera + other diarrheas 

− pneumonia, tuberculosis 

− worm infestations 

− anemia (nutritional diseases) 

− malnutrition 

− kwashiorkor 

− marasmus 

− marasmic kwashiorkor 

− obesity 

− stroke 

− diabetes 

− nefrotic syndromes 

− malignancies 

− breast -lung and cervical cancer 

− traumatology, orthopedic medicine 

− eye diseases 

− maternal health (50% of patients every 

day is in this category)  

− abortion 

Target group: doctors, nurses, normal people 

Updated information on a number of different diseases and topics targeted mainly at the public but 

also to some extent to doctors and nurses. This can help patients to understand what kind of disease 

they may have before going to the doctor as well as understand how it is spread, how it can be 
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prevented and how the treatment works. This will make the patients feel safer since they know what 

to expect and could also motivate them to visit a health delivery institution sooner and receive 

treatment in time.  

8.2.3 Challenges & future work 

The current challenge is to find an effective way of presenting it to the healthcare workers and the 

public in general and make sure that the targeted people are aware that the information exists and 

actually start using it. The information that should be targeted at the public in general should be 

easily available preferable at the districts webpages with an easy to find link and if possible statistics 

on the spread of certain diseases in the district. The information about surgical procedures should 

not be available to the public and should require some kind of login to ensure that only doctors and 

nurses can access it.  

Further the relevant information should be gathered. The World Health Organization WHO has a lot 

of material available on their web site that could be used to target the public in general.
57

 For best 

practices on surgical procedures however a medical expert, preferably someone with previous 

experience from working in sub- Saharan Africa should be consulted since these are specialized areas 

and the consequences of presenting erroneous materials to the doctors and nurses could be severe. 

8.3 Government 

During the interviews with people from the local governments both in Bunda and Mugumu it was 

harder to find a need of specific information that could be brought in to the region from abroad.  

The main issue brought up by the District executive director (DED) in Bunda was how to administer 

that local content was made available to the public though the district web page. This includes 

quarterly reports of each department, the full council minute & resolutions and NGO reports. The 

possibility of making more reports and material available on the web site was discussed. Information 

about the different departments’ areas such as for example how many schools, teachers and 

students there are in the district etc. was also requested to be placed on the district webpage.
58

 

Mr. Chuwa who is the webmaster in the Bunda district said that he could place more material on the 

district web page as long as he got the material in soft copies. It was agreed that they should try to 

improve this locally and no further involvement from my part was needed. 

8.4 Entrepreneurs 

For the local entrepreneurs the Internet access seemed to be the highest priority. When it comes to 

local content in the form of information mainly courses on how to use computers, search engines, 

download files, e-mail and use standard programs such as Microsoft Word, Microsoft Excel are 

requested. Instructions on how to use the Internet for different purposes and how to make your own 

web site was also mentioned as useful.
59
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9 Use of existing applications 

9.1 LEO! 

During the time that I was on site LEO! was not in use at all since it was unreachable and had been so 

for a while. However several of the individuals that were interviewed in Mugumu were aware of its 

existence those who had tried it remained positive. In the Bunda district the ICT4RD coordinator 

Albert Chuwa was in the process of developing a very similar elgg based platform for students. He 

was unaware of the existence of LEO! at the Serengeti server but was very interested in testing the 

platform as soon as it is reachable. The question remains whether they should have a shared system 

or two separate copies of it. There are pros and cons of each option: 

 Shared system on Bunda or Serengeti server Separate copies of the platform 

on Bunda and Serengeti servers 

Advantages - Local content created and added locally 

or added from external sources can be 

shared between the districts. 

- More active users to develop the 

content and use the social functions to 

interact with each other. 

- Only one copy of the system needs to 

be maintained and administered 

 

- Less sensitive to local 

power outages or other 

network problems. 

- Each district can develop 

the platform according 

to their own 

preferences. 

- High sense of local 

ownership 

- Users can easily interact 

with the administrator 

and get help if a problem 

occurs 

Disadvantages - If the node with the server is 

unreachable the users in the other town 

cannot use the platform. 

- A lower sense of ownership in the town 

that does not host the platform 

 

- The social networking 

function is reduced to 

include only the district. 

- No sharing of material 

between district is a 

waste of resources and 

potential 

 At the current point in time my advice would be to go for the separate copies option at least for a 

first testing period. The reason for this is that the network stability is a major problem. During the 

period from the 11
th

 of November to the 3
rd

 of December 2010 there was network downtime or one 

of the servers was unreachable for several hours almost every day. This causes so much downtime 

that people would be discouraged from using the LEO! system since they would never be sure when 

they could reach it. By having two separate servers they would only be dependent on their own part 

of the network and people in Serengeti would be able to use the system even when there is power 

rationing in Bunda and the other way around. One important result from the interviews is that the 

users are patient and don’t expect the network to be up when there is a power outage in their own 

area. However when they have power in their own district and the network is still down, seemingly 

with no cause from their perspective, they become impatient and lose their trust in the network.  

Once the stability of the network has been improved the logical choice would be to use a shared 

system to gain from all the advantages of that. The best choice would then be to place the platform 

on the server in the district with the most users to try to minimize the number of users that are 
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affected by problems that happen in a district that is not their own. Since this option is definitely a 

better long term solution preparations should be made to change to this option whenever the 

network is stable enough.  

9.2 Local e-mail server 

The local e-mail was not working during the time I was in the region and none of the interviewed 

people claimed to have been using it frequently when it was working. Use of a local e-mail server is a 

very good way of preserving bandwidth on the narrowband uplink however and measures should be 

taken to reintroduce it to the users again to give it another chance since they have most likely 

forgotten it after more than two months of problems caused by the lightning strike.   

9.3 District web pages 

The interviews indicated that the new web page in the Serengeti district was much appreciated. 

Especially the newsfeed was mentioned as a very good thing.
60

 The overall impression is that the 

district web page is a very good base for further applications and local content. 

10 Challenges for ICT4RD in the Mara region 
For ICT4RD to be truly useful and to be long term sustainable in the Mara region there are a number 

of challenges. The solutions offered need to be attractive, useful and relevant to the users, they need 

to be cheap enough for the majority of people to afford and they need to be stable so that the users 

know that they will work when they need them. Below some of the most critical challenges that are 

currently putting the long term sustainability of the network at risk in one way or another. 

10.1 Unstable power supply 

The power supply is a major problem in Tanzania. Not only to the ICT4RD project but to other similar 

projects as well. It is also a politically sensitive question according to Mr. Chuwa. The recently elected 

president has promised to eliminate the need for power rationing in the whole country. This meant 

that even though the TANESCO officials in Bunda knew when the power rationings would be that 

information could not be presented to the people in the region since it didn´t happen officially. 

According to Mr. Chuwa, who had informally gotten the rationing information for Bunda district, in 

November there were power rationings were on planned on Thursdays between 9.00 – 16.00 and 

Sundays and Tuesdays between 17.00 and 23.00. If there was an important political meeting or 

something of similar political dignity the power could be turned on again through a phone call to the 

TANESCO office. The power rationings in Mugumu are not synchronized with Bunda which leads to 

problems for the ICT4RD network with access to services that are not available at both nodes. In 

addition to the power rationings there are also unplanned power outages and fluctuations in both 

Bunda and Mugumu. These are usually shorter and varied in length during the time I was there 

between just a few minutes to a couple of hours and happened several times a day. The frequency of 

this kind of power outages varies between different times of the year and was more frequent than 

normal during my visit to the region according to Mr. Odongo. Since this is a nationwide problem not 

much to prevent it from happening can be done within the ICT4RD project. Instead ways to limit the 

impact of the power outages on the network and the equipment should be investigated. On a short 

term examples of this is making sure that the network restarts properly when the power comes back 
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again so that the technician don´t have to manually reboot the routers or other pieces of equipment. 

A long term solution is to use alternative energy sources to power vital parts of the network. When 

the local government in Bunda is planning for electricity in smaller villages that are currently not 

connected to the national power grid they invest in solar energy solutions rather than connecting 

them to the power grid. As things look now this is a more viable solution since it is cheaper while 

installed and offers a more stable power supply. 

10.2 Network instability  

The instability of the network is a major issue that quickly needs to be addressed to avoid putting the 

future of ICT4RD at the Mara region pilot site at risk. A combination of recent problems caused by 

external problems and the always present power issues have led to many people especially in 

Mugumu not trusting the ICT4RD network to be reliable. The network has been down so often that 

some of the users feel it is not worth paying for the service and this discontent is spread quickly by 

word of mouth. When other potential users hear this they hesitate and look for other ways of 

accessing the Internet instead or chose not to connect at all. When the network has been down for 

longer periods of time the monthly fee is usually not even collected since it is does not feel good to 

ask people to pay for a service that they did not receive. This means that when the network is down 

during too long periods of time the incomes from connection fees are lost and the already limited 

resources are reduced. Since the ICT4RD network really has potential it is important to minimize the 

downtime and ensure that the users can experience a reliable network that they are happy with. 

Some causes of downtime such as power rationing cannot be affected but there are several other 

causes that are within the control of the ICT4RD program. Below three different areas that can be 

improved are covered. 

10.2.1 Proactive measures 

Often network downtime is predictable and it is possible to train people to know how to fix more 

simple problems without the help of a technician. In the Serengeti district for example there are 

three circuit breakers one in Natta, one at the fiber end point in Mugumu from where the signal is 

sent to the DDH tower which is the access point for all the users in Mugumu. At DDH there is a third 

circuit breaker. Whenever the power goes off for more than 3-4 hours these three places run out of 

their backup battery power and when the power comes back again the circuit breaker usually cuts off 

the power at one of these places since the power level in the initial burst is too high. When the 

circuit breaks in Natta to fix it takes one hour of travel along a very bad road by bus or borrowed 

motorbike for the technician. The problem is then easily fixed. According to Mr. Odongo he has 

trained a person in Natta to unlock the box and reset the circuit breaker. The task is very simple and 

requires only a key to the box and a ladder to reach it. 

During my time on the site this happened several times that this trained person was not available. 

Therefore at least one or two more people should be instructed on how to fix this problem when the 

first person is away and could be rewarded with a small fee similar to the cost of taking the bus to 

Natta for Mr. Odongo. This can save 1-2 days in some scenarios since Mr. Odongo often persisted on 

taking a motorbike and had to wait until he could borrow one from a friend. The ideal would of 

course be if the initial power level that causes the circuit breaker to cut the power could be 

prevented by installing some electrical component that regulates the level so that the circuit 

breakers don´t cut the power in that situation at all.  
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Another proactive measure to avoid future downtime is to replace old malfunctioning equipment 

before is breaks. This is a matter of funding but could save a lot of time to fix equipment problems 

that are experienced in both districts.  

 

It should be taken into account that equipment will break from time to time and the technicians 

should be well prepared for when it happens. For critical components a backup component should 

be kept ready if something breaks. This includes the radios at the access points. It would also be a 

good idea to have a number of antennas to connect new users or replace broken antennas in stock 

since it usually takes a long time to order new equipment. 

10.2.2 Reduce the time to detect a problem 

When all proactive measures have been done the next step is to try to reduce the downtime when a 

problem appears. This has two aspects: time to detect the problem and time taken to fix the 

problem. Today most problems are detected by the users themselves. They then call the local 

technician who tries to locate the problem by pinging different network components from his current 

location and then going to fix the problem. Sometimes it is not even possible to reach the technician 

due to problems with the mobile network which leads to frustration among the users. In this work a 

more systematic use of the network monitoring system Nagios could reduce the time taken to detect 

a problem. Nagios has been installed on the Bunda server for some time but have not been working 

properly. During the fall 2010 the Buruca team configured it to work properly with the new network 

setup. In order for it to be useful it needs to be introduced to the technicians and the advantages 

explained and demonstrated to them.  Nagios is currently configured to check that services like DNS, 

PING, SSH, MRTG on hosts and routers are working fine as well as the server usage, status, number of 

users logged in, uptime and load
61

. Nagios has an easy to use interface that indicates a problem as 

soon as it is detected. This way the problem can be detected even before the users notice it. In some 

situations it could even enable the technician to fix a problem before the users notice it.  

10.2.3 Reduce the time to fix a problem 

The third step is to reduce the time needed to fix a problem once it is detected. As mentioned above 

the time taken to fix a problem is sometimes not in relation to the problem itself and could be reduce 

by proactive measures as well as clear procedures on how to fix a problem. Some of the most 

common things that cause the time to fix a problem to be longer than necessary are: poor 

transportations like in the example of Natta above, lack of extra equipment that need to be ordered 

from abroad to replace broken pieces, unsystematic troubleshooting etc. For the troubleshooting 

Nagios could be useful as well since analyzing the error messages often give a good hint on what 

could be the problems. There should also be a clear policy on how trips that require transportation to 

fix problems should be paid for. As it is now Mr. Odongo said that he gets extra money to cover 

travel expenses but by travelling less he seemed to be able to keep this money and since the 

motorbike was the cheapest option to get to Natta he would rather wait until he could borrow a bike 

than take the bus and fix the problem sooner. If the number of users keep growing in the Serengeti 

district the ideal would be for the technician to have his own motorbike so that he could travel at any 

time to support the users.  

                                                           
61
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10.3 Lack of people with computer experience 

Another major issue that needs to be properly addressed is the fact that the number of people with 

knowledge on how to use a computer is extremely low. This together with low awareness makes the 

number of potential customers limited. One way to address this is to offer public access to 

computers though efforts like ICT clubs or make computers available to a low fee though Internet 

cafés. Not just availability of computers is necessary however but also teaching resources would be 

needed to overcome the first entry barriers. As the new users learn how to start a computer and use 

basic functions they can independently continue to learn from for example locally available training 

material. But without the first general idea of how a computer works people will most likely not see 

the potential for it and hesitate to use it. The ICT club in Mugumu is currently the best available way 

of giving students that will be future users a chance of learning how to use computers in the 

Serengeti district. The problem there however is that there is a lack of teachers and focus should be 

placed on training some of the best students as quickly as possible to teach new students.  

The local technicians also need to be trained to use and configure the different services installed 

remotely from Sweden. It is of great importance that the technicians are aware of everything that is 

installed on the servers and that they know how to use the tools that have been developed to make 

their lives easier. They are in the best position to see new potential areas of use for current services 

or see the need for something new. 

10.4 Poor communication between ICT4RD stakeholders 

The ICT4RD project has many different stakeholders in different countries and in different parts of 

Tanzania. This includes thesis workers and CSD projects based in Sweden, local technicians and 

coordinators in Bunda and Mugumu, the project manager based in Sweden and finally users and 

potential users in the pilot sites. This makes efficient communication of great importance. It is very 

difficult to get a good overview and understanding of what is currently happening in Tanzania while 

based in Sweden. When the network is down Internet communication is effectively blocked and 

people working in Sweden lose track of what is happening. It is not always clear to the local 

technicians and coordinators in Tanzania what is being developed in Sweden and even the 

communication between the two districts Bunda and Serengeti is limited and often the stakeholders 

in Bunda don´t know what is going on in Mugumu and vice versa.  

Examples of problems caused by this are: 

1. When the Internet or the Bunda part of the network is unreachable the technician in Mugumu 

normally assumes that it is a power related problem in Bunda or that they are making some 

changes of reconfigurations in Bunda. Therefore he waits at least a day and sometimes several 

days before he contacts the technician or coordinator in Bunda to ask what is going on. 

Sometimes it turned out that they were not aware that there was a problem affecting Mugumu 

that could have been quickly solved if they knew about it. This causes unnecessary downtime   

2. When weather related accidents such as lightning strikes that destroy technical equipment or 

strong wind causing the towers to collapse happen it is very hard for the stakeholders in Sweden 

to understand what is going on with limited access to information. When we arrived in Bunda for 

our field study we discovered several discrepancies between the network design maps that we 

and the Buruca team had been working with and the actual network design. This makes it a lot 

harder to contribute with help from experts in Sweden since the advice will be suited for a 

scenario that doesn´t match reality perfectly. 
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3. The people based in Sweden working on the project had great trouble knowing whether the 

information they had was up to date. The configurations described in an earlier thesis report 

could have been changed by a later thesis worker or by the local technicians or remotely by a 

team is Sweden. This increases the risk of taking suboptimal decisions and implementing 

solutions that are not best suited for the real situation.  

4. Ms. Tong and Mr. Calmfors implemented a platform for online learning and social networking 

called LEO! That was based on elgg. This was implemented and demonstrated in Mugumu since 

they focused their work on the Serengeti district. When I arrived in Bunda I discovered that Mr. 

Chuwa was currently in the process of developing exactly the same kind of platform for the 

Bunda district. The reason for this was that he was unaware that something like that already 

existed in Mugumu. This kind of lack of communication leads to unnecessary double work.  

To improve the information exchange and ensure that all stakeholders have access to the same 

information some kind of forum is needed that people involved check regularly and update 

immediately when they do anything that relates to the network of its services. The most natural 

location for this would be on the ICT4RD webpage. This would also have the advantage that the 

history of the network could be traced and a new person coming into the project could easily see 

what has been done and why certain decisions have been taken. 

11 Conclusions 

11.1 Thesis conclusions 

The ICT4RD network has great potential to improve the communications efficiency thereby 

improving the quality of healthcare, local government and educations in the Mara region as well as 

offering new opportunities to local entrepreneurs. By continued development of local content the 

broadband island can offer people in the region a chance to learn how to use computers and services 

such as e-mail, online learning material and standard programs such as Microsoft Word and Excel. 

This can be useful for people in their daily lives and gives a better starting point for students in the 

region to continue their studies after secondary school.  

There is a high interest among people to connect to the network to use the local services as well as 

to access the internet though the narrowband uplink. The future connection of new users is 

extremely important to reach a point where the network can be financially self sufficient. To attract 

new users the network needs to offer relevant services and be stable enough to give the customers 

value for their money. Some of the services introduced to the users as part of this thesis could be 

expanded to include other sectors as well. Interest for both video conferencing and the reporting 

system was high among a number of different users and services like these have great potential of 

attracting new users.  

The efficient use of the limited internet connection available will be more and more crucial as the 

number of user increase in the region. A future solution that would add value for especially the 

Mugumu users would be to investigate the possibility of adding another uplink in Mugumu. This 

would add some more capacity for accessing the internet but most importantly it would reduce the 

dependency on Bunda. In this scenario the Bunda and Mugumu nodes would both have their own 

local network services and a narrowband uplink. The extra uplink would also add redundancy if the 
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other one is not working. It has to be investigated however if this solution is financially viable in the 

near future. 

An important part of this thesis has been the collection of up to date information regarding general 

aspects of the ICT4RD program in the Mara region as well as detailed information regarding more 

specific areas such as local content, bandwidth optimization and challenges faced to ensure 

sustainability and relevance to the users. The demand for local content as information of different 

kind was very high especially within the healthcare and educational sectors. This could add great 

value to these sectors where lack of books and limited access to updated knowledge in different 

areas is a problem. 

There is a lot more to be done in the region but there is also a great potential for long term success if 

the focus is placed on the most critical challenges. In order for the ICT4RD network to be long term 

sustainable in the area some challenges have to be handled. The high priority areas are reducing 

network downtime, educating users to increase the overall computer literacy in the region and 

improving communication between the different stakeholders.  

11.2 Future work 

The future work that needs to be done can be divided into two categories. Education of users and 

improving the network. These areas are both vital for the future sustainability of the ICT4RD network 

in the Mara regions.  

Education of users involves both giving local people a chance to learn how to use computers. This 

raises the awareness of what local broadband can offer the individual and is creates a base of future 

potential paying customers for the network. Workshops demonstrating new local services are 

important and a system where people are trained to teach others could make a big difference. Today 

a very limiting factor is the number of people with enough knowledge to actually teach others how to 

use computers. A solution could be to train students and give them free access to computers in 

exchange for their contribution to teach other students.  

The technicians are key users of the ICT4RD network and need to be trained as well. As discovered 

during the field trip there is software running on the servers that the technicians don´t really know 

how to use and configure. Sending someone with experience of using Nagios to train them and 

demonstrate the potential of the different tools to the local technicians could lead to important 

reductions in downtime and make ensure that all the local services installed are used in the way 

intended.  

How to improve and stabilize the network is a more complex question. Some problems may be 

outside the influence of the ICT4RD due to lack of funding for new equipment and local power 

rationing. Focus should be placed on things that can be improved as described previously in the 

section covering challenges. Additionally a more scientific attitude towards measuring and logging 

downtime and causes to downtime would be a good start. This could go hand in hand with the 

introduction of Nagios in the daily work of the local technicians and procedures for how to operate 

the network in a way that problems can be prevented instead of fixed after they have occurred.  
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Future work that directly continues the work of this thesis and belongs to both categories mentioned 

above is the proper introduction of the reporting system to the end users and proper training in how 

to configure Squid when it is running properly on the server in Bunda. 

Finally the gathering and preparation of the information specified in the local content section for 

mainly the educational and healthcare sectors is probably enough work for yet another master 

thesis.  
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15 Appendices 

 
Appendix A 

Feedback on reporting system prototype from Annika Holmgren Nov 30
th

 2010 

 

- Make sure that when a report is accepted by district economist it cannot be further changed. 

- When DE is opening received reports in the view mode it says accepted at the bottom of the 

page even if it is not reviewed. 

- When clicking at received reports ward or received reports department the roll down boxes 

in the upper right corner are on top of each other. 

- Should the DE be able to delete a received report in edit mode? Isn´t there a major risk that a 

report is lost that way? I like that it asks if I really want to delete a report though. 

- What does “new community template as of 25/” mean? It is found under create report for 

district economist 

- To me it feels unintuitive that is says “submit” on the button where the DE clicks to create a 

report after having chosen template. 

- Under Edit templates could you change the order so that ministry reports and community 

reports that are both outgoing reports are in one place and departments and ward reports 

that are both incoming are in one place? 

 

Feedback on reporting system prototype from Victor Rutonesha (Mugumu) Dec 3
rd

 2010  

 

- The text on the buttons that the District Economist can choose between when creating a 

report now says Ministry reports and Community reports. Instead of Community reports 

there should be a button that says Regional reports.  

- Otherwise it looks very good!  

 

 

Feedback from Albert Chuwa on the reporting system prototype Dec 3
rd

 2010 

 

- Add a separate button at the top along with e.g. LEO! Button for the reporting system and 

then the user is sent to the login page to avoid confusion as to where the user is login in and 

to what. 

- Make sure that the add attachment functionality is working. (It was not working at the time 

of testing but the button was there) 

- Add a many to many functionality. In Bunda district it is not only ward officials and 

department heads sending reports to district economist but also ward officials sending 

reports to department heads, district executive directors and others. Sometimes a report 

should be sent to several recipients. If the user could choose from a list who should receive 

the report it would be much more useful.  

 

Other issues discussed: 

Chuwa was interesting in adding new roles. This would according to Buruca team not be possible 

since it would include changing the whole reporting system. However the most important part for Mr. 

Chuwa is that the system is very flexible so that in the future the system can be used by many people 

ideally for different purposes. 

 

 


